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The REGEN-BY-2 project, launched in 
September 2020, is developing a novel, 
highly efficient and cost-competitive 
multi-generation energy plant capable 
of converting any type of renewable 
thermal energy sources, from low to 
high temperature, into energy vectors 
such as electric, heating and-or 
cooling powers, thus enabling the 
simultaneous supply to multiple 
typologies of end-users with different 
energy demands.

The REGEN-BY-2 innovative 
multi-generation technology is 
enabled by non-conventional 
two-phase scroll expanders and 
compressors, which are machines 
capable of functioning with fluids 
composed of both liquid and vapour 
phases. Compared to existing 
commercialised systems, the 
REGEN-BY-2 technology has the 
potential to deliver a radical 
step-change in energy system 
efficiencies, operative flexibility, costs 
and RES penetration.
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REGEN-BY-2 is a Horizon 2020 EU-funded research project that aims to develop a 
first-of-its-kind lab-scale prototype of a flexible, highly efficient thermodynamic cycle and 
related plant for the revalorisation of any typology of RES thermal sources (e.g., solar, 
aerothermal, geothermal, hydrothermal), including waste heat. The result will be a turnkey, 
flexible multi-generation system: all-in-one Combined Heating and Power (CHP), 
Combined Cooling and Power (CCP), and Combined Cooling, Heating and Power (CCHP) 
device, driven by novel two-phase fluid machines (scroll expander and scroll compressor), 
capable of operating in the bi-phasic region of working fluids. This recently patented 
technology is highly efficient as the related thermodynamic cycle is constituted by a 
proper combination of Carnot cycles at different temperature levels, and the project 
targets to select the most appropriate two-phase working fluid for achieving higher 
operational flexibility than other multi-generation systems.

REGEN-BY-2 follows a development process consisting of 3 main phases: design, 
construction and testing of the prototypes.

Firstly, REGEN-BY-2 will design the two-phase scroll expander & compressor and simulate 
the whole plant via mathematical models and Computational Fluid Dynamics (CFD) 
analysis, selecting the most appropriate working fluid and performing a thermodynamic 
sensitivity analysis.

Secondly, the lab-scale prototypes of the two-phase fluid machines as well as of the 
whole REGEN-BY-2 plant will be built, through the design technical specifications.

REGEN-BY-2 latest 
developments Lastly, REGEN-BY-2 will perform experimental tests to validate the lab-scale prototypes of 

the two-phase scroll expander & compressor, as well as the overall multi-generation 
system, including the control system. The test rig for the overall system, to be operated at 
University of Pisa, will use a biomass boiler as heat source to mimic the behaviour of 
uncontrolled renewable heat generation (e.g., from solar energy), simulated through 
intervention in the control system.

To date, the REGEN-BY-2 Consortium partners have performed the on-design, off-design 
and dynamic modelling of the different components of the novel multi-generation 
technology. Deterministic models of the scroll expander and scroll compressor working 
with two-phase flow have been developed  in order to carry out a sensitivity analysis and 
optimise geometry of the machines for the REGEN-BY-2 prototype. Experimental 
campaigns are being run at the National Technical University of Athens  (expander test 
bench) and at the University of Liège (compressor test bench) to evaluate the 
performance of the machines in two-phase conditions and to validate the deterministic 
models. Also, a multi-criteria approach has been adopted for the selection of a suitable 
working fluid, considering thermodynamic, process-related, constructional, safety, and 
environmental constraints. HCFO-1233zd(E) has been selected, despite not being the best 
performing working fluid, since it is nonflammable, nontoxic and widely available on the 
market. Furthermore, the selection of different components has been processed and the 
build-up of the lab-scale prototype of the multi-generation-generation system will start 
soon.

For more information on the research being performed within the scope of the REGEN-BY-2 
project, check the latest scientific publications:

• Briola et al., “Thermo-economic analysis of a novel trigeneration cycle enabled by 
two-phase machines”, Energy, Volume 22715, 2021, Article number 120453, 
https://doi.org/10.1016/j.energy.2021.120453.

• Piña-Martinez et al., “Design of Promising Working Fluids for Emergent Combined 
Cooling, Heating, and Power (CCHP) Systems”, ACS Sustainable Chemistry and 
Engineering, Open Access, Volume 9, Issue 35, Pages 11807 – 118246, 2021, 
https://doi.org/10.1021/acssuschemeng.1c03362.

• Leclercq and Lemort, “Modeling, Simulation and Experimental Testing of a Two-phase 
Scroll Compressor”, 26th International Compressor Engineering Conference at Purdue - 
2022 Herrick Conferences, July 10-14, Purdue, Indiana, USA. 
https://docs.lib.purdue.edu/icec/2787/.

Comming soon

If you want to stay up-to-date with the latest developments of the project, don’t miss 
the next REGEN-BY-2 Technological Workshop!

The workshop, to be held during the first quarter of 2023, will showcase the research 
performed and the results achieved by the different technical & scientific partners of the 
REGEN-BY-2 project.
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CARTIF’s role in the project
The main role of CARTIF in the project is the conception, definition and design of the control 
system for the REGEN-BY-2 technology lab-scale prototype. These tasks deal with the 
definition of the elements of the regulation and control system of the preliminary 
configuration of the REGEN-BY-2 technology lab-scale prototype based on the design of 
the preliminary geometry and configuration of the different operating units and the 
selection of the corresponding working fluid. This way, the definition of the control system 
encompasses the following points:

• Definition of the needed instrumentation for the measurement of the system operative 
data and, therefore, the needed sensors control interfaces for the measurement of the 
process parameters. A critical point will be the methodology for the experimental 
determination of the quality at the inlet and outlet sections of each operating unit 
taking the results from the experiments performed at the two-phase machines test 
benches.

• Definition of the needed actuators, mainly valves and drives, control interfaces.

• Definition of the control and monitoring architecture system (PLC, SCADA).

Also, the operating logics are defined and includes the regulatory control loops (pairing 
between controlled process parameters and manipulated process parameters), controls 
for starting, stopping and solving emergency situations (automatic sequences) and the 
dynamic behaviour of the two-phase expanders and two-phase compressors to achieve 
their designed functionality.

The methodology to design and select the corresponding definition of the regulation and 
control system of the preliminary configuration of the REGEN-BY-2 technology lab-scale 
prototype is based on the development and outcomes of the parallel tasks that initiated 
at the beginning of the project and the corresponding results those tasks have been 
achieving.

It has to be remarked that, from the beginning of the project, and not only in the 
corresponding control architecture definition task dedicated to define the control system, 
the design of the plant is being carried out in an integrated way (i.e., integrated or 
simultaneous design of the process, the plant and its control architecture). This way, all the 
work performed regarding this main control task has been thanks to following a 
continuous work in an interactive and integrated way between all involved project 
partners, therefore CARTIF has been able to analyse, design and propose the regulatory 
control system architecture based on those outcomes.

Expectations from the REGEN-BY-2 project
There is little literature regarding the controllability of 2-phase machines for compression 
and expansion. The potential of the results regarding the definition and control of this type 
of machines within their triple application (heat, cold and electricity generation) could 
bring great advantages regarding this type of application due to the foreseen efficiency 
using these machines and the expected increase of the overall coefficient of performance 
(COP).

CARTIF expectations from REGEN-BY-2 project is to be able to commission the defined 
control strategies and, in the case of having the expected good performance, efficiency 
and reliability, to be able to apply them in a larger scale or with different combinations of 
their configurations and even with other type of machines with different working fluids, not 
only the one chosen for the REGEN-BY-2 prototype.

CARTIF is a horizontal, private and non-profit 
technology centre. Its mission is to offer 
innovative solutions to companies to 
optimise their processes, systems and 
products, improving their competitiveness 
and creating new business opportunities. 
CARTIF develops R&D projects, funded 
through competitive calls at national and 
international level. CARTIF also advises public 
authorities in the planning and development 
of innovative projects with high economic 
returns. CARTIF maintains the same values 
and objectives since its foundation in 1994, 
priority is placed on contributing to the 
development of its social and economic 
environment through the use and 
encouragement of technological innovation 
via the development and diffusion of 
research. Its disciplinary teams work in five 
areas of knowledge that correspond to 
different economic and technological 
sectors: industry, energy and environment, 
construction and infrastructures, agrofood 
and health and quality of life. Supporting this 
structure, there are laboratories that have 
emerged from several lines of research: 
Analysis and Tests, 3D Scanning, 
Characterization of biomass, Biotechnology 
and Materials. Complementing these, other 
technological services such as management 
of innovation and technology transfer 
intended to increase the level of business 
innovation, better organise their R&D and 
reap greater benefits from the ideas 
generated. CARTIF’s participation in 
international activities is promoted through 
its International Projects Department and 
has been materialised in the participation in 
a total of 251 R&D projects.

Dr. Jhon Fredy Vélez Jaramillo
Researcher & Project Manager

Mr. Daniel Gómez Martín
Research Engineer

Ms. Mireya de Diego Moro
Research Engineer

Mr. Ismael Lozano Gabarre
Research Engineer

www.cartif.es

Interview CARTIF Foundation



CNRS’s role in the project
The role of CNRS in the REGEN-BY-2 project is to provide a support in the selection of the 
working fluid of the thermodynamic cycle, as well as in the characterization of the 
thermodynamic properties of the working fluid, in its pure form and when mixed with the 
lubricant oil.

Practically, during the project CNRS wrote a thermodynamic package ThermeProp that 
was used:

• by CNRS to perform the prescreening of 50 potential fluids over more than 67000 fluids 
globally present in the DDB, DIPPR and NIST-TDE database;

• by the Consortium, to model the thermodynamic cycle operating with pure fluids and 
select the optimal fluid;

• by the Consortium, to select the oil to be added to the optimal fluid, and to quantify the 
deviations of the thermodynamic properties of the mixture with respect to the ones of 
the pure optimal fluid.

Also, CNRS assists the partners in the project that have the need to model the 
thermodynamic properties of test rigs. 

Expectations from the REGEN-BY-2 project
The participation in this project, and thus the collaboration with the partners being part of 
the project, has enabled CNRS/UL to acquire new learnings and competences in the 
design and in building a new concept of thermodynamic cycle. We have also gained 
awareness in the difficulties related to the development of its breakthrough aspects and in 
the solutions that could be adopted to face them. We consider the collaboration among 
the REGEN-BY-2 Consortium extremely fruitful.

The Thermodynamics and Energy team 
participating in the REGEN-BY-2 project is a 
research team of the  Reactions and 
Chemical Engineering Laboratory (LRGP), a 
joint research unit belonging to the French 
National Center for Scientific Research 
(CNRS) in association with the University of 
Lorraine (UL). The administration of the 
laboratory is uniquely managed by the 
CNRS, which is one of the most important 
research institutions in the world under the 
supervisory authority of the French Ministry 
of Higher Education, Research and 
Innovation.
LRGP develops the scientific and 
technological knowledge necessary for the 
analysis and the design of energy processes 
and for the synthesis and recycling of 
materials and functional products, through 
chemical, physico-chemical and biological 
processes. The Laboratory is organised into 
five main areas of research: 1) processes for 
the environment, safety and resource 
valorization; 2) intensification, optimization 
and architecture of processes; 3) kinetics 
and thermodynamics for energy and 
products; 4) bioprocesses and 
biomolecules; 5) processes for products and 
materials. LRGP is involved into many 
national and international research projects.

Dr. Silvia LASALA
Associate professor (UL)

Dr. Silvia LASALA
Associate professor (UL)
Silvia is the scientific responsible of the work performed by the team ThermE of CNRS. Other than participating to 
the project management, she has participated to the definition of the criteria for the selection of the working 
fluid; on the basis of mentioned criteria, she worked to enable the pre-screening of 50 preliminary working fluids 
of the cycle, over more than 67000 fluids available from thermodynamic databases; she assisted in the 
selection of the oil to be added to the working fluid by characterising the thermodynamic properties of the 
resulting mixture (refrigerant-oil) and providing a code that enables to perform thermodynamic calculations on 
such a mixture.

Dr. Andrés PIÑA-MARTÍNEZ
Assistant professor (UL in 2022, CNRS in 2020-2021)
Andrés was a contractual researcher of CNRS. In his work, he realised the computational code to enable the 
prescreening of the working fluid made by the team. Also, he developed the Fortran code used by the partners 
of the project to make the calculation of the thermodynamic properties of selected fluids. In addition, he 
assisted in the use of this code in other languages (Matlab and Python).

Dr. Andrés PIÑA-MARTÍNEZ
Assistant professor (UL in 2022, CNRS in 

2020-2021)

www.cnrs.fr 
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www.exoes.com 

EXOES’ role in the project
Exoes contributes to the WP3 and WP4 by designing, developing and manufacturing a 
suitable two-phase compressor and expander. Four lab-scale prototypes of two-phase 
expander prototypes as well as three lab-scale prototypes of two-phase compressor 
prototypes based  on scroll technology will be provided. Some of them are especially 
designed by Exoes for the REGEN-BY-2 project and the others are retrofitted to enable the 
presence of liquid. 

Expectations from the REGEN-BY-2 project
The REGEN-BY-2 project has enabled EXOES to elaborate on existing competences and 
learn more about two-phase flow management in thermal systems. By building the 
compressor and expander prototypes, EXOES develop further its competences regarding 
volumetric machines design and qualification. EXOES wants prospects on the wet 
compression. Through this project, EXOES will gain maturity in particular regarding wet 
compression. EXOES believes that it will be able to reuse these acquired skills on heat 
pumps for electrical vehicles thermal management.

The mission of Exoes has been clear since 
their creation in 2009: to reduce the 
environmental impact of transport. With this 
in mind, they work every day to optimise the 
thermal management systems of 
international customers and collaborate with 
the best fluid manufacturers.

The beginning of EXOES is based on the 
following fact : two-thirds of the primary 
energy in the world is lost as heat. This is the 
case for any internal combustion engine (i.e., 
one third is lost in exhaust heat and one third 
is lost in engine cooling). VALEO, PSA 
PEUGEOT-CITROEN and FAURECIA identified 
the work as very interesting for a use in the 
passenger car industry to decrease the fuel 
consumption of a thermal engine thanks to 
exhaust heat recovery. The results were 
promising but the CEO had another intuition. 
Since long haul trucks travel at constant 
speed during hours, the energy contained in 
the exhaust is really high. Moreover, the fuel 
is the first operating cost for truck owners. 
The potential to save fuel on engine trucks 
also began to be very limited with existing 
technologies since they have been 
optimised for 30 years. 

Exoes, with its head office in Bordeaux, 
France, is now specialised in developing 
advanced thermal management solutions 
for electrified systems with a core technology 
development in battery immersion cooling. 
Exoes develops immersion cooled modules 
and battery packs from clean sheet to 
prototype, and conducts testing in-house for 
the wide range of application sectors going 
from the automotive industry to stationary 
energy storage. EXOES has broadened its 
spectrum of activities over the past 6 months 
by becoming involved in the heat-pump 
system of electric vehicles. This type of 
system is linked to the thermal management 
of the vehicle's battery through a heat 
exchanger.

Interview EXOES

Stephane WATTS
Head of engineering

Marjorie TISSANDIER
Mechanical and energetics engineer



ULIEGE’s role in the project

LSTME Busan plays two most prominent roles in REGEN-BY-2. 

The first main role consists in simulating numerically the behaviour of the expander and 
compressor under particular consideration of the two-phase behaviour of the heating fluid. 
These tasks are mainly performed in close collaboration of Prof. Delgado and Dr. Lyu. They 
make synergistically use of the wide expertise of Prof. Delgado with modelling and simula-
tion of flow machines and two-phase flows and the profound experiences of Dr. Lyu on the 
field of the two-phase thermal fluids. 

The second main role of LSTME Busan consists in promoting the commercialization of the 
results of REGEN-BY-2 in Asia. The planned engagement of Dr. Lyu and Dr. Kim should gener-
ate high additional values as they are dealing with research subjects related to fluid 
mechanics especially in multi-phase flow machines. LSTME Busan will contribute to estab-
lishing connections in Asia with potential customers that plan to make use of different 
renewable energy sources in the sense of REGEN-BY-2.

The main specific objectives are defined as the following: 1) assessment of the capability of 
a numerical method, namely the interphase changing volume of fluid method, to achieve 
suitable numerical predictions of interphase changing flow phenomena (e.g., condensation 
and evaporation of the working fluid) inside of the orbiting two phase compressor; 2) analy-
sis of the pressure distribution, velocity distribution, liquid evaporation and condensation 
phenomena, and the inlet/outlet mass flow rate as well as its quality from the ports of the 
orbiting two phase compressor; and 3) establishing South Korean as an entry market for the 
commercialization of the results of REGEN-BY-2 in Asia.

Expectations from the REGEN-BY-2 project

REGEN-BY-2 deals with renewable energy sources, which are naturally replenished on a 
human timescale and, thus, play a key role for humankind. They make a decisive contribu-
tion to meeting the needs of the human individuals as well as of societies or geographical 
regions. Consequently, the future of humankind depends essentially on dealing sustainably 
with them as expressed in the United Nations' seventh Sustainable Development Goal (SDG) 
"Ensure access to affordable, reliable, sustainable and modern energy for all". REGEN-BY-2 
exhibits a great potential for contributing to the realisation of this goal not only in Europe 
and in Korea as first market entries, but also in Asia and even worldwide.

LSTME Busan’s expectations from the REGEN-BY-2 project are: to contribute to the SDGs; to 
increase energy security and safety and, thus, to foster peace worldwide; to further promote 
the partnership between Europe and South Korea in a field of essential common interest; to 
contribute substantially to the acceleration of the aimed transition to renewable energy, 
aiming to increase renewable energy’s share of generation capacity; to conduct research 
at the highest international level with partners having a great expertise in all technical, 
scientific, and industrial use of relevance; to participate in the development of innovative 
renewable energy systems; to facilitate South Korea as a remarkable future entry market for 
REGEN-BY-2 technology in Asia; and to continue with a smooth and fruitful mutual-benefit 
collaboration between EU and South Korea.

The German Engineering Research and 
Development Center’s Busan Branch is a twin 
institute of the Institute of Fluid Mechanics 
Erlangen (German abbreviation LSTME). In 
addition to excellent training and further 
education programs, LSTME Busan aims at 
transferring German engineering skills at the 
highest international level to South Korea 
and to promote cooperation with Korean 
partners from universities, research institutes 
and the private sector. In recognition of 
long-term achievements in engineering 
science and technology, LSTME Busan has 
been granted the status of Korea Research 
and Development Institute (BMC) by 
high-level public institutions of Korea, 
namely the Ministry of Commerce, Industry 
and Energy (MOTIE), Busan Metropolitan City 
(BMC) as well as the Busan Free Trade Zone.

LSTME has been dealing with a wide 
spectrum of fluid mechanical fields such as 
Fluid Dynamics, Turbulence, Experimental 
Fluid Mechanics,  Flow with Chemical 
Reactions, Simulation of One, Two and Multi 
Phase Laminar and Turbulent Flows, 
Turbomachines including screw 
compressors with multi-phase conditions 
due to thermal phase transition and 
evaporation, Flow Processes in Engineering of 
Advanced Materials, Thermofluid Dynamics 
of Ultra-High-Pressure-Treatment, etc.

Thus, LSTME brings together experts from a 
broad range of scientific fields in order to 
allow for the investigation of these highly 
challenging interdisciplinary problems. Only 
by pursuit of such multidisciplinary 
approaches, the enormous demand of 
know-how required to successfully find 
sustainable solutions to future challenges in 
fluid mechanical application fields can be 
satisfied.

Prof. Antonio Delgado
Chair of the Board of 
Directors of LSTME 
BUSAN.

Dr. Sedong Kim
Senior Researcher

Dr. Wenjing Lyu
Senior Researcher

www.lstme.org
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The REGEN-BY-2 consortium is composed of 13 partners from 6 EU 
countries (Italy, France, Spain, Germany, Belgium and Greece) and 1 
international partner (South Korea), including 3 universities, 3 
research organizations, 5 SMEs, 1 corporation and 1 standardization 
body.
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