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CONTEXT 

CCS 

World energy-related CO2 emissions abatement in the 450 
Scenario relative to the New Policies Scenario. 

TOWARD 

In the medium term  
Fossil Fuels will remain the 

main energy source 

Conventional fuels must 
be used in 

unconventional ways 

OUTLOOK…… 

GENERAL STRATEGY….… 

Low-Carbon technology 

Energy Efficiency Technologies: Overview Report World Energy Council 2013 

World Energy Outlook, International Energy Agency, 2012  

Total Primary Energy Supply 



CHALLENGES……at IRC 

3 

1. From fossils to added value feedstocks 
2. Efficiency and performance of available processes 
3. New concepts for low carbon technologies 

optimization of consolidated 
technologies 

advanced technologies 
new concepts 

downstream fuel processing 
(production and characterization) 
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ACTIVITES    

• Advanced analytical techniques for the characterization of liquid and solid fuels 
• Behavior of solid  fuels in different reactors and process conditions (fragmentation, 

agglomeration…) 
• Fuels and products pretreatments (purification, ash valorization…) 
• Detailed kinetics of solid carbon oxidation 
• Catalytic Partial Oxidation/Reforming of gaseous fuels for production of syngas or olefines 

1. Downstream processing of fossil fuels 

Competences 
•Advanced methods for chemical analysis 
•Reaction kinetics 
•Chemical physical properties and 
microstructure 
•Fragmentation phenomena 
•Catalytic reaction engineering 



ACTIVITES   

•Turbogas flame stability and diagnostics 

•Atomization of liquid fuels and high pressure spray combustion 

•Mixing of  turbulent gaseous flows  
•Fluidinamics of entrained flow reactors and particles-slag interactions 
•Advanced models of coal pyrolysis/combustion/gasification fragmentation/ annealing  
•Dynamics of granular systems fluidized beds combustion and gasification  
•Non linear dynamics of processes 
•Particulate formation in combustion systems (gas burners, turbines, domestic stoves) 

2. Optimization of consolidated technologies 

Competences 
•Reaction kinetics 
•Computational/modeling 
•Reaction engineering 
•Analysis of chemical and physical 
properties of fuels and products 
•Fluidized beds 

 



3. Advanced technologies/new concepts 

New combustion processes: 
• Oxyfiring 
• CLC 
• Carboloop 
• MILD 
• Catalytic combustion 
 

 

Competences 
•Reaction kinetics 
•Computational/modeling 
•Reaction engineering 
•Reactor design  
•Biotechnological processes 

ACTIVITES  

 

MILD oxy- combust ion of propane 
in a mesoscale turbulent  burner  
ù Sabia G S rren/in M e J ann n avaliere R Ragucci
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The present study investigates the characteristics of MILD oxy-combustion in a (20x20x5cm) laboratory-scale burner. The main pre-heated flow rate composed by diluent and oxygen and 

the fuel are fed inside the combustion chamber from one side. Diametrically opposed the feeding configuration is reproduced, thus realizing a cyclonic flow field inside the combustion 

chamber. The system is provided with a quartz window. The oxidation process of fuels/oxygen mixtures diluted in N2, CO2 or steam can be studied varying external parameters of the 

system, namely inlet temperatures (up to 1400K), equivalence ratio (lean to reach mixtures), residence times and mixture dilution levels. Temperature measurements inside the chamber 

are realized.

Rapid mixing between the injected fuel and hot oxidizer has been carefully explored for autoignition of the mixture to achieve volumetric combustion reactions. Distributed reactions can 

be achieved for a non-premixed configuration with sufficient entrainment of hot species present in the flame and their rapid turbulent mixing with the reactants.

Preliminary tests, realized for C3H8/O2 mixtures diluted in N2, showed that for inlet temperatures higher than 650 °C, MILD combustion condition is established. 

The following figures show the in-furnace view for several operative conditions up to MILD combustion regime.

Increasing the preheating temperature, MILD oxy-combustion occurs and combustion becomes invisible and homogeneous.
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Dynamic behavior
Tref =660 °C , C/O=0.9
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Temperature temporal profiles

Thermocouples

To maintain MILD Combustion, a strong entrainment of high-
temperature exhaust gases, which dilute fuel and air jets, is 
required

With respect to traditional combustion systems kinetic times are 
longer, while turbulence times are shorter 
(i.e. Da number approaches 1):

Fluid-dynamics and kinetics cannot be easily uncoupled as it 
commonly assumed for traditional systems.

Proper models have to be developed to account for kinetic-
turbulence interaction.

Kinetics t ime Fluid-dynamics t ime

Issues:
Clarify the role of the recirculation on the estabilishment of 

MILD combustion conditions 

Identification of combustion regimes depending on inlet 

conditions.

Determine the Turbulence-Chemistry Interaction for improving 

CFD modeling 

Cyclonic mixers could represent a very effective system

in realizing mixing processes in very short time and compact size 

while allowing for a reasonable long residence time for the 

development of combustion reactions. This is particularly 

of interest in the case of high inlet temperature and 

diluted conditions, typical of MILD and HiTAC combustion, 

where the fast mixing process is a need, chemical kinetics 

and fluid-dynamical characteristic times are comparable 

and the residence time play a central role in the achievement 

of satisfying reaction progress. 

CO2 capture: 
• Calcium looping 
• Biomimetic absorption 
• CO2 adsorption on nano-materials 
CO2 usage: 
• Chemical storage/Power to Gas 
 

 



ACTIVITIES Technology transfer 

 

Support to 
industry in 

fuels /products 
characterization  

Support 
institutional 

Policy Making 

Support to 
industry: 

Optimization, 
Efficiency, 
Innovation  



MAJOR PROJECTS AND COLLABORATIONS 

Research institutions 
 
 
 
 
 
 
 
 
 
 
 
 
 
Recent EU projects 
RFCS-FLEXGAS, RFCS FECUNDUS, 
CAL-MOD 

 
 

Industry 
 

 
 
 
 
 
 
 
 
Public institutions 

Research institutions 
Università di Napoli Federico II, Università di 
Torino, PoliMI, Università del Sannio, Imperial 
College, University of Western Ontario, Ben 
Gurion Univeristy of the Negev, Cranfield 
Univeristy, Cambridge Univeristy, Aabo 
Akademy, Delft University of Technology; 
Universitaet Stuttgart; ENEA,  CNR IENI-IM-
ISTEC, CNRS, CIRA, Russian Academy of 
Sciences, MIT, University of Utah, IIT 
EU projects 
RFCS-FLEXGAS, RFCS FECUNDUS, 

CAL-MODE 
 
 



PERSPECTIVES 

 

From fuels to feedstocks: Gas to Liquid; Coal to liquid 
Low grade fossil fuels: Gas Shales, Tar Sands 
Fuels and products pretreatments/Fuel upgrade  
 
 

 Flexibility of power plants with respect to different  fuels, in 
particular low value fuels 

 Co-combustion 
 Integration  with ash post combustion and fuel pre-treatment 
 Small scale (distributed energy, domestic boilers etc) 

 Chemical looping for syngas production 
 Carbon looping gasification 
 Integration  with supercritical cycles 
 Innovative methods for CO2 utilization e.g. photocatalytic or 

biological processes (green chemistry) 
 Frontier fuels (Methane hydrates etc…) 

 

Hot topics 

1. Downstream processing of fossil fuels 

2. Optimization of consolidated technologies 
 

3. Advanced technologies/new concepts 
 


