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Impact: Key Enabling Technologies in Horizon Europe
Call for strong support for EU Future Technology Competitiveness

Key Enabling Technologies' are technologies selected for their ability to: 1) address global challenges (e.g. low-
carbon energy or resource efficiency), 2) support the development of new products, and 3) stimulate economic
growth and provide jobs.

Sustainable chemistry is essential to the technological advance of Key Enabling Technologies (KETs) such as
advanced materials, advanced manufacturing technologies, industrial biotechnology, micro and
nanoelectronics, nanotechnology, and photonics.

SusChem KETs in Horizon Europe Key Messages:

1. SusChem asks that the next innovation framework programme (Horizon Europe) firmly
embraces KETs as drivers of technology development, ensures its overall policy alignment
and assigns appropriate levels of funding to maintain the EU’s KETs leadership and keep
industry jobs in Europe.

Advanced Materials, Advanced Process Technologies and Industrial Biotechnology KETs

are essential to address societal challenges and accelerate the development of a low-
carbon economy, circular economy, and the energy transition.

Considering the current digital evolution and the enormous benefits that it offers,
SusChem recognises the need to integrate digital technologies into processes
technologies, materials development, and business model creation. Synergies between
the current KETs and potential new ‘digital’ KETs will accelerate the creation of new
markets, growth, and jobs.

KETs address societal needs, but have low visibility in Society

KETs contribute to strengthening and modernising Europe’s industrial base, and the development of entirely
new markets, opportunities and industries. KETs reduce CO2 emissions, make cars lighter and safer, enable
storage of energy, and make a range of products from medicines to mobile devices more effective and
sustainable. They “drive” innovation and value creation in a range of industrial value chains such as automotive,
food, chemicals, electronics, energy, pharmaceuticals, construction, and telecommunications.

SusChem embraces KETs as the main technology building blocks for advancing Europe.
In preparation for the next Research and Innovation (R&l) Framework Programme, SusChem outlines what can
be achieved by KETs and details the major technology developments and initiatives needed to:

° create Advanced Materials for use in energy efficiency (e.g. light weight), renewable electricity production
and energy storage (e.g., battery components), or smart functionalities responding to stimuli (e.g., self-repair).

* develop Advanced Process Technologies, including Industrial Biotechnology, for more sustainable
production including through utilisation of alternative carbon feedstock (waste, biomass, CO;) and
alternative energy sources.

° Jleverage Digital Technologies for use in advanced process control and materials modelling, to enable
disruptive business models and to create new customer experiences.

1 KETs are knowledge intensive and associated with high R&D intensity, rapid innovation cycles, high capital expenditure and highly-skilled employment. They
enable process, goods and service innovation throughout the economy and are of systemic relevance. They are multidisciplinary, cutting across many technology
areas with a trend towards convergence and integration. KETs can assist technology leaders in other fields to capitalise on their research efforts.

Ref: EC Document 30 September 2009: Preparing for our future: Developing a common strategy for key enabling technologies in the EU
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Publicaly funded KETs innovation successes cases

3D-Printing polymer materials

Technology breakthroughs enabled the creation of new business models, investments and jobs.

C For Evonik DIRECTSPARE was an important project within a longer period of research, development and innovation
concerning material for additive manufacturing. Without EU public funding, this project would not have taken place.
This would have extended the time to market considerably, resulting in a high risk of being passed by competitors
from outside the EU.

Evonik has performed R&D on polymer materials for 3D-printing for about 20 years and is now commercially producing its
first 3D-printing materials. A part of the R&D was done within the EU-Project DIRECTSPARE. A growing quantity of product
types in every market and every sector of industry require large warehouses to keep stock for spare parts, with corresponding
high costs and complex logistics. This emerging problem is caused by continuously decreasing product lifetime, decreasing
time-to-market and increasing regulatory affairs. DIRECTSPARE aimed to find a solution using additive manufacturing (AM)
technology, enabling economically viable, and on demand manufacturing of spare parts.

How was the breakthrough innovation achieved?

The project consortium consisted of technology providers, engineering
companies, equipment producers, material producers, manufacturers, users,
management consultants and academia. The DIRECTSPARE project has
delivered several business models that allow SMEs to provide local services.
Possibilities and challenges for obtaining cost reduction on stocks and
warehousing have been identified. The project also learned that to obtain waste
reduction and environmental benefits, a life cycle analysis approach needs to be
used. One demonstrator part indeed proved that quality improvement, based on
use information, can be achieved resulting in lower costs and better margins.
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The objective of the DIRECTSPARE business model was for manufacturers to rapidly produce only those spare parts that
are required, at a location close to the equipment that needs to be repaired. And also to improve the quality of the spare
parts along the way.

The project analysed seven demonstrator parts. The functional and material requirements and the cost model of the original
part were taken as the point of departure or baseline. The project team analysed the possibilities to manufacture similar parts
using AM. The design, engineering aspects, material selection, production methods, quality issues and business economics
of all of these parts were taken into consideration.

IMPACT

The project delivered several breakthrough innovations on materials, engineering, process management and quality
management. Three viable business models were developed. DIRECTSPARE created a significant networking platform for
further development of new 3-D printing powders at Evonik. In February 2018 a production plant for polyamide 12 (PA 12)
high performance powders, mainly for the additive manufacturing market became operational in Marl, Germany. The PA 12
material is used in automotive and lightweight design as well as in oil and gas pipelines. In addition to current applications in
the automotive sector, Evonik is also very well positioned for the future production of hybrid and electric vehicles.
Furthermore, the material is used in the medical sector and in 3D printing.

The investment in a new polyamide production plant secured and created around 10 new jobs.

Reference information
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Create Advanced Materials

Of essential importance to a wide range of EU economic sectors

IMPACT examples:
1. Lightweight materials are key for fuel efficiency and reduce CO, emissions in the transport sector.
2. Materials for rechargeable batteries with higher energy and power density, reduced cost, and higher
cycle life will enable 700 km of electrical driving range by 2025.
3. Eco-design of composites materials lead to potential saving of 40,000 tonnes of deposits in EU
landfill annually.
4. Advanced insulation foam materials will help to enable 50-80% energy savings in the building sector

The advanced materials KET creates tailored materials for many value chains, including construction, energy,
mobility, food, health, and electronics. Once a process technology for producing a material has been applied, it
can be further refined to obtain final smart properties defined for a specific application. This same material
technology with new functionalities can often then be used in the development of other new applications.

The goals of the Circular Economy require disruptive innovation with respect to materials that it uses.

What can be achieved?

* Increased energy efficiency through:

- Improved internal and external insulation of buildings, working on properties like insulation values,
moisture absorption, thermal capacity, reflectance (for outdoor coatings), long life sealing, and pipe
insulation

- A holistic approach to the use of material systems in construction via Building Information Modelling
(BIM)

- Weight reduction of materials

- Use of efficient light-absorbing and emitting chromophores

- Cleaning clothes at lower temperatures using 30% less electricity by using washing products including
enzymes

* Increased energy storage through:
- Development of energy storage with higher energy and power density at reduced cost
- Increased safety and cycle life for current and new battery systems for both stationary applications and
electrical mobility

® Increased renewable energy production through:
- Longer and lighter blades for wind turbines
- Improved conversion, space efficiency, and cost base improvement of photovoltaic (PV) cells
- Development of combined piezo- and thermo- electric properties and vibration for PV integration in
roads or buildings
- The efficient capture of solar energy to produce solar fuels

® Increased Fuel Efficiency through:
- Reduced emissions and contaminants in fuels for transport
- Reduced vehicle structural mass (that should also be recyclable)
- New exhaust catalysts with lower temperature activity and/ or higher resistance to deactivation
- CO; or renewables-based fuels
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Carbon dioxide as a raw material for plastics

Innovative process technology reduces petroleum use

C Availability of combined public funding appears crucial to mitigate the high risk of early research and complement
own expertise with partnerships along the value chain.

Covestro has been working for many years on the development of technologies to turn CO: into a valuable resource and for

its implementation in making polymers. Thi s fAwasted gas is an alternative source
materials and be used to make building blocks for polyols i a key starting material for polyurethanes. The first breakthrough

came when Covestrods r ergbtaatalydt and moceds far anoceoaomieally ahdheeologically efficient

reaction. As a first product stemming from the newly developed technology, CO2-based polyols for flexible foam found in
mattresses and upholstered furniture are already on the market. Other kinds of products for further applications are under
development i for example to obtain chemical building blocks and polymer intermediates for rigid foams and coatings to be

applied in building insulation and coatings. The new technology, currently under investigation, is expected to reach TRL?

level 6 by 2020. The next step, after 2022, might be building an industrial plant for the production of CO2-based chemicals at

large scale.

How was the breakthrough innovation achieved?

Partnerships between research-based companies and application-oriented research organisations along the value chain are
the key to success. With a portfolio of collaboration projects, expertise can be built up starting from low TRL levels. At
Covestro, first samples of CO2-based polyols were produced on a mini-plant scale after only three years. Five years later, a
demonstration plant with the capacity of 5,000 metric tons/year went on stream. To reach high impact, private investments
have been complemented by public funding obtained from both German national sources and EU funds.

IMPACT

With the new technology, the use of petroleum can already be reduced by up to 20% in the case of CO2-based foams and
25% in case of elastomers. Also, the carbon footprint is better than with conventional processes. In the latest project,
substantial reduction of process energy consumption is also expected by as much as 70%. This is an important contribution
to sustainability and achieving the circular economy and helps to close the CO:2 loop.

Reference information
Funding by Horizon2020 (SBP8RB17):
I Carbon4PURrurning industrial waste gases (mixed CO/
streams) into intermediates for polyurethane plastics fo
foams/building insulation and coatings GA 768919
Funding by the Gerrraderal Ministry of Education and
Research:
9  r+impuls Production Dreankd<Z 033R150
 CO2Plus Dream ResourceFKZ 033RC002
I MatRessource Dream PolyeksZ 03XP0052
Funding by Clim#&kC / European Institute of Innovation and
Technology
1 enCO2re flagip project CroCO2PETSs

2 Technology Readiness Level. More information: https://ec.europa.eu/research/participants/portal/desktop/en/support/fags/fag-2890.html
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- Blending of biobased fuels to achieve blends with 90% GHGC reduction potential
- Development of materials with resistance to high temperature for aerospace applications
- More efficient processing of carbon fibres for cost reduction

Reduced emissions, waste and footprints for industries through:
- Moving to “zero waste/discharge” using new separation membranes for water and gaseous effluent
treatment
- Biological or chemical recycling of materials and recyclable materials by design

Increased use of by-products from the food processing industries to create valuable products, better
biocompatibility and tolerance in the human body for materials in medical devices and regeneration and
integration of tissues (e.g. bones, tendons, joints) through:

- Developing antibacterial devices and implants using nanostructures

- Integrating biomimicry and functionalisation

- Providing personalised devices produced by 3D printing of biocompatible materials

Flexible sustainable, active and intelligent packaging for food through:
- Enhancing the shelf life, quality and safety of fresh food
- Developing recyclability and renewability of materials
- Reducing moisture and oxygen impact

Innovative cosmetic products through:
- Balancing the skin’s biotope, long hydration, and bioavailability
- Use of animal free prediction of risk and functionality
- Use of biomass as raw materials

Innovative textiles through:
- Integrated ability to measure pulse and breathing
- Temperature control capability

The following are key examples of the technology developments required:

New generation lightweighting technologies:

(o]

o

Development of high performance reinforcement fibres (glass, carbon, biobased etc.) for composite
materials

Re-design of polymer matrices such as thermoplastic resins for advanced mechanical properties and cost-
effective manufacturing

Cellular material developments including foamed nanostructures and aerogel polymer blends
Development of recyclable new materials, like thermoplastic resins, biobased resins and polymers (for
example, PLA and sustainable composites)

Upcycling of (in)organic waste streams

Development of durable coatings (erosion, resistance)

Additives mixing

Electrodes and electrolyte technologies and separators:

Electrodes development for next generation Li-ion batteries, flow batteries and solid-state energy storage
Development of gel polymer and solid-state electrolyte ingredients and formulations for higher performance
and safety

Development of electrolytes, additives and solvents for high voltage and high capacity
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Sustainable operation of flexible intensified processes
Digital technologies enable the migration from batch to flexible continuous intensified processes

C Public funding facilitates the fruitful collaboration of seven companies from the chemical industry and eight excellent
European partners from academia, research and technology

The future competitiveness of the European chemical industry depends on its ability to deliver high quality and high value
products at competitive prices in a sustainable fashion, and to adapt quickly to changing customer needs. The use of flexible
intensified continuous processes is a promising strategy towards this goal, because they give access to new and difficult to
produce chemical compounds, lead to better product uniformity and reduce the consumption of raw materials and energy
drastically. Moreover, it facilitates flexible and mobile production in more efficient and smaller plants and enables companies
to bring new products quickly to the market. As an analysis within the former SusChem flagship project F? Factory® has
shown, a fully automated process operation is a prerequisite to realise these benefits.

Therefore, the main goal of the CONSENS project was to advance the
continuous production of high-value products that meet high quality
demands in flexible intensified continuous plants by introducing novel
digital technologies such as: new online sensors with capabilities that are
not available on the market, novel closed-loop control methods for
flexible operation and high-quality levels, as well as data-based and
simulation-based methods to ensure optimal operation of the controlled
system

How was the breakthrough innovation achieved?

The development work was steered by the needs of the industrial
partners. Three commercially relevant case studies were selected that
reflect the requirements: an intensified pharmaceutical synthesis, a
continuous polymerisation process, and the continuous formulation of
complex liquids. The key success factor was to consider sensors,
closed-loop control, monitoring solutions, soft-sensors, and process
dynamics in an integrated approach. This led to holistic control
solutions that were validated very successfully in the pilot plants.

IMPACT
From the results achieved in the three case studies, we can conclude

Expected impacts®

financi al savings of 2 6 B enhksiony leya
more than 490,000 t/year, and less consumption of non-renewable
raw materials of 176,000 t/year in the related industries in Europe by
enabling the migration from traditional batch processes to flexible

Acceleration in the development
of new products

intensified continuous processes.

It is expected that the market share of European chemical production
plants on the global market will increase by ca. 3% due to better
quality, innovative products and higher competitiveness.

Reference information

CONSENSBIntegrated Control and Sensing for Sustainable Operation o

Intensified Processes (GA number 636942).
Project websitatp://www.consespire.eu/

Reduction of consumption of
non-renewable raw materials

Reduction of

= 2x faster additional
€O, emission ’

innovations
2 2x shorter times-
to-markets
Financial

savings 2 176,000 t/y less consumption

of solvents in pharmaceutical
and specialty industry

9 230,000 t/y reduction in polymer production
¥ 170,000 t/y reduction in pharmaceutical and
specialty industry

¥ 130 Mé/y in pharmaceutical and specialty industry
¥ 100 M€/y in preduction of consumer chemicals

¥ 35 MéEly in production of polyamides, polyester polyals,
thermoplastic polyester

* based on extrapolations on the whole industry

3Es Factory was a collaborative research project funded under the EU FP7 programme. http://www.f3factory.com/scripts/pages/en/home.php
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http://www.f3factory.com/scripts/pages/en/home.php
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Materials for ICT (see Digital Technologies):

Embedded sensors for the Internet of Things

New materials for future computing (memristors for neural networks, quantum computers)
Stretchable electronics for interaction with the human body

New man/machine interfaces

O O o o

New Catalysts: (see advanced process technologies)

Stimuli responsive materials:

o Development of polymers responsive to parameters like pH, temperature, electromagnetic radiation at
various wavelengths, mechanical force (e.g. self-healing properties or shape memory) and hydrophobic for
self-cleaning

o Development of biologically responsive materials, such as enzyme responsive, biosensor applications or
controlled drug delivery systems

Nanostructuring of crystalline materials, polymers and surfaces:

Self-assembly of nanostructured building blocks

Organic nanostructures, metal organic frameworks

Chemical functionalisation of carbon nanotubes, graphene

Metal halide perovskites, organic electronics for solar cells, LEDs, lasers, sensors, etc.
Nanostructured photoelectrodes for production of solar fuels and CO2 valorisation

O O 0O oo

Formulation:

o

Use of biobased compounds

o |

O O o o



