DIPARTIMENTO DI INGEGNERIA

CORSO DI DOTTORATO IN INGEGNERIA INDUSTRIALE E

DELL’'INFORMAZIONE -

PHD COURSE IN INDUSTRIAL AND INFORMATION ENGINEERING -

34TH CYCLE

Title of the
research
activity:

Innovative and hybrid energy storage solutions coupled to RES plants

State of the
Art:

In the European scenario, production from renewable energy sources (RES) is strongly
encouraged by Community policies to achieve EU2050 decarbonisation objectives. However, the
penetration of renewable energy in the electricity mix causes problems relative to grid congestion
and perturbation due to its high variability over time (i.e. fluctuating and intermittent production
profiles, particulatly for solar and wind power plants). For these reasons, RES are defined as non-
programmable energy sources that negatively affect the stability and safety of the electric grid [1]
and also performance of thermal plants. Combined cycles fed by natural gas are often operated as
back-up of RES plants and subjected to a cycle operation which leads to a significant deterioration
in terms of efficiency and wear [2-6].

To mitigate grid instability, RES plants are often curtailed during low consumption periods, with
negative effect on both revenues and DSCR. In some European local areas, the need of RES
curtailment is also greater due to infrastructure critical issues of specific grid districts interested by
large RES installations.

Synchronization of network reserves and ESS integration in the electric grid can be seen as two
effective and complementary solutions to overcome the above-mentioned RES technical limits.
This is consistent with the objectives of the IEC T120 work program [7], where ESSs are identified
as a solution to efficiently deliver sustainable, economic and secure electricity supplies, allowing a
better RES exploitation and penetration [8-10].

Moreover, ESSs, coupled to RES plant, deserve a relevant interest with reference to micro-grids in
remote and non or low-interconnected areas, including also the case of not developed countries.
Anyway installed energy storage capacity is currently very limited in the European and worlwide
scenarios. The challenge for energy storage penetration is technological and mainly economic.
Regarding technological issues, the crucial key for their penetration is the improvement of ESS
performance in terms of availability, durability, efficiency, energy density, response time and a
contextual cost reduction with respect to current state of the art. This goal necessarily must be
achieved through the development of enhanced technologies and also their implementation in
hybrid storage systems. Hybridization allows multi-operation modes of the ESS, merging the
positive features of base-technologies and extending their application ranges.

Short
description and
objectives

of the research
activity:

The reserach activity in this field is aimed to the development of both innovative storage
technologies and hybrid configurations, as well as to their application.

Concerning enhanced technologies the research activity, performed through both experimental
and simulation activities, is mainly focused on innovative flow batteries considering their
advantages for large-scale stationary installations as the independent scaling of power and
capacity, high efficiency and cycling (long lifespan) and security [11]. Aiming to provide a general
view of the possible ambit of activity, also solid oxide cells for reverse operation (electrolizer/fuel
cell) rSOCs are object of study, exploring new and optimized operating conditions on the base of
previous work of the research group [12-14].

Concerning hybrid systems, our reserch group already investigated flywheel hybridization with
other technologies characterized by higher energy capacity (as rSOC and batteries [16]),
extending its application range. At the same time, hybridization provides, mainly thanks to
flywheel fast response, beneficial effects towards the other base technologies. If batteries are
considered, it was already highlighted by our research the potential enhancement of their duration
due to the flywheel peak shaving function [15], as well as a significant reduction of fluctuations
toward the grid in case of grid-connected systems [16]. The design of these hybrid systems is
innovative particularly in the small-size. The research activity will be further focused in this
direction to optimize and design hybrid systems customized for specific applications.

Also the integration of enhanced and hybrid ESSs in complex systems will be investigated in view

of the Multi-Energy systems application, whereby multiple energy sectors (e.g. energy, transport)




are optimally integrated to increase flexibility, allowing a smart integration of renewable sources in

the energy system.
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