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9:15    Welcome address 

9:45-11:45  Round Table: “Closing the Cycle: the Perspective Role of CCU” 

 Moderator: Michele Aresta - IC2R srl and CIRCC 

Panelists: Anastasios Perimenis, EUCO2 Value Europe;  

Giuseppe Astarita, Federchimica;  

Roberto Millini, ENI;  
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11:45  KNL1 - Roberto Millini - ENI  
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12:30  OP2 - Mauro Doimi - D&D Consulting SAS 

 “Example of Carbon Capture and Storage system in an Italian wetland ecosystem 

(Valle da Pesca) related to the BNeutral RBIOS carbon offset certification” 

12:45  OP3 - Giulio Latini - POLITO 

 “Reversible CO2 absorption by bio-inspired task specific ionic liquids solutions” 

13:00 OP4 - Olga Sacco - UNISA 

 “Polymer/MOF composite monoliths for methane-carbon dioxide separation” 
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in the mechanochemical CO2 conversion to hydrocarbons driven by olivine 
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9:30  OP16 - Enrico Catizzone - ENEA 

 “Catalytic assessment of zeolites in dimethyl ether synthesis” 

9:45  OP17 -Mauro Mureddu - Sotacarbo 

 “High performing active catalyst for CO2 hydrogenation to methanol” 

10:00  OP18 - Serena Todaro - CNR 
 “Desing of hybrid catalysts for the direct hydrogenation of CO2 to DME” 

10:15  OP19- Francesco Pancrazzi - UNIPR 

 “P2G: From Hydrogen To Oxygenated Fuels” 
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Chair: Carlo G. Visconti 

10:45 KNL6 - Roberto Gobetto - UNITO  

 “Homogeneous and Heterogeneous CO2Electroreductionto to Chemicals: State of the Art” 

11:15  OP20 - Claudio Ampelli - UNIME 

 “CO2 utilization by photo-electro-catalytic (pec) route using non-critical raw materials” 

11:30  OP21-Carlo Nervi - UNITO 

 “Mn catalysts for electrochemical reduction of CO2: homogeneous and electrode 

functionalization approaches” 

Chair: Angela Dibenedetto 
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CARBON CAPTURE TECHNOLOGIES: STATUS AND PERSPECTIVES 

Roberto Millini 
Eni S.p.A., Research and Technological Innovation Dept. 
Via F. Maritano 26, I-20097 San Donato Milanese (Italy) 

e-mail: roberto.millini@eni.com 
 

 
Global warming and climate change concerns have triggered global efforts to reduce the 
emissions of CO2 in the atmosphere. There is no single solution to this issue, which must be 
addressed by implementing a series of actions ranging from energy efficiency to the use of low 
carbon energy vectors (natural gas, blue or green hydrogen), from the application of 
geoengineering approaches (afforestation, reforestation) to the deployment of renewable 
energies. However, time and cases huge investments are necessary for these actions to have 
a significant impact on CO2 emissions and the transition from an economy based on fossil 
sources to that based on renewable energy will take decades. In this scenario, it becomes 
important to adopt approaches that allow the management of CO2 produced by power 
generation plants, transport and industrial activities (refineries, cement plants, steel mills, ...). 
Regardless of the final destination of CO2 (sequestration in geological formations (CCS) or 
reuse in a circular economy perspective (CCU)), the first important step is its capture, that is 
its separation from the gas mixture (flue gas, raw natural gas (NG), air, …) in which it is 
contained. It is important to underline that the most suitable capture technology strongly 
depends on the concentration of CO2 in the mixture, which ranges from 0.04 vol% in air, to 3 
– 5 vol% in the flue gas of NG-fired power plants, from 10 – 15 vol% in the flue gas of coal-
fired power plants, up to 40 – 50 vol% in some raw NG. There are three major approaches for 
CO2 capture: post-combustion, pre-combustion and oxy-combustion. Among them, post-
combustion capture technologies are attracting particular attention as they can be installed on 
existing plants (retrofitting), while pre-combustion and oxy-fuel combustion technologies 
require the construction of ad hoc plants. Consolidated commercial technologies are available, 
mainly based on amine-based solvents, but their use imposes a significant energy penalty. In 
fact, when applied to power plants, they may account for even 15-20% of the gross energy 
production, impacting on the unit cost of capture and, finally, on the cost of energy, which may 
increase up to 80% respect to the unabated case. This considerably limits the application of 
amine-based CO2 capture technologies but, at the same time, is a stimulus to develop 
innovative solutions, economically viable and with lower environmental impact. Dedicated 
research programs (e.g. DoE/NETL Carbon Capture Program R&D [1]) have the ambitious 
goal to reduce the cost of capture down to 20 $/tCO2, through the development of, e.g., novel 
solvents with lower energy requirements for regeneration respect to conventional amines, 
efficient solid sorbents and membranes, innovative cryogenic separation systems.  
The knowledge accumulated in the development of these technologies is also favoring the 
capture of CO2 from the air (Direct Air Capture, DAC). There are several technologies 
proposed, still far from a widespread application but that, in the near future, will effectively 
contribute to reducing the concentration of CO2 in the atmosphere. This keynote will briefly 
review the advancement of the CO2 capture technologies, highlighting some promising 
solutions currently under development. 

References 
1.  “Compendium of Carbon Capture Technologies” DoE/NETL, July 2015 
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CO2 RECOVERY PLANT IN RISOGNANO: 
ENVIRONMENT AND INDUSTRY SYNERGISM 

Giovanni Pavesi 
Tecno Project Industriale S.r.l. SIAD Group 

e-mail: g.pavesi@tecnoproject.com 
 

 
The project is an example of a circular economy to have an economical and technical 
advantages with an improvement of the environmental impact of the production process. 

Solvay and SIAD, in the Rosignano factory, have achieved three important targets by the 
capture, recovery and liquefaction of CO2 formerly discharged to the atmosphere. 1 reduce 
emission, 2 reuse the gas and 3 stop import of CO2. Overall CO2 impact – 48.000 t/y.  

 

 

References 
1. G. Pavesi, Managing Director of Tecno Project Industriale S.r.l.- SIAD Group, Via E. Mattei 40 

24035 Curno (BG), Italy 
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EXAMPLE OF CARBON CAPTURE AND STORAGE SYSTEM IN AN 

ITALIAN WETLAND ECOSYSTEM (VALLE DA PESCA) RELATED TO 

THE BNEUTRALR BIOS CARBON OFFSET CERTIFICATION   

Mauro Doimi,1 Zacchello G.,2 and Dal Molin D.3 
1D&D Consulting sas, 2Soc. Agr. Blue Valley srl, 3BIOS srl(1) Via Montenero 90, 30171 

Mestre-Venice IT 
e-mail: maurdoim@tin.it 

 

 
Climate change induced by global warming has become a reality, since it disrupts ecosystems 
and human existence. Together with the traditional reforestation (and afforestation), the 
practice of generating offsets through CCS in a special human controlled wetland called “valle 
da pesca” has been developed in Italy. Plants, microalgae and macroalgae that grow in 
wetland areas,1 can get a CO2 sequestration into the “valle da pesca” mud by 40-80 kg of 
carbon dioxide per square meter per year (kgCO2/m2/yr).2  The amount of carbon sequestered 
can vary considerably depending on the site, and other chemical conditions of the wetland 
bottom.3 There is some economical additional issue too, given by a high value of sustainable 
and organic fish production.4 The Kyoto Protocol is one of the international responses to GHG 
emissions originating from human activities. Mechanisms are defined in the Kyoto Protocol 
including an Emissions Trading, Joint implementation (JI) and Clean Development Mechanism 
(CDM). The JI allows excess carbon, or emission reduction units to be traded between 
countries.5 JI activities are stated in Article 3.3 of the Kyoto Protocol and include afforestation, 
reforestation and deforestation (UNFCCC, 2007).6 The CCS mechanism to a CO2 bio 
sequestration is very important but not well recognised and is not included in these activities 
or in the classical standard as VCS or Gold Standard. The certification company BIOS srl, has 
been releasing a voluntary standard called BNeutral (www.certbios.it) to cover this lack, since 
2010. The standard features can be used in a Carbon Capture Storage project4 and it requires: 
1) an environmental and economic additionality 2) a scientific based demonstration of the 
process 3) it applies a 50% buffer on the total CO2eq captured and stored. The generated and 
certified carbon credits can be included into Eco2care registry to obtain a valid carbon offset 

to support the wetland CCS project.     
 

References 
1. D. Curiel, C. Miotti, E. Checchin, C. Dri, M. Marzocchi, La biodiversità macroalgale delle valli da 

pesca : confronto tra valli arginate e valle aperte, 2011, Società Veneziana di Scienze Naturali – 
APS, vol. 36   

2. M. Doimi, A. Ferrari, D. Dal Molin and I. Gardan, Model of Wetland Carbon Sequestration in the 
Venetian Lagoon, Italy, 2013, J. Envirnm Science and Engineering B 2 657-671 

3. D. Laffoley, Blue Carbon: an innovative method worth exploring to sustain our MPAs, 2016, Forum 
of the Marine Protected Areas in the Mediterranean 

4. G. Granato and M. Doimi, Bneutral Certification Recommended For Sustainable Fish Farming, 
2019, Fish Farming Technology, www.aquafeed.co.uk  

5. S. J. Dury, P. J. Polgase, T. Vercoe, Greenhouse resource kit for private forest growers, 2002, 
Agriculture, Fisheries and Forestry, Australia (AFFA) Camberra 
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REVERSIBLE CO2 ABSORPTION BY BIO-INSPIRED TASK SPECIFIC 

IONIC LIQUIDS SOLUTIONS 

Giulio Latini,a,b Bocchini S.,a Crocellà V.,c Signorile M.,c Bonino F.,c Pirri C. F.,a,b  Bordiga S.c  
aCentre for Sustainable Future Technologies CSFT@PoliTo Istituto Italiano di Tecnologia, 

Corso Trento 21, 10129, Torino, IT; bDeptt of Applied Science and Technology, PoliTo, Corso 
Duca degli Abruzzi 24, 10129, Torino, IT; cDept of Chemistry, NIS and INSTM Reference 

Centre, University of Turin, Via G. Quarello 15, 10135 and Via P. Giuria 7, 10125, Torino, IT 
 e-mail: giulio.latini@iit.it 

 

 
Facing the nowadays climate crisis scenario, where the CO2 emissions are increasing the global heating, 
requires adequate energetic and environmental policies. As the energetic transition to renewable source 
would be a long-term process, reduction of greenhouse gases emissions is the most immediate and 
straightforward mitigation strategy that found its most notable example in the Carbon Capture and Separation 
(CCS) approach. Post-combustion CCS is a largely viable methodology since it relies flue gas purification, 
thus it can be applied after most of the combustion processes. Aqueous amine solution represents the state-
of-the-art applied technology for CO2 sequestration. Amine systems main drawbacks (the energy intensive 
release step, solvent loss, toxicity and corrosiveness) makes amine scrubbing an inadequate long-term 
solution for CO2 capture.1,2 New possibilities in CCS has been found in ionic liquids (ILs), highly tunable and 
non-volatile organic salts that melts below 100°C, capable of chemical absorption by proper IL 
functionalization. ILs with tethered amines reacts with the gaseous CO2 forming carbamate and ammonium 
ionic species.  
ILs based on choline cation with amino acids (AAs) anions give rise to a wide set of bio-inspired ILs that 
could be made from renewable feedstock, with low toxicity,3 that are very promising candidates for CO2 
sequestration. Chemical and physical properties have been already investigated but information about CO2 
capture are lacking. In this study, the CO2 capture is investigated on a wide set of AA-ILs. A novel industrial-
appealing synthetic approach was used to produce six ILs with different AA anions. Because of their 
viscosity, neat ILs are underperforming sorbents since the gas diffusion is insufficient. Thus, high boiling 
solvent such as dimethyl sulfoxide 
(DMSO) permit a decreased 
viscosity, improving mass transfer 
and increasing the adsorption rate. In 
this work, the CO2 capture of ILs 
solution at different concentration 
were carried out, the CO2 loading 
measured and interaction 
mechanisms studied. As the 
concentration of ILs decrease, the 
absorbed CO2 exceed the theoretical ammonium carbamate stoichiometry. Indeed absorption occurs also 
through carbamic acid species, which formation is reversible at room temperature.4 Mild heating at 80°C 
achieved complete CO2 desorption from the ILs solution. The desorption condition are very convenient since 
the energy expensive solvent evaporation and condensation typical of aqueous amine solution are avoided. 
Different AAs were found to lead to a fully reversible CO2 capture process, whereas other AAs lead, in mild 
conditions, to partially irreversible reaction with a decrease of the overall loading upon multiple 
adsorption/desorption cycles. 

References 
1. H. Lepaumier, D. Picq, P.L. Carrette, New amines for CO2 Capture. I. mechanisms of amine degradation in the 

presence of CO2, Ind. Eng. Chem. Res. 48 (2009) 9061–9067.   
2. B. R. Strazisar, R. R. Anderson, C. M. White, Degradation Pathways for Monoethanolamine in a CO2 Capture Facility, 

Energy & Fuels. 17 (2003) 1034–1039. 
3. W. Gouveia, T. F. Jorge, S. Martins, M. Meireles, M. Carolino, C. Cruz, T. V. Almeida, M. E. M. Araújo, Toxicity of 

ionic liquids prepared from biomaterials, Chemosphere. 104 (2014) 51–56.  
4. G. Latini, M. Signorile, V. Crocellà, S. Bocchini, C. F. Pirri, S. Bordiga, Unraveling the CO2 reaction mechanism in bio-

based amino-acid ionic liquids by operando ATR-IR spectroscopy, Catal. Today. (2019)
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POLYMER/MOF COMPOSITE MONOLITHS FOR METHANE-CARBON 

DIOXIDE SEPARATION 
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Atzori C.,2 Bonino F.,2 Crocellà V.,2 Bordiga S.2 

1Dipartimento di Chimica e Biologia, A. Zambelli, Università degli Studi di Salerno, 
 Via Giovanni Paolo II, 132, I-84084, Fisciano IT; 2Dipartimento di Chimica, NIS and INSTM 

Centre, Università di Torino,Via G. Quarello 15/A, I-10135 Torino IT 
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The still persistent technical and economic problems related to the exploitation of renewable energy 
sources make methane the most important existing alternative to petroleum-based fuels. To date, 
the main source of methane is natural gas (NG), but its use in an economically and environmentally 
sustainable ways is influenced by the purity degree required for methane in its different applications.  
The main methane contaminants in the NG are other hydrocarbons, carbon dioxide, water and 
hydrogen sulphide. As far CO2, its content is highly variable and depends on the genetic typicality 
of the NG which can be organic and inorganic, that is derived from coal and oil or from hydrocarbons 
and non-hydrocarbons, respectively. For example, in giant NG fields discovered in China, having 
proven reserves of over 300 × 108 m3, the average CO2 content is 4% but, in some cases, it reaches 
over 50%.1 In order to meet the specific methane purity requirements of the market, it is essential to 
remove impurities before using an NG.  
Unfortunately, the most widespread natural gas purification techniques, such as chemical absorption 
through aqueous amine solutions2 or cryogenic separation, have high solvent regeneration costs or 
require high energy amounts. Therefore, innovative low-cost techniques based on the use of porous 
polymeric membranes or selective absorbent solids have recently been developed. 
Metal Organic Frameworks (MOFs) are a family of porous solids with a very high surface area, which 
in recent years have attracted attention due to their ability to stably absorb gas (such as methane, 
CO2 and hydrogen) both at high and low pressure. However, the use of MOFs in commercial 
methane storage and purification systems is limited by the high material cost and the need to be 
compacted in the form of pellets to make them manageable, but with the risk of considerably 
diminishing their adsorption properties.  
In the present work, the MOF UTSA-16 [K2Co3(cit)2; cit=citrate], possessing an excellent capacity to 
adsorb CO2 also in the presence of moisture,3-4 was dispersed in porous polymeric matrixes in order 
to obtain monoliths of easy handling for actual industrial applications. The polymeric matrix used 
consists, alternatively, of two commercial thermoplastic polymers, namely the syndiotactic 
polystyrene (s-PS, commercial name Xarec®) and poly (2,6-dimethyl-1,4-phenylene) (PPE , trade 
name PPO Noryl®). Both the engineering plastics/polymers, have the peculiar ability to absorb, 
reversibly and rapidly, small molecules as isolated guests in the host polymer crystal lattice.5 
Furthermore, sPS and PPO, in addition to the typical thermoplastic morphologies such as powders, 
films and fibers, can also be obtained as monolithic aerogels, characterized by a very peculiar 
distribution of pores (disordered meso and macropores typical of aerogels together with identically 
sized micropores of the crystalline phases). 
A careful study on the capacity of CO2 and CH4 Adsorption at low pressure and at various 
temperatures were carried out on monolithic sPS and PPO aerogels containing UTSA-16 (1/7 g/g). 
As reference, adsorption/desorption isotherms were also measured on both pristine polymers and 
pure UTSA-16. Concerning the CO2 adsorption, the volumetric measurements pointed out an 
excellent uptake capacity of these composite materials if compared with the pristine UTSA-16 (see 
figure 1). 
 
On the other hand, a very high selectivity towards CO2 with respect to CH4 were observed for both 
sPS- and PPO-UTSA-16 based aerogels, making these composites  suitable for use in separation 
of CH4/CO2 mixtures. 
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Figure 1. CO2 adsortption/desortpion isotherms at 298 K on pristine UTSA-16 (purple), pristine 
sPS (black) and sPS-UTSA-16 composite monolith (orange). 
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DEEP DECARBONISATION OF INDUSTRY VIA INHERENTLY CIRCULAR 

CCU PROCESSES  

Stefano Stendardo, Luisetto I.  
ENEA - Italian National Agency for New Technologies, Energy and Sustainable Economic 

Development  
Via Anguillarese 301 - S.P. 081, 00123, Santa Maria di Galeria, Rome  

e-mail: stefano.stendardo@enea.it 
 

 
The progressive decarbonisation of the Italian economy requires the research and development of 
new technologies for the safe and efficient use of renewable sources, together with the use and 
conversion of conventional low-carbon fuels. The energy transition occurs via distributed resources 
towards increasingly sustainable industrial processes. This transition is also enabled due to the 
use of thermochemical storage systems and the efficient use of energy vectors such as electricity 
and hydrogen. The main industries with high energy consumption and high carbon emissions (e.g. 
steel, iron and cement) make Italy the second economy in Europe. These production processes 
have already reached very high levels of efficiency in the use of resources and it is estimated that 
the additional technological options for a more efficient use of energy would allow a reduction in 
CO2 that is not very significant. Consequently, a substantial reduction in carbon dioxide emitted by 
industrial processes requires the implementation of technologies for the capture and use of CO2.  
The main objective of this study is the resources and energy optimisation of efficient processes for 
closing the carbon cycle by means of the use of the excesses of renewable electricity in energy 
and carbon intensive industries. In particular, an inherently circular process based on a CaO 
material as CO2 sorbent1-4 will be implemented and studied in steel and cement industry.  

 
References 
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CO2 UTILIZATION VIA CARBONATION OF STEEL SLAGS TO OBTAIN 

PRODUCTS FOR ENGINEERING APPLICATIONS 

Renato Baciocci, Costa G. 
University of Rome “Tor Vergata”, Via del Politecnico 1, 00133 Rome, Italy 

e-mail: baciocchi@ing.uniroma2.it 
 

 
Alkaline residues are produced in large amounts by several types of processes, such as coal power 
plants, cement kilns, steel manufacturing plants and solid waste incineration plants. Specifically, it can 
be estimated that in the European Union roughly 30 Mt of steelmaking slag were generated in 2017. 
Most of them are landfilled or employed only in low-end engineering applications, such as sub-base 
materials or environmental reclamation and/or restoration fillers.  
Among the different types of treatments that may applied to alkaline residues as valorization strategies 
to allow their use for different applications, accelerated carbonation is of particular interest. This 
treatment consists in the reaction of gaseous CO2 with Ca/Mg (hydr)-oxides and silicates contained in 
the residues and leads to the formation of the corresponding carbonates.  It allows to reduce the 
chemical instability of the material, lowering its free CaO and MgO content, pH and leaching of specific 
elements, but also leads to the permanent storage of CO2 in solid form. For this reason this treatment, 
can be seen both as a CO2 storage and utilization strategy. The products obtained by accelerated 
carbonation of alkaline residues may in part replace raw materials and associated CO2 emissions, 
contributing to reduce the environmental footprint of the construction industry. To reach this goal it is 
essential that these products present analogous (if not improved) technical properties with regard to the 
construction materials they replace. In addition, as industrial residues may also contain elements of 
potential environmental concern, the leaching behaviour of products manufactured from these materials 
must be carefully evaluated. Depending on the characteristics of the residues and the desired product, 
different treatment routes and operating conditions may be applied. Aggregates may be obtained applying 
a combined granulation-carbonation process by which the particle size distribution of the residues may be 
modified; in addition, alkali activators, such as hydroxides or alkaline silicates, can be added to the solid 
material so to increase the mechanical strength of the product. Another valorization option for residues 
such as steel slag is the production of bricks or porous blocks, which are exposed to curing under a carbon 
dioxide atmosphere and enhanced temperature and pressure in order to induce accelerated carbonation 
reactions and achieve mechanical properties comparable to those of conventional concrete products. 
Despite some of these options have been already scaled-up at industrial level, there are still several open 
issues concerning the correlation between the properties of the products (both technical and 
environmental), the mineralogy and microstructure of the material before and after treatment, and the 
operating conditions applied. Increasing knowledge on these issues, besides for fundamental scientific 
interest, could be of help in selecting the most suitable operating conditions to manufacture products with 
technical and environmental performance suitable for engineering applications. 
The present work reports on the results achieved applying two different CO2 utilization processes via 
carbonation for the valorization of alkaline solid residues deriving from steel manufacturing. In particular, 
carbonation-granulation tests were carried out in a rotary kiln reactor located at the ENEA research center 
in order to develop an operating procedure that could be adopted at demonstrative or full scale for different 
types of alkaline residues, including specifically BOF steel slags1. Carbonation of steel slag compacts was 
tested at the VITO research center, applying the Carbstone process, with the aim of gaining an improved 
understanding of the reasons behind the development of the mechanical and environmental properties of 
the products.2 For each process, besides product properties, the CO2 uptake achieved as a function of the 
operating conditions will be presented, in order to assess the CO2 storage potential of the investigated 
processes.  
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Waste incineration is generally considered an energy recovery strategy; nevertheless, its role in 
terms of material recycling has also been recently recognized. Currently in Europe there are several plants 
treating its main solid by-product bottom ash (BA), with the main aim of recovering valuable materials such 
as ferrous and non-ferrous metals. The residual mineral fraction after metal recovery (over 80% by weight of 
the BA) also exhibits potential for recycling, since it presents has a similar physical and chemical composition 
(in terms of major constituents) to that of materials employed in construction such as aggregates or fillers.1 
However, BA typically presents a higher content of (mostly) inorganic contaminants that may be leached 
upon contact with water. For this reason, even in cases where high recycling rates are reported, utilization is 
often restricted to specific conditions and requires long term monitoring of emissions, thus resembling more 
containment than recycling. These practices need to be significantly improved in view of putting into practice 
the EU’s ambitious circular economy strategy. An example of an effort in this direction is the Netherland’s 
“Green Deal” Agreement of 2012, which establishes that after January 1st 2020, bottom ash from waste 
incineration cannot be recycled in restricted applications anymore. This means that stricter requirements in 
terms of the material’s properties should be met, and that thus a substantial improvement in the residues 
quality, in terms of chemical, physical and environmental properties (such as the leaching of metals, 
metalloids and salts), is needed.  
Typically, for BA, the elements whose leaching concentrations do not comply with utilization criteria under 
unrestricted conditions include Ba, Pb, Cu, Cr, Mo and Sb; in addition, eluate pH and chlorides release may 
also exceed limits for recycling.2-3 Since several inorganic constituents with different properties (salts, 
amphoteric metals and oxyanion forming elements) may be critical, a single treatment may not be sufficient. 
The treatments that have been tested on BA include washing and accelerated carbonation. The latter, which 
consists in contacting the material with a CO2-rich gas stream, and leads to the formation of a product 
enriched in Ca carbonates, has been shown to reduce eluate pH from 12 to 9 and decrease the leaching of 
several metals.  In addition, it can allow to store part of the CO2 emitted during incineration in solid form. 
Carbonation is generally applied to residues such as BA via the aqueous route, employing a low liquid to 
solid ratio (L/S) - wet route process, or also applying L/S ratios above 2 l/kg (slurry phase process).4  
The aim of this study was to analyse the effects of accelerated carbonation carried out both via the wet route 
and slurry phase route under enhanced operating conditions to improve the environmental behaviour of BA 
in view of its recycling for unrestricted construction applications.  Different types of BA were tested with the 
aim of identifying the combinations of operating conditions that allow to significantly improve the leaching 
behaviour of each type of slag. The variables that were tested are temperature, pressure, L/S and contact 
time. In addition, the use of a Fe (hydr)oxide suspension instead of deionized water during the treatment or 
after carbonation was also tested with the specific aim of reducing antimony release, which is generally 
enhanced by carbonation. 
The products were analysed applying both batch compliance and pH dependence leaching tests in order to 
try to identify the mechanisms that cause the changes observed in the leaching behaviour of the slag. 
Furthermore, the increase in inorganic carbon content of the treatment product was also analysed to assess 
the amount of CO2 that can be sequestered in solid form by the process and if and how it is correlated to 

changes in the leaching behaviour of the product.  
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Carbon dioxide (CO2) capture and storage using carbon mineralisation technology is an attractive 
process to reduce the quantity of greenhouse gas emissions into the atmosphere.1-3 Among the 
different natural feedstock available for carbon mineralisation, the serpentinite group of minerals 
(magnesium silicates) are one of the most suitable due to their reactivity, their extensive natural 
deposits and their CO2 storage capacity.3,4 The main aim of using serpentinites in carbon 
mineralisation is to extract the magnesium using acid and then to react the dissolved magnesium 
with CO2 to form stable carbonates. Therefore, Mg-leachability of the serpentine minerals during 
carbon mineralisation process is a critical property of these materials. The silica content of these 
materials also plays a critical role in the reactivity of the feedstock and the applications of value 
added products. Therefore, developing an understanding of the structural transformation of silica 
throughout carbon mineralisation process is an important factor in the development of this 
technology. Our investigation showed that phyllosilicate layers of natural serpentine Q3(1Mg) 
transformed to various phases after heat activation, i.e. Q0(4Mg) (forsterite), Q1(3Mg) 
(intermediate I), Q2(2Mg) (intermediate II) and Q3(1Mg) (meta-serpentine phase). In spite of 
almost complete amorphisation of natural serpentine by heat activation process, we demonstrate 
that only the two intermediate phases with disrupted silica structure exhibit the bulk of the Mg-
leachability in both single and two-stage carbon mineralisation process. An additional post-
processing acid treatment step is essential to dissolve the unreactive forsterite and meta-
serpentine phase, producing a pure and reactive amorphous silica making full use of all resultant 
solids from natural serpentine. 
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The increase of carbon dioxide concentration in atmosphere may cause climate change. In 

addition to the industry emission reduction, the CO2 utilization represents a good opportunity 

from the point of view of sustainability. Carbon dioxide can be used as building block for 

chemicals and materials or source of carbon for fuels. High and low energy procedures are 

employed and among the latter the carboxylation reaction of organic substrates plays a key rôle 

for the sustainability of the chemical and polymer industry. Due to the low CO2 reactivity a 

catalyst is necessary: homogeneous,1 heterogenized,2 heterogeneous,3 and organic4 systems 

have been used in our laboratories to obtain linear and cyclic carbonates from mono or 

polyalcohols and in the carboxylation of C5 polyol derived substrates to C6 dicarboxylic acid.5 

Reaction mechanisms and water removal6 will be discussed.  

              

 

Figure 1: Carboxylation routes to obtain linear and cyclic carbonates and dicarboxylic acids  
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Copolymerization of CO2 with epoxides represents a rising research topic, since it 
combines the utilization of this inexpensive, abundant, non-toxic gas with the production 
of biodegradable macromolecules, which is one of the major areas of development of the 
whole plastic field. Indeed, sustainable plastics are nowadays becoming a viable 
alternative to petroleum-based materials in a wide range of applications (including 
packaging, adhesives, elastomers).1 
In the last years, many efforts have been devoted towards the exploration of various 
catalytic systems which are able to efficiently promote this transformation. Among them, 
one of the most studied is constituted by a transition metal (for example aluminium, cobalt, 
iron and zinc) complex and a suitable nucleophile (commonly ammonium or phosphonium 
salts).2 In this context, the investigation of chromium as the metal centre has been the 
subject of many studies, most of which regarding catalysts bearing nitrogen-donor ligands 
namely salan, salen or salalen.3 A more recent advancement regards the utilization of 
sulphur-containing complexes and the resulting influence on copolymerizations of 
catalysts bearing this softer Lewis base.4 
In this contribution, we present a novel chromium catalyst bearing an OSSO-bisphenolate 
ligand suitable for the coupling of carbon dioxide and epoxides. By using propylene oxide, 
cyclohexene oxide, hexene oxide and styrene oxide and with a judicious tuning of the 
reaction conditions, polycarbonates were obtained with a high degree of selectivity (up to 
100%).  
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People are becoming more and more aware that carbon dioxide is much too valuable to just be 
released into the atmosphere, and thus worsen the greenhouse effect. This is because the gas 
contains carbon, an important element needed for the production of plastics. This means 
petroleum, a traditional source of carbon, can be replaced at least in part. Covestro wants to 
exploit this possibility and has become a pioneer of using CO2.  
Covestro currently focuses on using carbon dioxide to produce polyols, a crucial component of 
polyurethane foam. The new material was launched in 2016. The first target product: mattresses 
based on CO2. A dedicated demonstration plant was built for this purpose. 
Since then, further CO2 based polyether polyols were developed that found a platform for 
a broader range of applications. Recent developments are new elastomer materials based on 
CO2 based polyurethanes that contain crosslinking moieties. This has opened up a route to 
thermoset polyurethanes, films and elastomers. Such versatile materials are used e.g. in 
automotive applications, as cable insulation or in sporting goods.  
Within the new project Carbon4PUR we go one step further and try to valorize flue gases – mixed 
CO2/CO streams from steel production - for the use in in polyurethane applications.  
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Contrasting the greenhouse effect is among the main challenges humankind must face in next 
decades, specially through the reduction of greenhouse gases emission. The reduction of CO2 
emissions is thus a main requirement, by switching from fossil to renewable energy sources, as 
well as by limiting its dispersion in the atmosphere by storing or utilizing it. The latter possibility 
involves a complete change of paradigm: from a bare waste, CO2 becomes an abundant, world 
spread feedstock. Beside strategies relying on its reduction, CO2 can be directly inserted in 
oxygenates compound:1 Amongst these, organic carbonates are greener and industrially viable 
alternatives to toxic reactants.2 Their industrial production presently relies on different methods, 
as alcohol carbonylation (with phosgene or CO/O2 mixtures over a CuCl2 catalyst) or the 
alcoholysis of cyclic carbonates (previously produced by reacting CO2 with epoxides). Though all 
these strategies give reasonable yields, the use of harmful, eventually costly reagents calls for 
the development of new environmentally compatible processes.2,3 
In this regard, a possibility is the synthesis of simple organic carbonates through the direct 
reaction of CO2 and alcohols, an environmentally friendly route with water as the only byproduct. 
Nevertheless, the high energy barrier of this reaction calls the development of effective catalysts 
to make it viable. Homogeneous catalysts achieved the best results in terms of yield and 
selectivity, however suffering from poor lifetime and requiring separation from the final products. 
Heterogeneous catalysts based on Ti, Zr and Ce oxides demonstrated improved long-term 
stability, easier separation from products and suitability for continuous processes and, despite 
their lower productivity, they are really attractive for industrial implementations.3 Thereby, their 
systematic improvement is compulsory in order to make the process viable, necessarily implying 
a deep understanding of their behavior in the reaction environment. 
 

 
Figure 1. Reaction of methanol and CO2 over ZrO2, monitored for 60 min by in situ ATR-IR and 
analysed by MCR (pure spectra and concentrations are reported). 
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Herein, we present the in situ characterization of oxide catalysts (ZrO2, CeO2) during the 
conversion of methanol and CO2 to dimethyl carbonate (DMC) by IR spectroscopy, a powerful 
technique toward the understanding of chemical species involved in the reaction. Beside a model 
study in gas phase, to be compared with the few available literature data,4 we present for the first 
time a liquid phase characterization of the working catalyst, obtained in ATR-IR mode. We 
monitored in particular the evolution of surface species as a function of the reaction temperature 
and of reactants concentration. Furthermore, advanced data analysis tools (e.g. multivariate 
curve reconstruction, MCR) have been applied to the datasets, thus obtaining insightful 
compositional and kinetic detail. An example of this approach is reported in Figure 1.  
The preliminar analysis of the two reaction datasets shows as the involved surface species on 
ZrO2 are similar, regardless the reaction temperature. However, a significant difference is 
observed in their dynamics. The strongly adsorbed methanol species (i.e. surface methoxy 
groups) seems to be the most relevant species in the reaction mechanism, whereas the CO2 
activation by the surface appears to be of lesser importance. 
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The reduction of anthropogenic CO2 emissions is an urgent challenge, and strategies must be 
adopted to improve the efficiency of CO2 capture and to reduce the costs of this technique. As an 
alternative to traditional processes, in our laboratory we developed a new concept of CO2 capture 
technology which combines the CO2 abatement with the production of useful compounds, in order 
to circumvent the energy costs of the conventional CO2 capture processes by virtue of the formation 
of valuable products. A process based on thermally stable and cheap absorbents that turns the 
captured CO2 into useful chemicals in mild conditions avoids the absorbent regeneration and the 
main drawbacks of the traditional capture techniques, and should be highly beneficial if the products 
obtained have an economic value and a commercial scale utilization. 
Here we present some of the processes we have devised with this unconventional approach: CO2 
was efficiently captured from gas mixtures (CO215% v/v) using aqueous solutions of sodium 
carbonate, or ammonia, as sorbents. The solution containing the captured CO2 was not 
regenerated, but used directly to produce valuable substances of great commercial interest, such 
as urea1 or high-quality calcium carbonate,2 through processes with low energy impact and which 
involved the use of cheap industrial by-products (such as calcium chloride) or even the 
neutralization of environmentally hazardous wastes, such as the alkaline “red mud” coming from 
the aluminum production chain. Rather than treating CO2 as waste, with these procedures it can 
be regarded as a building block for the synthesis of other chemicals. 
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The need to reduce the emission of carbon dioxide into the atmosphere is pushing towards the 
use of “renewable carbon”, so to avoid as much as possible burning “fossil carbon”. Biomass 
is synonym of “renewable carbon”, as it is re-generated from CO2, usually captured from 
atmosphere. A “close to zero emission” cycle can in principle be implemented that effectively 
reduces the emission of CO2. It would be possible to complement the natural “carbon cycle” 
by developing man-made industrial processes for “carbon recycling”, converting, thus, “spent 
carbon” as CO2 into “working carbon”, as that present in valuable chemicals or fuels. Such 
practice would fall again into the utilization of “renewable carbon”, as the man-made process 
would perfectly mimic the natural process. An order of complexity higher would be represented 
by the integration of biotechnology and catalysis for an effective CO2 conversion, using 
selective catalysts such as enzymes, or even whole microorganisms, coupled to chemical 
technologies for energy supply to enzymes, using perennial sources as sun or wind or 
geothermal as primary energy.1-4 
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After three years of stable trend, CO2 emission in the atmosphere began to rise again in 2017, 
reaching 32.8 billion tons.1 The recovering of CO2, released from important economic sectors 
such as electricity and heat production, industry and transport sector, is therefore mandatory 
for a sustainable future. CO2 recovery can enable a smart management of the energy amongst 
these sectors within a holistic approach and in a circular economy scenario.2 Biomethane 
production can be considered a bridging technology, allowing a sustainable coupling between 
production of CH4 through anaerobic digestion, biogas upgrading, biological methanation and 
electricity production from renewable sources such as wind and PV.3 In order to obtain 
methane by means of the methanogenic thermophilic microorganisms, CO2 produced in the 
biogas upgrading process is combined with hydrogen obtained from water electrolysis, carried 
out with a surplus of RES-E. The so obtained methane is then added to the one derived from 
the upgrading process. The opportunity to produce biomethane from local residues and 
agroindustry by products allows to store RES-E, capture CO2 and supply insulated regions, 
such as Sardinia, that are not reached from the natural gas network, with methane production 
based on the circular economy philosophy. 
The research activities on biological methanation performed at the Renewable Energy facility 
of Sardegna Ricerche are focused to assess the feasibility of the natural gas/bio methane 
production, tailored for local communities in terms of electricity, heat and mobility combined 
demand.4 
State of the art and research progress in biological methanation and their desirable contribution 
to the Sardinian energy system are presented. 
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The hydrogenation of CO2 to CH4 is one of the most promising Power to Gas technologies. To 
achieve a high CH4 productivity in this exothermic process an active and stable catalyst as well 
as the heat management are mandatory.1 Open-cell metallic foam structured catalysts address 
the weakness of pressure drop in multitubular fixed bed reactor and enhance heat transfer, 
making them suitable catalysts for the CO2 methanation.2 
Here, high loaded Ni-catalysts containing Y, La or Ce as promoter (Ni/X/Al = 70/5/25 molar 
ratio, X = Y, La, Ce) are prepared by electrodeposition of hydrotalcite (HT) compounds on 
NiCrAl foams (cell size 450 µm). After calcination and reduction at 600 °C, the activity is 
evaluated in the CO2 methanation at 1 bar and GHSV = 38,000 h-1 (WHSV of ~400-600 L kgcat

-

1 h-1) with concentrated feedstocks (H2/CO2/N2 = 4/1/1 and 4/1/0), recording axial temperature 
profiles. 
Ni/Al-HT precursors with controlled composition, structure and textural properties are 
electrodeposited on the foam surface (Fig. 1a). Promoters modify the basicity of the catalysts 
calcined at 600°C and the stability of Ni0 nanoparticles under reaction conditions (Fig. 1b). 
Consequently, the activity is greatly enhanced by rare earth elements at low temperature (Fig. 
1c). The most active Ce-containing sample attains a high activity at Toven = 300 oC (~78% Conv. 
CO2, 98% Sel. CH4), outperforming a coprecipitated pelletized catalyst (~58% Conv. CO2, 95% 
Sel. CH4), and it is stable for 66 h time-on-stream. 

 
Figure 1. NiCeAl catalyst: a) SEM image of the electrodeposited sample and b) HAADF-TEM 
image after reaction. c) CO2 conversion on the structured catalysts prepared. 
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The present work aims to deepen some issues of reaction mechanism of the mechanochemical 
conversion of CO2 into hydrocarbons, which occurs as a consequence of the interaction with 
olivine in presence of water, simulating the Serpentinization process.1 This is a widespread 
phenomenon on the Earth’s mantle during which mineral-based silicates of Fe and Mg react 
with water to give H2 and minerals of the serpentine group [(Mg, Fe)3Si2O5(OH)4]. Under 
specific conditions, CO2 can then react with H2, through a Fischer-Tropsch type (FTT) or 
Sabatier mechanism, to form CH4 and light hydrocarbons. 

While natural process is characterized by very slow kinetics, the mechanochemically activated 
transformation displays a much faster reaction rate1: the comprehension of different steps 
underlying the reaction mechanism required the use of complementary instrumental 
techniques. More in details, as for the evolution of solid phases, XRD characterization was not 
enough to definitely highlight the formation of new phases containing Fe3+ immediately after 
the mechanochemical runs, but only after the heat treatment of the powders up to 1000°C by 
TGA analysis. However the presence of Fe-based carbonates in the samples needed to be 
confirmed in order to better understand the reaction mechanism. To this regard, 57Fe 
Mössbauer and Raman spectroscopy measurements offered precious hints to confirm of the 
serpentinization process, occurring during the mechanical activation of olivine with water and 
carbon dioxide. In particular the results of Mossbauer analyses indicated that the H2 evolution 
during the CO2 conversion to hydrocarbons process was favoured by the oxidation of Fe2+ 
contained in the Olivine structure, while Raman data revealed the presence of Fe 3+ oxides on 
the sample surface.  
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Saturno project (Scarti organici e Anidride carbonica Trasformati in carbURanti, fertilizzanti e 
prodotti chimici; applicazione concreta dell’ecoNOmia circolare) is an Italian project funded by 
the European community with the main goal to capture carbon dioxide from post-combustion 
processes and convert this chemical into a biofuel like methanol, ethanol etc. using 
biochemical, chemical and electrochemical techniques.   
In this respect, we need to find and validate a substrate to capture carbon dioxide from a post-
combustion process in different applications, such as industrial application (concrete 
producer), automotive application and stationary application (heating/energy generator for 
domestic use). 
The ideal solid CO2 capture material should possess high CO2 uptake and affinity toward CO2, 
release CO2 by means of a moderate temperature or pressure swing, preserve its structure 
and reactivity upon several thousand adsorption/desorption cycles and it should not be 
expensive. 
For all of this applications, several classes of materials have been proposed during the last 
years but, due to their high stability and relatively low cost, zeolites maintain a prominent 
position as adsorbents and catalysts in large scale industrial processes. 
The goal of the present work is to properly modify some commercial zeolites to render them 
more appealing for CO2 capture. In particular, the starting structures will be a Lind Type A and 
a Faujasite (Y-zeolite) zeolites. In order to increase the uptake capacity of these zeolitic 
framework and their affinity towards CO2, we will exchange the sodium or ammonic form of 
zeolites with basic alkali-earth cations like calcium or magnesium. As a second and more 
complex attempt, we will also try to introduce basic oxide clusters, like magnesium oxide, into 
the zeolites microcavities. Indeed, it is known from a recent study in the literature that a highly 
dispersed MgO phase into the structure of a Y zeolite exhibits good CO2 adsorption capacities, 
by reversibly fixing CO2 through their conversion to carbonates and bicarbonates. The 
peculiarity of the above mentioned material consists in its ability to capture CO2 in the presence 
of water and in a wide range of temperature.1  
After a preliminary study focused on the selection of the best adsorbent with the higher 
adsorption capacities, the collaboration with the industrial partners of this project will bring to 
the development of an actual device for CO2 capture to be tested in specific working condition. 
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Between other applications, oxazolidinones are largely used as intermediates as well as chiral 
auxiliaries in organic synthesis1 and constitute a class of new antibacterial and antibiotics,2-7 
the best pharmaceutical performances are usually observed for N-aryl oxazolidin-2-ones 
(NAOs), such as Linezolid,8 Tedizolid9 and Toloxatone,10 that are FDA-approved drugs. One 
of the most interesting methodologies for the synthesis of NAOs is the CO2 cycloaddition to 
aziridines in order to use this greenhouse gas as a renewable C1 synthetic building block. 
Recently, we have reported a ruthenium porphyrin-based catalytic procedure for synthesising 
N-alkyl oxazolidin-2-ones11,12 and, during our efforts to extend the same procedure to the 
synthesis of NAOs, we discovered that this reaction was efficiently promoted by the very 
convenient TPPH2/TBACl catalytic system (TPPH2=tetraphenyl porphyrin; TBACl=tetrabutyl 
ammonium chloride). Here, we report the optimization and study scope of the synthesis of N-
aryl oxazolidin-2-ones, which were obtained either by reacting CO2 with purified N-aryl 
aziridines or by applying a two-steps procedure. The latter methodology consists in the 
Ru(TPP)CO-catalysed synthesis of N-aryl aziridines that were converted into corresponding 
NAOs by the TPPH2/TBACl-catalysed cycloaddition of CO2. 
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Absorption is one of the main techniques used for CO2 capture, it relies on either chemical or physical 
interactions between the solvent and the solute CO2. In chemical absorption, CO2 chemically reacts 
with the solvent molecules and forms covalent bonds. Due to their stoichiometric reaction the 
absorption capacity is very high even at low CO2 partial pressures. Chemical absorption is particularly 
appropriate if CO2 is to be recovered from flue gas streams with relatively low concentrations. The 
major advantages of chemical absorption processes are the high selectivity for CO2 and the high 
achievable purity. 
The most commonly used chemical absorbents are amines (15-60 wt%) in aqueous solutions (i.e. 
typical loading of 0.5 mol CO2/mol amine for monoethanolamine, MEA). Amines have some drawbacks 
like a high corrosion rate at high concentrations, the outlet purified gas contains a high-water amount, 
the energy demand for their regeneration is high and they suffer from high evaporation losses. Indeed, 
the reverse chemical reaction requires considerable energy demand that is commonly supplied by 
increasing the temperature of the absorbent. When a volatile absorbent is used, it must be either 
condensed from the purified gas stream or replenished with the consequent rise of operative costs. 
Therefore, improvement of the absorption medium e.g. decreasing the volatility without losing the high 
loading of the absorbent phase is the primary research interest in physical and chemical absorption 
technologies. 
Since the 1990s, low-melting salts have gained increasing interest for application as alternative 
absorbents in a wide field of chemical processes. For salts with melting points below 100 °C, the term 
ionic liquid (IL) has been coined. As ILs are built up from an organic cation and an inorganic or organic 
anion, there is a vast variety of possible structures. Over the last years, a plethora of ILs and their 
mixtures have been investigated and many reviews have been published in the field. Their major 
positive features are their tunability, stability and low vapor pressure. Their stability and tunability allows 
ILs to be designed according to the specific needs of an application (task-specific ILs, TSILs) and hence 
make them more flexible than conventional absorbents. A second strong point is that ILs mostly exhibit 
very low to negligible vapor pressures thanks to their ionic nature. This renders ILs particularly attractive 
for applications where evaporation of the absorbent should be avoided, thus decreasing energy duties 
in the regeneration columns and in the downstream condenser. 
However ILs bearing the amino-group in the anion, the most used task specific ILs used in CO2 
adsorption, shows only acceptable stability under oxygen-free conditions. This is the reason why 
amine-based ILs work well for biogas upgrading, but cannot be utilised for flue gas applications. To 
examine stability, the reversible ILs were tested in oxidation samples and were analysed with infrared 
spectroscopy. To decrease the oxidation rate of the different functional ILs antioxidants were tested. 
This project has received funding from the European Union’s Horizon 2020 Research and Innovation 
Programme under the Project RECODE (Grant Agreement No. 768583). The content of this 
publication is the sole responsibility of the authors. The European Commission or its services cannot 
be held responsible for any use that may be made of the information it contains. 
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AIDIC is the Italian Association of Chemical Engineering, a well-established and rather old institution 
which since its foundation, in the late 1958, aims at integrating the industrial and academic world by 
monitoring advancements in chemical engineering, stimulating the diffusion of the most up to date 
findings in industrial design and operation, informing its members about the technical and scientific 
advancement in all sectors related to chemical engineering. It aims also at cooperating with universities, 
research institutes and industries in order to convert scientific discoveries in actual technological 
improvements. Throughout the years AIDIC pursued  these tasks by cooperating and federating with 
other recognized associations such as EFCE (the European Federation of Chemical Engineering which 
was co-founded by AIDIC and includes AIDIC representatives in its executive board),  EFB (Europea 
Federation of Biotechnology),WEC-Italia (World Energy Council), SCI (Italian Chemical Society), 
Federchimica (Italian Federation of chemical industry), ANIPLA (Italian national association for 
automation), ANIMP (Italian national association for industrial plants).  
AIDIC carries out its activities both at Italian and European level. At this purpose a number of different 
Italian Working Groups involved on different subjects including general (digitalisation, sustainability and 
energy) and specific topics, i.e. education, loss prevention, computer aided process engineering, 
electrochemical engineering, membrane engineering, etc. have been set up. These groups cooperate 
with European Working Parties involved on similar topics.  
Among these Italian groups it can be mentioned the Carbon Capture Storage and Utilization (CCSU) 
Working Group. It was originally established in 2009 with the intend to i) make available to associates and 
members a general overview on the subject, highlighting prospects and critical aspects, ii)  present a 
global picture of initiatives ongoing at national and international level, iii)  monitor R&D projects indicating 
those with the highest perspectives, and iv) suggest the most interesting subjects to advance the 
professional background of young graduates and any interested people from research institutions and 
industry. Initial activities were strictly related to CCS due to the interest of the most important AIDIC 
associates (WEC Italia, Enel, Eni, Technip, Linde). On this subject a number of workshops and seminars 
have been organized by or with AIDIC contribution (see references). In these last years activities have 
been extended to carbon utilization focusing mainly on technologies for microalgae cultivation and their 
exploitation for neutraceticals, cosmetics and energy production. At this purpose a specific forum have 
been launched (FITEMI, Forum Italiano sulle Tecnologie Microalgali). Presently, because of the interests 
of many of its associates, AIDIC is willing to deepen the activities of its CCSU Working Group on different 
subjects of carbon utilization, particularly to those based on new catalysts for CO2 conversion in 
chemicals, plastics and fuel. 
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The growing availability of excess renewable energy, which represents a big-issue for grid 
operators, offers unprecedented opportunities for the utilization of CO2. In fact, exploiting this 
energy, low-cost renewable hydrogen (along with valuable O2) can be produced through water 
electrolysis, and it can be used to convert low- (or even negative-) cost CO2 into hydrocarbons 
with large market. In this scenario, CO2 is no more a waste molecule, but instead a cheap 
reactant that allows both the large-scale chemical storage of electric energy otherwise wasted 
(thus favouring the stabilization of the power grid), and the synthesis of valuable chemicals. 
Depending on the boundary conditions, such as the local demand, the existing infrastructures 
and the availability of incentives, different products can be sought, including synthetic natural 
gas,1 liquefied petroleum gas,2 middle distillates,2,3 and lower olefins.4 These products may 
find application as renewable fuels or as green building blocks for the chemical industry. 
Heterogeneous catalysis and chemical reaction engineering play a key-role in controlling the 
selectivity and maximizing the yield of CO2 hydrogenation processes. Both the catalyst 
properties and the reactor design have to be synergically addressed to tackle the complex 
issue of accelerating the kinetics, minimizing the thermodynamic restrictions, while limiting by-
products formation and removing large reaction duty at the same time. 
Through a series of case studies, the presentation will provide an overview of the opportunities 
and challenges in some of the aforementioned catalytic processes for CO2 hydrogenation. 
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Among the various strategies under investigation to mitigate the CO2 increase in the 
atmosphere, mineral carbonation, also known as ‘mineral sequestration’, can be considered 
as a storage and utilization option, as it involves CO2 conversion into carbonates through the 
reaction with metal oxides, such as magnesium or calcium oxides.1,2 
Key advantage of such process is the formation of stable carbonates capable of storing CO2 
for long periods, without the risk of CO2 leakage as in CCS,2,3 while the slow reaction kinetics 
of the carbonation represents a critical limit in view of potential applicative processes.  
Olivine and Serpentine are among the most promising minerals for carbon sequestration 
because of their high contents of magnesium. In nature around 100 million tons of carbon per 
year, according to a slow weathering process, are bound by these minerals.4 The CO2 
sequestration in natural silicates sometimes is accompanied by the occurrence of the 
serpentinization process. This is a widespread phenomenon on the Earth’s mantle that occurs 
generally at temperatures less than 300°C5 and during which mineral-based silicates of Fe and 
Mg react with water to give H2 and minerals of the serpentine group [(Mg, Fe)3Si2O5(OH)4]. 
This involves the formation of extremely reducing fluids, rich in hydrogen, so any species 
present, such as inorganic C, can be reduced to form CH4 and light hydrocarbons.5 
Although the whole process is thermodynamically favoured, the rate of the reaction is very 
slow, and, accordingly, the natural process does not allow the control of CO2 emission levels 
into the atmosphere. 
If, on one hand, the CO2 absorption process during olivine serpentinization has been 
experimentally investigated, on the other hand, literature data6,7,8 are not homogeneous and 
refer to the effects of mechanical activation on olivine, focusing mainly on its structural and 
surface transformation, in order to facilitate CO2 storage.  
Conversely, less attention has been paid, up to now, to the chemical reduction of CO2, to yield 
light hydrocarbons and corresponding oxygenated compounds. The present work just deals 
with such issues, and the attention has been focused on the mechanically induced production 
of methane and light hydrocarbons during the interaction between olivine and water under CO2 
atmosphere. 

References 
1. K. M. K. Yu et al., Recent advances in CO2 capture and utilization. ChemSusChem 2008, 1, 893–

899. 
2. B. Metz et al., IPCC, 2005: IPCC Special Report on Carbon Dioxide Capture and Storage. MRS 

Bulletin 2005. 
3. P. Styring et al., Carbon Capture and Utilisation in the green economy. Centre for Low Carbon 

Futures 2011. 
4. E. H. Oelkers et al., Mineral carbonation of CO2. Elements 2008, 4, 333–337. 
5. A. Neubeck et al., Formation of H2 and CH4 by weathering of olivine at temperatures between 30 and 

70°C. Geochem. Trans. 2011, 12, 1–10. 

6. P. Baláž et al., Structural changes in olivine (Mg, Fe)2SiO4 mechanically activated in high-energy 

mills. Int. J. Miner. Process. 2008, 88, 1–6.  

7. E. Turianicová et al., A comparison of the reactivity of activated and non-activated olivine with CO2. 

Int. J. Miner. Process. 2013, 123, 73–77. 

8. I. Rigopoulos et al., Enhancing the rate of ex situ mineral carbonation in dunites via ball milling. Adv. 

Powder Technol. 2015, 27, 360–371. 

mailto:valefari89@gmail.com
mailto:valefari89@gmail.com


First National Conference on Carbon Dioxide Capture and Utilization                          December 5-6, 2019 

 

OP15_Brusamarello 

CO2 METHANATION ON SUPPORTED NICKEL:  
EFFECT OF PREPARATION ON SIZE AND DISPERSION  

 
Elena Brusamarello, Glisenti A. 

Department of Chemical Sciences, University of Padova  
University of Padova, Via Marzolo 1, Padova - Italy  

e-mail: elena.brusamarello@phd.unipd.it; antonella.glisenti@unipd.it 
 

 
A strategic approach to decrease atmospheric CO2 concentration and to convert it to valuable 
products is its reduction. The reaction conditions and the type of catalyst can strongly affect 
activity and selectivity.  
In this framework CO2 methanation by means of renewable H2, the so-called Sabatier reaction 
(CO2 + H2 → CH4 + H2O), is exploited, in order to obtain a valuable fuel with a sustainable 
approach. One main advantage of the production of methane is its already existing distribution 
infrastructure and the high energy content. The reaction must be carried out between 200°C 
and 500°C to avoid the reverse water gas shift reaction (CO2 + H2 → CO + H2O), which takes 
place at higher temperatures. Moreover, the use of critical raw materials should be carefully 
avoided to keep the methodology sustainable. To fulfill all these requirements a highly 
performant catalyst is required. In the present contribution a nanocomposite composed by 
metallic Ni dispersed on an oxide is investigated with the aim of understanding the role played 
by Ni and by the support. The choice of Ni is motivated by high activity, high selectivity and low 
cost but the interaction with the support is supposed to contribute to the selectivity. Ni-
deposition is carried out by comparing the traditional wet impregnation with an innovative 
procedure here presented, to the best of our knowledge, for the first time. Following this 
procedure the metal is deposited through a citrate-templated impregnation (TI) approach. Also 
the amount of Ni was increased from 1.7% to 13.4 % wt. This also allows to compare with 
literature results obtained with different procedures.1 The catalysts were deeply characterized 
and their catalytic performance evaluated before and after a reducing pretreatment. A blank 
test (only ceria) demonstrated the active role of Ni in the reaction. The characterization results 
indicate that both the deposition procedure and the amount of Ni greatly affect the particles 
size and the surface composition (XPS, 
EDX, SEM): higher dispersions, obtained by 
TI, enhance the catalytic activity (see image, 
catalytic performance after pretreatment). 
The influence of the size is also 
demonstrated by reducibility analysis (TPR). 
Ni loading, in contrast, does not seem to be 
crucial for the performances. Particle size 
instead influences the number of active sites 
for CO2 coordination. Secondly decreased 
particle size provides better chances to an 
effective hydrogen spillover. Noteworthy, no 
CO was revealed so shedding an interesting 
light on the reaction mechanism.2,3 
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Dimethyl ether (DME) is recognized as an eco-friendly alternative fuel for Diesel engines as 

well as an intermediate for production of both olefins and gasoline-cut hydrocarbons. DME can 

be produced via either dehydration of methanol or one-pot CO/CO2 hydrogenation by using 

acids or metal/acid multifunctional materials as catalysts, respectively.1  Whatever the process, 

the features of acid function strongly affect DME yield and catalyst deactivation. In the last 

years, the utilization of zeolites as acid catalysts has received a renewed attention due to 

important advances in zeolites field.2 In this work, the effect of features of home-made zeolites 

on catalytic behavior during DME synthesis via both methanol dehydration or CO2 

hydrogenation is discussed at the light of recent works. High DME yield were achieved on 

zeolites in comparison with commercial γ-Al2O3 catalyst but both catalyst stability and coke 

formation strongly depend on zeolite properties, such as channel system, acidity and crystal 

size. In this concern, among the investigated zeolites (e.g. MFI, FER, BEA, etc.), high-alumina 

FER-type zeolite nanocrystals exhibit the best performances in terms of DME yield, 

deactivation and coke formation, although more challenges are still opened in terms of catalyst 

stability during CO2-to-DME process.3 
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Clean fuels production from carbon dioxide and hydrogen from renewable sources is 
considered one of the most interesting and promising approaches for the containment of global 
warming. This method can allow to replace fuels produced from conventional fossil sources 
with renewable ones, thus generating a circular economy based on CO2 recycle. In parallel, 
this approach can be considered as a chemical energy storage and is expected to contribute 
to stabilize the electric grid converting into fuels the overproduction of electrical energy from 
non-programmable renewable sources. 
This work describes the cutting-edge development of an advanced catalyst for methanol 
production by hydrogenation from recycled CO2 and renewable hydrogen. The innovative 
Cu/ZnO/ZrO2@SBA-15 nanocomposite has been synthesized by confining the active phase 
within the mesoporous system of the SBA-15 through an innovative impregnation-sol-gel 
autocombustion combined strategy.1 The obtained material – currently covered by the PCT 
(Patent Cooperation Treaty) application number PCT/EP2019/053068: “Efficient catalyst for 
the conversion of CO2 to methanol” (published on the 3rd October 2019)2 – has been tested in 
a bench-scale unit at the Sotacarbo Research Centre (Italy). 
The composite has been characterized in terms of chemical, morphological, structural and 
textural features by a multi-technique approach revealing that the active phase is highly 
dispersed into/over the well-ordered mesoporous channels of SBA-15 and the mesostructure 
is retained together with a high surface area, large pore volume and uniform pore size. 
The advanced catalyst allows to reach very high performance and steady stability with respect 
to similar material. A remarkable space time yield of methanol referring to the active phase is 
shown; at variance with the case of the unsupported catalyst (10 mgCH3OH h-1 gcat

-1), the 
methanol yield 37-fold higher is shown for the supported catalyst (376 mgCH3OH h-1 gcat

-1) with a 
Cu/Zn molar ratio of 1.0 mol mol-1 and a total active phase loading of 20 wt.%. Moreover, the 
material is able to operate without any pre-treatment (i.e. activation process). These properties, 
if the catalyst is applied to industrial processes, can involve significant advantages in terms of 
operating costs, energy consumption, plant availability and safety issues. The results from 50 
hours of continuous reaction reveal high catalytic performance and steady stability of the non-
activated catalyst. 
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Carbon Capture and Utilisation technologies (CCU) are novel attractive ways to cut down the 
greenhouse-gas emissions, accomplishing an effective recycle of CO2 owing to its conversion 
into useful chemicals and/or fuels.1 In this respect, the production of dimethyl ether (DME) by 
one-pot hydrogenation of CO2 is an issue that recently is receiving particular attention.1,2 The 
sustainability of this catalytic route is ensured by the source of H2, coming from water 
electrolysis units, in turn powered by electricity derived from RES such as wind, solar and 
others. As well known, in order to hydrogenate CO2 it is necessary that catalyst possesses a 
multi-functionality suitable not only to activate both CO2 and H2 on metal-oxide sites, but also 
to dehydrate methanol into DME on acid sites.1-4  
Preliminarily, we proposed a mechanical mixture of mixed oxides (containing Cu as active 
species for the synthesis of methanol) and a zeolite, typically ZSM-55,6, as a very effective 
catalytic system to achieve high CO2 conversion and high MeOH/DME selectivity. In particular, some 
fundamental aspects were indicated as crucial for high process productivity: i) stability of zeolite in 
presence of water; ii) inhibition of olefins formation; iii) acid sites well distributed and of suitable strength. 
Afterwards, we paid attention on the preparation of novel hybrid Cu-ZnO-ZrO2–zeolite catalytic systems, 
so that the multifunctionality necessary for the reaction was grain-to-grain ensured. Catalytic results, in 
terms of CO2 conversion and product distribution using a fixed bed reactor in several reaction conditions 
(TR: 200-260 °C; PR: 3.0-5.0 MPa, GHSV: 2,200-8,800 NL/kgcat/h) allowed to ascertain the controlling step 
preventing the achievement of high DME yield. An effort was also profuse to precisely identify, in the 
hybrid systems, the active sites for H2 and CO2 activation by correlating the catalytic data as a function of 
their nature and strength. Furthermore, the influence of structure and morphology of catalyst on mass 
transfer phenomena of reaction intermediates was considered to highlight how these parameters can 
affect the MeOH/DME productivity. On the whole, it has been found that the efficiency in DME production 
of hybrids systems strongly depends upon several factors. The typology of zeolite employed, the 
distribution of surface oxides as well as the strength of acid sites are the main factors playing a 
fundamental role in driving the reaction towards MeOH, DME or CO formation.6,7 If a suitable acid density 
is fundamental to drive the process towards the formation of DME, a lower framework density of the 
zeolite structure is also important to realize a larger interface area with the metal-oxide sites, so leading 
to more stable catalysts. 
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Power to gas (P2G) is an established technology to store both renewable energy and peak-off 
energy production. This technology allows to store electrical energy as chemical energy. The 
key step in P2G process is the hydrogen production that realizes the conversion from electric 
energy to chemical energy. The subsequent conversion from hydrogen to carbon containing 
compounds corresponds to a degradation of energy due to the energetic and economic 
requests. The usual P2G pathway comprises water electrolysis followed by a carbon source 
hydrogen reduction. As carbon containing source, carbon dioxide is the most attractive raw 
material. The carbon dioxide utilization responds to the best Circular Economy requirement 
that turns a goods (fuel) at the end of its service life (CO2) into resource (fuel) for another use.1 
However carbon capture technologies combined to fuels synthesis are expensive processes. 
In spite of that the methanation reaction is a widely used way to treat CO2 consuming hydrogen 
to form methane. Besides methane, interesting alternative to use hydrogen and CO2 is the 
synthesis of oxygenated chemicals. In particular methanol and dimethyl ether (DME) having 
chemical versatility, handiness and low environmental impact could be considered as 
alternative fuels.2 
Methanol synthesis requires high pressure to evolve and for pressure values ranging from 1 
MPa to 10 MPa the equilibrium conversion degree is thermodynamically limited into the range 
10-20%. Methanol dehydration to form DME is a good way to drive the methanol formation 
equilibrium towards higher carbon dioxide conversion. DME can be also obtained in a one-
step process from CO2 and H2 using bifunctional catalytic systems that combine reduction and 
dehydration functions. 
The conversion of methanol to dimethyl ether has been investigated using a continuous flow 
fixed-bed reactor at temperatures between 60 and 350 °C and 1 bar pressure. Both inorganic 
and organic sulfonated catalysts with –SO3H acid function were tested and compared with 
conventional catalysts as γ-Al2O3, SiO2, MCM-41. These materials were found to be active, 
selective and stable catalysts for methanol to DME transformation. The experimental results 
demonstrate a good catalytic activity for the functionalized  MCM-41 and the fluoropolymeric 
material. Effects of H2O on the activity and deactivation of these catalysts were also studied. 
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Increasing levels of CO2 in the atmosphere has stimulated a tremendous effort to develop 
processes able to capture CO2 and to convert it into value-added chemicals. Among different 
catalytic processes that have been developed for CO2 reduction, electrocatalysis is attractive 
for its ability to activate CO2 by direct input of electrical energy. Nevertheless, electrocatalytic 
CO2 reduction requires the design of high performant electrocatalysts having low 
overpotentials, high catalytic rates, selectivity, and extended durability.  
Homogeneous, heterogeneous and supported electrocatalysts have been actively tested. 
High selectivity, high performances and mechanism understanding have been achieved by 
appropriate choice of the ligand on electrocatalysts based on metal complexes.1 
Heterogenization of molecular catalysts by attachment to the electrode surface has been far 
less explored, but it can afford very efficient and selective CO2 electroreduction.2 Finally 
promising results in selective CO2 electroreduction to an active carbon product, especially to 
a specific hydrocarbon product, have been obtained by using appropriate metal 
nanocatalysts.3 
In this context, a snapshot of the state-of-the-art, illustrated by a selection of the most 
remarkable results obtained in the last few years, will be presented.  
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The photo-electro-catalytic (PEC) reduction of CO2 to energy-dense chemicals and fuels is an 
emerging process for storing the intermittent renewable energy produced by sunlight and closing the 
cycle of CO2 production/consumption.1 The base concept is that CO2 and H2O can be processed by a 
direct electrocatalytic route to produce O2 and high value-added carbon products, through the 
implementation of an artificial-leaf-type device.2 However, many constrains still exist (e.g. light 
harvesting, charge separation, proton mass diffusion, yield and selectivity to specific reduction 
products) before moving to a practical implementation of these systems. The correct choice of the 
electrodic materials and the design of 3D nanostructured electrodes, together with a proper 
configuration of the electrochemical device, are the key elements for improving the above aspects and 
enhancing photo-catalytic performance.3  
In this lecture, the latest progress in CO2 reduction process by PEC approach will be discussed. 
Specifically, the synthesis and assembling of nanostructured electrodes, based on non-critical raw 
materials (Cu, Fe, Ti, Carbon, etc.), will be described, as well as their testing in compact (photo-
)electrocatalytic devices, designed on purpose to attain the maximum benefit from the irradiation 
pattern and minimize overpotential inside the cell. In this context, we developed gas-phase operation 
working under continuous flow conditions with no energy-intensive recovery of the reduction products. 
Those operation conditions allowed forming selectively more challenging and higher value-added 
reduction products (CH4, CH3OH), also involving the formation of C-C bonds (like acetic acid).4,5  
Results in terms of overall cell efficiency (photoconversion efficiency, quantum efficiency and Faradaic 
efficiency) and productivity/yield are very promising, opening the route for the future implementation of 
PEC artificial-leaf-type cells into the world energy scenario.  
 
Acknowledgments: This work was funded by the PRIN 2017 (“CO2 as only source of carbons for 
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Electrochemical reduction of CO2 mediated by transition metal complexes in perspective could 
have a double benefit: reduce the amount of this greenhouse gas that is accumulating in the 
atmosphere and yield valuable chemicals. We herein illustrate our recent findings employing 
two orthogonal approaches: homogeneous and heterogeneous electrochemical reduction of 
carbon dioxide by means of bipyridine Manganese catalysts. 
In the first part catalysts were designed, synthesized, characterized and tested in 
homogeneous conditions for electrochemical reduction of carbon dioxide. The electrochemical 
mechanism responsible of the catalysis has been studied by several techniques, including 
spectroelectrochemistry and DFT calculations. 
For the heterogeneous approach we attached an intact (fac-Mn(apbpy)(CO)3Br) (apbpy = 4-
(4-aminophenyl)-2,2’-bipyridine) complex 1 on Carbon Cloth (CC) electrode surfaces via the 
electrochemical reduction of the corresponding diazonium salt produced in situ, leading to the 
formation of strong covalent C–C bonds. The same approach was previously followed by us 
on a different support (glassy carbon electrode) and solvent (acetonitrile).1 In the present case, 
the functionalized CC electrode is tested in water, where normally organometallic catalysts are 
insoluble and unstable, resulting in a surprisingly long catalyst lifetime and high TON (up to 
33200 during 10 hours of operation).2 
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The use of CO2 as feedstock requires on one hand that its cost is as lower as possible in order 
to not affect too much the cost of production of the end product and on the other hand that 
reducing medium, usually hydrogen, is available at competitive price. From such point of view, 
the recovery of CO2 from flue gas, that is assumed as reference case study, is not a competitive 
route. It derives the need of alternative sources of CO2 and H2 allowing for lower cost.  

Presentation will be focused on a case study where CO2 and H2 are obtained from waste 
gasification. 
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Energy provision is one of the most significant challenges of the future. This exigency goes 
hand in hand with the necessity to observe stricter environmental policies. As common fuels 
contribute for more than 20% to greenhouse gases emissions,1 new fuels, whose carbon-
footprint is drastically lower than that of current liquid fuels, need to be readily identified.  
One possible solution to tackle this issue is to manufacture liquid biofuels from biogas, a 
renewable CH4/CO2 mixture deriving from the anaerobic digestion of organic waste. To obtain 
liquid fuels, biogas can be converted into syngas via steam reforming or, when no steam is 
present, through dry reforming. Synthesis gas can then be converted into liquid fuels through 
methanol/DME or Fischer-Tropsch products.2-4  
The carbon efficiency of a Biomass-To-Liquid (BTL) process can be enormously augmented 
by using an external H2 source produced via water electrolysis: the parameter increases from 
38 to 90% when H2-rich conditions are adopted, and the costs reduce consequently of around 
30%.3  
This work consists of a techno-economic assessment of liquid biofuels from organic wastes 
production through the aforementioned steps. It is shown that, as energy price varies in time, 
the cost of H2 production oscillates accordingly, resulting in fluctuating process economics. In 
particular, it is shown that it is possible to operate the plant in hydrogen-rich conditions only 
when the cost of electricity is sufficiently low. 
With the aim of developing a process with optimized economics, this study also considers the 
possibility to produce electricity by means of an organic Rankine cycle or through a steam 
cycle. The presentation will go through the definition of adequate mathematical models, as well 
as suitable economic parameters, to achieve the optimal process design.  
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Herein we present two different routes of CO2 sequestration, both of which aim to trap CO2 into 
stable minerals that could then be stored or utilized for industrial applications. 
The first one is an example of “accelerated carbonation” treatment applied to municipal solid 
waste incinerator bottom ashes (MSWI BA), from Turin incinerator plant.1,2 This process can 
be described as mineral carbonation, involving the reaction of CO2 (or H2CO3/H2O) with the 
alkaline fraction (mainly calcium oxides and hydroxides), leading to the formation of a 
carbonate phase. This treatment is particularly important in terms of circular economy, because 
CO2 necessary to the process can be recovered from the gaseous residue of the implant. In 
this way, a double objective is achieved: sequestration of a greenhouse gas and inertization 
of BA, with the possibility to recycle as aggregate material. In our most recent study, we 
determined the optimal experimental conditions (particle size, liquid-solid ratio, temperature, 
time) to maximize the capture reaction and subsequent reduction of hazardous species content 
in leachates.2 

In addition, a direct and green method to convert C(IV) into C(III) and trap CO2 into a stable 
crystalline structure other than a carbonate (i.e. calcium oxalate, weddellite) is proposed.3 CO2 
is reduced and precipitated as calcium oxalate through Ca-ascorbate (CaAsc) as a sacrificial 
reductant. The reaction has been validated and it could be described as a two-step process: i) 
a red-ox reaction that involves the reductant (CaAsc); ii) the nucleation of calcium oxalate. 
Reaction’s kinetics and trapping yield are under evaluation. Weddellite crystals precipitated 
show very high quality, as demonstrated by single crystal X-ray measurements. Moreover, 
crystals obtained by different experimental setups exhibit invariably stable flat (F) forms, even 
if the morphology reflects the crystal growth conditions. The crystal quality of the precipitate 
reflects on its stability, essential for storage purposes. 
The conversion of carbon dioxide into oxalates doubles the capturing ratio (CO2/C2O4

2− 2:1) 
with respect to the traditional carbonation process (CO2/CO3

2- 1:1). Besides, the dissolution of 
the calcium oxalates does not directly produce CO2, as happens for carbonates, thus meaning 
that if dissolved, CO2 would not be straight released in the environment.  
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Combustion of fossil fuels accounts for most (85+%) of world energy production and this 

contributes to the continuous rise of CO2 concentration in the atmosphere, which is related to 

climate change. Carbon dioxide use as a raw material for chemicals and energy products is, 

thus, considered a primary strategy for future sustainable economy.1,2 Photocatalysis 

configures as a most promising route to CO2 conversion, using solar light as primary energy 

source3 to perform photoassisted CO2 conversion either into chemicals or fuels. The former 

can involve the transfer of the whole CO2 moiety to an organic substrate and eventually its 

insertion into a C-H bond, a carboxylation process useful in organic synthesis.4 The latter 

implies the direct reduction of the CO2 carbon atom to a lower oxidation number, which is a 

way towards fuels and energy products synthesis[5,6], fulfilling the energy needs and the 

green-house gas emission decrease at one time. Both processes rely on the use of proper 

photocatalysts,1-6 able to activate the very stable CO2 molecule, to absorb visible light 

producing electrons which are transferred to CO2 converted into energy products. Several 

research works focus on photocatalysts development for what concerns both routes, coupled 

to a wide and deep characterization of photocatalysts and photoreactors optimization.4-7 On 

this respect, we report some hints about mixed metal oxide nano-powders prepared in our 

laboratories for CO2 photoreduction, comparing different preparation methods and showing 

spectroscopic characterization (UV-Visible DRS, XPS and EDX) which, along with simple data 

elaboration procedures,7-9 allows determination of electronic band structure, properties found 

to be dependent on: preparation technique, composition and particles size. 
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Organic carbonates are interesting molecules from an industrial perspective and are currently 
produced mainly from phosgene. However, given the toxicity and dangerousness of such process, 
the synthetic routes starting from carbon dioxide are becoming increasingly important. 

The use of carbon dioxide as a reagent in the chemical industry represents an interesting approach 
to innovative synthetic methodologies that are more direct and have a lower carbon footprint. 

Cyclic carbonates can be produced starting from CO2, in reactions that involve epoxides1 or 

olefins.2 In addition, carbon dioxide can be reacted with diols to produce carbonates. In particular, 

in this work we have investigated the parameter space for the synthesis of ethane carbonate from 

ethane glycol and CO2. This last reaction is an equilibrium and requires dehydrating agents to 

eliminate the water and make the reaction proceed towards the carbonate.3  

 

To avoid the use of dehydrating agents, in addition to an optimization of the reaction conditions, 
the pervaporation membrane was tested. It has already been used in the linear carbonates 
production from ethanol and carbon dioxide.4  
 
Acknowledgments: This work was funded by the PRIN 2017 (“CO2 as only source of carbons for 
monomers and polymers: a step forwards circular economy - CO2 ONLY”).  
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The use of CO2 as building block in synthetic chemistry and source of carbon for the production of 
fuels has been investigated since the 1980s after the discovery of the first CO2-Ni complex1. While 
low energy routes to chemicals are exploitable2 even in a energy frame based on fossil-C, the 
conversion into fuels that requires not only energy but also hydrogen, is not feasible in such frame. 
Non fossil-C based primary energy sources are necessary that today are becoming available at a 
reasonable cost.3  
However, a new era is in front of us, in which cheap hydrogen from (waste) water or organic waste 
will be available and will convert large amounts of CO2 into energy products. 
Several key points need to find the most viable solution (from economic and energetic point of view) 
for the exploitation of CCU on a large scale. 

• Capture of CO2. Cheap and robust sorbents must be developed for the separation of large 
amounts (Gt/y) of CO2 that can be either disposed (CCS) or converted into chemicals, materials 
and fuels (CCU). The separation of CO2 from industrial processes (3 500 Mt/y) may be exploited 
at lower cost than that from power stations because fluxes of CO2 are more pure than flue gases 
from power stations. Such industrial CO2 allows a system integration within industrial poles where 
it may be easily converted into chemicals or fuels. Clustering processes is a way to optimize the 
energy and waste system. 
Recovery from the atmosphere (medium-long term) has the advantage of not requiring an industrial 
site or a power station as source.  

• Conversion of CO2. Efficient, long lasting, highly selective, recoverable, cheap catalysts must 
be developed for an efficient CO2 conversion using Thermal, Electro-, Photo-, Photoelectro, Bio, 
Electro-Bio catalysis. A point in the production of fuels is whether the preliminary water splitting is 
necessary for producing hydrogen or co-processing of CO2 and water is a better option. 

• Use of CO2 and water. Interestingly, the atmosphere can provide both CO2 and water vapour: 
this means that co-processing atmosphere-sourced CO2 and water-vapour will make possible to 
produce energy rich products (fuels). Such practice is very suggestive of Nature and can be 
implemented everywhere on our Planet, making possible a local production of necessary fuels and 
chemicals completely de-coupled from the existence of natural fossil resources or industries, with 
great benefit for countries which are not rich of fossil-C and are not energivorous.   
 
Is thus, an Economy Based on CO2 and Water a possible target? In a sense, yes: supposed that 
the correct conditions for the use of perennial energies are developed. 
This lecture makes the point on where we are and where we have to go for exploiting such option. 
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