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Abstract 

The Cooperation in Science and Technology (COST) is a European framework that 

enables breakthrough scientific developments leading to new concepts and 

products for Europe's innovation. The aim of a COST Action is to make the people 

collaborate on common topics, already founded by national and international 

research programs, and share competences and results in synergistic way, 

providing support for networking activities. In March 2015 the four year 

SMARTCATs COST Action (CM1404, www.smartcats.eu), focused on Chemistry 

of Smart Energy Carriers and Technologies started, so far bringing together 23 

European and cooperating countries and leaded by the Istituto di Ricerche sulla 

Combusione-CNR. The primary aim of this COST Action is to create a Europe-

wide network of world leading academic and research institutions and key 

industries to promote the use of Smart Energy Carriers, SECs (fossil, 

unconventional and renewable) on a large scale in order to increase fuel flexibility 

and carbon efficiency of energy production and to support distributed energy 

generation strategies. 

 

Introduction 

In the last year three main criteria have been identified to be satisfied from 

whatever energy supply system to make social implication of energy production 

acceptable on the long term. The three criteria of Equity, Security and 

Sustainability, represent what is know as “the energy trilemma” [1]. 

In terms of a Combustion based energy system, Equity and Security both have to 

cope with complex and ever changing geopolitical situation, Security and 

Sustainability have to be face with the spreading concept of smart grid and smart 

energy distribution and Sustainability demands for a low carbon intensity 

production scheme. Thus, it is easy to translate the energy trilemma in a 

"combustion trilemma" for a combustion based energy system, summarized in 

Fig.1 [2, 3]. The greatest challenge that the combustion-based energy industry has 

to face in the next few years is the urgent need for: - maximum fuel flexibility of 

combustion technologies;  - minimization of greenhouse gas (GHG) emissions;  - 

adjustment of distributed energy production  [3]. 
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Figure 1. The Energy Trilemma [1] toward the Combustion Trilemma [2] 

 

These three needs derive from a complex geo-political situation with multiple 

influences on fuel availability and perspectives as well as from the long term 

objective of build up a low carbon society in the EU, the opportunity offered by the 

growing of cyber-physical applications and their reflection on smart energy 

distribution and utilization grids and the ecological drives. 

Fuel flexibility has been a common requirement of combustion systems designers 

for a long time mainly for commercial reasons (e.g. adaptation of plants to local 

fuel availability).  

Nowadays the fuel flexibility concept is required to face a fast changing fuel 

market and the increasing number of energy carriers available in the local market, 

mainly due to the increased penetration of renewable and unconventional energy 

sources. 

Mitigation of Greenhouse Gases (GHG) emissions in the atmosphere is one of the 

Key Challenges to be tackled within the Horizon 2020 framework. As matter of 

facts it appears now clear that multifaceted approach, empowering plants 

efficiency, intrinsically low-carbon technologies, medium term emission 

containment (e.g. CCS) has to be embraced to avoid potentially catastrophic 

climatic consequences. 

The realization of a new energy production and distribution system based on the 

smart grid concepts is often regarded as the possible first choice for developed and 

developing countries. Also the ecology movement should be more prone to accept 

the buildup of strongly delocalized energy systems as an alternative for a more eco-

compatible development model. A clear understanding of these concepts’ current 

performance is necessary so that relevant scientists and market actors take 

responsibility for the future. Therefore, strategic planning is needed first to confirm 

current directions that are part of a viable future, and then to explore future 

directions that would not emerge naturally from the present scenario. 

 

Definition of Smart Energy Carriers 

All these factors call for the characterization and proper utilization of new “Smart 
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Energy Carriers” (SECs). As defined in the Memorandum of Understanding of 

SMARTCATs COST Action (www.smartcats.eu), to be considered “smart” an 

energy carrier and related technologies must be energetically and CO2 efficient and 

able to provide the most suitable energy mix to meet the intermittency of 

renewable energies, to exploit varying and locally diverse sources and to satisfy the 

requirements for eco-compatibility and sustainability. SECs are strong candidates 

as possible solutions for energy storage, transfer and transformation from 

renewable (wind, solar, biomass, wastes) and unconventional sources (e.g. shale 

gas). SECs include a wide range of compounds like aliphatics, oxygenates 

(alcohols, esters, ethers) as well as olefins, naphthenes and their mixtures with 

diluents (CO2 and H2O). As a consequence, energy conversion systems have to 

face an increasing variety of smart carriers that change their characteristics 

depending on the available source. Even though tailor-made fuel technologies are 

under development, feedstock and fuel processing variability influences fuel 

properties in a complex and sometimes unpredictable way [3].  

Growing variability of world political and economical scenarios in the last decade, 

worsened by high environmental concerns, strongly affect and repeatedly modify 

fuel portfolio. Energy conversion technologies, from small/domestic scale to large 

scale power conversion systems to engines, must be able to timely address this 

variability while satisfying the energy needs with efficiency and sustainability.  

 

SMARTCATs COST Action's aims and scientific work plan 

A COST Action is the best available EC framework to put together with required 

flexibility and rapidity all the expertise in chemistry and technology of smart 

energy carriers conversion. 

The primary aim of SMARTCATs (Chemistry of Smart Energy Carriers and 

Technologies) COST Action is to create a Europe-wide network of world leading 

academic and research institutions and key industries to promote the use of Smart 

Energy Carriers (SECs) on a large scale in order to increase fuel flexibility and 

carbon efficiency of energy production and to support distributed energy 

generation strategies [3]. 

The strategy followed in SMARTCATS takes into account the exploitation of 

combined theoretical, numerical and experimental investigations in the micro-, 

meso- and macro-scale in the framework of an extensive network, covering all 

aspects of the problem from more fundamental to applied ones. To pursue this 

methodology, the scientific work program was structurated in five workgroups 

summarized in Fig.2. 

While WG1 aims to improve the knowledge on detailed chemistry and 

thermochemistry for the combustion, pyrolysis, and oxidation of SECs, WG2 is 

focused on the formation of organic and inorganic combustion by-products in order 

to improve the sustainability of SECs. WG3 provides a forum for the development 

and evaluation of diagnostic tools and procedures ranging from elementary reaction 

rate determination to real time measurements in practical devices. 
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Figure 2. SMARTCATs Workgroups 

 

A key part of the COST Action is the WG4 that aims to the identification of the 

main requirements and tools for the development of databases, software and 

mathematical tools for data collection and handling as well as chemistry 

optimization using data mining techniques. Finally, in WG5 the knowledge tools 

developed in WG1-WG4 are applied/integrated by means of a mutual exchange 

between academic and industries. This will provide optimized ready to use tools 

and techniques for an effective use of SECs on large scale.  

 

Participants, Coordination and Organization 

So far, 23 European and Cooperating Countries participate in SMARTCATs, about 

75 entities among academic and research centers and companies. In particular, 

about 20 companies and SME take actively part to SMARTCATs, but the number 

of countries and entities aims to increase over the years. 

The operative structure schematized in Fig.3 was established for the coordination 

of research and promote capacity building and dissemination. The Management 

Committee, chaired by the Action Chair and vice-Chair and composed from up to 

two representatives from each signatory country, organizes, implements and 

coordinates the activities of the Action and is responsible for budget planning and 

allocation of funds among the available Action's tools.  
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Figure 3 Organization and coordination of SMARTCATs COST Action 

 

Conclusion 

Europe has a highly productive and scientifically visible combustion community, 

encompassing several groups with strong expertise in experimental, theoretical, 

and numerical simulation approaches.  

The SMARTCATS Action is building an effective network among them aimed at 

addressing the "grand challenge" of matching the most promising SECs with the 

advanced energy conversion technologies for the 21st century. This is a relevant 

objective to keep European science and technology at the forefront of the world 

scene [3]. 
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