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Structural power composites are a new class of materials/structural configurations capable of storing electric
energy and, at the same time, carrying mechanical loads. They stand out as a possible solution to the demands of

the modern transportation system of more efficient and eco-friendly vehicles.

structural batteries solid electrolyte Composite materials Multifunctional materials

Lithium-ion based batteries have already demonstrated an unparalleled combination of high energy and power
density, quick charge and long-life that made this technology the present choice for electric vehicles, portable
electronic devices, and many other applications. In recent years, the research in this field moved companies and
governments to invest an extensive amount of money for developing more and more efficient and safer types of
batteries. Yet looking at the future, advanced and green energy storage components are nowadays the main
drivers for all modern transportation systems. From electric vehicles (EVs) to unmanned aerial vehicles (UAVS),
from high altitude satellites to electric airplanes, the target for the next years is the development of lighter, greener,
and more sustainable vehicles. A great opportunity to achieve all of these goals at the same time is offered by the
use of multifunctional systems and materials LIZIEI4 As described by Thomas et al. &, multifunctional systems
and materials correspond to all the structural configurations and materials that are capable of fulfilling more than
one primary function simultaneously. In this perspective, the idea of manufacturing structural composite batteries
capable of storing electric energy and, at the same time, carrying mechanical loads is one of the most appealing

applications of multifunctionality.

Two main approaches have already been investigated. The first one focuses on adding functionalities to structures
by embedding off-the-shelf thin batteries into composite laminates or sandwich panels EISIZBIENIOLLNLZ] The
other one aims to realize multifunctional composite materials where the reinforcement elements act as the
electrodes while the polymeric matrix works as the electrolyte and as a structural binder for the fibers [13I[14][15](16]
(17)18]119] - An alternative path could come from the use of all-solid-state electrolytes. Figure 1 shows the basic
conceptualization of these alternatives, while a schematic representation of the physical principles and the

constructive solutions described in this paper is shown in Eigure 2.
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Figure 1. Structural power composites as an alternative to battery pack dead weight.
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Figure 2. Structural power composite principles: (a) Lithium-ion battery 29 and (b) Solid state battery (211,
Structural power composite applications: (c) Multifunctional material with structural battery electrolyte 29, (d)
Multifunctional systems with market available lithium-ion batteries embedding 29 and(e) All-solid-state structural
battery.

The embedded cell idea emerged from the necessity of optimizing the volume, more than the weight, of a
composite structure by embedding electrical power elements without compromising their mechanical performance.
The bonding process, anyway, does not result in a remarkable overall improvement due to the fact that the battery

elements, as they are, are bearing no load, hence their mass is not contributing at all to the structural performance
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of the final product. The other concept of monolithic multifunctional materials, instead, comes from the

consideration that high-performance composites and modern lithium-ion batteries have several features in

common. First, the fact that carbon fibers, commonly used in high-performance composites for their high specific

stiffness and strength, also exhibit remarkable electrochemical properties such as good electrical conductivity and

high lithium-ion intercalation in the case of the graphite carbon allotrope. In a second development, the layered

configuration that characterizes both modern composites and state-of-the-art lithium-ion batteries could be

exploited for a synergistic design. Moreover, the well-known wide range of composites processing techniques

enables great freedom in the design of innovative configurations suitable also for the structural batteries.
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