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RESEARCH AREAS

Innovative technologies for 
thermal energy storage and 

transformation

Sustainable technologies for 
electric energy production and 

storage

Application of technologies and 
integrated systems for Energy 

Efficiency - Smart Energy 
Technologies

Social and Environmental Impact 
of Energy Technologies

Technologies for Hydrogen -
green energy vectors production 

and storage - CO2 recycling 
ITM Prototype
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R E S E A R C H  T O P I C S  A N D  F U N D E D  P R O J E C T S

Thermal energy 
storage

Renewable H&C 
in buildings / 
industries

Cooling & 
Desalination on-
board of vessels

DHN-integrated 
sorption 
technologies

Direct air capture

Materials Components
Detailed 

modelling
System

modelling
Prototyping

/ testing



Sorbent materials characterization
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C U R R E N T  S T A F F F A C I L I T I E S

Components testing rigs

CFD, components and system modelling 

Large-scale (90 kW-HT) and low-scale (35 kW-HT) prototypes testing rigs
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RECENT ACTIVITIES AT MATERIALS LEVEL

+20% +78%

C O M P O S I T E  S O R B E N T S  F O R  S E A S O N A L  T E S

M a t e r i a l s  a n d  b o u n d a r i e s  
d e f i n i t i o n

C o m p o s i t e s  c h a r a c t e r i z a t i o n  a n d  T E S  d e n s i t y  e s t i m a t i o n

• L o n g  t e r m  s t a b i l i t y  d e m o n s t r a t e d  f o r  S G / L i C l ( 3 0  w t . % )

• P r o t o t y p e  t e s t i n g  u n d e r  l a b  c o n d i t i o n s  a n d  f i e l d  t e s t

P R O J E C T  F U N D E D  B Y  E U C O M M I S S I O N  
U N D E R  H 2 0 2 0  P R O G R A M M E  N .  7 6 4 0 2 5   
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ONGOING ACTIVITIES AT MATERIALS LEVEL

M A T E R I A L S  F O R  S O R P T I O N  D E S A L I N A T I O N

M a t e r i a l s  a n d  b o u n d a r i e s  
d e f i n i t i o n

C o m p o s i t e s  e q u i l i b r i u m  a n d  k i n e t i c  c h a r a c t e r i z a t i o n

• F i r s t  p r o m i s i n g  r e s u l t s  o n  c o m p o s i t e  s o r b e n t s  ( 2 0  t o  4 0 %  
h i g h e r  t h a n  s i l i c a  g e l )

• K i n e t i c  t e s t i n g  o f  s i l i c a  g e l  c o a t i n g s  o n g o i n g

P R O J E C T  F U N D E D  B Y  E U C O M M I S S I O N  
U N D E R  H E U P R O G R A M M E  N .  1 0 1 0 5 6 8 0 1   

Micro-porous
Silica gel

Composite SG / 
30 wt.% LiCl

Composite Verm
/ 45 wt.% LiCl
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RECENT ACTIVITIES AT COMPONENTS LEVEL

A D S O R B E R / E V A P O R A T O R  M O D U L E  U N D E R  O S C I L L A T I N G  C O N D I T I O N S

P R O J E C T  F U N D E D  B Y  E U C O M M I S S I O N  
U N D E R  H 2 0 2 0  P R O G R A M M E  N .  9 5 5 5 4 1 3   

M o d u l e  a r r a n g e m e n t  f o r  
t h e  i n v e s t i g a t e d  d e s i g n

30°
30°

1 min1 min

O p e r a t i n g  c o n d i t i o n s  t e s t i n g
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ONGOING ACTIVITIES AT COMPONENTS LEVEL

L A B - S C A L E  T E S T I N G  O F  S O R P T I O N  T E S R E A C T O R  F O R  D H N I N T E G R A T I O N

P R O J E C T  F U N D E D  B Y  E U C O M M I S S I O N  
U N D E R  H 2 0 2 0  P R O G R A M M E  N .  1 0 1 0 3 6 6 5 6   

T e s t i n g  r e s u l t sA d s o r b e r m a n u f a c t u r i n g

Composite SG + 
25 wt.% CaCl2

Pure composite 
and mixed with 
microporous SG 50/50 vol. ratio 40/60 vol. ratio

F i r s t  l a b - s c a l e  
p r o t o t y p e  d e s i g n  

• M a n u f a c t u r i n g  a n d  
t e s t i n g  o f  t h e  l a b - s c a l e  
p r o t o t y p e  

• L a r g e - s c a l e  p r o t o t y p e  t o  
b e  t e s t e d  i n  a  D H N -
c o n n e c t e d  l i v i n g  l a b
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ONGOING ACTIVITIES AT COMPONENTS LEVEL

The SoC of the storage material is critical for ensuring the system's efficiency and reliability, as it determines how much 
heat can be stored and used

Development of a sensor for the direct extimation of the State Of Charge (SoC) of Adsorption Thermal Energy Storage (TES) 

Open 
Capacitor

Electric 
Capacitance

RLC Circuit
Resonant
Frequency

resonant frequency ~ moisture content of the material relative permittivity ~ water content 

SoC

Calibration
Parameters

Adsorption
Models

relative permittivity 

DIEEI – University of Catania The activity is partially funded by PNRR-NEST Project

In cooperation with: 
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RECENT ACTIVITIES AT MODELLING/SYSTEM LEVEL

M O D E L L I N G & T E S T I N G O F  C A S C A D I N G  S O R P T I O N / C O M P R E S S I O N  C H I L L E R

P R O J E C T  F U N D E D  B Y  E U C O M M I S S I O N  
U N D E R  H 2 0 2 0  P R O G R A M M E  N .  7 6 8 8 2 4   

T e s t i n g  r e s u l t s  &  m o d e l  v a l i d a t i o n
L a b  i n s t a l l a t i o n

Adsorption 
module + 
compression HP 
and latent TES

DC driver + 
electric
batteries

Up to double 

EER for 25°C

Up to +40% EER 

at 35°C ambient 

temperature 
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RECENT ACTIVITIES AT MODELLING/SYSTEM LEVEL

T E S T I N G  O F  H Y B R I D  S O R P T I O N  H E A T  P U M P S  A N D  C H I L L E R S

P R O J E C T S F U N D E D B Y E U C O M M I S S I O N
U N D E R H 2 0 2 0 P R O G R A M M E N . 7 9 2 0 7 3 , N .
7 9 2 2 1 0 , N . 8 1 8 3 2 9

L a b  i n s t a l l a t i o n s

Cascade industrial 
sorption/propylene compression 
(up to 30 kW cool)

Geothermal Gas-driven heat 
pump (up to 10 kW heat)

Palallel commercial 
sorption/propan compression 
(up to 40 kW cool)

• I m p r o v e d  S E E R  i n  c a s c a d i n g  m o d e  u p  t o  2 5 %  d o w n  t o  - 1 0  °C  c o o l i n g  p r o v i s i o n

• T h e r m a l  C O P  o f  g a s - d r i v e n  H P  u p  t o  1 . 2  f o r  g e o t h e r m a l  i n t e g r a t i o n

• I n c r e a s e d  f l e x i b i l i t y  i n  o p e r a t i o n  t h a n k s  t o  t h e  p a r a l l e l  i n t e g r a t i o n
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ONGOING ACTIVITIES AT MODELLING/SYSTEM LEVEL

WHY?

Investigation on the potentialities of CLOSED CYCLE sorption TES systems coupled with solar energy for HT applications 

To demonstrate (once for all)
the feasibility of such
technology in operating
conditions typical of the
district heating and the
industrial field.

Dynamic 
Model

Thermodynamic
Model

KPIs Definition

Experimental 
campaign

Results

Experimental tests are currently ongoing at

The activity has been partially
funded by EERA JP Energy Strorage
through the PhD Mobility Scheme
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RECENT ACTIVITIES AT MODELLING/SYSTEM LEVEL

Installation and commissioning of a 
hybrid thermal/electric storage 
system in Spain

Industrial hybrid chiller installation of a 
solar driven plant in 2 facilities in Spain

Geothermal gas-driven adsorption HP 
installation in a demo in Italy

Hybrid heat pump integration in a civic centre in 
Spain driven by solar thermal collectors

P R O J E C T S F U N D E D B Y E U C O M M I S S I O N U N D E R
H 2 0 2 0 P R O G R A M M E N . 7 9 2 0 7 3 , N . 7 9 2 2 1 0 , N .
8 1 8 3 2 9 , 7 6 8 8 2 4



“CNR ITAE Sorption-related research activities”
02/05/2023

Thank you for your kind attention!
Grazie per l’attenzione!
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