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PROJECT ABSTRACT AND EXECUTIVE SUMMARY

MATISSE responds to the fourth bullet of the HORIZON-CL5-2021-D5-01-05 topic “expected
outcome”, delivering improved aircraft technologies in multifunctional structures capable of
storing electrical energy for hybrid electric aircraft applications. This consists in integrating Li-
ion cells into aeronautical composite structures, sharing the load-bearing function with the
structure and achieving an aircraft structural element capable of functioning as a battery module.

To do so, MATISSE will:

e advance Li-ion battery cell technology, in a non-conventional formulation suitable for
bearing structural loads: NMC811 (cathode), Si/C (anode) and bicontinuous polymer-
ionic quasi-solid-state electrolyte (BCE), i.e. NMC811|BCE|Si/C, achieving 170-270
Wh/kg at cell level;

e enable the functional integration of Li-ion cells into solid laminate and sandwich composite
structures;

e make the structural battery smart, by equipping it with on-cell and in-structure sensors,
connected to a chip-based CMU (Cell Monitoring Unit) and PLC (Power Line
Communication) no-wires connectivity.

MATISSE delivers a multifunctional structure demonstrator capable of power delivery, power
management and safety monitoring. This consists of a full-scale wing tip (1.42 m x 0.69 m) for
use in place of the current wingtip assembly installed on Pipistrel Velis Electro, embedding a
module of 40 battery cells at 72 VDC. This will undergo a comprehensive testing and
characterisation campaign, qualifying the technology at TRL 4 at the end of the project (2025).
MATISSE will also encompass aspects related to flight certification, life-cycle sustainability and
virtual scale-up, paving the way towards the application of structural batteries as an improved
performance key enabling technology for next generation commuter and regional hybrid electric
aircraft applications.

The strong and complementary consortium of 8 partners from 5 different European countries
and one associated partner country representing industrial companies, SMEs and RTOs is
coordinated by AIT Austrian Institute of Technology. MATISSE is scheduled to run from
September 15t 2022 to August 315t 2025, for a total duration of 36 months and has received
funding from the European Union’s Horizon Europe research and innovation programme under
Grant Agreement no. 101056674. A full list of partners and funding can be found at:
https://cordis.europa.eu/project/id/101056674.

This deliverable reports the results of the preliminary exploitation survey and the preliminary
exploitation strategy of the project.
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Figure 1: MATISSE concept overview (graphical abstract).

LIST OF ABBREVIATIONS

Acronym / Short Name Meaning

Cs Certification Specification

DEP Distributed Electric Propulsion
EiS Entry in service

HEA Hybrid Electric Aircraft

LR Long-range (aircraft)

MF Multifunctional

SB Structural battery

SMR Short-medium range (aircraft)
SRIA Strategic Research and Innovation Agenda
TRL Technology Readiness Level
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1. INTRODUCTION

This deliverable reports the results of the preliminary exploitation survey and the preliminary

exploitation strategy of the project.

Firstly, an online survey was conducted among the consortium and the results are discussed in
Section 2. Secondly, the draft exploitation plan outline in the MATISSE proposal is updated and

further detailed o Section 3.

Throughout this document, MATISSE’s partners will be mentioned with a short name. For clarity,

the Table 1 indicates the short name used for each partner:

Table 1: Partners of MATISSE project.

Short name Complete name Country
AIT AIT Austrian Institute of Technology GmbH Austria
ONERA Office national d'études et de recherches aérospatiales France
CIRA Centro Italiano Ricerche Aerospaziali Italy
PVS Pipistrel Vertical Solutions d.o.o. Slovenia
SCP Sensichips S.r.l. Italy
LT Lead Tech S.r.l. Italy
KIT Karlsruhe Institute of Technology Germany
IAI Israel Aerospace Industries Ltd. Israel

MATISSE | D7.2 - Preliminary exploitation strategy (Public)
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2. PRELIMINARY EXPLOITATION SURVEY

An online survey was conducted within the MATISSE consortium in May 2024 to collect interim
status of planned project results, dissemination activities, protection measures and exploitation

routes.

The responses to this survey are presented here.

Results of the online survey are shown in this section, organized by question of the survey,
together with explanations.

Q1.

Describe the results that you expect to obtain from the activities in MATISSE.

Figure 2 shows how many results are expected by each partner of MATISSE. Below, are indicated
the description of those results, grouped by partner.
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Figure 2: Results of question 1.

AIT - expected results:

Improved multifunctional performance of the structural electrochemistry.

Manufacturing of the gel electrolyte.

Prototyping and manufacturing of the smart structural battery cell.

Obtaining comprehensive multifunctional performance data of SB and smart SB cells.
Numerical simulation model of electrical/thermal performance of MATISSE SB technology.

ONERA - expected results:

Choice of a composite material with consistent manufacturing process, which is relevant
to preserve the electrical functionality of the battery cells. (This result has been obtained
after a wide literature survey and several meetings with experts of Hexcel, a composite
material provider.)
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e Estimation of the electrical and mechanical properties in composite coupons, both solid

and sandwich specimens.
e Design of a wingtip with battery cells embedded and estimation of its electrical and

mechanical properties through simulations and tests.

CIRA - expected results:

e Modelling and simulation tools for battery cells integration into both laminate and
sandwich structures; low-energy impact simulations and prediction of structural

batteries.

PVS - expected results:

¢ Implementation of structural batteries in general aviation products.
e Upscaling of structural batteries in larger CS-23 aircraft and EVTOL.

SCP - expected results:

¢ New sensor that could be embedded inside batteries to build smart battery cells.

LT — expected results:

e Advanced knowledge in HORIZON project brand identity creation and digital

communication.
e Enlarged network in aeronautics field (RTOs and industry).

KIT - expected results:

e Development of advanced electrolyte system(s) for structural batteries.

IAI - expected results:

e Basic rules for integrating batteries (conventional and structural) in (small to medium

size) electrified passenger jets.
e Combination of composite (textile/fabrics) materials and highly thermally conductive
resin (in MATISSE for battery integration).

MATISSE | D7.2 - Preliminary exploitation strategy (Public) 8



Q2. How would you classify the (expected) results?

As shown in Figure 3, most of the expected results are knowledge or skills, as supposed to be in
a research project, while an important amount of data will be generated as well. Since MATISSE
is a research project up to TRL 4, it is expected to generate several models and prototypes
during the development besides the final wingtip demonstrator. In addition, processes will be
improved or newly created.

. Data / datasets

e |

@ Knowledge / skills 1
12,
@ Model 4
. Process - improvement 5
. Process - new -
. Protocol - improvement 1
. Protocol - new 0
@ Prototype 6
. Publication 3
@ Trzining material 1
. Other 1

Figure 3: Results of question 2.

Q3. What is the status of this result at the time of this survey?

Figure 4 shows that most of the results are as work in progress, since the main work packages
of the project are ongoing.

Result has materialized.

@ Mot started yet 2
@ Workin progress 14
@ Result has materialized 1
. Result is no longer expected 0
@ Not sure / don't know 0

Figure 4: Results of question 3.
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Q4. Which other project partners are involved or are needed in the generation of
this result?

Figure 5 indicates that there is a high level of collaboration between partners, as result that this
project is developing a multidisciplinary technology. In the case of LT, the result of question 4 is
as expected, as LT is not involved in technical activities but responsible for the project
communication.
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Figure 5: Results of question 4.

Q5. In which work package(s) are the results mainly developed?

Figure 6 shows the contribution of results by work package, as expected, with the majority found
in the main technical and demonstration work packages.

WP1 - End-user performance and life cycle

. 0
. requirements
8
@ WP2 - Smart structural cell development 8
-
@ WP3 - Structure/cell/medule integrated design 2 s
WP4 - Coupon manufacturing, testing, and health - g

® monitoring
. WP5 - Demonstrator prototyping and lab testing 4

. WPE - Life cycle sustainability verification,
performance evaluation, and virtual upscale

. WP7 - Dissemination, communication, exploitation
and IPR management a

. WPE - Project Management 0

Figure 6: Results of question 5.
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Q6. If you plan to disseminate this result, then how?

As shown in Figure 7, results are planned to be disseminated mostly in conferences and scientific
publications.

In “other format”, IAI answered: “Connections with other R&D groups inside IAI (members in
WP6 connected to electric aspects in aviation) and EU/international R&D projects on electrical
aspects of aviation”.

This list excludes communication activities, such participation to aeronautic and battery
fairs/events (Paris, ILA, Battery Show Europe, ...) and social media.

I

Scientific publication (e.g. journal paper) 1

Conference (presentation, poster) 14 “‘

Workshop (contribution,/presentation)

o

L

Other format

Mo dissemination planned at this time, or as yet unknown 1

Figure 7: Results of question 6.

Q7. Do you plan to protect your results?

Figure 8 shows the protection of results, with “non-protected” as the most selected option.
Research institutions tend more to disseminate their results without protection, while industrial
partners choose some protection more frequently.

@ Mo protection planned "
@ Mot sure yet 4
. Yes, protection planned 2

Figure 8: Results of question 7.
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Q8. If you plan to protect this result, how do you plan to do so?

In case of protection, Figure 9 indicates that patents are the preferred option.

Confidentiali 1
[ ] ty

. Patent 5
. Other 0

Figure 9: Results of question 8.

Q9. How do you plan to exploit this result in the following timeframes?

Figure 10 shows the type of exploitation depending on the timeframe. “Now” and “in the next
1-2 years” have similar results. At mid to long term, industrial partners plan to focus on product
development, while RTOs on co-funded or costumer-funded research.

Category “Other” refers to internal research of industrial partners: PVS (3-5 years time frame)
and IAIL

M Use for training or educational material development B Use for co-funded research B Use for customer-funded research

B Use for product/ service development W Other W Not sure yet

Already now

In the next 3-5 years

In 5 years and beyond

0%

100% 100%

Figure 10: Results of question 9.
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3. STRATEGIC EXPLOITATION PLAN OF MATISSE

The choice and evolution of the energy carrier, storage, and conversion technologies will play a
key role for de-carbonising air transport. Batteries will serve as “early mover” technology, and
their adoption will be entwined with the hybridisation of the propulsion system, and hence the
delivery of the Hybrid Electric Aircraft (HEA). The HEA concept has been intensively investigated
in the previous research framework period (H2020, 2014-20), leading to the execution of
multiple European research projects' focusing on the different technical aspects of this
revolution.

A consortium internal joint evaluation with Leonardo/Airbus/Heart Aerospace, including the
Clean Aviation SRIA 2024 update [1] shows that, excluding the lower segment general aviation
due to its limited impact, the European aircraft industry and start-up companies are moving
towards delivering aircraft with hybrid/electric energy architectures for routes below 1000 km,
including, ordered by propulsive power:

a. in the commuter segment (CS-23), a 1-to-2 MW hybrid (fuel cell/battery) electric
aircraft, for 19 pax with up to 400 nautical miles (nm) of range, straight wing in
Distributed Electric Propulsion (DEP) configuration (i.e. multiple open rotors) with
entry in service (EiS) around 2030-352;

b. in the lower regional segment (CS-25), a 3-MW hybrid electric aircraft for 30 pax
with initially 200 km range in fully battery electric mode and up to 400 km with
thermal engines as range extender with EiS around 20303;

c. in the upper regional segment (CS-25), a 3-to-5 MW ultra-efficient hybrid electric
narrow body twin-turboprop airliner for 50-100 pax, with up to 500 nautical miles
of range, straight wing with EiS around 2035-2040%;

and aircraft concepts for traditional short and medium-range distances (CS-25, SMR - A320-
type, 150-250 pax, 15-20 MW of propulsive power, 1500-2000 km range) and long range (CS-
25, LR - A350-type, =300 pax, around 40 MW of propulsive power, 6000-10000 km range) that
will rely on ultra-efficient thermal energy-based propulsion technologies using sustainable drop-
in and non-drop-in fuels. Also in these aircraft, electrification will play a major role, however in
more-electric configurations, supplying energy for secondary loads at least partly from batteries.

On this basis, the MATISSE consortium sees the commuter and regional aviation segments as
the main and primary end-user platforms fit to adopt propulsive batteries, requiring a battery
energy storage system with a capacity between 0.4 and 1 MWh. For large more-electric aircraft,
the on-board energy storage capacity is expected ranging between 1 MWh for SMR and 2 MWh

1 E.g. IMOTHEP (2020-23), https://cordis.europa.eu/project/id/875006, and ORCHESTRA (2021-2025),
https://cordis.europa.eu/project/id/101006771. The MATISSE coordinator (AIT) is the reference partner
for batteries in both projects. [Retrieved Nov. 2024].

2 For this application, MATISSE partner PVS is developing scalable fuel cell power source technology and a
modular fuel cell-battery hybrid electric DEP powertrain within the CA projects NEWBORN (2023-2026),
https://cordis.europa.eu/project/id/101101967 and HyPoTraDe (2023-2025), https://cordis.europa.eu/
project/id/101101998 [Retrieved Nov. 2024]

3 Heart Aerospace ES-30 aircraft concept, https://heartaerospace.com/es-30/ [Retrieved Nov. 2024]

4 ATR EVO concept, https://www.atr-aircraft.com/innovation/atr-evo-concept/ [Retrieved Nov. 2024]
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for LR. A minimum gravimetric pack energy density of 350 Wh/kg is required for the CS-23
commuter segment and a minimum of 400 Wh/kg for CS-25 aircraft.

To achieve the required specific energy with monofunctional batteries, last generation of high-
energy (semi-)solid-state Li-ion/Li-metal cells would have to be installed in ultra-lightweight
packaging with a mass efficiency well above the current state of the art of 70+ %.

Multifunctional energy storage has the potential to reduce the system weight compared to
monofunctional batteries and structural components, i.e. to provide an effective packaging
efficiency above 100%. For integration into solid composite laminates, their effective specific
energy, i.e. the amount of energy stored per kg of added weight, doubles or triples the energy
density of monofunctional battery cells. As per SOLIFLY technology outlook [2], improved SB
technology could achieve 1 kWh/Akg, compared to the maximum 500-550 Wh/kg expected for
last generation Li-ion cells.

For integration into lightweight sandwich structures, the weight benefit of structural batteries is
clearly lower but still in the range of 20-25% compared to monofunctional technology (as per
MATISSE interim result). On the other hand, this integration scenario is very promising as
sandwich parts are typically used for non-safety critical secondary structures, thus having lower
structural requirements and certification burden than primary aerostructures and cover large
surface areas mainly in the aircraft interior that could be multi-functionalised to establish a
decentralised and modular energy storage.

The infographic in Figure 11 depicts the consortium’s view on the exploitation plan and “route-
to-market” for the MATISSE SB technology. Each green box contains the main results achieved
at different points in time (according to this preliminary plan) and the stakeholders involved
(including MATISSE partners). MATISSE is about benefitting and strengthening the European
aeronautic industry with an improved performance aircraft technology in the field of
multifunctional structures capable of storing electrical energy. To this purpose, MATISSE has the
ambition of gradually bringing this technology to the market, on the hybrid electric commuter
and regional aircraft in the next decade (2030-40).

The project is planned to run between 2022 and 2025, demonstrating the technology at aircraft
component level at TRL 4. The lab demonstrator will be a multifunctional wingtip fitted for the
use on the Pipistrel Velis Electro (left picture in Figure 11), paving the way for its in-flight
demonstration on an experimental aircraft unit by 2028 to achieve TRL 5/6. This demonstration
can either occur as part of a technology scale-up RIA funded under the Horizon Europe or FP10
programme, or alternatively as part of Pipistrel’s internal research and development strategic
plan. In fact, PVS is committed to flight test the technology after the MATISSE project and based
on this commitment the consortium has selected the wing tip for use on the Velis Electro as
demonstrator object.

It is important to highlight that, in line with the technological roadmap depicted in section 3.1,
the lower segment of the general aviation market is not a primary target for MATISSE, given its
minimal impact; nonetheless, a flight test demonstration in this segment after the project is an
essential step to enable SB implementation on larger aircraft.

Scaling up the technology scale from TRL 4 to TRL7 in RIA and IA by the MATISSE partners
(RTOs, SMEs and industry) aiming to attract further partners from aviation industry (major
airframers and suppliers) in order to consolidate the structural battery in (@) its electrochemical
formulation and concept, and (b) its integration in complex components, to put in place a small
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production line including the necessary engineer tools and machinery for SB cell and MF
components manufacturing, and to assess in depth the business model, life cycle and costs.

The first commercial application of the MATISSE SB is envisaged by 2032. Here PVS intends to
implement this technology to power secondary loads, e.g. the e-taxiing system of its next
commuter aircraft planned to enter the market by the early 2030s. E-taxiing will help to improve
LAQ (local air quality) and noise in airport areas and the aircraft energy efficiency in a part of
the flight mission that can be disproportionally long. Subsequently, PVS plans to investigate the
implementation of this technology as part of the energy storage system for propulsion for the
hybrid electric commuter (EiS in 2035).

A further industry takeover is envisaged by battery and aerostructure manufacturers and
airframe integrators, targeting the scale-up of the production of structural batteries and
multifunctional composite structures to industrial level, to implement the technology in the
aircraft, extending from commuter to regional and larger commercial aircraft, and to complete
the airworthiness certification.

Already at the current state of SB technology development, MATISSE considers airworthiness
aspects, e.g. concerning the selection of aeronautic structural materials, safety of the SB
electrochemical system (non-flammable electrolyte), structural sizing of MF aerostructure, and
testing requirements. When reaching TRL5 and aiming at TRL6, i.e. when validating and then
demonstrating the technology in relevant environment, deeper discussions on the certification
of the multifunctional energy storage technology will need to be established between with
aviation industry and regulators (EASA and FAA). By then it can be expected that certification
requirements for aeronautic batteries have been fully established, i.e. including CS-25 aircraft,
and that the agencies have gained experience and confidence with novel battery technologies
that are not considered in the current regulations.
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Figure 11: Exploitation plan of MATISSE (“route-to-the-market” infographics).
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4. CONCLUSION

In this deliverable the results of the preliminary exploitation survey and the updated strategic
exploitation plan of the MATISSE project are presented. Both will be updated at the end of the
project and reported in D7.3, Final exploitation strategy.
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