
Cluster 3 Engineering

Agostino Gambarotta, Roberta Pinalli
agostino.gambarotta@unipr.it; roberta.pinalli@unipr.it

Energy

• Energy Generation, Conversion and Use

• Renewable Energy Sources

• Storage

• Integration and Optimization of Energy Networks

• Hydrogen & Power-to-Gas Systems integration

• Pollutant Emissions and Environmental effects

• Materials for Energy harvesting and Storage

• Mobility

• Solutions for Mitigation and Biodiversity

• Costs/benefits & LCA for Energy Supply Chains

• Water cycle & resources

• Precision Agricolture

• Climate changes

• Internet- & Energy-of-Things (IoT & EoT)

Materials

Functional materials’ design, synthesis and

characterization.

Main available equipment :

• Double screw extruder and Single screw extruders

• Polymer injection molding

• Shredder In-house layer-by-layer equipment

• Blow Molding

• Cast extrusion

• Hot press

• Polymer additive manufacturing equipment:

- SLA LCD bottom-up and SLA top-down

- FDM

• Mechanical characterization: DMA, Stress and Strain

• Thermal Characterization: DMTA, DSC, TGA

• Software:

• Analyst SimaPro plus Ecoinvent

• LCA

Main Current Projects

H2020-MSCA-RISE: Polymer engineering via molecular design: embedding electrical and optical

properties into VITrimers (VIT)

PNRR ECOSISTER project “Ecosystem for Sustainable Transition in Emilia-Romagna”

SYNBIOSE-Syngas from BIOmass for Service sector

ERA-Net SES: IFAISTOS - intelligent electroFuel production for An Integrated STOrage System

H2020: ALIGHT-A Lighthouse for the introduction of sustainable aviation solutions for the future

passages before being used [3]. Some examples of these passages that characterize an IES are 1) conversion 
into a more cost-effective energy form, 2) accumulation into a storage device, and 3) supply into a distribution 
network.  

The advantages of this new concept, compared to the previous one, are determinant:  

 The cross-sectoral approach exploits the synergies between energy domains, so that energy can be 
transferred in the most convenient form depending on the specific conditions. For example, thermal 
demand can be translated into electrical demand by means of heat pumps. The deriving heat can be 
stored (more easily than electricity) or injected into heat distribution infrastructures for supplying entire 
communities. In parallel, excess electricity (e.g. from renewable sources) can also be converted into 
a chemical vector through Power-To-Gas systems, to be used at a later time or in a different location. 

 An IES presents more degrees of freedom thanks to the different operation possibilities descending 
from the previous points, thus providing sufficient flexibility to deal with varying conditions.  

 The higher flexibility, in turn, makes it possible to reduce the risk of curtailment of non-programmable 
renewable energy sources, and to operate programmable plants in a more profitable operating range.  

 The available local resources can be put at the disposal of a larger community, so that energy can be 
produced and self-consumed locally, reducing grid losses. An example of this is the constitution of 
Renewable Energy Communities (REC), according to the recent European legislation. 

Although this growing interconnection represents a key part of the energy transition due to the aforementioned 
benefits, it determines new challenges that deserve to be addressed. The most crucial is that the profitable 
layout and operation of a given system does not depend only on the single user or single plant, but is highly 
influenced by the neighboring users and entire infrastructure, including all connected elements and networks. 

In this sense, IESs have to become Smart Energy Systems (SES), the definition of which is not limited to the 
co-operation of different energy infrastructures. A key feature of a SES is that it is planned, designed, operated, 
or optimized with the aid of dedicated digital tools. In more detail, tools for smart management are particularly 
relevant for dealing automatically with the complexity of the new paradigm. Indeed, they eliminate the risk of 
bad operations and relieve operators and technicians from the duty of locally controlling the energy flows of a 
complex new system for which neither expertise nor data are available.  

Until recent years, major efforts have been directed toward the optimization of the electricity sector at all levels, 
as in the case of REC. Nonetheless, as shown above, the greatest benefits can be enabled by integrating all 
sectors, especially heat which constitutes at least half of the final energy use in Europe. A recent paper 
summarizes the development tools for the plant design and control of electro-thermal systems [4]: a system-
level framework for the modeling, control, and design of multi-domain systems is defined, with a list of control 
methods as well as implementation tools (e.g. software and toolboxes). However, the focus is limited to future 
electrified vehicles. Similarly, Mishra et al. [5] review the technologies for sizing and operating innovative 
control in renewable integrated energy systems, with the sole focus on stand-alone and grid-connected 
electricity systems. Here, the term “integrated” is adopted to define an electricity-based system including a 
wide range of renewable technologies.  

 

Figure. 1.  An example of an integrated energy system in the framework of sector coupling with the 
electricity, heating, cooling and gas infrastructures. CHP: Combined Heat and Power plant, RES: Renewable 
Energy Sources, PTG: Power-To-Gas.  
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