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The REGEN-BY-2 project is developing a 
novel, highly efficient, and cost-com-
petitive multi-generation (all-in-one) 
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 technology 
is enabled by non-conventional 
two-phase fluid expanders and com-
pressors, which are machines capable 
of functioning with fluids composed of 
both liquid and vapour phases. Com-
pared to existing commercialized sys-
tems, REGEN-BY-2 plants have the po-
tential 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 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.

This recently patented technology is highly efficient as the related thermodynamic 
cycle is constituted by a proper combination of Carnot cycles (the most efficient 
engine possible) operating with a two-phase fluid circulating in novel two-phase 
expanders and two-phase compressors. 

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

Firstly, REGEN-BY-2 will design the two-phase expander and compressor via mathe-
matical models and Computational Fluid Dynamics (CFD) analysis, as well as design 
the whole plant, selecting the most appropriate working fluid and performing a ther-
modynamic sensitivity analysis.

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

Lastly, REGEN-BY-2 will perform experimental tests on the lab-scale prototypes of the 
expander and the compressor, and test the multi-generation plant, where the ther-
mal power transferred from the renewable heat source to the working fluid, is deliv-
ered to the end-user through specific heat exchangers.

REGEN-BY-2 
development phases



UNIPI’s role in the project
UNIPI is responsible for the project coordination. During the whole duration of the 
REGEN-BY-2 project, UNIPI will take care of the on-time preparation and delivery of the spec-
ified Deliverables, and for the monitoring and recording of progress in line with specified 
project milestones. Those tasks will be performed in close cooperation with the individual 
Work Package leaders, also checking the dissemination and exploitation plan versus the 
EC’s requirements and preparing and post-processing of EC reviews from the consor-
tium-side.

UNIPI, being also responsible for the Project Scientific & Technical Coordination, manages 
the overall strategic and technical direction of the Project, performed in close collaboration 
with the Work Package and Task Leaders. The goal is to ensure the Project workflow is as 
intended, interdependencies are correct and managed, and that decision making regard-
ing any deviations or unforeseen challenges is efficient, proactive, and effective.

Having also a strong technical background in the field, UNIPI will also support the design and 
the construction of the REGEN-BY-2 technology lab-scale prototype and design and con-
struction of both the two-phase expander and compressor. 

Due to the novelty of the REGEN-BY-2 technology, experimental tests are necessary to 
understand whether the materials and components selected for the REGEN-BY-2 lab-scale 
prototype are actually suitable and reliable for the application (operating conditions, such 
as pressure and temperature, compatibility with the working fluids); UNIPI is also responsi-
ble for experimental testing of the lab-scale prototypes: a wide experimental campaign 
will be carried out in order to test the operating behavior of the REGEN-BY-2 lab-scale proto-
type in steady-state and unsteady state of the operative conditions (i.e., design point and 
off-design).

Expectations from the REGEN-BY-2 project
REGEN-BY-2 will research, design, construct and experiment a first-of-its-kind lab-scale 
prototype of a recent near worldwide patented thermodynamic cycle and related plant for 
the conversion of thermal sources in energy vectors, i.e., electric, heating and-or cooling 
powers. REGEN-BY-2 can convert (from small to large-scale) any typology of renewable 
thermal source from low to high temperature (e.g., solar, aerothermal, geothermal, hydro-
thermal) including additional thermal sources (e.g., waste heat). REGEN-BY-2 is enabled by 
machines capable of working with two-phase fluids, i.e. constituted by both liquid and 
vapor phases. The patented thermodynamic cycle is highly efficient as it is constituted by a 
proper combination of Carnot cycles operating with two-phase fluid circulating in novel 
two-phase expanders and two-phase compressors.

To be successful, these two-phase machines will have to be designed, prototyped and inte-
grated in the REGEN-BY-2 lab-scale prototype. Moreover, the patented technology has 
large flexibility due to the control of many process parameters, allowing chasing and satis-
fying the end-users energy demands in a predictable and dispatchable way. By the 
exploitation of renewable thermal sources from small to large-scale, by converting them 
more efficiently and with more flexibility into electric, heating and-or cooling energy vectors, 
REGEN-BY-2 will induce greater demand for and increasing use of renewable thermal 
sources. REGEN-BY-2 is a breakthrough in our energy infrastructure as it can be used in wide 
energy sectors (e.g., District Heating & Cooling systems and Distributed Renewable Flexible 
Energy systems). The research is low-TRL and high risk. For this, a full value international 
chain is assembled (Universities, RTOs, SMEs, Large Enterprises, a Standards Organization).

The University of Pisa, established in 1343, is a 
public institution with twenty departments, 
and high-level research centers in the agri-
culture, astrophysics, computer science, 
engineering, medicine and veterinary medi-
cine sectors. Furthermore, the University has 
close relations with the Pisan Institutes of the 
National Board of Research, with many 
cultural institutions of national and interna-
tional importance, and with industries, which 
went through a phase of rapid expansion in 
Pisa during the nineteen sixties and seventies. 
The University boasts excellent results from 
internationally and nationally funded projects 
thanks to the quality of its researchers and a 
series of targeted initiatives.

Prof. Umberto Desideri
Full Professor of Thermal Machines and 

Energy Systems
Project Coordinator of REGEN-BY-2

www.unipi.it
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TIFEO’s role in the project
TIFEO is the exclusive licensee of the near world-wide patent upon which the project 
REGEN-BY-2 is based. TIFEO promoted the project in order to research, design, construct and 
test the first-of- its-kind lab-scale of its patented technology. In the project, TIFEO is involved 
in each Work Package (being the leader of the WP2), in particular:

Expectations from the REGEN-BY-2 project
The long-term objective of TIFEO is to become an international company for the design, 
building and commercialization of the REGEN-BY-2 technology at least in the countries 
covered by the patent (EU, USA, Canada, China, India, Japan and Australia). In this regard, 
TIFEO will evaluate collaboration and partnerships with international companies in order to 
bring the patented technology into the market.  

In order to reach this long-term objective, the successful achievement of the REGEN-BY-2 
project is fundamental. Indeed, the REGEN-BY-2 project aims to design and to build the 
first-of-its-kind laboratory scale prototype of the patented technology, which will reach 
the TLR4 at the end of the project (2024) and will be owned by TIFEO. The REGEN-BY-2 
lab-scale prototype will be used to allow the development of the patented technology from 
TRL4 to TRL9 (after 2024). The prototype will represent, together with the related near 
world-wide patent, an important asset for TIFEO, increasing the start-up value and allowing 
the investment of private funds.   

TIFEO’s technical expectations from the REGEN-BY-2 project are related to the Key Perfor-
mance Indicators (KPIs), while TIFEO’s strategic expectations are associated with the devel-
opments needed for bringing the REGEN-BY-2 project’s results into the market. In particu-
lar, strategic road mapping will be conducted to identify the need for additional capital and 
means to attain scalability at TRL9 by licensing, partnering, joint venture and creation of new 
ventures.

TIFEO is an innovative start-up born in 2018 
from the synergistic union between aca-
demic competence and multi-disciplinary 
entrepreneurial innovation knowledge. The 
company leverages high engineering com-
petences with the aim of developing, build-
ing and commercializing innovative plants to 
drive the energy world towards a more sus-
tainable future. 
TIFEO’s associates have a strong background 
in several fields: 1) Energy conversion 
systems, i.e. zero CO2 emissions combustion 
power plants, renewable power plants (e.g. 
geothermal, biomass, wind), co-trigenera-
tion plants, plants for space conditioning and 
two-phase fluid expanders and compres-
sors; 2) Electric energy storage systems, 3) 
Chemical reactors (design and commission-
ing); 4) Multi-energy systems optimal design 
and management. TIFEO’s associates exper-
tise and experience involve the mathemati-
cal modelling and simulation of complex 
energy conversion and energy storage pro-
cesses, rotating machinery engineering and 
management, prototyping and experimental 
activity, and patenting process.
Finally, Tifeo provides consulting services for 
research and education in industrial and 
mechanical engineering.

Dr. Stefano Briola
Co-founder of TIFEO
Scientific Manager of 
REGEN-BY-2

/company/tifeo-srl

Interview TIFEO

Design of the REGEN-BY-2 technology lab-scale prototype (WP2): TIFEO developed 
the simulation model for the selection of the working fluid and the assessment of the 
process parameters at design point. TIFEO is carrying out the preliminary definition of 
the configuration of the operating units according to the previously selected process 
parameters and working fluid.

Design and construction of REGEN-BY-2 two-phase expander (WP3): TIFEO carried 
out preliminary studies and integration of scroll machines into the REGEN-BY-2 cycle.

Design and construction of REGEN-BY-2 two-phase compressor (WP4): TIFEO provid-
ed support in the development of the two-phase deterministic compressor simula-
tion model and in the result evaluation. TIFEO is contributing to the construction of the 
test bench dedicated to the compressor. 

Construction of the REGEN-BY-2 technology lab-scale prototype (WP5): TIFEO will 
collaborate in the definition of the overall integrated experimental facility. TIFEO will 
support the definition of the system layout, and supervise the commissioning of the 
lab-scale prototype of REGEN-BY-2 technology, assuring the compliance with the 
technical specification.

Experimental testing of the lab-scale prototypes (WP6): TIFEO will define the exact 
tests to carry out and interpret the experimental results.



NTUA’s role in the project
NTUA is the WP leader dedicated to the development and testing of the two-phase 
expander prototype. The main works of NTUA involve the development of a test bench and 
the experimental characterization of a commercial single-phase expander tested at 
two-phase conditions. The conclusions from the first set of experiments will be used for the 
further optimization of the expander’s prototype design and upon finalization, the prototype 
will be installed in the test bench and characterized experimentally, prior to its eventual 
implementation in the REGEN-BY-2 prototype. 

In parallel to the works for the design and testing of the expander’s prototype, NTUA is also 
assisting based on its field experience on the design works for the REGEN-BY-2 prototype in 
full cooperation with the rest of the involved in the prototype partners. Furthermore, NTUA will 
conduct a Life Cycle Analysis (LCA), a Life Cycle Cost Analysis (LCC) and a social-LCA in 
order to assess the preliminary environmental potential of the REGEN-By-2 concept.

Expectations from the REGEN-BY-2 project
REGEN-BY-2 offers a novel, compact and effective multi-generation solution that could play 
an important role in the future of energy both in microgrids as well as in larger scales. The 
capability of REGEN-BY-2 to cover the needs for a wide range of end-users enhances the 
cycle’s versatility and potential for implementation in different applications. 

On component’s level, NTUA expects to take part into the development of a highly efficient 
two-phase expander prototype that could possibly be at comparable performance levels 
to single-phase commercial expanders and therefore allow the full exploitation of the 
potential of two-phase expansion towards the maximization of the cycle’s overall efficiency. 

The National Technical University (NTUA) is 
the oldest and most prestigious educational 
institution in Greece in the field of technology 
and has contributed unceasingly to the 
country's scientific, technical & economic 
development since its foundation in 1836. 
NTUA is divided into nine academic Schools, 
eight engaging in engineering sciences and 
one in general sciences. The personnel 
includes about 1,000 people as academic 
staff. These nine Schools are divided into 33 
Departments or Sections. 

The “Laboratory of Steam Boilers and Ther-
mal Plants” belongs to the Thermal Engineer-
ing Section of the School of Mechanical Engi-
neering. The Laboratory of Steam Boilers and 
Thermal Plants of NTUA has a wide experience 
and is active for over 30 years in the field of 
thermal energy conversion technologies, 
focusing among other topics on energy 
efficiency assessment and evaluation, 
energy savings in industrial processes and 
power plants, process simulation/optimisa-
tion, experimental testing and development 
of heat pump units, thermodynamic model-
ling and development of advanced cycles for 
power generation and innovative domestic 
tri-generation systems for heating and cool-
ing production.

The laboratory is global leader in ORC tech-
nology and has a long experience and exper-
tise in the thermodynamic optimisation, 
design, development and experimental test-
ing of ORC systems. More specifically, the 
laboratory has issued numerous research 
publications on the thermodynamic 
design/integration and heat transfer of ORC 
applications, on their thermo-economic 
evaluation/optimisation, on the study of 
advanced configurations, on the thermody-
namic and economic investigation of 
ORC-based biomass and solar-driven 
domestic multi-generation systems, as well 
as on the experimental testing of ORC com-
ponents (see also “Relevant recent publica-
tions” below).

Interview National Technical University of 
Athens (NTUA)

Prof. Sotirios Karellas
Associate Professor at the School of 

Mechanical Engineering
WP3 leader

www.lsbtp.mech.ntua.gr



ULIEGE’s role in the project

ULiege is mainly focusing on the development of scroll compressors operating in 2-phase 
conditions. The development is made in collaboration with EXOES and other partners. 
ULiege has developed a comprehensive numerical model of the scroll compressor that is 
able to account for the impact of the presence of liquid on its performance. The model has 
been used for orienting the design of a prototype of the compressor. Besides the numerical 
work, ULiege is developing a test bench for experimentally characterizing the 2-phase scroll 
compressor prototype. The test bench must allow for the control and measurement of the 
vapor quality at the compressor inlet, as well as for the measurement of the Oil Circulation 
Ratio.

Expectations from the REGEN-BY-2 project

Both numerical and experimental activities will allow ULiege to expand its expertise in 
displacement compressors, and more specifically scroll machines, operating in 2-phase 
conditions. This gain in expertise will include modeling capabilities as well as experimental 
techniques (including advanced sensors). This expertise will be useful for developing 
advanced thermal systems where 2-phase compression (but also expansion) is likely to 
occur.

The Thermodynamics Laboratory of the 
University of Liège was created in 1890 to 
investigate experimentally steam engines. 
The first research works of the Laboratory 
focused on heat transfer between steam and 
cylinder walls and contributed to the interna-
tional recognition of the Laboratory. Today, 
the Laboratory comprises different research 
groups including the team lead by Vincent 
Lemort. His group is investigating innovative 
and efficient thermal energy systems to meet 
our societal needs, focusing on different 
energy sectors: energy efficiency of buildings 
and industry and thermal management of 
vehicles. The research group has a strong 
expertise in displacement compressors and 
expanders used in vapor compression 
systems (heat pumps and Organic Rankine 
Cycle power systems). Research activities are 
based on experimental and numerical 
approaches.

Nicolas Leclercq
PhD Candidate/research engineer
Full-time researcher in REGEN-BY-2

Prof. Vincent Lemort
Associate Professor, Head of Energy Systems Laboratory

WP4 leader

www.labothap.uliege.be

Interview Université de Liège (ULIEGE)



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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