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Thermochemical Power Group (TPG) 

The Thermochemical Power Group (TPG) is a multidisciplinary research group based at the Polytechnic School 

of the University of Genoa (Italy). The TPG was established in 1998 from the idea that the study of efficient 

energy conversion requires thermodynamic, chemical, energy, exergy, and thermoeconomic-environomic skills. 

In June 2004, the TPG has become the first Rolls-Royce University Technology Centre on Fuel Cells in the world. 

At the moment, TPG is constituted by 25 people that produced (in the last 15 years) about 10 patents and 210 

international papers. Moreover, TPG was involved in 15 European projects based on both theoretical and 

experimental activities in the advanced energy system field (fuel cells, hybrid systems, advanced mGT based 

cycles, renewable energy, hydrogen generation, energy storage, smart grid management, etc.). The main TPG's 

partners are: Ansaldo Energia, E-ON, Istituto Tecnologico de Aeronautica (BR), LG Fuel Cell Systems, PTI 

(Paraguay), Rolls-Royce, U.S. DOE – NETL, VTT, Universities: Manchester (UK), Cranfield (UK), MDH (S), Seville 

(E), Brussel (B), Shanghai (Ch), West Virginia (US), California Irvine (US). 

Facilities by TPG (both software and hardware) 
The TPG has a strong experience in energy system simulation and optimization that has been included in the 

following in house software: 

 W-TEMP (thermodynamic and thermoeconomic analyses for energy systems); 

 TRANSEO (dynamic, transient and real-time calculations for turbine based plants); 

 W-ECoMP (multi-level optimization for size and management strategies related to energy systems).  

Moreover, the TPG has developed several experimental facilities for innovative energy system improvement 

(analysis and optimization). The main test rigs installed in TPG's laboratory are: 

 Microturbine test rig (T100); 

 FC/mGT Hybrid system emulator test rig; 

 Absorption chiller test rig; 

 Smart Polygeneration Microgrid serving the Campus (Fig.1); 

 Renewable energy storage laboratory; 

 CSP emulator rig (high temperature storage system);  

 Wave flume facility for sea wave energy converters;  

 Fuel-cell-ready mGT hybrid system (work in progress). 

Main collaboration proposals 
TPG can share several skills in two different forms: direct contract, activities as a partner in projects (H2020 or 

other international funding schemes). TPG is also interest in collaboration projects related to staff exchange 

(e.g. Marie-Curie programs). This is a brief summary of possible collaboration fields: 

  Microturbines including related components (e.g. recuperators, control aspects). TPG has a T100 

machine fully instrumented and modified for complex cycle development, a second T100 microturbine 

that is operated in its commercial mode and three Capstone machines operating in a smart grid). 

 Development of high temperature storage device for CSP applications (or other mGT layouts). An apt 

emulator test rig can be used for studying optimized management related to this device. Moreover, 

large scale demos can be designed and tested. 

 Optimization and control activities (models and experiments) related to the integration of renewable 

energy sources in smart polygeneration grids, including energy storage. 

 Hydrogen generation, management (including storage) and utilization. A demo rig can be developed to 

optimize these systems: renewable sources to generate hydrogen, storage and utilization 

management. Fuel cell improvement aspects can be included. 

 
Contact: Prof. Mario L. Ferrari (mario.ferrari@unige.it) 
Web: www.tpg.unige.it 
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Figure 1. TPG's generators for the Smart 

Polygeneration Microgrid. 

file://///ETN-NAS-SERVER/all%20ETN%20docs/ETN/02%20TC-Projects/02%20Projects/MGT/R&D%20descriptions/mario.ferrari@unige.it
file://///ETN-NAS-SERVER/all%20ETN%20docs/ETN/02%20TC-Projects/02%20Projects/MGT/R&D%20descriptions/www.tpg.unige.it


 



  



  



 



  



RSE 
Ricerca Sistema Energetico 
 
 
 
For several years, in the frame of national founded projects, RSE has been actively 
engaged in identifying possible solutions to improve the performances of micro-turbines and to extend the use of this CHP 
technology to a wider class of solid fuels such as biomasses and wastes. 
The activities have been mainly focused on three topics: 
 
- Identification of plant configurations to increase the MT efficiency 
- Studies on materials and coatings for a ceramic MT 
- Plant configuration and materials issues related to externally fired MT 
 
Identification of plant configurations to increase the MT efficiency (activity completed) 
In particular, a specific attention has been paid to three main solutions: Inverted Brayton Cycle, Humidified Brayton Cycle 
and a regenerative Brayton cycle with ceramic components. 
The first two solutions allow to reach an increase of the efficiency of 3-5 points in the best cases: only the adoption of 
ceramic components (turbine and possibly recuperator) could lead to a higher efficiency in a CHP application. 
A numerical model of the Turbec T100 microturbine, installed in RSE area, was developed by Thermoflex® and validated by 
comparison with the results of previous experimental activities. The operation of the unit was simulated at nominal and 
partial load and the performance of the unit, in different configurations, was investigated. Starting from this first model, a 
new model of a ceramic microturbine was finally developed; different simulations were performed in order to evaluate the 
influence of the turbine inlet temperature (TIT) on the plant layout. An optimal target for Turbine Inlet Temperature has 
been identified. 
 
Studies on materials and coatings for a ceramic MT 
Efficiency of microturbine can be improved by the introduction of new materials in the manufacturing of the most service 
stressed components. Depending on technical engineering solutions applied in microturbine design, the substitution of 
metal alloys with advanced ceramic materials in turbine components and/or regenerating heat exchanger can give rise to 
an increase in thermal efficiency in the range from 5 to 10%. 
The main limitations for a commercial development of these products are related to the high cost of manufacturing 
components of complex shape, with very small geometric tolerance, and to some improvements of materials properties 
that are still required, especially in term of resistance to oxidation/corrosion combined with satisfactory mechanical 
strength at high temperatures. 
For a couple of years RSE has investigated ceramic materials as silicon nitrides or derivative materials as SiAlON by 
mechanical properties characterisation, microstructure investigation and resistance to oxidation with the exposure in a 
high flow rate burner rig. As an alternative to the improved oxidation resistant silicon nitrides, the application of 
environmental barrier coating (EBC) to ceramic based components has been considered too, and the burner rig exposure 
experiments are presently ongoing on coated specimens. 
As experimental capacity, useful for these activities, RSE can offer: three or four point bending tests from room 

temperature up to 1200°C for bulk ceramic materials and freestanding coatings, toughness tests on massive and thin 

ceramic specimens, exposure in a high flow rate burner rig simulating combustion conditions, with tuneable steam content 

at temperatures up to 1400°C.Furthermore, RSE has a Spark Plasma Sintering (SPS) equipment for sintering innovative bulk 

ceramic formulations in collaboration with ceramics and/or MT manufactures.  

Plant configuration and materials issues related to externally fired MT 
An interesting evolution of natural gas MT consists on the external combustion MT (Externally Fired Micro Gas Turbine), 
that, although still being in the development phase, could ensure the typical advantages of the gas turbines technology, 
together with the exploitation of "carbon neutral" solid fuels. The principle the technology is based on is very simple and 
consists of a complete separation (using dedicated, high temperature heat exchangers) between the fluid that operates the 
working cycle (air) and the combustion products gas stream, that transfers heat to the air to be expanded in the turbine. An 
EFMGT can perform a regenerative Joule cycle, in which an exchanger instead of a combustor is introduced with the 
purpose of heating the air coming from the compressor before it expands in the turbine. However, even if this kind of 
configuration has been studied and developed for a long time, the temperature limits imposed by the materials used for 
heat exchangers construction, and oxidation/corrosion phenomena they are subjected to, are still extremely critical factors 
in terms of performance and reliability. For a better understanding of these issues, RSE signed a cooperation agreement for 
monitoring the mini combined cycle owned by an Italian farm. The system consists of two external combustion MT (80 kWe 
nominal power each), fueled by wood chips from the forestry sector, and a 110 kWel nominal power Rankine organic fluid 



cycle, suitable for exploitation of low enthalpy heat sources, in this case the air at MT outlet. The activity has provided a 
complete heat and mass balance of this plant and has highlighted current operational limits. 
Characterization tests were performed considering working conditions close to the nominal design ones: 
the results have shown that increasing the temperature of intake turbine air is really beneficial in order to obtain higher 
and more competitive performances. Increasing air temperature, however, will promote the oxidation phenomenon 
affecting heat exchangers tubes, causing higher quantity of solid particles to reach the MT and producing erosion damages. 
 
For a better investigation of solid particle erosion phenomena, and in order to identify possible solutions in terms of 
advanced materials and protective coatings, RSE installed air cooled mockups inside the external boiler to monitor 
oxidation progression on the air side of candidate materials and coatings. 
 
Furthermore, experimental activities aimed to estimate coatings oxidation kinetics and the severity of the erosion rate of 
materials used for manufacturing turbine components as a function of the different operating conditions are currently in 
progress. 
 
In this frame RSE can offer Lab infrastructures for carrying out high temperature oxidation/ hot corrosion studies as well as 
a high temperature solid particle erosion testing facilities. 
 
For in field monitoring of material degradation, RSE has developed corrosion probes enabling to quantify damage 
mechanisms as a function of the different operation conditions, in terms of temperature and fuel composition. 

 

 

 

  



 



 



 


