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SUMMARY

Key orientations of SRIP MATerials as end PROducts (SRIP MATPRO)

1)) The key objectives

The key objective of SRIP MATPRO is to create value chains with a focus on the production of
materials for use in complex products with high added value and a strong potential for positioning
in global value chains. Connectivity will be based on promoting and enhancing the development of
ambition and quality as well as on strengthening the strategic alliances and the establishment of
horizontal networks, thereby achieving a critical mass of competences and capacities,
complementing various technologies in terms of the development of new materials, products and
services, the integrity of covering the whole cycle from development to marketing, and addressing
technological and non-technological innovations, promoting entrepreneurship as well as providing
other common services. The joint development of the R&D initiatives will be carried out in two
basic directions i.e., through a common pre-competitive development between companies from
related branches, where it is to solve the fundamental challenges, and to joint development within
the established value chains between companies from different branches. MATPRO members will
be provided with an appropriate research environment, which is especially important for medium
and small enterprises. In doing so, we will contribute to reducing the risks of investing in high-tech
equipment, achieving a critical mass of competencies, capacity and investment potential,
increasing the utilization of equipment and contributing to establishing long-lasting business
relationships.

The main objectives of the operation:

1 To strengthen the cooperation of producers of materials that already achieve high added
value and play a significant role in international value chains, among themselves and with
knowledge institutions.

1 Identification of the value chains (SLO): 2017 - 2023: 5 chains, 2019 - establishing at least
2 chains; 2023 - establishment of at least 3 (additional) chains, of which identification of the
value chains (international): 2017 - 2023: 3 chains, 2019 - establishment of 1 chain, 2023 -
establishment of 2 chains. All of these goals represent the lowest values that we expect to
be exceeded.

Objectives by 2023
91 Increase in added value per employee for companies active in the production of alloys and
metals (participating in established and appropriately supported value chains) by 25% by
2023.
1 Increase in export and added value per employee in the area of smart coatings
(participating in established and appropriately supported value chains) by 20%.
1 Increased investments in development by 15%, added value by 5% and exports in the field
of smart multicomponent materials by 10%.
1 Increased intensity and quality of representation of Slovenian interests within international
organizations, partnerships and consortia (6).
Number of commonly developed services (10).
Number of relevant initiatives in terms of development policy e.g., ilnitiatives for the
implementation of innovative public procurement (8).
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2.) Key global indicators

The performance indicators presented in the tables are designed to monitor the performance of all
the value chains included in SRIP MATPRO. The purpose is to verify and monitor the business
results of the different forms of established cooperation. In the case that the value chain during a
given 3-year period (first or second) does not reach the planned growth at in least four out of seven
(all indicators are given in the text of the Action Plan) of the performance indicators, it is considered
not to be economically viable. The exceptions are predetermined risks, which particularly affect all
companies in certain activities, but in this case the value chain must also achieve better business
results than a comparable activity (a smaller drop in added value).



SRIP MATPRO till 2018 till 2022 Activities: C20, C22, C23in C24
Added value/ Productivity of labour. The higher thealue added pe Higher value added rise is expected than
Employee employee, the higher the potential gross salary of 2,3% Per yeal 2,8% Per yea| number of employees due to larger investments
employee. automation and optimization of production.
Exports  (turnover Higher exports, on average, mean higher competitivenes
on foreign markets) g poris, g_ ' ) d P 1 1,8% Per yea 2,3% Per yea| Net sales in the nedomestic market
the company or a general increase in demand abroad.
Investments in R&DO This includes both expenditures and R &
. . . . . investments. Companies are neoequired to
Higher R & D investment ispected to be reflected in a highg P q
. . report these values, so the comparison betwe
value added, but there is an expectation of a lag betw 2,0% Per yea| 2,0% Per yea| N - N
. L ) . companies is limited to a statistically signific
investments and a positive impact on the financial statem .
sample (companies that together account for
least 25% of sales).
EBITDA EBITDA is a caflbw from operations before depreciatio
2,3% Per 2,8% Per
The highethe EBITDA, the more profitable business is. 3% Per yea 8% Peryea
Net profit Net profit represents the final result of the busine Net profit is calculated "cleared”, excludi
Attachment "net" means that a particular SRIP company| 2,3% Per yea| 2,8% Per yea| impairment of financial assets (fixed and curr
have a loss, but the aggregate result isgitive. assets) and revaluations (Financial investmer

In 2013 Metallurgy and metallic materials | Chemical industry and industry
(activities 23 and 24) multicomponent materials
(activities 20 in 22)

Share in total sales 3,03% 4,12%

Share in total sales of manufacturing branch 9,96% 13,53%

Export orientation (% of sales) 67% 71%

Employees in R&D (FTE / 100,000) 1.220 5.771

Researchers in R&D (FTE / 100,000) 558 2.693

Investments in RR HO YA2 € HP YA2 €
% GNP 0,06 % 0,08%

Added Value / Employee oy®PHNnn e nodnnn €




3.) SRIP Strategy

SRIP MATPRO is focused on materials and, preferably, on materials production. The
materials are divided into metallic materials, which include metallurgy, foundry and
technologies of production, and processing, as well as multicomponent materials, whose
main characteristic is that they are not homogeneous but include different
materials/components, combined in very different ways (from coatings, hanocomposites,
Multi-layered films, glued structures, to classic composites). The main objective of SRIP
MATPRO's work is to create value chains and networks for joint developments in the
field of materials; therefore, in addition to the production of materials, suppliers of basic
components and raw materials, materials processing as well as final product
manufacturers are included in the cooperation. SRIP MATPRO gives strong emphasis to
both materials and technologies.

The field of materials as final products has a particularly high priority in Europe, which
directly and completely follows the principles of smart specialization, and supports the
regional advantages of Slovenia. The analysis of the field of materials, world markets
and trends, industrial needs and R&D challenges, competence advantages, R&D
capacities, and above all, the potential of Slovenian companies demonstrated that the
comparative advantages of the main players in Slovenia stand out in the following areas:
(i) high specialization and high degree of flexibility, (ii) high technological intensity and
strong focus on innovations, (iii) relatively good organization, (iv) responsible attitude,
effective use of resources and a high recycling rate, (v) close cooperation between
companies and knowledge institutions in the use of public R&D funds, (vi) integration into
global chains, (vii) niche mode of operation for medium and small enterprises, (viii) good
market knowledge and (ix) the exploitation of local providers. On the basis of the
conducted analysis, a set of focal areas was identified that meet the criteria for the
development of breakthrough initiatives. The key competences, critical mass and the
potential of integration into chains that would allow the development of breakthrough
solutions were the most important criteria.

Composition of SRIP MATPRO:

- Slovenian Chamber of Commerce (as a natifier) with 2 industrial associations and
its members (86 micro enterprises, 47 small enterprises, 61 medium-sized
enterprises and 37 large companies, of which about half are located in the eastern
Slovenian region and another half in the western one), represent the immediate
supporting environment.

- Direct members of SRIP MATPRO (20 companies and 4 knowledge institutions),
where scientific research institutes and knowledge institutions form a broader
support environment

- Cooperation talks run with many subjects, both with companies and with
knowledge institutes, including two of the largest Slovenian universities.

SRIP membership provides a critical mass of competencies and capacities. The field of
human-resources development is one of the key elements of the long-term achievement
of the set goals, so SRIP MATPRO pays special attention to it. The work will include the
prediction of competence needs, the identification of gaps in current and required
competences, and development of appropriate programs for acquiring the necessary
competences. SRIP MATPRO supports the internationalization of activities, which has
three key orientations: 1) Integration into European initiatives (S3 thematic platforms
including pilot projects (e.g., Vanguard Initiative), entry into European development
projects (e.g., H2020), 2) Connecting with foreign partners within the framework of the
development of value chains. The starting point represents the existing relationships
between Slovenian and foreign companies, 3) Promotion of Slovenian industry abroad
through the organisation of events or visits.

4.) Focus areas with identification of the activities of joint development



Identified focal areas on which SRIP MATPRO will promote joint research and
development tasks are:

a) The area of steels and special alloys.

i) In order to achieve high standards of quality, reliability and safety, the purity of steel
and alloys, or the control of non-metallic inclusions, errors and irregularities in the
microstructure is important. On the other hand, the requirements of the automotive
industry by reducing consumption and environmental impact dictate the use of
advanced high-strength steels, and lightweight metallic materials which, in addition to
extreme mechanical properties, also provide 100% recyclability. The development of
new advanced metallic materials for the most demanding applications and working
conditions will enable a significant improvement in the processes of obtaining and
storing energy, protecting the environment and improving the quality of life.

ii) Areas of joint development, where Slovenia has a potential and critical mass:

1.

[P
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The concept of ultra-pure steel and alloys - inclusions lower the strength, but above all the
dynamic properties of the material, which means lower reliability. The production of ultra-pure steel
involves R&D initiatives in the whole field of steel-making technologies, from the development and
understanding of secondary metallurgy to thermodynamic calculations, understanding and modelling
processes of the motion of inclusions in the melt, in-situ observation of non-metallic inclusions in the
melt (formation, elimination, dissolution and interaction between inclusions), the influence of slag,
new methods for the characterization and analysis of inclusions, re-metallurgy, vacuum treatment of
steel melt and special metallurgical processes.

High-strength steels for lightweight constructions and their transformation - with the
transition to high-strength steels and steels enabling the construction of products having minimal
weight, which above all combine high strength and elastic properties, besides the development itself,
we also encounter difficulties in transforming, machining and joining these materials. Potential and
competences are in the field of complex thermo-mechanical processing, the development of high-
strength martensitic steels and their heat treatment, the third generation of high-strength steels and
nano-structured and nano-bainite steels, low density steels, new multi-layered steels, the production
of suitable tool steels, the protection of tool surfaces, the preparation and protection of high-strength
steels, steel transformation, production and functionalization of the surfaces of products.
Advanced metal materials for demanding applications i the Slovenian metallurgical
industry has the significant advantage of rapid adjustment to niche production compared to mass
producers. With this, it has the potential to develop advanced metallic materials, which includes the
production of new steel grades, for example, maraging steels, nickel super alloys, special steels for
high-temperature applications, thermos-electrical alloys and sensors, new electro steels with super
low power losses, new magnetic materials, and biocompatible metallic materials, supported by
simulations and optimization of the entire process path. Recently at the development of new
materials, an important role is given to the imitation and transfer of solutions found in nature, and
their application to a wide range of technological areas (biomimetics).

b) The Aluminium:

c)

d)

In addition to the automotive and aerospace industries, Al alloys also have
enormous potential in a wide range of other fields, such as medicine,
pharmaceuticals, military industries, interiors, etc. The development of new high-
strength and corrosion-resistant aluminium alloys is expected to combine 100%
recyclability, low weight, high carrying capacity and maximum energy absorption.
Areas of joint development, where Slovenia has a potential and critical mass:

1. New high-strength and ultra-pure Al alloys i The properties of standard aluminium alloys,

including high-quality ones, do not meet the stringent requirements of high-tech applications, which
require a tensile strength of more than 600 MPa.Therefore, R&D initiatives are aimed at the development



of new high-strength and ultra-pure Al alloys with better mechanical properties and corrosion resistance,
which include the introduction of new alloying procedures, melt refinement, treatment with trapping and
modifying agents and an appropriate curing process and thermo-mechanical processing. Al foams
represent a significant segment of kinetic energy absorptive materials. New segment is being formed on
the field of joining of newly developed Al alloys.

2. Alternative manufacturing methods and maximum recycling of Al - Al alloys are divided
into quality classes with special properties and with very narrowly defined alloying elements, which limits
their production by using only secondary raw materials. In order to achieve a higher recyclability, the
development focuses on new recycle- friendly alloys based on a basic understanding of the complex
impact of a large number of trace elements on the properties of Al alloys, the replacement of existing
standards based on the purity of primary aluminium, the standards of purity of waste and the introduction
of appropriate procedures in the sorting of waste and introducing new melt purification technologies. On
the other hand, the production of alloys with the highest quality requirements (for the aerospace industry)
still requires the use of a certain portion of the primary Al, which requires further development in order to
achieve cheaper and faster production of primary Al.

3. Die cast Al alloys - Trends are aimed at the production of new high-strength, temperature-stable
and corrosion-resistant moulded Al alloys for production of complex Al castings for aerospace, and
automotive industries. With a large network of foundries and aluminium alloy production, Slovenia has a
considerable potential, which requires the acquisition of new technologies for special casting processes
and rapid clamping, the development of new alloys, and the investigation of the modification of foundry
Al alloys, as well as the determination of the influence of chemical composition, conditions of solidification
and cooling, and heat treatment.

e) Technology.

i) The field of classic manufacturing technologies is developing into the optimization and
improvement of machining processes, the development of new tools and manufacturing
technologies, with the recycling of both basic as well as auxiliary materials and by-
products becoming an increasingly important segment of the production process of
metallic and non-metallic materials. The greatest advancement and change in the field
of technology comes from the additive 3D printing technology.

i) Areas of joint development, where Slovenia has a potential and critical mass:

1. Rapid Prototyping and additive Technologies i R&D potential and emphasis will be on the
development of new metal materials ready for 3D printing, mastering the microstructure and the influence
of the direction of construction and density, the introduction of combination of different additive
technologies, the production of printed products of large dimensions, printed composites and
nanocomposites, greater precision of the printing and surface quality and gradient phase structure with
continuous gradient of properties.

2. Recycling - (Metallic materials, rare earths, composites, auxiliary materials, by-products) i
successful recycling begins with the development of material, component design and planning of the
production process, which also includes the recycling of auxiliary materials, secondary products and
waste materials. The potential and competence of maximum recycling capacity exist in the production of
raw materials and auxiliary materials, the production of steel and aluminium, foundry, metal products and
permanent magnets, the production of composites, elastomers, and auxiliary decomposition, handling
and the use of secondary products. A special segment represents the transport, storage and utilization
of CO2 generated in the production of materials, as well as the reduction of energy consumption, the
utilization of generated waste heat, and the use of bio-metallurgical processes in the recycling of alloying
elements.

3. Advanced casting technology i With the development of materials and above all with the
increase in the complexity and dimensional accuracy of castings, the trends in casting techniques and
technologies change significantly, which applies both to casting in both single and permanent forms. The
main focus is the ability of the melt to fill a thin wall, modification, development and complementation of
casting technologies, integration of heat treatment with temperature controlled casting engineering, the
development of ecologically acceptable sand mixtures, and the introduction of an integrated simulation
product optimization and production.




4. Modern technologies for processing polymers and hybrid materials - In the production
of products, it aims to install lightweight, but in mechanical properties comparable materials to classically-
used metals, and look for cheaper and more energy-efficient solutions to manufacturing processes that
make complex components possible. In the segment of modern processing technologies, there is a
strong potential in the field of multi-component polymer spraying, functional integration of structural
components into injected products, pressing polyurethane plates with long fibre spraying and hybrid
manufacturing.

5. Modelling of materials manufacturing processes - modern development of materials and
technologies cannot be imagined without modelling of the processes that take place during material
production. Modelling can be done by combining already developed models or by developing new models
that cover several phenomena under one framework. The biggest challenges in this field are mainly
related to the problem of transitions or clustering of models between different spatial and time scales.
The design of the microstructure, which defines the final properties of the material, is in the field of
production of materials carried out on all four main spatial scales, i.e. on electron, atomic, mesoscopic,
and macroscopic scale, respectively.

f) Multicomponent smart materials.

g) smart integration of the various components into a single material exceeds the
existing properties frame and opens the way to completely new materials with so
far inaccessible properties.

h) Areas of joint development, where Slovenia has a potential and critical mass:

1. Multi-component smatrt fibres and textiles - a new generation of multi-component fibers and
textiles with built-in functions (environmental responsive components, sensors) that passively or actively
contribute to safety (antibacterial action, discharge), provide information (UV sensors) or provide comfort
(passive or active conservation Optimal temperatures). At the same time, basic material functions such
as strength, stability, etc. are increased or maintained. The technology reforms to use the renewable or
recycled materials, aiming for increased durability.

2. Composites - conquering and exceeding state-of-the-art composition, production, processing and
re-use of key components in most high-tech sectors (e.g., aviation, automotive, energy, leisure / sports,
construction). Automation and shortening of production cycles, new raw materials (thermoplastic resins),
combination with additive technologies. The maintenance and especially decomposition and successful
recycling of composites is for the time being an untapped potential.

i) Functional coatings and advanced binders (for metals).

J) The key role and scope of the application of coatings and binders to protect
products and joining multicomponent structures are increasing, but
coatings/binders must meet ever-increasing requirements, which requires a new
generation of materials.

k) Areas of joint development, where Slovenia has a potential and critical mass:

1. Functional coatings i next-generation coatings will combine environmental acceptability (no
volatile organic solvents, renewable components), functionality (functional nanoparticles, wear and
damage indicators) and durability (self-renewing coatings).

2. Resins and binders - new generations will have smaller discharges (solvent
abandoning/replacement), modified composition with improved functionality and wider application, as
well as quick application (suitable for rapid production of composites or glued structures). Emphasis will
also be placed on introducing renewable components.
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MATPRO
MEDT
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SaaS
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SME
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TRL
TSP
TWIP
UHS
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USP

Future Emerging Technologies

Flake Graphite Iron

Framework Programme 7

Full Time Equivalent

Gross Domestic Product

Hot-Dip Galvanization

High Performance Computing

High Pressure Die Casting

Individual Career Plan

Information Communication Technology

Internet of Services

Internet of Things

Key Enabling Technologies

Centre of Competence

Life Cycle Assessment

Lightweight Steels with Induced Plasticity

Lifelong Learning Programmes

Laser Melting

Laser Metal Deposition

Low Pressure Die Casting

Laser Sintering

Modular Laser Based Additive Manufacturing Platform for Large
Scale Industrial Applications
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MATerias for end PROducts

Ministry of Economic Development and Technology
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Quality of Service

Research and Development

Reinforced Bioresorbable Biomaterials for Therapeutic Drug Eluting
Stents

Manufacturing & Processing Method for Rare-Earth Magnets
Research Fund for Coal and Steel
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Ukraine
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Selective Laser Melting
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1 Srategy of developmentfor SRIFPMATPRO

1.1 Positioning inglobal trends, chains and markets by defining upcoming
technologies

Definition of the field for naterials

The field of advanced materials can be defined in many different ways. According to
Featherston and O'Sullivan!, various studies and strategies that dealt with the topic of
advanced materials concluded with different definitions: "There is a considerable diversity
in terminology, categories and topics addressed by different strategies." Materials can thus
be defined by different criteria:

1 Conventionally, they can be divided into traditional categories (e.g., metallic
materials, ceramics, polymers, alloys).

1 By properties (e.g., optical, electrical, magnetic).

1 After use (e.g., materials for lowering energy consumption, for aero-space
materials).

1 According to engineering structure (size classes, e.g., nano-materials, micro-
materials).

TYPES PROPERTIES

Alloys Strustural Aviation
Ceramics Electric Cars
Polymers Optical Energy

MACRO-MATERIALS

MICRO-MATERIALS

NANO-MATERIALS

SIZE CLASSES

1C.Feathersto@ 9 @ h Q{ dzf f iktéatyoial publicNEctBristtagegied and roadmaps: A
case study in advanced materials, Centre for Science Technology and Innovation, Institute for
Manufacturing, University of Cambridge, UK, 2014
http://strategiprocessen.stratresearch.se/Documents/Strategiprocessen/Featherston  OSulliva
n_2014 - A review_ of nternational public_sector roadmaps

advanced materials _full _report.pdf



http://strategiprocessen.stratresearch.se/Documents/Strategiprocessen/Featherston__OSullivan_2014_-_A_review_of_international_public_sector_roadmaps-_advanced_materials_full_report.pdf
http://strategiprocessen.stratresearch.se/Documents/Strategiprocessen/Featherston__OSullivan_2014_-_A_review_of_international_public_sector_roadmaps-_advanced_materials_full_report.pdf
http://strategiprocessen.stratresearch.se/Documents/Strategiprocessen/Featherston__OSullivan_2014_-_A_review_of_international_public_sector_roadmaps-_advanced_materials_full_report.pdf

These categories are not mutually exclusive, so materials can simultaneously meet
several definitions. Additionally, with advanced materials, categories such as high-added-
value materials, modern materials, smart materials and future materials are emerging.

The fact that the scope of materials is extremely wide is confirmed by the fact that one of
the world's leading publishing houses for scientific literature, Wiley, publishes 68 scientific
journals in the field of material science?.

In most studies and classifications, the distribution is divided into only a few groups. The
working document of the work group for technologies for advanced materials® defines
advanced materials as:

9 advanced metals,

advanced synthetic polymers,
advanced ceramics,

new composites,

advanced bio-based materials.
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A Flemish project describing the Key Enabling Technologies (KET) in 2014* provides a
detailed analysis and strategy in the field of advanced materials. In the document,
advanced materials are divided into 6 groups:

T metals and alloys,
polymers,
ceramics,
composites,
biomaterials,
nanomaterials.
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It is significant that two chapters for incentive technologies that are not directly related to
specific materials were added:

1 recycling and sustainability,
1 advanced research methodologies.

A broaderaspectfor materials

In the context of materials it is also necessary to include the chemical industry, which
produces raw materials and components that are incorporated into materials as end-
products. This is an extremely wide set of chemicals that are difficult to define clearly,

2 http://eu.wiley.com/WileyCDA/Section/i850617.html?&view=JournalSpotlight

3 Working document Working Group on Advanced Materials Technologies
http://www.google.si/url?sa=t&rct=j&g=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0a
hUKEwju8tjp LzZRAhKWGYJoKHOQCEDVMOQFgg4MAM&uUrl=http%3A%2F%2Fec.europa.eu%2FDocs
Room%2Fdocuments%2F11283%2Fattachments%2F3%2Ftranslaken8®2 Frenditions%2Fn
ative&usq=AFQ|CNERZSJ1B|V7KDiPKAxjzgbgLf irA

4 KETroadmap Geavanceerde Materialen in Vlaanderen Advanced Materials in Flanders,
http://www.sim -flandersbe/sites/default/files/ket rm_am_final.pdf
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http://www.google.si/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwju8tjp_LzRAhWGYJoKHQCEDvMQFgg4MAM&url=http%3A%2F%2Fec.europa.eu%2FDocsRoom%2Fdocuments%2F11283%2Fattachments%2F3%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AFQjCNERZSJ1BjV7KDiPKAxjzgbgLf_irA
http://www.google.si/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwju8tjp_LzRAhWGYJoKHQCEDvMQFgg4MAM&url=http%3A%2F%2Fec.europa.eu%2FDocsRoom%2Fdocuments%2F11283%2Fattachments%2F3%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AFQjCNERZSJ1BjV7KDiPKAxjzgbgLf_irA
http://www.google.si/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwju8tjp_LzRAhWGYJoKHQCEDvMQFgg4MAM&url=http%3A%2F%2Fec.europa.eu%2FDocsRoom%2Fdocuments%2F11283%2Fattachments%2F3%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AFQjCNERZSJ1BjV7KDiPKAxjzgbgLf_irA
http://www.google.si/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwju8tjp_LzRAhWGYJoKHQCEDvMQFgg4MAM&url=http%3A%2F%2Fec.europa.eu%2FDocsRoom%2Fdocuments%2F11283%2Fattachments%2F3%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AFQjCNERZSJ1BjV7KDiPKAxjzgbgLf_irA
http://www.sim-flanders.be/sites/default/files/ket_rm_am_final.pdf

although they have great importance for materials as end-products, especially from the
perspective of value chains.

RAW MATERIALS

PRODUCTION OF MATERIAL

MANUFACTURING
JFORMULATION

USE

Focus of SRIP MATPRO

In SRIP MATPRO, according to the approved application, materials are divided into
metallic materials, which includes metallurgy, foundry and related technologies, and
multicomponent materials, whose main characteristic is that they are not homogeneous,
but incorporate various materials/components, grouped in very different ways (from
coatings, nanocomposites, multilayer films, glued structures, to classic composites).

SRIP

MATPRO

METALLIC MATERIALS MULTICOMPONENTS

METALURGY CHEMICAL MATERIALS

The goal of the SRIP is to develop value chains and networks; therefore, the main
components, raw materials, materials processing, as well as finished products, are
included in the process.

International trends in materials

In line with the importance of advanced materials to achieve goals in diverse areas such
as health, energy, nutrition, safety, mobility, recreation, sustainability, economic growth,
the fight against poverty, etc., materials are inextricably integrated in almost all strategic
and developmental thinking.



Challengesn the development ofthe metallurgy and chemical industry
Nanotechnologies, advanced materials, advanced production technologies,
biotechnologies (also covered by EU Framework for Research and Innovation Horizon
2020) are key areas that will enable European industry to maintain its global
competitiveness and exploit new markets. With them, the metallurgy and chemical
industries are inextricably linked and form part of the identified key enabling technologies
and enabling technologies of the future, which are recognized and supported by the EUG s
industrial policy. Research, development and innovation play a very important role. The
European Chemical Industry Council CEFIC® states that innovation in the chemical
industry also leads to the development of advanced materials (such as hybrid and light
materials, tissue engineering, self-cleaning surfaces, energy recovery and energy storage)
and advanced process technologies that enable more flexible production, more efficient
use of energy products, raw materials and water. At the same time, they contribute to
improving recycling and increasing the use of renewable raw materials, with which the
chemical industry directly influences the enforcement of the principles of a circular
economy. The same applies to metallurgy.

On the other hand, the chemical industry is also essential for a sustainable bio-economy?®,
promoted by the European Commission in the strategy "Innovation for sustainable growth:
the bio-economy for Europe”, as chemistry and biotechnology enable the entire value
chain from fertilizers, plant-protection products to biomass refining into biomaterials that
can be used for food, forage, plastics, coatings, adhesives, fuels and energy, lubricants,
cosmetics, pharmaceuticals and many others.

The document, Chemical Industry Vision 2030: A European Perspective (AT Kearney,
2012)’, illustrates the following examples of future foundations for highly innovative
products related to global mega trends:

Intelligent multifunctional materials (hanomaterials, functional textiles, etc.).
Efficiency (materials with low weight, insulation materials).

Health and nutrition (advanced biotechnology, food-chain efficiency).
Environmental technologies (waste management - a circular economy,
furban miningQ clean water and air).

1 Alternative energy sources (bio and renewable raw materials).
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5 http://www.cefic.org/PolicyCentre/Innovation/

® The European chemical industry and its role in Europe's bioeconomy. CEFIC Position Paper,
October 2016.
ttps://www.atkearney.de/documents/856314/1214628/BIP_Chemical_Industry_Vision_2030.p
df/554a744e4897-452ca25¢66fc12f00b24



FOUNDATIONS FOR HIGHLY INNOVATIVE PRODUCTS
INTELLIGENT MATERIALS
EFFICIENT MATERIALS

AVANCED BIOTECHNOLOGIES
ENVIRONMENTAL TECHNOLOGIES
ALTERNATIVE ENERGYSOURCES

These areas are the foundations on which the metallurgy and chemical industries are
strongly influenced by their activities (including high-strength metal materials with nano-
modified microstructure, production of man-made fibres, production of food and plant-
protection products, production of coatings and smart coatings, innovative polymer
composites, the new generation pharmaceutical products, etc.).

Upcoming Technologies: Among the first 10 emerging technologies, the World Economic
Forum® also lists two-dimensional materials (materials consisting of one layer of atoms,
e.g., graphene), metabolic system engineering (chemical micro-organisms), the next
generation of batteries (enabling the storage of large amounts of energy), autonomous
vehicles (which are largely related to materials produced by the metal and chemical
industries).

Positioningof SRIP MATPRWIthin the concept of smart specialization

The rapid economic changes are the result of long-term and structural trends (exceptional
development of ICT, exceptional dynamics in the development of new materials,
increasing supply of knowledge-based assets, globalization of production systems, as well
as R & D, the rise of services and new global players such as China and India). Due to the
intensive development of ICT, the development time becomes shorter. The development
of new metallic materials and technologies means the entry of new, so far unknown,
options to the market. The dimensions of the impact of the discovery and introduction of
new materials are very comparable to the impact of ICT, and often the development of the
two is in close co-dependency, as ICT development would be slowed down if it were not
supported by the development of new materials, which in fact enabled the technological
foundation for ICT. Similarly, ICT with the exceptional capabilities of new systems enables
the creation of new materials using modelling methods and measurementi
instrumentationi automation equipment, which was not available until now.

8 Top 10 Emerging Technologies of 2016. World Economic Forum, June 2016
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SMART
SPECIALIZATION

SRIP

MATPRO

The concept of smart specialization offers a response to the rapid changes in the economic
environment. It represents an industrial innovation framework for the development of a
regional economy operating in a global environment. The central rule of smart
specialization is to focus investments in activities (and not in the sectors themselves),
where the region (or state) already has a comparative advantage (specialization) or in
emerging areas where new activities can be developed. The principles of smart
specialization are a key element of the strategy Europe 2020. European regions must
therefore identify key areas, activities or technology areas where they have a competitive
edge and focus their regional policies on promoting innovation in these areas.

A very good and operational example of smart specialization is the Vanguard Initiative,
which focuses on finding advances in producing and obtaining energy and related
applications in extreme environments. It sets an example of good practice for the launch
of new economic growth through interregional cooperation, where ultimately all the
participants have benefits. Since the goals of the Vanguard Initiative are set to extremely
demanding operating conditions, the initiative is vitally dependent on advanced metal and
composite materials. SRIP MATPRO can be fully integrated into the Vanguard Initiative.

Due to the regional specifics of smart specialization it is difficult to directly compare
Slovenia with other EU regions. Each region has its own specific development path, which
is locally conditioned. In general, however, we find that the presence of materials and
within them metal and multicomponent materials are very common and strongly
emphasized in the documents on regional specializations. In their extremely
comprehensive study, the United Kingdom® lists the following priority areas called the
"Eight Great Technologies":

"Big data" and energy-efficient computers.
Robotics and autonomous systems.

Satellites and commercial applications in space.
"Life Sciences", genomics and synthetic biology.
Regenerative medicine.
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° Department of Business innovation and skills, Smart Slation in England, Submision to the
European Commision, April 2015



1 Agro-science.
1 Advanced materials and nano-technologies.
1 Energy technologies.

The focus on materials and related technologies is also found in the smart specializations
of Lithuania (new processes, materials and technologies for industry), Latvial® (smart
materials, technologies and systems), Finland - the Helsinki-Uusimaa region'! (materials)
and the region of Northern Karelia'? (technologies and materials, (ii) materials knowledge,
(iv) metal, plastic and composite materials), Sweden -¥ st er g°t | & (advanced gi on
materials), and Slovakia* (materials and technologies; (i) Building materials and
technologies, (i) Materials and technologies for extreme situations, (iii) Materials and
diagnostics for energy, (iv) Materials and technologies for electrotechnics, (v) Nano
materials and nano-technologies). Among the few regions where the priority areas of smart
specialization are not directly referring to materials are the Spanish region of Galicia'® and
Luxemburg?®.

The necessity of the rebirth of European industry is also reflected in the Vanguard
Initiative!’, which currently connects 28 European regions, with the aim of influencing
European innovation and industrial policy. The goal of the Vanguard Initiative is strategic
cooperation, co-creation and co-financing of research at the highest level with the aim of
developing European value chains and priority areas. The Vanguard Initiative, as one of
the most important focal areas, has also recognized advanced production methods and
related applications that will allow for the launch of economic growth. At the same time,
the development of materials, where metal and multicomponent materials are
predominant, as well as the technologies of production and processing are key to the
realization of the set goals.

10 Modrite Pelse, Maira LescevitaNR2 OSSRAy 3a 2F (GKS Hnanmc LYGSNYI G
{/7L9b/ 9 Chw w; w! [ 3Jelyav® [Li ESATI2Wgril 2018, pm 12631

1 SMARTSPECIALISATIONTHE HELSINBWSIMAA REGIOResearch and Innovation Strategy
for Regional Development 2042020 Publication of Helsinkilusimaa Regional CounBil51¢
2015

2h 2 NI K smattSpesidlization Stratedgegional Council of North ié#a, Finland

13 peter Larsson CleanSky2,Smart Specialisation Strategieln September 2014 Region
madSNRI Gf I yR {2 2hg comtinuédSlevlépmenty/of straiegjidzinvestments and
prioritiesfor strengthening innovation in the regio2015-08-21.

14 Eva MajkovaSmart Specialisation strategy Slovak Academy of Sciences

15 Smart Specialisatiotrategy of Galicia www. ris3galicia.es

16 http://www.horizon2020.lu/Otheropportunities/SmartSpecialisatiorBtrategy

17 http://www.s3vanguardinitiative.eu/



»VANGUARD REGIONS«

The design of SRIP MATPRO, with its activities focused on materials as final products,
clearly emphasizes priority areas in Europe. It directly follows the principles of smart
specialization, and supports the Slovenia's distinct regional advantage.

The importance of metallurgy and metallic materials

Due to the presence of metals in practically all areas, it is no surprise that the metal
industry and associated areas are one of the most powerful technical and technological
sectors, both in the EU and globally. Metals and alloys are found in a very wide range of
high-tech products, which is almost impossible to comprehensively describe. They form
an essential element of buildings, aircraft, vehicles, trains, ships, satellites, propulsion
systems, nuclear reactors, turbines, batteries, fuel cells, catalytic reactors, wind turbines,
magnets, electric guides, pipelines, robots, medical devices and implants, mobile phones
and many other products. Just as metals in the past determined the state of the
development of civilization (copper, bronze, and iron ages), today's world and the future
without metallic materials is unimaginable, and further development is indispensable.
Metallic materials are also ideal from the point of view of recycling and environmental
protection. They are suitable for reuse; all waste has the potential of re-processing and re-
usability, whereby metals are non-toxic, environmentally friendly materials. They fully
comply with the principles of circular, sustainable production, since they enable the
production of products that use and provide processes with minimal environmental impact,
energy saving, safety for employees and are economically sensible and have the capability
of reuse (6-R concept: Recover, Recycle, Redesign, Reduce, Remanufacture, Reuse).

Investmentsin development

The combination of primary metal production, alloying, processing and technologies
including the manufacturing of versatile metal-included products and their recycling in the
EU represents as much as 46% of all produced value and 11% of total GDP. The turnover
of metal products and the metal-processing industry in the EU at the EU level thus
amounted to approximately 1470 billion, with companies in the EU investing 0.3% of GDP
in 2008 (from 2008i 2013: 0.27 %), and 0.35% in the Euro area (2008i 2013: 0.32%). In
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the field of employment, we are talking about the largest sector of the European industry,
as the industry employs more than 3.6 million people. The Scandinavian countries are in
leading position in production and in R & D with approximately 350 FTE equivalents per
100,000 inhabitants, 6000 FTE per 100,000 employees and 250 FTE researchers per
100,000 inhabitants; 4.300 FTE per 100,000 employees (for all economic activities, there
are 300 FTE per 100,000 inhabitants and 165 FTE researchers per 100,000 employees in

the EUINR &D). Addedval ue per empl oR2k0 0 80.60&6 fr om

primary metals, alloys, metal processing, recycling - share of all produced 6%
value.
share of GDP 11%

turnover of "metal products” in 2015 £ 470 billion
investments in R & D as a share of GDP - 2013 0,3%
investments in B & D as a share of GDP — 2008 - 2013 0,27%

number of employees in the industry 3,6 million

in all industrial areas together - employeesinR & D 300 FTE/100.000 inhabitants
in all industrial areas together - researchersinR & D 165 FTE/100.000 employees
added value per employee 22.000 — 80.000€

investments in R & D as a share of GDP - 2013
investments in R & D as a share of GDP — 2008 -2013

350 FTE/100.000 inhabitants

R & D sector metallic materials
R & D sector metallic materials 6000 FTEf100.000 employees
researchersin B & D - metallic materials 250 FTE/100.000 inhabitants
researchers in R & D - metallic materials 4300 FTEf100.000 employees

In Slovenia (economic activity in metal production) there are 83 companies with 7415
employees, with net sales revenue up t o 1.40 billion, added value per employee
amount e d71@, whilekh 8hare of sales in foreign markets was 71.0%. Furthermore,
in the economic activity of the foundry, there are 65 companies with 4078 employees, the
net t ur mM4Bundlion,thes addded val ue p34,600 anchthé sharecod
sales on foreign markets is 70.1%. In the metal-processing industry, as a user and material
producer, there are a total of 2865 companies with 52,603 employees, with a net turnover
o f 6.98 billion, added val ue 88200, whileghe shgre & salesson faoreign
markets 66%, which amounts to al mo s5t billian. In total, all of these companies
g ener a86& hiliowd net revenues in 2013 and employed 64,096 people, with 1220
FTE employees in RR per 100,000 employees, and 558 FTE researchers per 100,000
employees.
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metal production number of companies 83
employees 7.415
net income £ 1,49 hillion

foundry number of companies 65
employees 4.078
net income € 448 million
share of sales on foreign markets 70,1%

metal proc. Ind. number of companies 2.856
employees 52.603

net income £ 6,93 billion
share of sales on foreign markets 66%

share in total sales of companies 3,03%
share in total sales of manufacturing 9,96%
export orientation (% of sales) 67%
employees 64.096
employees in R & D (FTE/100.000) 1.220
researchers in R & D (FTE/100.000) 558
investmentsin R & D € 23 million
0,06 %
added value/employee 38.200 €

With this, Slovenia ranks in 87 9" place in the EU according to the number of employees

in R & D and employed researchers (the leader Sweden in 2013 had 5100 FTE employees

in RR per 100,000 employees and 3600 FTE researchers per 100,000 employees). The

picture is very similar in the area of total production, where Slovenia in the EU ranks in 91

10" place. Companies in the metal indust r y ( SKD 25, 2 millicndInR & nvested
D in 2013. 0.26% of GDP (20081 2013: 0.23%); companies in metal industry (SKD 2 3 )9 U

million, which represent 0.06% of GDP (20081 2013: 0.02%), which in the EU places

Slovenia in the third place in terms of investments, where investments in R & D in 2013

were at the level of 0.01% of GDP.

metals —employees in R & D 8.-09. place

total production - employeesinR&D 9. —10. place
companies met.mat. - investmentsinR&D 3. place

Challenges of the metal industry

With an exceptional economic value and social potential (many high value-added jobs),
the metallurgy and metal-processing industry also carries the potential for essential
technological, environmental and social changes in the future, which include:

1 Careful use, maintenance, and recycling of primary materials.

91 Developing technologies for reducing CO; footprint and using renewable energy
sources.

1 Modernization and higher energetic efficiency of transport systems.

1 Promotion of consumer safety and security.
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1 Developing proven products to protect the health of the aging population.

Promotion of the manufacturing sector in the EU.

1 Development of renewable products and products with an extended lifetime and
thus improving the resource efficiency (6-R: Recover, Recycle, Redesign, Reduce,
Remanufacture, Reuse concept).

=

CHALLENGES OF METAL INDUSTRY

PROMOTION OF PRODUCTION

HEALTH CARE

REDUCTION OF CO,

RENEWABLE, SUSTAINABLE PRODUCTS

RESPONSIBLE ATTITUDE TO RAW MATERIALS

SAFETY OF CONSUMERS

EFFECTIVE TRANSPORT SYSTEMS

Europe and Slovenia share a common industrial tradition. For Europe as well as for
Slovenia, since the industrial revolution, it has continued to be a driving force in the field
of metallurgy and metal processing industry i not only in research, patents and
innovations, but also in the production of industrial alloys, further technological processing,
applications for end-users and recycling. In order to maintain and further develop the
technological advantage it is essential to invest in the next generation of metal materials
with specific properties. In this way, we will continue to be able to cope with rapidly growing
competition, changes in society related to energy resources and resources as such, reuse
of materials, reduction of climate change, health care, and safe employment. For this
reason, the metal industry and, in particular, metallurgy in Europe, are again strategically
placed in the very top of the requirements for basic and applied research. It is worth
pointing out that the highest EU institutions in the development of Europe's development
and competitiveness policies have also put the emphasis on the need for a revival of
industry (the third industrial revolution) and thus the development of new materials, both
metal and multicomponent. Due to the high added value it is necessary to
comprehensively address the entire value chain in the field of materials: from materials
acquisition, alloy design, technological production, optimization, creation of new value, to
education and training. This requires a large concentration of knowledge, adequate
investment, as well as new innovative transdisciplinary approaches.

In neighbouring Austria, which has the fourth-highest intensity of R & D investment in the
EU, investments as a consequence of the awareness of the importance of industry and
production and the need to master the concept of Industry 4.0 and digitization are
increasing. Investments in research and development in Austria increased by 2.8% in 2015
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and accounted for 3% of GDP, of which 62% are entrepreneurial capital and 32% are state
resources. In the future, Austria sees potential in robotics, interactions between people
and machines, the energy sector, new production technologies and, in particular, the
development of new materials, of which metal materials for the most demanding
applications already represent an important and traditional segment of Austrian
development policy. Austria is known for being a leader in the development of high-quality
steels, Ni-alloys, titanium and Ti-alloys, and is succeeding in setting up a metallurgical pool
in the state of Styria with one of the strongest value chains in Europe in this field. It
connects world-renowned knowledge institutes, research institutions and major
companies in the field of steel production and processing.

Ukraine (not a member of the EU) is recognized as one of the most potentially important
Eastern EU countries. Ukraine is extremely strong in R & D in the field of materials. In the
FP7 and Horizon 2020 programs, several projects have been carried out to help Ukraine
promote development, research and innovation, and to strengthen cooperation between
Ukraine and the members of the European Union, among others in the field of super-hard
metal materials, superalloys, alloys, advanced characterization techniques and nano
materials.

Orientation of the Slovenian metal industry

In global markets the Slovenian metal industry, with relatively low human and capital
potential, has no real chance to successfully compete in mass production. But it has a
tradition, knowledge and experience, as well as a significant market share and integration
in the value chains in individual niche areas. It is demonstrated by its flexibility and
competitiveness, including in the field of high-tech products and technologies based on its
own knowledge. In 2015 this role was also recognized by the leading companies in the
field, and, in order to integrate joint research and development potentials, the Center of
Competence for Innovative Metal Materials (KC IKM) was founded with the initiating
companies being SlIJ, Acroni, Elektrode Jesenice, Ravne Systems, Jesenice Development
Center, the Institute of Metals and Technology and the Faculty of Natural Sciences and
Engineering at the University of Ljubljana.

The Slovenian metal-processing industry is one of the leading industries in Slovenia, both
in terms of revenue and exports. Metal industries thus account for 29% of revenue
(generaB8ibigl Ui @n) , 3.0 Bkilion)fit ereploys 84%tokemplayees and
produces U .22billion of added value, which is 32 % of the total added value of all
manufacturing activities in Slovenia. It is highly export-oriented; by direct export it
generates 2/3 of its revenue or 20% of Slovenian exports, operating in virtually all world
markets.
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share of revenue 29%
€ 7,3 billion
share in exports 30%

€ 5,1 billion
share of exports in revenue 67%
share in Slovenian exports 20%
employees 34%
added value € 2,1 hillion

Its key markets are Germany, Austria, Italy, France, etc. Given the global trends, it is clear
that Slovenia needs a stable and strong metal industry, which is and will remain mainly
export oriented. Such orientation requires further strategic strengthening of development,
together with a sustainable and long-term vision. At the same time, own production of steel
and aluminium is an important competitive advantage and the basis for successful
implementation of the development and growth strategy in the whole metal-processing
value chain. Of course, a further breakthrough requires the creation of appropriate value
chains and networks in various segments of industry and commerce, both nationally and
internationally, for which Slovenia has all the conditions. The industry development
strategy itself must follow the below strategic documents:

Horizon 202018,

Slovenian strategy for smart specialization S4°,

Metallurgy Europe 2012-2022%°,

Strategy for the Development of Metallurgy in Slovenia 2015-202522,
Principles of sustainable production??,

= =4 =4 4 =9

Priority areas of development

In order to move from predominantly traditional to green or sustainable production with
higher added value and at the same time causing smaller environmental impact, the so-
called 3R-6R principles of sustainable (circular) production should be ensured. This, of
course, represents new challenges in various fields of metal materials and technologies,
which are therefore becoming increasingly complex. The field of classic manufacturing
technologies is developing with optimization and improvement of machining processes, as
well as with the development of new tools and manufacturing technologies. An essential
novelty is the introduction of laser technologies into tool manufacturing processes. Both in
the field of laser cutting and welding. The biggest progress is recorded for the so-called
"additive" technologies. Additive technologies are already in service for the production in

18 https://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/H2020_SL_KI0213413SLN.pdf
http://www.svrk.gov.si/fileadmin/svrk.gov.si/pageuploads/Dokumenti_za_objavo_na_vstopni_strani/S4
_ dokument_potrjeno_na_\a&R 150920.pdf

20 http://www.esf.org/fileadmin/Public_documents/Publications/metallurgy _europe.pdf
2https://www.ntf.uni-lj.si/omm/wp-content/uploads/sites/5/2015/11/Strategijaazvojametalurgijev-
Slovenifi20152025.pdf

22|.S. Jawahir: Sustainable Manufadig: The Driving Force for Innovative Products, Processes and Systems
for Next Generation Manufacturing, College of Engineering, University of Kentucky, Lexington, KY, 2010
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the field of polymeric materials (the recent opening of the production line for the new
running shoes 1 Adidas, and the combined production of the carrier and the filament lamps
- Philips). In the near future the field of metal materials will represent a significant share of
rapid prototyping technologies. Of particular interest is so-called small series production,
such as the development of models and prototypes, products of pilot production for
medicine, the automotive and aviation industry, and smaller batches. Additive technologies
are a very promising solution in the cases where the production of classic tools for pressure
casting and injection moulding is too high for the parts requiring exceptional geometric
complexity and precision. The challenge lies also in the complex geometry of products that
could not have been manufactured by any of the so far known methods. The introduction
of new materials into finished products is also a challenge from the point of view of the
management of upcoming technologies. The challenge is represented by the technology
of the hot and cold production of products from high-strength materials, new light metal
materials, the combinations of non-metallic materials such as, polymers, graffiti, graphene,
and as the separate field, the development of biocompatible metallic materials. The
business model is constantly changing, as buyers are looking for partners who are able to
provide production capacities in the long run and respond quickly to requirements and
changes.

Chemical industry andhe industry of multicomponent materials

The second key topic of SRIP MATPRO deals with multicomponent materials and the
chemical industry. The chemical industry is one of the most important industry branches,
which provides end-products such as multifunctional materials, as well as basic and
advanced input materials. As such, the chemical industry is an enabling industry and is
vital for the entire economy, since it supplies the input raw materials, semi-finished
products and products intended for installation, further processing or further use in
production processes. It is the provider for practically all other industries, as well as for
non-industrial sectors (e.g., agriculture), and for final consumers. It is a highly innovative
and technologically advanced industry that offers sustainable solutions to the various
pressing problems of the modern world. It consists of three main segments: the narrower
chemical industry, the pharmaceutical industry and the rubber and plastics industry.

Investmentsin development

In the EU, the chemical industry is one of the key strategic industries, based on knowledge,
high competences and the skills of personnel, has exceptional potential for growth and
development (materials, technology, etc.), and in many respects achieves a globally
important role, as it significantly contributes to exports in the EU. In 2013, EU companies
in the chemical industry (SKD 20 and 22) invested 0.07% of GDP in R & D, while the Euro-
area companies accounted for 0.09% of GDP. In Slovenia, the chemical industry is also
one of the most important manufacturing industries with a long tradition. It represents 22%
of revenues, 24% of sales revenues abroad and 39% of net profits of all the manufacturing
industries. It employs 16% of all employees in manufacturing, of which there are 5771 FTE
in R & D per 100,000 employees and 2693 FTE researchers per 100,000 employees,
which puts Slovenia in the EU at 7" and in some cases even in 4™ place (the leader in
2013 was Denmark ~ 12,200 FTE in R & D per 100,000 employees and 6600 FTE
researchers per 100,000 employees). On the other hand, investments in chemical

companiesinR&Di n 2013 amounted t o U .08%of@DPI(2008D n ,
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2013: 0.07%). The products are on average those with higher added value, with the added
value per employee in the chemical industry of U 43,000 this exceeds the Slovenian
average in manufacturing industry by almost a half.

investments in R & D as a share of GDP - 2013 0,07%
investments in R & D as a share of GDP - 2013 0,09 %

revenue

export revenue
share of net profit in manufacturing
share of employees in manufacturing

investments in R & D as a share of GDP - 2008 -2013

share in total sales of companies 4,12%
share in total sales of manufacturing 13,53%
export orientation 71%
employeesinR & D 5.771 FTE/100.000 employees
researchers in R & D 2.693 FTE/100.000 employees
investments of chemical companies in R & D € 29 million
investments in chemical companies in R & D, a share of BDP 0,08%
added value/employee 43.000 €

The chemical industry In Slovenia has a strong tradition. Over time, its scope increased,;
both in terms of the number of companies and their development and innovation
capacities, as well as in terms of generated revenues, added value, number of employees,
etc. It represents a very important share in the Slovenian economy. Considering its very
strong export orientation, its share in the most vital, internationally active business, and
thus its role in the internationally most competitive part of the economy, it has a very
strong influence on the economic growth of the country. The Slovenian chemical industry
realizes over 80% of its sales revenues on foreign markets, which reflects its export
competitiveness, the ability to compete with foreign competitors, and thus a strong
inclusion in international business trends, chains and markets.

In today's world, markets are increasingly focusing on meeting health, safety, sustainable
development and comfort needs. Here, too, the chemical industry appears as a supplier
of materials, products and technologies used in many steps towards meeting these needs.
At the same time, it should be emphasized that the highest EU institutions have put the
emphasis on a rebirth of industry at the forefront of shaping Europe's development and
competitiveness policies. The chemical industry is again essential, with the production of
materials and with its technologies.

Polymer industry

Among non-metallic materials, polymer materials represent a very important group of
materials. Materials are produced by the polymerization of low-molecular chemicals,
mostly from non-renewable fossil resources. Polymer materials are the most typical new-
age materials created by man. Their global production has grown extensively from early
discoveries in the 1930s. The production of polymer materials in 1950 amounted to about
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1.5 M tonnes. In 2014 it reached 311 M tonnes. European production in 2014 employed
1.45 M people in 62,000 enterprises, most of which were small or medium-sized
enterprises with a turnover of over U 350 billion. It is estimated that the production of
polymers in the state economy has a multiplicative effect with a factor of 2.4 in GDP and
a factor of 3 for employees. European polymers production is therefore an extremely
important branch of manufacturing of materials. It is technologically demanding and
globally competitive. 23

In the production of polymers a very large number of basic ingredients are being combined.
The range of composition and functional properties of polymer materials is extremely wide.
They range from simple and cheap consumer goods (e.g., polyethylene) to high-quality
materials with high performance (kevlar). The production of most of the polymer materials
is closely related to petrochemistry and today it runs in extremely large quantities, ensuring
competitiveness through the economy of volume. In Slovenia there is no such production,
there is only the production of relatively small quantities of specialized polymers. Among
these are polyamide (nylon), polyester and alkyd resins, polyurethanes, melamine resins,
and phenolformaldehyde resins. In these areas Slovenia possesses competitive
knowledge. In addition to the production of selected basic materials, the production of
multicomponent mixtures and composites is highly developed. The key problems involved
lay in the formulations to achieve the desired properties (e.g., silicone masses, adhesives).
In these areas, the range of materials and business strategies is very diverse and spans
from suppliers to manufacturers of end products. Furthermore, the area is populated by
an extremely large number of companies that process and re-process plastic materials
into end-products. They work on a very different level of expertise, they are of different
sizes where each of them is uniquely positioned in the value chains in which they
participate. Finally, there are companies also included in different value chains, that
integrate semi-products (materials) into demanding end-products. We have a wide range
of companies which are specialized niche manufacturers as well as large-scale producers.
The development-intensive companies have relatively strong positions in highly
specialized niche segments. As a rule, successful companies supply international markets
and for them the Slovenian market represents a smaller share.

The segmentation of participants on the non-metallic materials side differs significantly
from the field of metallic materials, in particular due to the much greater diversity of the
used materials and the consequent participation of companies in a larger number of value
chains. Material producers are usually suppliers to end-users and therefore have limited
market reach, which is largely marked by their development strategies. Slovenian
companies and research organizations are prominently involved in the European
Research and Development Area in the field of non-metallic multicomponent materials.
The inclusion is not evenly distributed, but there are significant differences: we have a
smaller number of development-intensive, open-ended companies that regularly
participate in international projects. Most of the research and academic institutions are
also involved, while the majority of companies do not participate in such activities at all.

23 Plastics the facts 2015, Plastics Europe, Beis2015,
http://www.corepla.it/documenti/5f2fa32a7081-416f8bac
2efff3ff2fbd/Plastics+TheFacts+2015. pdf
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We can highlight the activity of some companies: Polycom, NGMOLDING, EPS, DBS,
Eurostars! A++SILENCER, Pro4Plast, NG EPS, PolySocket, NaturTruck, H2020
PolyHalter, RNT-O; Tuba Lajovic: Wheypol, Wheypol 2; Guideline: BIOPUR, IPDS, H2020
GELCLAD, BBI AgriMax; AquafilSLO: Healthy Seas, DeFishGear, Plast: PLASTIC.
Research institutes or academic organizations in the field of polymers: (Chemical Institute:
Faculty of Technology Polymers, TECOS, University of Maribor) regularly participate in
international projects.

1.2 Comparative advantages gfarticipantsin Slovenia the definition of
investment abilty

As announced in the application for the tender, the SRIP MATPRO working group carried
out an overview of the field in order to provide an assessment of the situation, competence
advantages, critical mass and, above all, the potential shown by Slovenian companies in
the field of materials.

First, we prepared the criteria and steps by which we later captured the situation. In doing
so, we had the goal of identifying companies with an ambitious and successful
development model that has the potential of success on a global scale. We have been
trying to capture the content diversity in the field as well as small and medium-sized
enterprises.

We carried out an analytical overview based on economic business data. As the key
criteria, we used the size of the company (turnover, employees, exports) and growth
figures. The analysis was carried out in three size classes of companies (large, medium,
small). The successful companies in the field were identified. At the same time, we
reviewed the companies that in recent years received awards (Chamber of Commerce of
the Republic of Slovenia and the Gazelle awards). Among the large companies, there are
manufacturers of metals (metallurgy), which are followed by companies working in the field
of coatings and lastly companies that deal with polymer materials and composites. Among
the very successful companies are also toolmakers as well as final product manufacturers
who actively use advanced materials.

Interviews

In the next step we proceeded to individual interviews in companies (on the basis of the
priorities written in S4 and the carried out analyses). With the contacted companies, we
received very good responses and conversations were usually attended by management
representatives and employees with key development responsibilities. The talks were very
revealing, substantive and comprehensive.

General considerations

On the basis of the interviews we can draw some important conclusions (which are
generalized and apply only to a wider field of materials):
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Successful companies are strongly linked to export, which represents the majority of
their sales. In the field of materials, business-to-business sales are predominant,
meaning that companies are in the middle of the value chain and do not have direct
access to the final customer. Due to large exports, companies are extremely tied to
foreign partners and are strongly integrated into international chains. Consequently,
they are very well informed about the latest economic trends, strategic orientations
and market needs. The fact that a significant part of Slovenian companies are linked
to larger international groups at the same time restricts their position in the
international space, while in other aspects it also strengthens it.

The development in companies is organized in many different ways and it comprises
a whole range of options: from strong development with many employees and highly
educated personnel to almost zero development. Here, the difference is most evident
in larger companies, where the organization and extent of development are the matter
of the company's tradition and management's decision. A successful development
policy with good results can be managed in different ways. Larger companies, which
maintain flexibility, are quick in decision making and are decisive in implementing and
financing R & D. As a rule they can successfully lead the development even with a
very slim R & D department structure. Successful small businesses generally have
very small, but in comparison to the large companies, a relatively large proportion of
employees devoted to development. Their people in charge for development do not
solve fundamental scientific questions but are extremely application oriented and their
response must be quick. In the absence of traditional development, it can also be
based on productive excellence and innovation.

As a rule, larger companies work more closely with Slovenian research institutions
(RI). They have registered research groups and with RI participate in the registration
of projects and in the continuous provision of various services. Small companies
cooperate poorly with RI, but we discovered a small company that successfully
cooperates with a specialized institute in Russia and integrates its products into the
world's best insulation materials.

Companies do not have a strong interest in scientific publications. More important is
the protection of intellectual property, which is currently very limited. Larger companies
use patent protection, although they can act in a marketing role or simply by preventing
the closure of opportunities by competition. As a rule, smaller companies do not protect
their intellectual property with patents, but concentrate on their speed and comparative
advantage as the key elements of their protection.

For companies, top-level scientific literature is not an important source of information
and they do not follow the scientific literature. They use it rarely and solely to solve the
immediate issue. More information is obtained through professional literature. In this
area, there is a huge gap between RI, which are oriented towards scientific excellence,
and the performance of companies of which part they are. Companies in more
traditional areas (chemistry) that do not scientifically represent interesting and modern
topics can also work without RI.
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With small exceptions, companies generally do not actively participate in the European
Research Area. The number of applications for international projects is low, and
expectations are also low. The same applies equally to large and small companies.
The companies expressed dissatisfaction with the time frame of the process
(application-selection-implementation) and the bureaucratic burdens that arise from
cooperation. The additional bureaucratic load significantly burdens the employees and
actually represents an obstacle in their development work. A small number of
companies, which participate well in international projects, have good experience and
are constantly applying successfully.

In companies the development ideas are mostly obtained from their customers who
are at the end or near the end of the value chain. Most of them are the expression of
immediate need, for which they develop a solution with their own developers and in
cooperation with suppliers. The source may also be a variety of publicly available data
from which, with careful analysis and sufficient pre-knowledge, it is possible to
determine the purposes of competition. Companies have the ambition to provide
unique products, but their goal is usually not to open new paradigms and define trends.
As a rule, small businesses are more focused on extremely ambitious solutions to
overtake international competition.

Companies in the processes of strategy-planning and policy-making do not participate at
the European level. The reason is that the largest Slovenian companies are still relatively
small when compared to EU companies. Therefore, their impact is very low.

We conclude that the comparative advantages of partners in Slovenia in the field of
metallic and multicomponent materials stand out in the following areas (illustrated
examples are given):

T

High specialization and high degree of flexibility, which ensures the delivery of highly
demanding and complex orders tailored to the wishes of customers. There are, for
example, steel plants in Slovenia that maintain separate and very specialized niche
production programs (Acroni i stainless-steel sheets and thick sheet metal from high-
strength, wear-resistant steels; Metal Ravne - special tool steel and steel for energy
plants; Gt o r ehigiSdtrength spring and structural steels) in which they rank at
the very top of the manufacturers. The narrow specialization enables them to respond
immediately to market demands. The same advantages are exploited by Gomline,
which produces silicone mixtures, and Duol, a globally important manufacturer in
covered structures.

High technological intensity and orientation to innovation. These are key to achieving
the competitive advantage of products. Due to strong competition companies are
focused on innovation and the continuous development of products and production
processes, which results in high productivity and high-quality of products. Aluminium
companies (Impol, Talum) are constantly investing in the development and innovation
of not only high-strength aluminium alloys, but also the production, recycling and
processing technologies. The approach is also characteristic for AquafilSLO and
Helios TBLUS, which are constantly investing in innovative production. AquafilSLO
has thus managed to develop the globally unique collection and recycling of nylon
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fishing nets. On this basis, the developed material is marketed under the trade name
ECONYLE. Extremely active and successful i s
there is a high concentration of knowledge and production.

Relatively good organization and resistance to market stress. With the production of
specialized products of smaller batches, Slovenian companies are capable of rapid
changes and adjustments to market fluctuations. On the other hand, the orientation of
the Slovenian industry to the broader industrial sectors, such as the automotive
industry, transport, consumer goods (household appliances), and interconnection
(Acroni - Hidria, Unior-Gt or e St e-&TH,Casling kta)mllows for more stable
long-term planning with lower market stress. It plays the role of linking to different
markets and strategic relationships with the most reliable partners.

Responsible behaviour. In general, companies maintain a high degree of safety,
careful protection of health and the environment, and are consistent or even go
beyond the standards defined in health and safety legislation. Most companies in this
segment have already achieved quality, management and environmental
management standards such as ISO 9001, ISO /TS 16949 and ISO 14001.

Effective use of resources and high recycling rates, reflected in efficient production
processes, efficient use of secondary raw materials, in particular in the production of
steel and aluminium and lower production costs. The recycling of waste carpets and
fishing nets is an important project in AquafilSLO, and Helios TBLUS plans to use raw
materials from renewable sources for its upcoming products. The introduction of
unused waste materials into production was also identified in the companies Atotech
and Cinkarna Celje.

Close cooperation with the institutions of knowledge in the use of public R & D funds
(which by all criteria take up a much too small share in terms of the impact of the
industry) and access to the results of publicly supported research, thus facilitating
research and development.

Qualified personnel. Companies invest significantly and systematically in the lifelong
education of employees, which is reflected in a highly skilled workforce. A great
advantage for Slovenian companies is also the high level of foreign language
competences, which also stems from the geographical location of Slovenia (proximity
to Austria and Italy as important export markets) and offers great advantages in
establishing business contacts and cooperation with foreign markets.

Integration into global chains; Slovenian companies already have a long tradition of
business cooperation in international value chains, especially in the automotive
industry, involving companies from the material producers (aluminium, steel),
materials processing (casting, forging, extrusion) and manufacturers of end-products
(assemblies, devices , etc.) lightweight materials, coatings, etc.

A niche mode of operation of middle and small companies enables flexibility and fast
responses.
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1 Good understanding of the market, especially in the field of automotive, transport and
household products and major customers.

1 Companies benefit from local providers who can offer quality services and posses
complementary knowledge. This in practice confirms the multiplicative effect that
successful export-oriented companies have on the local environment. An example is
the successful participation of Mikrocaps microcomputer, which specializes in
microencapsulation and cooperates with several important companies in the
development of new products.

COMPARATIVE ADVANTAGES

S4 states that in the field of metal production (C24) and the production of metal products
(C25), Slovenia has not only significant comparative advantages, but is also comparable
to the leading European countries (from the point of view of technological intensity). It is
oriented towards the development of advanced metal materials for demanding
applications, following the trends of transition to the circular economy. Another area where
Slovenia has great potential is smart multicomponent materials and coatings. The activity
"Manufacture of man-made fibres (C20.6)" has significant comparative advantages and
the dynamic growth in value added per employee and exports. Slovenia possesses
excellent competences and capacities in the production of basic chemicals, fertilizers and
nitrogen compounds, plastics (C20.1), and Slovenian companies are also well developed
in the field of coatings, where extreme growth in the world market for smart coatings is
expected. Likewise, "Production of paints, varnishes and similar coatings (C20.3)" shows
comparative advantages. The listed activities are part of the metal and chemical industries.
However, it should be emphasized that, from the point of view of substances, formulations,
materials, and the related products and technologies, all segments of the chemical and
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metal processing industry are important (the activities of SKD 20, 21, 22, 24, 25 and 28 in
its entirety). Therefore, SRIP MATPRO includes the metal and chemical industries in the
broader sense. These activities represent additional assistance based on capturing the
necessary information on the intentions of companies and partners, their research and
market initiatives, and possible investment plans. Due to the exceptional complexity of
metallurgy and multicomponent materials, SRIP activities will primarily focus on areas
identified by companies and participants (and those interested in joining the creation of
new or upgraded, market chains or networks T projects and related realization of the set
goals) as those with the highest potential. In the framework of SRIP MATPRO,
comprehensive support will be provided (as well as in-depth mentoring assistance, if
needed) through a multi-level support environment.

Presentation ofpartners

Clustering support environment (within the Chamber of Commerce and Industry of
Slovenia - CCIS): Teams CCIS-Association of Metals and Non-metals, CCIS-Metal
Industry Association and Chamber of Commerce and Industry of Slovenia. The chemical
industry associations will be the basic coordinators and catalysts of the MATPRO
operation within each industry, which will promote synergies between companies and
relevant partners (the advantages: because of the nature of their operations, they possess
a wide knowledge of the industry, companies and most of the key actors within them,
production activities and products, they gather and process regular economic and
statistical data on industry, etc.). When working in SRIP, it will also explore the potential
of the industry and international development trends, as they have many international
industrial and strategic links; directors of associations have exceptional and long-term
experience in the design, setting up and running of projects, including in the field of
government inter-departmental project centres, government departments and competence
centres.

CCIS with 170 years of tradition as the largest economic association in Slovenia and the
representative of companies in dialogue with the Government of the Republic of Slovenia
will cooperate with its professional services, of which the most important parts for SRIP
are: (1) Environmental Protection Service, which provides assistance in implementing
complex legislation, and also covers aspects of sustainable development, since all new
products must meet the various criteria in this regard; (2) The Center for International
Business i internationalization. This provides detailed knowledge of the requirements and
conditions on foreign markets, regularly organizes the incoming and outgoing business
delegations and business networks in Slovenia. It advises members daily, conducts a
number of training courses in support of strengthening the international operations of
Slovenian companies; 3) The Human Resources Department, which has highly developed
know-how regarding the legislation and practice of human resources development.
Together with its partners, it has developed a methodology for determining the future
competence needs (Career platform); (4) Legal Services; (5) Macroeconomic
Developments, Indicators and Statistics; (6) other organizational units within the CCIS,
both regional and sectorial, will need to find additional synergies between companies
operating in different industries.
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el EELSEN CCIS - The Association of Metallic and Non-metallic Materials is the
largest branch association of the companies in the metal and non-metal industry. It is an
autonomous, non-political and professional organization that links companies with the
main registered activity of the production and processing of metallic and non-metallic
martials. It is an autonomous member of the CCIS. Its purpose is to form (in the interests
of members) and communicate the views and demands on legislative and governmental
bodies, social partners and other domestic and international organizations. The
association of metallic and non-metallic materials joins 58 companies. In the association,
the members of the association exercise their interests regarding the conditions of
management, professional development, progress of work and business, thereby
improving their competitiveness on the domestic and foreign market by forming positions
and policy towards social partners, legislative and governmental institutions and other
domestic and international associations. It provides members with expert assistance in the
form of information, advice, training, representation and proposal submission, and
establishes links with international associations such as CEEMET (European Employers
Association of Metal Industries), FEPA (Association of European Manufacturers of
Abrasive Materials) and CAEF (European Foundry Association).

In fulfilling the objectives of the Association of Metallic and Non-metallic Materials, it
performs activities and tasks, in particular in the following areas:

1 Exercising the interests of members with majority support in the bodies of the
association.

1 Addressing regulatory proposals and providing opinions and comments with the
aim of promoting the interests of members.

1 Providing information on the activities in the field of metal production and its relative
position with the regard to the entire economy.

9 Participation in standardization, metrology and other state institutions regarding the
standardization and technical regulations, as well as in the issues in the field of
testing and certification.

1  Cooperation and influence on the design of Slovenian technical regulations in the
process of implementing EU legislation.

1 Representation of members' interests in R & D and technology.

1 Promotion of members at home and abroad through the dissemination of business
and professional information.

1 Implementation of public authorizations in professional education.

9 Participation in the design of educational programs in the field of vocational and
higher professional education.

i Participation and implementation of negotiation activities in the formulation and
enforcement of collective agreement.

1 Representing members' interests in the field of social policy.
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e BELEN CCIS - Association of Metal Industries is an industry association within
the CCIS and the largest voluntary association of companies in the fimetalo industry. Its
purpose is to form (in the interests of members) and communicate the views and demands
on legislative and governmental bodies, social partners and other domestic and
international organizations. The metal industry association has approx. 180 members,
employing nearly 20,000 people. It carries out activities for raising the competitiveness and
financial effectiveness of its members by organizing joint promotional activities, promoting
development and advisory projects, participating in the upgrading of the vocational
education system and performing public authorizations related to the protection of
domestic industrial production. It participates in the harmonization and implementation of
technical regulations, as well as in performing the tasks of representation, counselling and
providing information for the needs of its members.

The Association is a place for meeting and connecting business, a centre providing quality
business information and a place to combine the knowledge and experience of experts.
The objectives and tasks of the Metal Industry Association are:

1 Creation of a competitive environment for the development of the members of the
Association of Metal Industry.

1 Promoting R & D activities; technology-driven custom-made membership through
cooperation between industry, R & D institutions, and other members.

1 Strengthening technological and managerial skills for companies operating in value
chains involving the metal processing industry.

1 Cooperation in the creation of industry-specific legislation, conditions for

employment and training of employees.

Supporting companies in their activities on the global market.

Effective help through services and organization of projects.

Tasks and program orientations for achieving the set goals.

Legal representation of members in the field of metal processing and in the

development of sectorial legislation.

1 Monitoring the situation in the field and proposing measures for the development
of the profession and vocational and professional education.

9 Providing business information and consulting from the field of operation i
dissemination of good practices.

9 Cooperation in foreign trade promotion in the areas of its operation.

1 Membership in international business and employers' associations in the field of
metal processing.

1 Providing help at other members' needs.

=A =4 -4 A

The Association of Metal Industries is also a social partner to the collective agreement for
the metal industry at national and international levels. At the international level, it is also a
full member of the ORGALIME (European Association of Mechanical Engineering
Associations, Electrical and Electronic Industries and Metal Processing), CEEMET
(European Association of Employers of the Metal Industry), and is also linked to the
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Association of Engineers, Mechanical Journal, Strategic Council Slovenia 5.0, CLEPA
(European Association for Automotive Suppliers) and EFFRA (Association of European
Factories of the Future).

Wider support environment. Scientific research institutions and universities: As an
example, it is worth noting the Institute of Metals and Technology, which has been
industry's key partner since 1947. It operates in the field of metallurgy, metal-processing
and tooling, mostly in the development and evaluation of metallic materials and products
with demonstrated international scientific excellence. In the field of chemical industry the
National Institute of Chemistry has been for decades one of the key partners of the
chemical industry in the development of new materials and products. With internationally
accredited scientific excellence of its researchers is in many areas among the leading
research institutions in the world. In the field of rapid prototyping and processing
technologies, combining both metal and plastic processing industry, TECOS Slovenian
Tool and Die Development Centre, should be mentioned. TECOS, as the only competence
centre in Slovenia, has a wide range of basic and applied knowledge, to perform the
development of integrated products as well as the advanced and modern prototyping
technologies in the field of processing of metal, polymer and composite materials. All the
institutions have modern laboratory equipment and cooperate with most of the renowned
foreign research institutions. In addition to the scientific research institutions, and as a very
important part of the wider support environment, there is the Faculty of Natural Sciences
and Engineering, University of Ljubljana. In the field of materials it is strongly linked to
Slovenian industry. We anticipate that SRIP MATPRO will contribute to the strengthening
of the already existing cooperation with Slovenian companies. The cooperation will be
stimulated through funds dedicated to specific projects (including education and training).
On the other hand, the focus in the work of research institutions will be shifted from basic
research to solving the applied industrial problems needed by Slovenian industry. The
tighter cooperation will facilitate the increase of MATPRO member's global
competitiveness.

Institute of Metals and Technologies - IMT is a public research institution, with
the primary research and educational work focused on the field of metallic materials and
technologies. The primary task of the Institute is to create new knowledge in the fields of
metallurgy, steel, aluminium, metallic materials, tooling, composites, nanosciences and
nanotechnologies, eco-technologies, vacuum optoelectronics, pressure metrology,
engineering materials, biocompatible materials and environmental protection. Its
secondary task is to transfer the generated knowledge to industry. The aim of work is also
to improve the quality of life and to contribute to the sustainable development of society.
Especially in the field of metallurgy, it can be compared (in terms of expertise and
achievements) with a number of major European institutes, such as Max-Planck,
Fraunhofer and IWT-Bremen, which are well equipped and operate with budgets of G 2i 3
billion.

The Institute is a multidisciplinary public research institution well connected to the higher
education organizations. It performs the research programs (as a public service), where
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the results are expected to remain practically useful for at least one decade. It is important
that there is a long-term public demand in researching this field. The Institute performs
basic and applied research and takes care of the development and operation of the
infrastructure (nuclear power plant, other power plants, etc.) within the framework of the
Research and Innovation Strategy of Slovenia. The Institute is involved in domestic and
international scientific research activities and is connected to the related organizations in
Slovenia and abroad.

The Institute provides comprehensive accessibility and the use of knowledge in society
and the economy, transfer of research achievements into practice, popularization of
science, dissemination of scientific culture and information to the public. Within the
framework of its activities, the Institute places special emphasis on the scientific basis for
the protection of the environment and the monitoring of processes in it, and the
development of new and clean technologies.

The Institute consists of organizational units, namely: scientific-research, infrastructural,
and administrative units. The bodies of the Institute are: the Steering Committee, the
Scientific Council and the Director. The Management Board has five members, of which:
two members are appointed by the founder, one member upon proposal of the ministry
responsible for research activity, and one member upon proposal of the ministry
responsible for the economy; two members are appointed by the Scientific Council of the
users of the Institute who have a long-term interest in connecting to the research activities
of the Institute or to the interested public. The last member is an elected employee of the
Institute.

Q ~National Institute of Chemistry - Kl is one of the leading scientific research
institutions in the country. It covers all areas of chemistry, among which materials is one
of the main activities. Kl supports excellence in science and the use of scientific
achievements in practical use. The challenges of competitiveness, sustainable
development, education of personnel and circular economy are priority issues for KI.
Through the Department of Chemistry and Technology of Polymers (D07), Kl has a long
history of high-quality research and development in the field of polymers and plastics, with
a strong application component that involves cooperation with industry. KI has excellent
experience and confirmed ability to participate in international project work as a partner or
coordinator (EU Framework Programs, Horizon 2020, Interreg Programs, etc.) as well as
in key national projects. The department DO7 was a key partner in the formation of the
Centre of Excellence for Polymer Materials and Technologies. Through SRIP MATPRO,
KI will primarily support research and development in the field of multicomponent materials
in which polymer materials play a leading role. Participation in SRIP MATPRO is part of
the mission of the KI, which will continue its work in this field.
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' Faculty of Natural Sciences and Engineering,
University of Ljubljana, was formed in 1994 with the transformation of Faculty of Science
and Technology. At the University of Ljubljana the courses in metallurgy started already in
early 1939. The main activity of the Faculty is providing a university level education,
namely at all undergraduate and postgraduate levels of study. The Faculty has five
program groups financed by the Ministry of Education, Science and Sport. Fundamental
and applied research is carried out within national projects or directly in the cooperation
with industry, as well as in the context of various European programs. The results of the
research work are presented at top-level conferences and in recognized international
journals.

The Department of Materials and Metallurgy educates through four study programs at all
university and higher professional education levels. The department's education programs
have a long tradition and have been practiced since the establishment of the University of
Ljubljana until now. The new study programs are designed in a modern way in accordance
with all the standards of university education and scientific research excellence.
Considering the fact that Slovenian companies in the field of chemical, metallurgical and
metal-processing industries are among the most important exporters in Slovenia, there are
many opportunities for employment. The study process and scientific research work are
carried out within six chairs. The Department of Scientific Research works in the fields of
development of new materials and technologies within several international and domestic
projects and in close cooperation with industry.

Is:vljioggmcmSlovenian Tool and Die Development Centre - TECOS is a
technology centre established in 1994 on the initiative of Slovenian toolmakers as an
institution of private law. It was established by the Government of the Republic of Slovenia,
the Municipality of Celje and the Chamber of Commerce and Industry of Slovenia. With its
rich and long-standing tradition in the development of new products, tools and
technologies, it is a development partner to many manufacturing companies in metal
processing and other industries in Slovenia and the wider EU region. TECOS is integrated
into all branches of the manufacturing industry, specializing in the design, optimization and
development of parts, processes, materials and entire production systems, as well as its
individual assemblies. In addition to good references in the field of processing polymer
materials (thermal or duroplastic systems), metal materials, automation of industrial plants,
development of environmentally friendly products and the use of modern CAE
technologies, TECOS also owns the laboratory where it develops, tests, and introduces
new technologies for processing and manufacturing polymers, composites, hybrid and
metallic materials and other system solutions. The work also includes energy and cost-
optimized production systems. TECOS enters the SRIP MATPRO as a research and
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development centre to support the industry operators for faster deployment, upgrade, and
optimization of various prototype technologies.

ZAG

Slovenian National Building and Civil Engineering Institute is the
leading institute in the field of construction in Slovenia. The scientific and research activity
is the main focus of ZAG's mission. The work is intended to support the economically very
important field of construction.

ZAG Research and Testing Division is organized into four departments: Department of
Materials, Department of Construction Physics, Construction Department and Department
of Geotechnics and Roads. The departments include various laboratories and sections. In
the past 10 years, ZAG has participated in more than 50 European projects (4th - 7th FP).

With its multidisciplinary activity in various fields of construction, and by linking basic and
applied research with solving real problems, ZAG has become recognizable in Slovenia
and wider. ZAG is one of the most active members of the European Network of Building
Research Institutes (ENBRI) and FEHRL (Forum of European National Highway Research
Centers). ZAG often acts as a link between domestic industry and international research
and thus enables direct contact between our companies and the most advanced
technologies in individual fields of construction. The international activity reflects in
memberships in technology platforms such as: ECTP (Europan Construction Technology
Platform), ERTRAC (European Road Transport Research Council), and E2BA (Energy
Efficient Buildings).

Companies. A large number of companies are involved in the SRIP MATPRO application.
Companies contribute with their specific proposals and also wider with the intentions to
develop new value chains and to increase the competitiveness of existing ones.

Carrier companies. Carrier companies are also signatories to the Consortium Agreement
and participate in already developed partnerships (value chains) and development
initiatives. These companies, representing different fields, are:

i Steel: SIJ (Acroni d.o.0. , Metal
Ravne d.0.0., Elektrode d.o.o., see s“"‘
etc) , Gtore Steel SIJ group o

1 Aluminium: Impol d.o.o., Talum -
aa impal
Aluminiam |ndusiry

THAMLUMWM
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1 Non-ferrous metallurgy: Zlatarna :
Celie d.d. ZLATARNA CELJE

LI

f Advanced functional and integral I(}I" AGNETI]

composites: Magneti d.d. | UBLIANA d o

ings. ives, - ~
T ﬁgﬁgz?js_o,o_ adhesives,  resins
i Filaments and granulates: @@U&HL SLO %ﬁ

AquafilSLO d.o.o.

7\
1 Atotech d.d. in Cinkarna Celje d.d. CINKARNA a &IPIEEH

A wide group of companies. The professional trade associations of the CCIS cover the
vast majority of companies in the field of materials from the east and west Slovenian
development regions. These companies will be involved in SRIP MATPRO's activities and
will develop new chains of value corresponding to their development needs within SRIP.

All three Associations join 116 micro enterprises, 60 small enterprises, 78 medium-sized
enterprises and 66 large companies, 161 of them come from eastern Slovenian region and
163 are from the western region.

ﬁ REPUBLIC OF SLOVENIA

GOVERNMENT OF THE
REPUBLIC OF SLOVENIA

Government of the Republic of Slovenia, local
governments and other partners at the national and international levels. Given that
the success of SRIP MATPRO is in the interest of the entire country, it is expected that the
Government will also be very engaged in the process, that it will listen carefully to the
companies' needs, and that it will help for the common benefit and implement the
necessary improvements proposed to better the business environment in a timely and
coherent manner.

In addition to the stated and logical partners, the international research subjects with highly
specialized knowledge in strategic areas that complement the existing chains and
significantly increase their innovative and socio-economic potential, are also included in
the proposed value chains. In this regard, the most interesting subjects for cooperation are
those which lack the implementation environment and partners for the application of their
specific knowledge, This is an untapped potential, which, in a rapidly evolving
technological world, is usually very time-limited.

A good example in the field of materials are the Ukrainian R & D institutions, of which the
leading role is played by the institutes of the Ukrainian Academy of Sciences (e.g.,
Frantsevich Institute for Problems in Materials Science?, Institute of Macromolecular

24 hitp://www.materials.kiev.ua

29


http://www.materials.kiev.ua/

Chemistry®, Nekras Institute of Iron and Steel and other specialized institutes?®). Through
the years these institutions have gathered a substantial fundamental knowledge on
materials. It is important that Ukraine has a strong, technologically advanced industry,
such as the aerospace industry. The Ukrainian government strongly supports the
acceleration of innovation and the transfer of technologies into practice. The Governmental
Resolution from 2012 also places the "Promotion of new technologies for materials, their
processing and integration, the creation of the nanomaterial industry and
nanotechnologies"?’ among the priority areas of development. At the EU level the potential
of Ukrainian institutions was recognized and the basic mechanisms for cooperation have
already been developed within the project BILAT-UKRAINE? in the 7" Framework
Program, under which the Ukrainian National Technology Platform for Advanced Materials
(UNTPAM) was established. The framework for cooperation is being deepened in the
context of the ongoing RI-LINKS2UA?® project, which is mainly dedicated to the
preparation of project proposals for calls under Horizon 2020. An agreement on
cooperation in the R & D area has already been concluded between the Republic of
Slovenia and Ukraine, which could serve as a basis for new cooperations.

GCompetences- staffing

An important comparative advantage of the metal and chemical industry in Slovenia is the
high-quality personnel with good knowledge and competences. Both the metal and
chemical industries are strongly dependant on quality of personnel; therefore, there are
relatively high investments in human resources. Education and training are very complex
and demanding processes, therefore there is a high demand on a common systematic
approach. Due to the constantly changing technologies, as well as the changing of the
generations of employees combined with the fluctuation in the number of entries in the
respective educational courses provided by the schooling system, occasionally there is a
lack of employees with specific competences. The situation can produce a pressing or
even critical conditions for certain companies that are being limited in their progress by the
lack of personnel. Since 2009, the CCIS - Association of Chemical Industry has been
systematically and intensively assisting companies in acquiring appropriate staff and
upgrading their employees' competencies. In 2011, the Association set up the
Competence Center for Human Resources (KoCKE), which provides the entire chemical
industry with custom-tailored training courses. In just 18 months of operation the KoCKE
project provided more than 400 training courses lasting on average of more than 11
teaching hours per course and servicing over 3,500 students. From mid-2013 to 2016, the
KoCKE centre has trained over 3,500 employees in the chemical industry.

Examples of areas with high potential for development

Some examples that carry a high potential for development are stated. In the field of
metallic materials, the very promising topics include the advanced metallic materials

25 http://www1.nas.gov.ua/en/Structure/dc/ihvs/Pages/default.aspx

26 http://www1.nas.gov.ua/en/Structure/dptpms/isi/Pages/default.aspx

27 United Nations Economic Commission for Europe, Innovation Performance Review Of Ukraine,
United Nations New York and Geneva, 201fs://ri -links2ua.eu/page/7/attach/icp7.pdf

28 http://www.bilat -ukraina.eu

29 https://ri -links2ua.eu
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needed for a new applications (including the advanced high-strength metallic materials,
which, in addition to the development of aluminium, steel and various alloys, also include
the development of suitable tool steels and tools, and technologies for the transformation
of materials, for machining and bonding, and furthermore there are the concepts of multi-
material systems). There is a substantial growth of additive technologies (3D printing)
developed for the production of complex metallic products, and rapidly solidified aluminium
alloys with improved mechanical properties intended for the automotive industry. Another
interesting area is the joining or plating of various steel plates and combinations of steel
and aluminium in order to achieve affordable and corrosion-resistant products for extreme
operating conditions. In the field of multicomponent materials, there is the development of
intelligent synthetic materials for smart clothing, UV and fireproof clothing, coating,
bedding, for uniforms, for health-promotion clothing, for the next generation of fishing nets,
etc. The technologies of partners with a comparative advantage over competitors at the
global level (patents or laboratory-developed processes) include steel and aluminium
alloyi ng, mul ticomponent spinning technol
microcapsules installation technology, and the production of nano titanium dioxide
dispersion (nano TiOz ).

ogy,

1.3 SRIMATPRerformance targets and indicators, taking into account

the global and specific objectives of S4
The main objectives of the operation are:

9 Strengthening of the cooperation of producers of materials that achieve high added
value and act in international value chains and with knowledge institutions.

1 Identification of the value chains (SLO): 20177 2023: 5 chains, 2018 i establishment
of at least 2 chains; 2023 - establishment of at least 3 (additional) chains.
Internationally it is initially planned to identify the value chains: 20177 2023: 3 chains,
2018 - establishment of 1 chain, 2023 - establishment of 2 chains. All these figures
represent the lowest boundary, which is expected to be exceeded.

2017 - 2023 5 chains
till 2018 2 chains
till 2023 — the establishment of additional value chains 3 chains

2017 - 2023 3 chains
till 2018 1 chain
till 2023 2 chains
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Goals by 2023

91 Increase in added value per employee in companies in the production of alloys
and metals (participating in established and appropriately supported value
chains) for 25% by 2023.

1 Increased exports and added value per employee in smart coatings
(participating in established and adequately supported value chains) by 20%.

91 Increased investment in development by 15%, added value by 5% and exports
in the field of smart multicomponent materials by 10%.

1 Intensity and quality of representation of Slovenian interests within international
organizations, partnerships and consortia (6).

1 Number of developed common services (10).

1 Number of relevant initiatives in terms of development policy, e.g., Initiatives
for the implementation of innovative public procurement (8).

1 The dynamics of the SRIP MATPRO membership in the direction of linking
relevant partners in Slovenia.

Definition of performance indicators for SRIP MATPRO

Performance indicators are designed to monitor the performance of all value chains that
are included in SRIP MATPRO. The purpose is to verify that this form of cooperation gives
tangible business results. In the case that the value chain during a 3-year period (first or
second) does not reach the planned growth in at least four of the seven performance
indicators, it is regarded as being economically non-viable. The exceptions are the
predetermined risks, which particularly affect all companies in certain activities. However,
in this case, the value chain must also achieve better business results than a comparable
activity (for example a lower drop in added value).

Basic guidelines for determining performance indicators

Performance indicators are determined as the average of annual growth rates at the
aggregate level (except for ROE or profitability of capital), for metallic materials and
multicomponent materials separately. Target values are calculated as the sum of a
particular category for the entire value chain (sum of added values for all companies
included in a particular SRIP MATPRO value chain). Target changes for indicators are
calculated as the weighted sum (sum of the indicator changes for all companies included
in SRIP MATPRO operating in a certain category divided by the sum of the entire
category).

It should be noted that the calculations are based on unconsolidated and unaudited
financial statements that are available every May and are valid for the previous year. These
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financial statements must be submitted by all companies by March 31st for the previous
year. As the annual fluctuations in performance indicators are usually high (falls or growth),
it is reasonable to determine the performance after the end of the longer period, i.e., in
2020 for the period 201712018. In the second period (202071 2022), on average
higher/improved performance indicators are expected, since certain activities can affect
business results only over a longer period of time. Targeted investments into a new field
(for example, 3D printing) means higher investments in equipment, personnel and
research and development expenditure, which has a positive impact on the company's
business success, onlyinafewy e a r s .0Thetpérforemance indicators were also defined
for SRIP MATPRO as a whole, and it should be taken into account that additional value
chains will be created in the second period, which will have an impact on the performance
of SRIP MATPRO as a whole. The realization of the envisaged objectives can also be
accelerated with the increased co-investment of the state.
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Indicator
label
Al

A2

A3

A4

A5

A6

A7

Metallic
materials
Added value

Added value/
Employee

Exports (turnover
on foreign
markets)
Investments in

R&D 30

EBITDA

Net profit

ROE

Meaning of the indicator

till 2018

per year

Added value is a fundamental performance indicator,
since it measures the difference between sales and

costs of goods, materials and services. The higher the

1.5%

greater the surplus, the company may then pay for
employees, amortization, financing costs, profit tax and

profit.

Productivity of labour. The higher the value added per
employee, the higher the potential gross salary of the 2.0%

employee.
Higher exports, on average, mean higher

competitiveness of the company or a general increase 1.5%

in demand abroad.

Higher R & D investment is expected to be reflected in
a higher value added, but there is an expectation of a
lag between investments and a positive impact on the

financial statements

EBITDA is a cash-flow from operations before

depreciation. The higher the EBITDA, the more

profitable business is.

2.0%

2.0%

Net profit represents the final result of the business.

Attachment "net" means that a particular SRIP

2.0%

company can have a loss, but the aggregate result is

still positive.

Profitability of capital reflects the ratio between net
profit and average equity. The value below 8% reflects 0.1%

insufficient profitability

%0 The implementation of this objective also depends heavily arldgislation changes.

34

till 2022

per year

2.0%

25%

2.0%

2.0%

2.5%

2.5%

0.1%

Remarks
Comparable aggregates: C20 and C22

It is expected that in the second period the
growth will be higher due to the inclusion in
SRIP MATPRO.

Productivity of labour. The higher the value
added per employee, the higher the potential
gross salary of the employee.

Net sales in the non-domestic market.

This includes both expenditures and R & D
investments. Companies are not required to
report these values, so the comparison
between companies is limited to a
statistically significant sample (companies
that together account for at least 25% of
sales).

Net profit is calculated "cleared”, excluding
impairment of financial assets (fixed and
current assets) and revaluations (Financial
investments).

ROE is calculated excluding impairment of
financial assets (fixed and current assets)
and revaluations (financial investments).



Bl

B2

B3

B4

B5

B6

B7

Multi-components
Added value

Added value/
Employee

Exports (turnover
on foreign
markets)

Investments in
R&D 31

EBITDA

Net profit

ROE

Added value is a fundamental performance indicator,
since it measures the difference between sales and
costs of goods, materials and services. The higher the
greater the surplus, the company may then pay for
employees, amortization, financing costs, profit tax and
profit.

Productivity of labour. The higher the value added per
employee, the higher the potential gross salary of the
employee.

Higher exports, on average, mean higher
competitiveness of the company or a general increase
in demand abroad.

Higher R & D investment is expected to be reflected in
a higher value added, but there is an expectation of a
lag between investments and a positive impact on the
financial statements

EBITDA is a cash-flow from operations before
depreciation. The higher the EBITDA, the more
profitable business is.

Net profit represents the final result of the business.
Attachment "net" means that a particular SRIP
company can have a loss, but the aggregate result is
still positive.

Profitability of capital reflects the ratio between net
profit and average equity. The value below 8% reflects
insufficient profitability

till 2018

2.0%

2.5%

2.0%

2.0%

2.5%

2.5%

0.1%

31 The implementation of this objective also depends heavily on tax legislation changes.
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till 2022

2.5%

3.0%

2.5%

2.0%

3.0%

3.0%

0.1%

Comparable aggregates: C23 and C24

It is expected that in the second period the
growth will be higher due to the inclusion in
SRIP MATPRO.

Productivity of labour. The higher the value
added per employee, the higher the potential
gross salary of the employee.

Net sales in the non-domestic market.

This includes both expenditures and R & D
investments. Companies are not required to
report these values, so the comparison
between companies is limited to a
statistically significant sample (companies
that together account for at least 25% of
sales).

Net profit is calculated "cleared", excluding
impairment of financial assets (fixed and
current assets) and revaluations (Financial
investments).

ROE is calculated excluding impairment of
financial assets (fixed and current assets)
and revaluations (financial investments).



MATPRO1

MATPRO2

MATPRO3

MATPRO4

MATPRO5

MATPROG6

MATPRO7

SRIP MATPRO
Added value

Added value/
Employee

Exports (turnover
on foreign
markets)

Investments in
R&D 32

EBITDA

Net profit

ROE

32The implementation of this objective also depends heavily on tax legislation changes.

Added value is a fundamental performance indicator,
since it measures the difference between sales and
costs of goods, materials and services. The higher the
greater the surplus, the company may then pay for
employees, amortization, financing costs, profit tax and
profit.

Productivity of labour. The higher the value added per
employee, the higher the potential gross salary of the
employee.

Higher exports, on average, mean higher
competitiveness of the company or a general increase
in demand abroad.

Higher R & D investment is expected to be reflected in
a higher value added, but there is an expectation of a
lag between investments and a positive impact on the
financial statements

EBITDA is a cash-flow from operations before
depreciation. The higher the EBITDA, the more
profitable business is.

Net profit represents the final result of the business.
Attachment "net" means that a particular SRIP
company can have a loss, but the aggregate result is
still positive.

Profitability of capital reflects the ratio between net
profit and average equity. The value below 8% reflects
insufficient profitability
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till 2018

1.8%

2.3%

1.8%

2.0%

2.3%

2.3%

0.1%

till 2022

2.3%

2.8%

2.3%

2.0%

2.8%

2.8%

0.1%

It is expected that in the second period the
growth will be higher due to the inclusion in
SRIP MATPRO.

Productivity of labour. The higher the value
added per employee, the higher the potential
gross salary of the employee.

Net sales in the non-domestic market.

This includes both expenditures and R & D
investments. Companies are not required to
report these values, so the comparison
between companies is limited to a
statistically significant sample (companies
that together account for at least 25% of
sales).

Net profit is calculated "cleared", excluding
impairment of financial assets (fixed and
current assets) and revaluations (Financial
investments).

ROE is calculated excluding impairment of
financial assets (fixed and current assets)
and revaluations (financial investments).



Definition of risks for the realization of thgoals alternative performance

indicators

The estimate is based on the latest macroeconomic forecasts of 27 March 2017. According
to the EU Commission estimates, Slovenia's economic growth is estimated at 3% (EU
Commission winter forecast). The forecast after 2018 is less reliable. Estimates of long-
term economic growth for Slovenia vary between 1.5 and 2.5%. In addition, a change in
the prices of input materials, especially raw materials and petroleum products, is an
important risk factor. It is also sensible to define objectives insofar as the economy is
shrinking (a fall in GDP according to the Statistical Office of the Republic of Slovenia)
and/or in the case of rises in prices of raw materials in one year (World Bank Metals &
Minerals and Energy Indexes) by more than 10%. In both cases, it is expected that the
added value will be reduced in value chains as well as in the activities of the economy (as
determined according to the SKD classification). Meaning that in no SRIP MATPRO value
chain as well as in comparable economic activities (SKD 20, 22, and separately 23, 24)
estimated growth in indicators will not be achieved. In such cases, it is reasonable to
distinguish the performance of the value chain from a comparable activity by comparing
the relative fluctuations in indicators.

COMPARISON OF RELATIVE CHANGE IN VALUES AND INDICATORS

Metallic materials are economically viable if the decrease of values or indicators is lower

than in comparable activities (20 and 22) in at least four of the seven indicators.

Multicomponents are economically viable if the decrease of values or indicators is lower

than in comparable activities (23 and 24) in at least four of the seven indicators.

SRIP MATPRO is economically viable if the decrease of values or indicators is lower than in

comparable activities (20, 22, 23 and 24) in at least four of the seven indicators.

In addition, non-financial performance indicators for SRIP MATPRO are defined. These
indicators are "soft" by nature and are mainly input data, which (with certain delays) also
affect the companies' financial data.
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Metallic materials
Number of new
partnerships

Number of new products

Number of patents
Number of connections

with external partners

Number of companies
using ICPs

Multi-components
Number of new
partnerships

Number of new products

Number of patents
Number of connections

with external partners

Number of companies
using ICPs

SRIP MATPRO
Number of new
partnerships

Number of new products

Number of patents
Number of connections

with external partners

Number of companies
using ICPs

Description till 2018
Partnerships among the
SRIP MATPRO
members

Products developed
using tools and
incentives in SRIP
MAPRO

/

Number of provable
business links with
partners outside SRIP
MATPRO

Identified gaps in
employees’
competencies and
prepared training plans

Description till 2018
Partnerships among the
SRIP MATPRO
members

Products developed
using tools and
incentives in SRIP
MAPRO

/

Number of provable
business links with
partners outside SRIP
MATPRO

Identified gaps in
employees'
competencies and
prepared training plans

Description till 2018
Partnerships among the
SRIP MATPRO
members

Products developed
using tools and
incentives in SRIP
MATPRO

/

Number of provable
business links with
partners outside SRIP
MATPRO

Identified gaps in
employees'
competencies and
prepared training plans
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till 2022
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2 Joint Development Plan

2.1 Focus areas and technologies, and criteria floeir determination
The concept of determination of focus areas and technologies was based on:

1 Analyses of global markets and trends, taking into account national, European and
global strategies and strategies of key technologies (materials, energy,
environment, mobility, etc.).

9 Estimation of market share, potential, and degree of risk (of each technology).

Identification of major industrial needs and related R & D challenges.

1 Needs for competences and global positioning of research institutes and
knowledge institutions.

1 Determining the capacity and competences of Slovenian industry and companies
and their positioning in the context of global trends on international markets and
within international value chains.

1 Analysis of already existing and the potential of creating new value chains within
Slovenia.

1 Degree of development and maturity of each field and technology.

=

The elementary guidelines used to identify the focus areas and technologies are taken
from the EU strategy for development and innovation. The methodology is based on
international integration and identification of R & D capacities (investments, human
resources, infrastructure, effectiveness), study of access to new markets and contribution
to international commitments (e.g., environmental protection), and a Smart Specialization
Strategy that clearly defines the priorities and focus areas of S4. Within the priority area
Development of materials as final products, the identification of focus technologies was
carried out on the basis of an analysis of the critical mass of competences and the capacity
of actors, which ensures the representativeness and coverage of the entire area and the
orientation towards new breakthrough technologies and directions based on the
cooperative actions of several partners.

Competency analysis® covered the identification of knowledge and competences both in
scientific and research activities as well as in the economy, in the narrower thematic areas,
in the areas of metallic materials (advanced third-generation, high-strength steels, high-
temperature, steady-state steels for working under extreme conditions, new superalloys
with a lower content of critical elements, additive/3D technology for the production of metal
products, processing of high-grade steels, multicomponent materials with an expanded set
of electrical and magnetic properties, green production and processing of metals,
introduction of light alloys into aircraft design and cars of the future), and multicomponent
materials (identification of application areas in the economy and the identification of
knowledge and competence holders. The areas in which the overall development process
the critical mass is achieved were highlighted. The stages from basic knowledge to

33 The definition of competencies according to CEDEF@Brimnstrated ability of the individual

to master the modes of work and to use skills, qualifications and knowledge in normal and
changing circumstances. The concept of competence includes, among other things, knowledge,
motivation, behavior, values, attitles, seHimage, skills, etc.
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products and services with high added value achieved in global markets (with a strong
linkage between knowledge carriers and the proven potential for creating new value in
international markets) were evaluated.

Thestarting pointfor selecting focus areas

Within the framework of specific material-related strategies, the concept of defining the
focus areas and technologies relates primarily to an analysis of the Slovenian Academy of
Engineering. In the field of the development of metallurgy in Slovenia, it follows the strategy
of the Strategic Council for Metallurgy, which clearly shows the importance of metallurgy
as one of the key and priority industries in Slovenia as well as in Europe. The need to
establish and support the adequate business environment has been highlighted. The
strategy of the Strategic Council for Metallurgy directly relates to the strategy of
development of metallurgy in Europe, known as Metallurgy Europe. Within it, the European
industry has committed itself to boost the research in the field of metallurgy and thus, in
September 2014, the largest research consortium in the world in the field of metalworking
and processing and related research was created. The objective of the program is to
finance technologies not covered by the H2020 program and aim at promoting the re-
industrialization of Europe. The program was created in terms of increasing the
technological and competitive advantages of Europe as the response to similar programs
in the US, India and China. The content of the program was officially presented on
September 10", 2014. The London Museum of Science (Science Museum) was
symbolically chosen for the presentation venue. The program was set up under Eureka
as a new research cluster. Initially, it gathered knowledge, innovation and enthusiasm of
more than 180 companies and laboratories from 20 countries. Due to the strategic
importance of metallic materials, the metallurgy program places the EU's priority
development areas on the production of metallic materials and its related areas as one of
the EU's most powerful sectors of technology. With exceptional economic and
technological value, metallurgy also provides significant changes in the field of life (use,
conservation and recycling of materials, reduction of CO, emissions, increased energy
efficiency of systems, increased safety and reliability, health protection, etc.).

The main areas where the consortium "Metallurgy Europe" expects the creation of new
technologies and which also represent the basis of the focus areas of development at
SRIP MATPRO are: (1) light metal materials, alloys and metal composites; (2) steels and
other alloys for use at high temperatures; (3) new and improved steel; (4) advanced
superconductors; (5) thermoelectric alloys; (6) biocompatible metallurgy; (7) metal-based
sensors; (8) automated production of metal products based on addition (3D printing); (9)
combinatorial development of new alloys; (10) coating and surface protection; (11) powder
metallurgy and microstructure design; (12) modelling and simulation of materials and
processes and advanced characterization; (13) recycling, disposal and reduction of waste.

New technologies should include:
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91 Accelerated synthesis and discovery as well as the introduction of new alloys into
applications.

9 Better specific mechanical properties of lightweight structural alloys.

1 Higher temperature and phase stability of materials, especially for materials used
in energy production and other applications intended to operate in extreme
environments.

1 New lightweight and damage-resistant metal structures, especially for transport
requirements.

1 New permanently durable alloys for pipelines, very demanding CO- transport, gas
pipelines and geothermal installations.

9 Better biocompatibility and/or resorption capability for medical applications.

1 Improved understanding and control of the phenomena of degradation, corrosion
and radiation.

1 Special physical and multifunctional properties.

1 Design of alloys with modelling, genetic algorithms, neural networks, inverse
modelling.

1 Better designed and physically based simulation of properties and technological
behaviour of metal products.

1 Sensors for insertion, diagnostic capabilities, internal process monitoring, and
closed-loop control.

1 Improved materials and characterization of defects with microscopy.

1 Precise measurement and forecasting of thermophysical, thermomechanical,
thermodynamic, thermocapillary, wetting and diffusion properties in multi-
component metallic systems.

1 New metal manufacturing technologies that improve the production of alloys, metal
forming, manufacturing closer to the final form, additional processing, powder
metallurgy, heat treatment, surface engineering, corrosion protection, joining
techniques, and recycling.

9 Sustainability assessment, including the time-dependent development of the
microstructure and optimization of performance with a large number of parameters.

9 Efficiency of resources and easier accessibility or low-cost materials.

1 Better environmental performance, better compliance, recyclability and renewal
capability, in line with the ISO long-life cycle.

In assessing the focus areas of multicomponent materials, criteria that were exposed in
key sectoral analyses, such as The New Plastics Economy (Ellen McArthur Foundation,
World Economic Forum, McKinsey, Jan. 2016), were considered. The study identifies
three necessary areas for the transition to a sustainable and circular state: 1) to create
effective management of plastics after use, 2) drastically reduce the releases of plastics
into nature, and 3) to separate plastics from the use of fossil resources. We also followed
the lead in key European documents such as the Roadmap to a Resource Efficient Europe,
COM / 2011/0571, and more specifically, in the Closing the Loop - An EU action plan for
the Circular Economy COM (2015), where plastics is defined as one of the five priority
areas, where development and innovation are recognized as an important element in the
way towards the set goals. The public private partnership Biobased Industries in its annual
plan for 2016 clearly identifies the production of raw materials and materials as an
important part of its operation. On the basis of the analyses, areas with great potential for
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the breakthrough of market-relevant high value-added solutions were identified. In the field
of multicomponent materials they represent the core focal areas of SRIP MATPRO.

These include:

1 Coatings, resins and adhesives with new functional properties, reduced emission
levels, the use of renewable and biodegradable raw materials with the possibility
of their re-use.

1 Innovative textile products with new functionality, and beneficial impact on comfort
and health. Use of renewable resources.

9 Advanced recycling and use of renewable resources, with the aim of setting up
methods for the use of a wider range of materials and mixed materials, separation
technologies and depolymerization.

1 Complex processing technology for the production of complex multi-material
products with more efficient use of materials and energy effective processing.

Criteria for determining focus areas

The definition of focus areas and technologies is, and will continue to be, based on a critical
assessment of the facts that justify the importance of the areas, i.e., the existence of
knowledge (competences) and the capacity of the economy, taking into account social
challenges (trends and markets, including access to raw materials) and key technologies.

The key issues are:

1 What are our comparative advantages in terms of knowledge and competences in
industry and science?

1 What are the challenges of the market and the needs of the business sector in
order to be competitive?

1 Where are the new or growing markets and where are the opportunities for the

development of new industries?

What environment is needed to successfully respond to market trends?

Where and what are the obstacles and weaknesses?

What is the role of the state and the incentive mechanisms?

In which areas and in what way should we combine R & D activities?

=A =4 -8 4

Only focused research can lead to true technological breakthroughs (FET - future
emerging technologies). New breakthrough technologies, which are unknown to the
market, require extensive investments in the development of products and technologies
and market design, which is why they can be placed on global markets through a
combination of industrial investments and with the support of the State of Slovenia. On the
other hand, through breakthrough scientific achievements, we can attract global
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corporations to organize their research and development departments in Slovenia and
possibly a part of the production of the products that follows.

1 How to overcome inflexibility in the distribution of long-term state research funds
and focus them on new important development areas that are consistent with the
long-term goals of industry and Metallurgy Europe. Breakthrough basic research,
funded in this way, will also be a "ticket" to the largest EU projects and other top
international cooperation. In Slovenia there are no such mechanisms.

1 How to channel public funds in the long run to complement existing knowledge for
implementation needs in Slovenian companies and the formation of new
companies. Key enabling technologies (KET) can also lead to technological
breakthroughs. Also, in order to finance these kinds of steps, we need appropriate
mechanisms that are not yet available in Slovenia.

1 What strategies and support environment can be expected from the industry's
orientation to new areas such as, for instance, magnesium alloys?

1 How to systematically organize state support in the sequence from basic research
to new products and market placements?

Threefold process of narrowinghe focusareas
The process of narrowing of focus areas and technologies is thus composed of:

1 The first part covers the scientific and technological field, which focuses on the
capacities of the scientific and technological development itself, taking into account
the scientific basis and findings, including trends, potential applications, key
technological challenges, potential obstacles and possible evolution of the
technology.

1 The second, industrial-business, part includes the analysis of the industrial
environment and the potential of technology implementation and its further
development in the industrial environment, the possibility of establishing national
and international value chains, and identifying potential socio-economic effects.

1 The third part focuses on assessments of sustainability (low-carbon objectives, the
circular economy), international market assessments and potential end-products,
their life cycle, and the identification of the incentive effects and capacities required
for the successful implementation of technologies and the establishment of
horizontal networks.

Focus areas

Based on an analysis of global markets and trends, reviewing national, European and
global strategies and strategies of key technologies (materials, energy, environment,
mobility, etc.), assessing the market share, potential, maturity and level of risk of each
technology, identification of major needs of European industry and related R & D
challenges, a review of companies active in the field of materials, as well as interviews
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and workshops carried out, a set of areas that meet the criteria for the development of
breakthrough initiatives were identified. The key competencies (on the state-of-the-art
level) are the most important element, on which the development of as yet non-existing
breakthrough solutions (beyond the state-of-the-art) becomes possible. Another key
element is the critical mass and the successful connection into the value chains. Initiatives
in individual focus areas are on very different stages of development, from clear ideas
without testing of the concept, to fully-formed partnerships with a clear distribution of roles
and the timetable and financial implementation plan outlined. A set of initiatives is
considered to be a dynamic collection. In such a collection the initiatives can diminish, new
ones can arise, and their progress towards fully integrated projects depends primarily on
the willingness of partners and participating companies. The process of development and
differentiation can be well under way within SRIP MATPRO, which provides a framework,
support and also a stimulating competitive environment for the development of the best
initiatives. The aim of the process is to make sure to provide the mechanisms to seek and
recognise the best initiatives, and to promote the cooperation of companies through
chains/networks with competent and comprehensive projects and providing adequate
support for the R & D activities. Since the process will be active over several years, it is
not necessary that all initiatives are at the same level of development, instead variable
degrees and the pace of development must be allowed. The competition between
initiatives must be allowed in order to come up with the best ideas, motivated and initiative
partners and the highest overall impact.

Identified and revised focus areas that generally cover light, advanced and functional
materials, composites, coatings, binders and fibres, production and processing
technologies, active sensor integration etc. are:

a) Steels and special alloys:
1. The concept of ultra-pure steels and alloys.
2. High-strength steels and their transformation.
3. Advanced metallic materials for demanding applications.

b) Aluminium:
1. New high-strength and ultra-pure Al alloy.
2. Alternative manufacturing methods and maximum recyclability of Al.
3. Die casting of Al alloys.

c) Technology:
1. Rapid prototyping and complementary technologies.
2. Recycling (metallic materials, rare earths, composites, auxiliary materials, by-
products).
3. Advanced casting technologies and casting of products.
4. Modern technologies for processing polymers and hybrid materials.
5. Modelling of materials manufacturing processes.

d) Multicomponent smart materials:

1. Multi-component smart fibres and textiles.
2. Composites.
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e) Functional coatings and advanced binders for metals:
1. Functional coatings.
2. Resins and binders.

In Slovenia, there is a potential to establish an extremely strong and internationally
integrated value chain i.e. the network of companies, research and knowledge institutions
with appropriate capacities, and in particular competences in various areas such as, the
production of high-strength, nano-composite, high-entropy and multi-layered materials, the
production of tool steels, tool making, protection of tool surfaces, preparation and
protection of steels for light constructions, transformation and manufacturing of products,
eventual functionalization of surfaces with newly developed surface protection
technologies.

al)The concept of ultrgoure steels and alloys

In order to achieve high standards of quality, reliability and safety of products and
structures the purity of steels and alloys - the control of non-metallic inclusions, defects
and irregularities in the microstructure is important. Inclusions lower the material's
strength, and especially its dynamic properties, which unavoidably leads to the introduction
of higher safety factors and consequentially to the oversizing and higher material
consumption, environmental pollution, large weight and energy losses. Production of ultra-
pure steels and alloys that enable minimalistic design approaches and lighter structures
requires R & D initiatives in the entire field of technologies of steel production, mostly of
secondary metallurgy (AOD, VOD, VIM, VAR, ESR), which can be combined with
modelling and understanding of processes, sophisticated methods of characterization of
microstructure, and assessment of the achieved properties on end products. In the field of
control of inclusions recent research has focused on thermodynamic calculations and
modelling of the processes of movement of the inclusions in the melt, and in-situ
observation of the non-metallic inclusions in the melt (the formation, precipitation, the
dissolution and interaction between the inclusions), the influence of slag and fire
sustainable linings on the type and amount of non-metallic inclusions, new methods of
analysis of inclusions, ladle metallurgy, vacuum processing of steel melt (VD, VAD, VOD),
special metallurgical processes, and the influence of inclusions on the surface defects and
features. Several EU projects are currently active under the RFCS Foundation;
"Improvement of steel cleanness by reducing refractory contamination in secondary
steelmaking”, "In-use properties of super high-strength steels generated by a range of
metallurgical strategies”, "Dynamic stirring for improvement of energy efficiency in
secondary steelmaking". The most important European companies in the development
and production of steel are: Ar cel or Mi tt al , Behler, SSAB, Thy
Voestalpine. Worldwide the most important companies are: Hesteel Group, Novolipetsk
Steel, Nippon Steel, Nucor Co., POSCO, Villares Metals, etc.

Slovenia has the potential, and above all, the need to establish value chains in the field of
purity of steel and alloys. The field of control of non-metallic inclusions is common to all
three Slovenian steelmaking companies, whereby, by deepening our knowledge, we open
the possibility for their entering into more demanding markets. Thus, the value chain in the
field of purity of steels and alloys will, together with the support of research institutions,
link the producers and steel users, thus enabling them to achieve higher standards. For
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the study of processes, model verification and the transfer of results from experimental
laboratory research into production, it is necessary to establish the capacities for the pilot
production of steel, intended to cover the wide range of aggregates and manufacture the
small quantities of steel (up to 2t). A similar pilot plant can be found in the Austrian
metallurgical pool in the federal Austrian state of Styria, which enables Austrian
steelmakers to maintain a leading global position in the development of special high-quality
steels.

a2)High-strength steels and their transformation

The requirements of the automotive industry have been dictated by the need to lower
consumption, CO; footprint and environmental impact. They are met by the use of ever-
lightening, better, and recyclable materials. Despite the development of advanced
composite materials, various steels remain the mostly used material in the production of
cars (> 50%). Steel is 100% recyclable. In doing so, the high-strength steels are being
introduced, which, for safety reasons, must provide adequate elasticity/toughness. These
properties, however, present great problems in the transformation, processing and joining
of these materials. Global research is thus focused on the areas of complex thermo-
mechanical processes, the development of high-strength martensitic steels and their heat
treatment, to the third generation of high-strength steels (L-IP-lightweight steels with
induced plasticity, TWIP-twinning induced plasticity) and nano-structured - nano-bainite
steels with a high strength and elongation ratio. The recent EU-RFCS projects include
"New multiphase AHSS steel grades for hot forming, with improved formability and
reduced springback”, "New nano-structured bainitic steels for improved durability of wear-
resistant components: microstructural optimization through simulative wear and field
tests", " In-use properties of Super High-strength steels generated by a range of
met al | ur gi c,eatt. The maineptayers in the development of the new generation
of high-strength steels for the automotive industry are ArcelorMittal, SSAB, TATA Steel,
ThyssenKrupp, US Steel Co., VoestAlpine.

In Slovenia there is a high potential to establish extremely strong and internationally
integrated value chains, i.e., networks of companies, research institutes and knowledge
institutes with adequate capacities. There are competences at all levels, from the
production of high strength steels, the production of suitable tool steels, the production of
tools, the protection of the surface of tools, the preparation and protection of high-strength
steels, the transformation and manufacture of products, to the eventual functionalization
of surfaces with newly developed surface protection techniques.

The integration and development of joint R & D initiatives in the field of high-strength steels

will enable the development of complex high-demanding products with the upcoming high-
strength requirements of the automotive, aerospace, and military industries.
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a3) Advanced metallic materials for demanding applications

In the pursuit of re-industrialization, the EU has recognized metallurgy as one of the key
strategic areas. Today metallurgy in the EU represents one of the most powerful sectors
of technology with excellent development potential. Metallurgy is also one of the strongest
technology sectors in Slovenia with exceptional development and market potential.
Potential, which through focused and systematic investments in research and
development, will enable the development of new products and thus will lead to a
competitive advantage of the Slovenian economy. This is evidenced by data related to the
production of metals, the foundry industry and the metal-processing industry in Slovenia.
The Slovenian metallurgical industry has an advantage over the mass producers, due to
the possible rapid adjustment to niche production, which on the market adds higher value
added per unit of production. In the Slovenian metallurgical industry, the development
departments traditionally cooperate with research and educational institutions, which
enables the development of new metallic materials with better mechanical properties. The
development of new advanced metallic materials for the most demanding applications and
operating conditions (high-temperature resistant steels and alloys, thermoelectric alloys
and sensors, new electro-steels with super-low watt losses, new magnetic materials and
biocompatible metallic materials) will enable a significant improvement in the processes of
obtaining and storing energy, protecting the environment and improving the quality of life,
and will also influence the opening of new jobs for highly educated personnel and the
increase of added value in manufactured products.

Slovenia has great potential in the field of advanced metallic materials, especially on the
side of technologically well-developed companies with their own development, which
involves the production of new steel grades, for example, maraging steels, nickel super
alloys, special steels and biocompatible metallic materials, supported by simulations and
optimization of the entire process pathway, taking into account recycling and sustainable
production. Coordinated R&D initiatives and linking the research capacities of institutions
and companies, most of which are already globally recognized, will enable the placement
of new products with increased added value on the market.
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There is a high development potential in the production of maraging steels. The production
of these materials is of strategic importance, therefore and each country is forced to
develop its own production capacities. The production of high-temperature radiation
resistant steels, and nickel superalloys are very demanding metallurgical process, which
require a thorough understanding of metallurgical processes. This reflects in a high added
value at products, such as high-temperature-resistant nickel superalloys for turbine blades,
new high-temperature and wear resistant steels for thermal and nuclear power plants, etc.

An increasingly important area covers electro-magnetic applications, in particular by
introducing EU directives for the complete electrification of vehicles. The research is
focused on the modification and development of electrical insulation materials with
significantly lower watt losses, which enables the achievement of the required electrical
characteristics at a significantly lower weight, and on the other hand, to the development
of new magnetic materials. In the field of magnets, due to the monopoly of China over the
production of rare earths and their limited and expensive recycling, development focuses
on the possibilities of replacing expensive materials with cheaper and more accessible
ones. In addition, materials with sensory and diagnostic capabilities, which will enable the
direct monitoring of properties and condition of the material, also appear as an important
area of development.

On the other hand, there is also an exceptional potential in biocompatible metallic
materials. In recent years, the development of modern metallic biomaterials for use in
medicine has been recording significant advances with an emphasis on biological and
mechanical biocompatibility with respect to the principle of non-invasiveness. Traditionally,
in the field of biomedical applications, metallic materials such as stainless steels, Co-Cr
alloys and Ti alloys are offered by Arcam EBM, Dentaurum, lwatani, NeoNickel, and
others. In addition, Mg alloys, tantalum and niobium are used, but their proportion is much
smaller. In optimizing biological compatibility, research focuses on the use of non-toxic
elements, such as titanium, niobium, tantalum, molybdenum and zirconium. According to
known allergic reactions of most of the products containing nickel there is the on-going
process of its complete withdrawal from all products intended for medical use. Vanadium
and aluminium are also being replaced due to proven neurological toxicity. The
development of mechanical biocompatibility focuses primarily on the optimization of the
modulus of elasticity, the relationship between strength and ductility, refractive toughness
and wear resistance. Due to the patient-specific requirements, more and more R & D
activities are taking place in the direction of use of additive technologies for the production
of implants. Most research in the field of biomedical applications is focused on the
development of Ti-alloys. The emphasis is on the development of alloys with a lower
modulus of elasticity and with the addition of non-toxic and cheaper elements. In the case
of implants that are intended to be removed from the body after a certain period of time, it
is important that there is no fouling of the implant, since in this case the removal becomes
difficult. For this purpose, materials with the addition of Zirconium, which has the proven
ability to inhibit the formation of calcium phosphate, are developed. In the case of memory
alloys, research is focused on the development of nickel-free alloys due to the
aforementioned allergic reactions. At the very development of materials, one should not
neglect the importance of imitation of solutions that are found in nature, and to their
implementation to a wide range of technological areas (biomimetics).
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Stainless steels have the longest tradition of use for biomedical applications, they are
primarily used to strengthen the bones, the spine and in cardiovascular medicine. The
strategies for the development of nickel-free stainless steels are focused on the addition
of manganese and nitrogen, which are the substitutes for nickel and act as an austenite
stabilizer.

Methods for the production of such steels include electro-remelting under slag, electro-
blasting under pressurized slag, low-pressure casting, and nitrogenation in the solid state.

Cobalt alloys feature good corrosion properties and excellent wear resistance, and are
therefore often used for artificial joints. Recent research on cobalt alloys is predominantly
focused on the substitution of nickel with nitrogen. In recent years, biodegradable alloys
have also emerged on the market They are particularly suitable for biomedical fracture
treatment applications, where after healing, an additional operation is required to remove
metallic fastening elements. Suitable mechanical properties and poor corrosion resistance
in the biological environment allow the degradation of these materials in the human body
after they are no longer needed. To this end, initially magnesium was introduced, but due
to too rapid dissolution it was replaced by its alloys, especially Mg-Zn, Mg-Ca and Mg-Zn-
Ca. The main weakness of commercially available Mg alloys still remains their poor
corrosion resistance, so research is steered towards the development of biocompatible
coatings that would prolong the lifetime of Mg alloys. In addition, research also focuses on
the development of biodegradable alloys with prolonged lifetime in the human body, i.e.,
iron and its Fe-Mn and Fe-Mn-Pd alloys.

b1l) New highstrength and ultrapure Al alloys

In the case of aluminium, the main drive of development is currently the automotive and
aerospace industry, with Al alloys also having a huge potential in a wide range of other
fields, such as medicine, pharmaceuticals, military industry, interiors, etc. Particularly in
the automotive industry the development is aiming to produce new high-strength and
corrosion-resistant aluminium alloys, which should combine 100% recyclability, low
weight, high load capacity and thus reduced component volume and increased safety
through high energy-absorbing capabilities. A reduction of weight can also be achieved by
the appropriate design of components based on a minimalistic approach, meaning higher
complexity of products and the introduction of special casting and transformation
technologies.

The value chain operating in this area, with exceptional R & D potential for the
development of new aluminium alloys and positioning into completely new markets, joins
partners in the field of aluminium and aluminium-alloy production, the transformation and
casting, the production of special high-thermal-conductivity steels, the production of
complex tools with supported by additive technologies and surface protection,
manufacturing of products and their re-integration and recycling. Due to the high potential
of additive technologies, such as 3D printing, it is necessary to increase the activities in
the development of new aluminium materials, metallic powder production technologies,
and other supporting products for such technologies. Naturally, the appropriate support
from the institutions of knowledge and research institutions is needed.
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The properties of standard aluminium alloys, also of high quality, do not meet the stringent
requirements of high-tech applications, which require a tensile strength of more than 600
MPa. Therefore, the research and development is focused on providing new light-weight
materials together with manufacturing and processing technologies, in particular to new
aluminium alloys for the automotive industry using the highest possible proportion of
secondary aluminium and aiming for better mechanical properties with corrosion
resistance. The phase system Al-Zn-Mg-Cu is the core for the development of the best
alloys intended for forging. The average tensile strength for this alloy in the T6 regime is
up to 500 MPa. Additional special alloying elements such as Cr, Mn, Mo, Ce, and Zr are
added to form new microstructural components and control crystalline grains and pods.
The result is a further improvement in mechanical properties (even at elevated
temperatures). Important processes that affect the quality of the material occur during
curing, which makes development of high-quality and high-strength alloys highly
dependable on the quality of manufacturing technologies. At Brunel University, they
developed a special MC-DC (Melt Conditioned Direct Chill Casting), which represents the
physical treatment of the melt during curing with intense mixing of the melt to achieve fine
crystalline grains and the corresponding distribution of the non-metallic inclusions.

New Aluminium alloys for the most demanding applications in the aerospace industry are
in addition to standard alloying elements micro-alloyed with combinations of elements Sc,
Zr and Er. At present, several new alloys from the 7000 series are being developed,
focusing primarily on the improvement of corrosion properties. An important area
represents the development of alloys and technologies for the production of "crash"
profiles for the automotive industry, where Al foams show a great potential. The
technologies of joining the Aluminium parts made of new alloys as well as of conventional
Al alloys with other metals or non-metals, is also an important issue.

The introduction of new technologies: alloying procedures, melt refinement, processing
with fragmentation and modifying agents, appropriate curing process, and thermo-
mechanical processing represent the second step in the production of ultra-pure
aluminium alloys with high mechanical properties and good corrosion resistance. Fast-
curing technologies, with the proper conduction of extrusion process and the appropriate
chemical composition, make it possible to achieve superior corrosion and mechanical
properties. An important part of production of alloys is a heat treatment, which is in the
case of precipitation of two or more phase particles a very complex problem. In order to
achieve the appropriate size of the microstructural constituents of the alloy and therefore
to gain the best mechanical properties, it is necessary to optimize the type and proportion
of additive components used for fragmentation and modification, as well as the
temperature profile and processing time.
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b2) Alternative manufacturing methods and maximum Al ngding

The basic characteristic of metallic materials, especially aluminium, is their complete
recyclability. The importance of aluminium recycling is also based on the fact that the
primary production of aluminium consumes approx. 186 MJ/kg of electrical energy, while
the secondary production uses typically 10-20 MJ/kg. The aluminium alloy market is
specific, characterized by quality classes in which materials with special characteristics
are classified and with very narrowly defined alloying elements. For this reason, the most
demanding aluminium alloys are difficult to produce by using secondary raw materials,
especially if they are not properly classified. The larger the share of the secondary raw
material used, the cheaper the final material becomes. The market for high-strength
aluminium alloys is competing with other advanced materials, especially with ultra-high-
strength steels (they are lately acting as functionally lighter and cheaper materials as
wrought aluminium alloys). This will have a major impact on the future of aluminium alloys,
and especially on the future of recycled materials. The long-term competitiveness of
aluminium alloys is important, therefore the proportion of recycled secondary raw materials
in the production of aluminium alloys should be as high as possible. It is mandatory to find
a ways to improve the ratio of properties to cost by reducing production costs. Improving
the recycling rate of conventional aluminium alloys (with a maximum quantity of trace
elements between 500 ppm to 1500 ppm - separately for each element) depends largely
on the ability of global aluminium producers to develop a fast and cost-effective technology
for automatic separation of waste Aluminium (municipal waste) and conversion of it into a
unified alloy with a well-defined chemical composition. The increase in the proportion of
secondary Aluminium is achieved by the appropriate methods of mechanical and
electromagnetic sorting procedures by using the appropriate two or multi-compartment
furnaces for melt treatment, which involves cleaning of the melt by flotation and filtration.

In parallel with waste separation, digitally supported processes for the classification of
secondary aluminium of different qualities, and the control of the corresponding ratio in
use of secondary and primary raw materials will have to be developed and implemented.
These processes are currently at a very early stage of industrial development, meaning
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that their introduction into regular production will take substantial additional time. In
addition to conventional recycling methods, Solid State Recycling Techniques (SSRT) are
used to compress small parts of secondary aluminium into high-density compressed
material. Such raw material is used for extrusion process producing the material having
the same mechanical properties as classically produced profiles.

In order to achieve a higher recyclability and as a result of a reduction in production costs,
several strategies are being introduced to improve the ratio of properties to cost for
aluminium alloys by developing new, recycling friendly alloys. Some strategies attempt to
replace existing standards based on the purity of primary aluminium (achieved by
electrolysis) with new standards based on the purity of waste that will be achieved by their
sorting. The aim of the new standards is also to combine kinetic and cast aluminium alloys
into a smaller number of quality classes. Before completing the development of new alloy
compositions and prior to the development of standards based on recycled material, a
thorough understanding of the complex impact of a large number of trace elements on the
properties of wrought aluminium alloys will have to be achieved. The characteristics of
wrought aluminium alloys are the result of a complex interaction between the chemical
composition and the microstructural characteristics that arise in the process of
solidification, heat treatment and transformation. With fixed process parameters, the
properties of the material depend mainly on the chemical composition of the alloy. The
tolerances for the intervals of the concentrations of the alloying elements depend on the
required properties.

The extent of recycling also depends on the ability of production technology to maintain
the standard composition and quality of the alloy, despite the high proportion of waste
aluminium used. In other words, the difficulties in recycling of wrought aluminium alloys
arise from the problem of achieving tolerances of standard alloy constituents, or more
generally, the ability of alloys to refine the elements that are usually not present in the
composition. This should be the starting point for creating the so-called recycling friendly
wrought aluminium alloys. In technological processes for the production of aluminium
alloys with a high share of secondary raw materials, new melt refining and cleaning
processes should be included, which will enable not only the removal of unwanted
chemical elements but also the removal of non-metallic inclusions. The usual metallic melt
filtration methods are upgraded with dual filtering and AFS systems with a finer filter
porosity and a vibration table.

b3) Die casting of Aalloys

World trends in aluminium casting are aimed at producing high-strength, temperature-
stable and corrosion-resistant complex Al alloys and castings for the automotive and
aerospace industries. With a large network of foundries and the production of aluminium
alloys, Slovenia also has a considerable potential for operating in this field, which requires
the acquisition of new technologies and carefully coordinated joint R & D activities. Such
production is of strategic importance for the aluminium industry as it represents the
development of new niche products and semi-finished products and their positioning in the
global industry. So far, there have been few studies in the field of rapidly solidifying alloys
and the modifications of such alloys.
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The newly developed foundry aluminium alloys depend on the chemical composition, the
conditions of solidification and cooling, and the heat treatment. They have excellent
mechanical properties, corrosion resistance, as well as a wide range of other beneficial
properties, such as appearance, ease of manufacture, excellent strength to weight ratio
and good welding ability. Aluminium alloys with Zr, Mo and/or V in an appropriate ratio
achieve a 40% better tensile strength in a cast state.

Die casting is a process of casting light non-ferrous alloys, the characteristics of which are
a short casting cycle and, consequently, high productivity. In particular, it is intended for
more or less large-scale production of moulds having complicated shapes. The
development of die casting follows the direction of the implementation of special casting
processes to achieve extreme properties. These special procedures are: squeeze casting,
thixo casting and rheo casting and local squeezing, which are especially suitable for the
production of complex castings. Faults occurring during high-pressure casting can be
avoided by casting in a mushy state, thus affecting the melt liquid and changing the
dendritic structure to a globular one, leading to an increase in mechanical properties.

Know-how, which is required for the production of high-quality aluminium alloys, requires
a deep understanding of metallurgical processes, which requires investments in human
resources, both in research in companies as well as in research institutes. New aggregates
and technologies for special metallurgical processes will generate new jobs. An increase
in employment of up to 30% is estimated, as well as a substantial increase in added value
to products, together with an increase in annual revenue. New high-strength aluminium
casting alloys and mastering of the most demanding technologies will enable an increase
in sales on global markets and gaining competitive advantage over Asian producers. Such
high-end products will not only be useful in the automotive industry, but the market will
expand to the aerospace and energy industries.

The goals can be achieved by reaching the stability in production quality, which requires
a thorough understanding of the occurrence of errors. The primary tool in such cases is
the modelling of processes. The recent progress made in the metallurgy of curing of
Aluminium alloys derives from modelling at all levels, from the distribution of atoms in the
melt, to the understanding of nucleation, dendritic growth, macrosegregations, etc. The
most important goal of modelling is to unify all processes from different levels, thus
providing the best possible description of the entire process of die casting.

cl) Rapid prototypingand additive technologies

Rapid Manufacturing has already established itself as an important tool in reducing the
time from idea to product marketing, while at the same time reducing the cost of
development and increasing the quality of end products. The basic idea of rapid
prototyping is to produce the final product based on the CAD model as fast as possible,
without using classical processing techniques where the material is being removed. In the
case of rapid prototyping of products in comparison with conventional production systems,
the production time and costs are reduced by 50% to 90%. Due to the mechanical
properties of the used materials from which the prototypes were made, they were initially
used only for presentations of finished products, for the visualization of concepts, for
design and matching analysis, and to easily perform functional tests. Nowadays, this
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technology is becoming more and more interesting in the production of small and prototype
series. Now it is possible to get to the end product faster and more cost-effectively than by
using conventional manufacturing processes. Of course, the viability of the use of additive
technologies depends on the type of product, material and size of the series.
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metal age, 2018)

Progress in the development of new additive technologies has caused the technology of
rapid prototyping processes to be increasingly used for the production of end-products
with full functionality. Usually, these are the small-scale productions - from a few tens to
1000 pieces. According to analytical estimates, the value of the market for advanced
materials for high-speed prototyping and additive technologies will grow from the current
EUR 200 million to EUR 850 million by 2021.

Rapid prototyping technologies for the production of end-products in the automotive
industry, aerospace, tool making, construction, architecture and medicine, which are
successfully placed in the Slovenian manufacturing sector (both by the primary producers
of feed materials as well as by the users - the toolmakers and the processing industry)
include:

3-Dimensional Printing (3D-P; 3-Dimensional Printing).
FDM (Fused Deposition Modelling).

LOM (Laminated Object Manufacturing).
Stereolithography (SLA).

Selective Laser Sintering (SLS).

PolyJet technology.

Direct Laser Sintering of Metal Powders (DMLS).
Laser Engineered Net Shaping (LENS).

Selective laser melting (SLM).

Manufacture of plastic prototypes by vacuum casting.
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3D Printing technologies or additive manufacturing (AM), which relates to metallic
materials, are divided into:

9 Laser methods.
1 Laser Sintering (LS).
1 Laser Melting(LM).
9 Selective Laser Melting (SLM).
1 Laser Metal Deposition (LMD).
1 EBM1 3D printing by means of electron-beam melting.
9 DED ' 3D printing using an electric spark.
1 UAM ultrasonic adding of metal.

One of the most important advantages of 3D printing or additive technologies is the ability
to create end products of complex shapes with high efficiency use of materials, without the
need for a final mechanical treatment, while at the same time allowing the production of
materials with complex chemical compositions. By using 3D printing the hot and cold
phases of the processing of materials is avoided (which always represents a critical phase
in the manufacturing of products). The quasi-static properties of relatively "new" materials
produced by additive technologies are already well known and are well comparable with
existing, conventionally derived materials. On the other hand, the dynamic properties and
resistance to fatigue of these materials still quite unexplored. In addition to the
development of new technologies the focus is also on the implementation of new materials,
the development of methods for testing, control of microstructure, effects of the direction
of product building, the density of printed material on the mechanical properties, porosity,
anisotropy of materials, residual stress and surface conditions. In addition to the
development of new technologies, the development in the field of 3D printing of metal
materials is increasingly focusing on the development of new materials and the production
of powders suitable for additive technologies that enable production of products that are
subject to the different thermodynamic conditions fin use" than those produced by classical
manufacturing processes. Techniques suitable for the manufacture of powders for additive
technologies include electrothermal wire stripping, plasma dewatering in the cloud, gas
condensation, DC plasma and RFI plasma (Radio frequency induction plasma), where
spherical powders are obtained. In the case of steels, the base materials are stainless and
maraging steels, in the case of Aluminium the materials are AlSi and AlISiMg alloys and in
the case of non-ferrous alloys they base on inconel 718 and Ti-6Al-4V.

On the other hand, the development of additive metal printing technologies is aimed at
combining various 3D printing techniques and conventional technologies to achieve
maximum and affordable properties, the development and implementation of new
materials, the development of methods for their testing, the control of microstructures with
direct influence on the change of properties, achieving higher surface quality and precision
of printing, the possibility of eliminating additional mechanical and thermal treatments and
product development with gradient composition and gradient-changing properties. The
other development course aims to the study of the influence of the direction of construction,
the density of the printed material and the process control parameters on the mechanical
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properties, porosity, anisotropy of the material, residual stresses, and the condition of the
surface.

As can be concluded from the review of European this is one of the most propulsive and
active research areas of technologies and materials. The emphasis is on the heat history
of the product and the appropriate heat treatment by which the materials' recrystallization
can be achieved, residual stresses can be eliminated and mechanical and dynamic
properties improved. By improving mechanical properties, the extremely important field of
use of additive technologies opens up in medicine. 3D printing enables the use of different
combinations of elements with a gradient alteration of the strength and structural
properties within the product, and above all an individual's anatomy adapted to the
production of implants.

At present in Slovenia, there are no production capabilities in small to medium-sized
companies that would produce metallic products (ranging from 10 to 1000 pieces) by
additive technologies. The 3D printing technologies using metals is still too expensive and
thus unprofitable. In SRIP MATPRO special attention will be given to the development of
this segment, in which it will join partners to the development of new services, such as 3D
metal printing of plastic inserts for the injection of polymer prototype products, 3D printing
sand moulds for metal casting and 3D printing of complex metallic products with high
added value, such as combustion engine exhaust gas catalyst. The development focus
will be devoted to new metallic materials suitable for 3D printing, the production of printed
large sized products, printed composites and nanocomposites, greater precision
(resolution) of the printing and surface quality and the gradient phase structure that is
achieved through printing. Knowledge of complex metallic products gained through the 3D
printing technology will enable the further extension of the 3D printing to other areas of the
metal-processing industry, because the transition from one type of production to another
when there is a sufficient knowledge is relatively simple, and investments become
reasonable even for smaller companies.

The potential value chains within SRIP MATPRO in the field of rapid prototyping
technologies, especially in the field of printing of metals, where research institutes play an
important role in understanding the influences of process parameters on the obtained
properties and their support of industrial partners with findings, together with the pilot
centres that actually test the technologies in a small-scale industrial environment, consists
of a large group of partners.
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c2) Recycling of metallic materials, rare earths, composites drgducts

and other sources

Recycling is becoming an increasingly important segment of the production process for
metallic and non-metallic materials. Key aspects of ecology, as well as the reduction of
energy and other resources consumption and the preservation of natural resources are
crucial. Lately, certain strategic materials have come to the forefront of the role of recycling
in order to increase their accessibility. Accessibility is a serious challenge in the production
of permanent magnets based on rare earths, where China has a monopoly. In the case of
steel, the recyclability rate is very near to 100%, where at the production of high-quality
steels, especially of ultra-pure steels, the introduction of new technologies for removal of
inclusions is mandatory. For aluminium, especially for high-strength alloys, the goal is to
come closer to 100% recyclability and at the same time maintaining the high strength
properties for materials made of secondary raw materials. With the pressing demands on
weight reduction and improvements in functional properties, the use of composites and
combinations of different materials (e.g., mixtures) is increasing remarkably. On the other
hand, these materials are very problematic from the point of successful decommissioning
and recycling. For successful recycling, it is necessary to keep in mind this problems
already at the stage of the development of materials, the construction of components, and
the planning of the production processes. It is not to forget about the recycling of secondary
products that include both auxiliary materials needed for the production of the materials

57



and the production of the end-products, as well as waste materials, such as slags or
cuttings of composite products. In SRIP MATPRO the value chain, with all competent
partners that already operate in Slovenia, covers all the key partner groups: the production
of raw and auxiliary materials, the production of steel and aluminium, foundries, the
production of metal products and permanent magnets, the production of composites,
elastomers, decommissioning, handling and the use of secondary raw materials. There is
also the utilization of so far unused sources, such as nylon-6 fishing nets, where in
Slovenia we have a unique, market proven and recognized technology, which can be,
based on our experience, upgraded to become functional for additional valuable materials.

From the industrial as well as the state point of view, the competitive advantage of the
recycling of strategic elements and the re-processing of waste (with a high content of
important elements and the proper design of the recycled input materials aiming to
independence from international suppliers as well as to the improvements of the properties
of final products) is very important. In the area of by-products, however, everything goes
primarily about the preservation of the environment and the creation of an appropriate
dialogue and the balance between the legislation and the operation of Slovenian
companies in harsh international markets.

PRODUCTION OF AUXILIARY
MATERIALS

PRODUCTION OF STEEL

FOU NDRIES

MANUFACTURING OF END
PRODUCTS

PERMANENT MAGNETS

USE OF »WASTE« MATERIALS

In the field of recycling, a very specific but strategically important segment is the recycling
of rare earths. In the rare-earth-magnets market, Nd-Fe-B magnets dominate, with an
approximately 95% market share. They are followed by the Sm-Co magnets, which
actually represents a niche market. The Nd-Fe-B market for sintered magnets amounts to
about 70,000 tonnes, most of which are made in China and Japan. In recent years the
European share of production has shrunk. There are 4-6 companies in EU that actually
produce Nd-Fe-B magnets. The annual production of Nd-Fe-B magnets moves about
10,000 tons. In Slovenia, Kolektor Group and Magneti d.d. are active in this field, where
Magneti d.d. is actually the second largest European producer of sintered Sm-Co magnets.
Currently, in the EU, no systematic recycling of rare earth magnets exists. For many years
Magneti d.d. has been carrying out internal recycling of waste magnets, which is a very
demanding process. The production of conventional sintered magnets allows only up to
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5% of the additives derived from waste material. The tolerance of materials on
contamination with different raw materials is extremely low.

An analysis of the quantities of rare earths currently in circulation in Europe (after half a
century of importing rare earth materials) shows that it would be sensible to start recycling
waste materials. Why continue to import expensive rare earths and be dependent on a
single supplier, since residues in landfills throughout Europe are full of such materials?
Currently, the import of rare earths, mainly from China, is much cheaper than the recycling
of waste. Above all, it is necessary to establish a strategy for the more efficient recycling
of waste magnets. Itis irresponsible to expect magnet manufacturers such as Magneti d.d.
and Kolektor Group to do the job alone. It is necessary to establish harmonized national
and international chains or networks to achieve these goals through targeted research
aimed at more efficient waste collection, better material analysis, and new techniques for
the treatment and processing of waste permanent magnets and rare-earth products. In
Europe, Magneti d.d. and Kolektor Group are already actively involved in research in this
field (MAG-DRIVE, REPROMAG, ROMEO, DEMETER, etc.).

Recycling is also an open question in the field of multicomponent materials. The first
challenge is to improve the efficiency of existing materials that go beyond the technological
capabilities for economically efficient recycling. For non-metals, most often plastics,
impurities are the biggest impediment to the recycling since they are difficult to remove.
The recycling of crosslinked systems (resins, binders) that make up most of the reinforced
composites is unresolved. Composites are the largest unresolved recycling challenge of
multicomponent materials, as composite applications are increasing, and they also
include increasingly expensive components. Such are carbon fibres used in advanced
composites that are much more expensive than conventional glass-fibre reinforcement.
Multicomponent materials, despite improved properties, represent a greater barrier to
recycling than conventional homogeneous materials. It is expected that the trend of their
use will be further on the rise. This applies to classical reinforced composites (fibres -
cross-matrix), for nanocomposites, filled elastomers, as well as for combined (fused)
structures of metallic and non-metallic parts. The study conducted by the Ellen MacArthur
Foundation and the World Economic Forum, highlights the recycling of multicomponent,
mostly polymeric materials, as one of the most important challenges for achieving the
objectives of a circular economy.®* At present, carbon-fibre composites are already being
used for structural elements in the aviation industry (fuselage, carriers, wings)® and small-
sized automotive production, and it is expected that the use will expand into large-scale
automotive production. 3¢

34The New Plastics Economy Rethinking the future of plastics
http://www3.weforum.org/docs/WEF_The New_Plastics Economy.pdf

35]ATA Technology Roadm2013
https://www.iata.org/whatwedo/environment/Documents/technologgoadmap2013.pdf

3 Plastics and Polymer Composites for Automotive Mark&technology Badmap 2014
https://plasticscar.com/TomorrowsAutomobiles/Plasticsaand-PolymerComposites
TechnologyRoadmap/Plasticand-PolymerCompositesT echnologyRoadmagfor-Automotive
MarketsFullReport.pdf
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This will result in increasing quantities of waste composites from production (cuttings) and
from end-of-life products (vehicles) that will need to be recycled. Recycling procedures for
composites are mostly in the experimental or developmental phase, depending on the
target system. In the field of composites, Slovenia has a strong position with a large group
of important manufacturers of complex composite products, which already form part of
future recycling chains as they design, construct and manufacture products that will need

to be recycled after use. Suchc ompani es are Elan (windmills,

(parts for motorcycles and cars), Pipistrel (Albatross aircrafts with fuselages and other
aircraft parts), Ultramarine (vessels), Veplas, Rgroup, etc.

Recycling can be improved by using new sensor materials, responsive materials and
extending the Internet of Things to the field of materials. All these elements will contribute
to improving identification and facilitating the separation of materials, which is a
prerequisite for successful recycling. Here, we can expect that multicomponent smart
textiles with fibre-integrated functional add-ons will play an important role in the recycling
of textiles, which is in comparison with other segments, exceptionally under-developed. In
this area, AquafilSLO has important expertise, which is at the same time the largest SRIP
MATPRO partner in the fibre and textile sector in Slovenia.

There is also an important opportunity in the field of so far unexploited resources. An
excellent example is the recycling of fishing nets from nylon-6, where AquafilSLO has
unique and market proven and recognized technology, which on the basis of experience
gained, carries the potential to upgrade for the acquisition of additional valuable materials.

Recycling challenges present a number of combined and cross-linked materials on which
Slovenian manufacturing companies have built strong competences: multilayer films
(Plasta), cross-linked elastomers (e.g., silicones, sealing materials - Gomline, Donite
Tesnit), foamed polyurethanes (Plama PUR, KOPUR). Some of these companies deal
with both production and recycling (Plasta, Plama PUR, KOPUR).

c3)Advanced casting technologies and casting

The trends in casting techniques and technologies are changing significantly with the
development of materials, which applies both to casting in single-use and permanent
moulds. The dominant foundry casting technologies in single-use moulds are in the field
of castings of materials with higher melting point (grey cast iron, white cast iron, molten
cast iron, Ni alloys, Co alloys, partially Cu alloys), which include gravity, centrifugal and
vacuum casting. Casting into permanent moulds (mainly Al, Mg and Zn alloys) is carried
out by means of gravity, low pressure (LPDC), pressure (HPDC) and centrifugal force
(CC). Lately, there has been an increase in the production of parts made by die-casting
technology (in particular aluminium alloys). The reason is in the needs of automotive and
transport industries which require lighter and functionally more effective components.

In the future grey cast iron will also play an important role due to the fact that in the field
of road and sea transport, the main power unit represents the diesel engine, where the
engine block is still produced from a group of grey castings. The same trends are true for
the vehicle's brakes. Depending on the shape, size and distribution of graphite, the matrix
microstructure of a grey cast iron has a whole spectrum of different properties. For
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example, the tensile strength of grey cast iron with laminated graphite (FGI) ranges
between 120 and 350 MPa, grey castings with vermicular graphite (CGI) between 300 and
450 MPa, and grey cast-iron graphite (SGI) between 400 and 900 MPa. Other features
such as good damping of FGI grey cast iron represent a compromise between relatively
good mechanical properties and good thermal conductivity of CGI grey cast iron, etc.
Recently, isothermally enhanced grey cast iron, i.e., Austempered Ductile Iron (ADI) with
a tensile strengths of 900 to 1.600 MPa and a breakdown elongation of 1 to 6%, has
become very important. The group of grey cast irons will continue to be the main casting
material in the future, with the need for increasingly complex geometry.

From the review of world trends in the development of materials, it is evident that the
development of materials is relatively well followed by technological progress, although
technologies often lag behind. One of the important constraints is the castability i.e., the
ability of the melt to fill a thin wall. The development is in the direction of modifying the
existing technologies using optimized and new materials. Thus, new technological
approaches are being sought to enable the casting of components for e-cars, which, in
addition to low weight, must provide a high degree of dimensional accuracy, sealing and
technical purity. It is expected that new casting technologies such as Squeeze Casting,
Rheo Casting, Thixo Casting, will prevail. In this way, the manufactured products have up
to 30% better mechanical properties together with reduced amount of macro defects, while
the material is at the same time fully recyclable within foundries. Achieving proper
breakthroughs in foundry technology requires a complete virtuali experimental approach,
including a prototype manufacturing process.

In the field of auxiliary materials, such as sand mixtures, the development of new binding
systems is completely ecologically acceptable (the use of synthetic and composite based
refractory materials).

By 2022, the main goal of the initiative is to develop pilot level KET technologies,
processes and products in the field of casting and to upgrade the existing technical and
scientific initiatives and projects with the aim of achieving top quality, increasing economic
productivity and strengthening of competencies on a global scale.

Advanced technologies will enable testing or providing of efficient pilot production
processes that will be able to automatically monitor, analyse, modify, adapt, and learn.
The concept of network implementation of KET in the environments where the concept of
Industry 4.0 is being implemented, should enable the production of innovative, custom-
tailored products with the highest possible quality (O ppm defects at manufacturer and 0
ppm defects for the customer), and the reconfiguration of production systems, in a way
that the performance and functionality respond as quickly as possible to the parameters
of casting technologies and adapt to market requirements - Integrated simulation of
product and production. For stable production it is necessary to develop a system for
monitoring and controlling the quality and traceability of castings. A model of direct linking
of advanced casting technologies with business models will be established by which
certain business chains will be built up between partners (including SMEs) and customers.

The introduction of new advanced casting technologies and the production of products will
enable an upgrade from TRL 3-5 by the development projects or by carrying out industrial
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research (sensors, simulations, modelling, prototyping, complementary technologies,
characterization, advanced non-destructive investigations). The joint development of new
products, internationalization, human resources development, and above all, integration
between developers and users of advanced foundry casting technologies, on the one
hand, and the global market for foundry products on the other, are activities that will be
carried out during the pilot implementation of advanced foundry casting technologies and
manufacturing.

c4) Modern technologies forthe processing of polymers and hybrid

materials

In recent years trends in the global polymer industry have intensified and dictate to
manufacturers of components the search for new innovative products and cost-effective
solutions. Manufacturers primarily aim to use light-weight, but by mechanical properties,
comparable materials to classic metals, and are looking for cheaper and more energy-
efficient solutions to manufacturing processes that make it possible to produce much more
complex components, which ultimately reduces the number of component parts.

Polymer composite materials have exceptional potential and represent important
technological advances, both based on structural components as well as in the component
parts of motors, interior and chassis, as they offer a unigue combination of exceptional
strength, low weight, corrosion resistance and electrical insulation.

Building on the industry's need for cost reduction and weight, in recent years, it has
become a constant practice to replace the medium and low-loaded metal parts with
composites. In most cases, these parts are reinforced with short glass fibres and made by
the technique of injection of polymers.

Managing effective processing of these materials and also knowing the mechanical
properties is a paradigm that opens up completely new R & D areas and allows us to
penetrate into developing niches that will in the future have an edge over competitors and
open up entry into other eco-efficient markets and electric vehicles.

New components made of composite materials will allow a combination of minimum noise
levels, maximum weight savings and maximum possible price reductions due to cheaper
and more efficient production compared to steel or aluminium. The products will be
multifunctional and will reduce the number of parts, logistics problems, energy
consumption and, ultimately, the possible number of errors in the supply chain and in
operation.

However, in spite of the relative price accessibility of basic materials, these products are
not yet widespread due to a lack of knowledge about these technologies (non-existent
reliability-assessment methodologies for lifetime determination and predicting product
failure).

The production of complex carrier components made of polymer materials (thermoplastic
composites) is extremely complex. In development terms, Slovenia is lagging behind EU
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and wider, where the needs increase on a daily basis. In the production of new models of
cars the growth figures for such elements is remarkable.

In the horizontal value chain the modern polymer processing technology will address this
lack of knowledge and, through its operation in all value chains, will help manufacturing
companies to introduce the latest technologies into their production, thereby significantly
enhancing the added value of their products.

The main challenges in the value chain are:

Knowledge of the latest polymer-processing technologies.

Knowledge of the mechanical properties of the latest polymer composites.
Life-expectancy studies under operating conditions.

Processing technologies.

Management of the synthesis technologies that include state-of-the-art CAE
(computer aided engineering) and virtual optimization methods.

T New production models, realization of production processes and cost planning.

= =4 —a A -9

In this way, a specialized system will be developed in the value chain to solve the above-
mentioned problems. New methods developed in the project and included in the system
will enable companies to obtain appropriate solutions that will enable the immediate
introduction of technology and will be based on the design of products, the choice of
appropriate material and technology, and the determination of processing parameters for
the selected material. Thus, the competitiveness of Slovenian companies in the global
market will increase significantly, and above all, they will consolidate their position against
companies from countries with low-cost labour outside Europe. These are very complex
products and must be designed with a verified life expectancy for use in long-term, high-
level dynamic loads applications.

The main benefits for Slovenian companies are:

1 Increasing competitiveness of Slovenian companies in competing with the
challenges of low-cost workforce countries.

1 Increase of the added value up to 25% by introducing the production of more
demanding products at lower production costs and a much larger input of R & D
knowledge.

1 Enabling Slovenian companies to quickly adapt to the production of highly
complex components of special polymer composites with lower costs in order to
maintain their position as suppliers to the major European automobile
manufacturers.

I To enable an increase in production of demanding multifunctional structures by
20% by replacing metallic materials with thermoplastic composites or hybrid
components.

1 Significant reduction of energy consumption and environmental impact in the
production of such components.

1 Reducing the price of the products by 30% by replacing metals with composite
and multicomponent materials, and thus following OEM targets for their products.
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New multifunctional polymer components. As part of the research, a feasibility study
for a variety of industrial cases will be prepared, which will enable the end user to respond
in a quick and clear way to the question of whether a particular component can be replaced
with a multicomponent product, or whether there is a possibility to produce the same
product with other technologies. For individual cases, the replacement technology and the
most appropriate material will be determined according to the required characteristics and
functionality of the product.

Processing technologies:

1 Polymer injection: the ability to produce very complex components in large
batches; all of the above listed materials can be used for injection technologies,
the problem is that metal processors (for injection tools) mostly do not know the
specifics of the design of plastic products and that a great deal of knowledge is
needed to properly construct the product and anticipate the appropriate load
capacity. Without the use of modern CAE it is impossible to master such design.

1 Multicomponent (xK) polymer spraying: the technology involves spraying of the
core or critical parts made of high-strength material, follows the spraying of parts
that are not mechanically or thermally critical. Technology enables the production
of complex components at a relatively low price (if the series is large enough). All
the materials listed above can be used for spraying, there is a problem of joining
and simulating the joints.

1 Functional integration of structural components into injected products: the
plate made of knitted endless carbon fibres is preheated and then thermoformed
in the tool, and finally a thermoplastic polymer is obtained. The product is
characterized by high strength, no finishing is needed. Good knowledge of the
bonding properties and a demanding simulation of mechanical properties is
required.

1 Compression of polyurethane plates with long fibre spraying: glass fibres are
cut down and sprayed onto a tool coated with thin film or paint. The PU mixture is
added, followed by compression and hardening of the plates. Instead of fibres, a
pre-prepared structural sandwich panel (honeycomb) can be used.

1 Hybrid products: Combinations of stamping and spraying technologies show their
advantages in products where thermoplastic material is riveted, soldered or
injected on metal. All these operations take place on a conveyor (high structural
strength, time savings and costs, high cost of investment)

During the introduction of new technologies, companies are hampered by not knowing the
ultimate mechanical properties of the products, because they lack reliable analysis
methods, by which they would be able to anticipate the behaviour of the product in the real
world. Special attention will be devoted to the production and optimization of design
methodologies and the optimization of manufacturing technologies, covering the latest
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CAE (computer aided engineering) and virtual optimization methods that comprise
numerical simulations of processes and products.

The results will have a strong financial impact on companies that will use the new
methodologies. Only with the replacement of metals by composites, can a cost reduction
of up to 30% be expected. In addition, the costs will be reduced due to a greater degree
of automation and the integration of several functions into one production phase. The use
of simulation tools in the development phase will further reduce development costs by
early detection of the potential errors and risks. In addition, the rapid pre-evaluation of the
manufacturing process and structural features means a significant reduction in the time of
the product to reach the market. All of this will lead to greater competitiveness of Slovenian
companies in the global market, and above all, they will consolidate their position in favour
of companies from countries with low-cost labour outside the EU.

c5) Modelling of materials manufacturing prcesses

Modern development of materials and technologies cannot be imagined without modelling
of processes that take place during the manufacture of the material. Modelling can be done
by combining already developed models or by developing new models that cover several
phenomena in the basic model. Thus, in recent years, Computational Materials Science &
Engineering has become increasingly intensified at all levels of development and
optimization of engineering materials and technologies for their production. With the rapid
development of industry and the transition to Industry 4.0, it is expected that this trend will
further strengthen.

Due to the intensive development in various modelling and simulation of materials and
end-products related areas, and the rapid growth of available computer capabilities and
capacities, there lays a great opportunity for Slovenian companies but, on the other hand,
there is also a great danger to stay behind. Lagging behind in modelling can have
extremely negative effects on the competitiveness of companies in the long run. From the
review of literature, it is evident that the biggest challenges in this area are to a large extent
related to the problem of the transition (or the coupling of models) between different spatial
and time scales. The design of the microstructure, which defines the properties of the
material, is carried out in the field of the production of engineering materials in all four main
spatial scales, i.e. in electron, atomic, mesoscopic, and macroscopic level, respectively.
Two main directions for resolving the problem of coupling the models across different
scales are being implemented: the first is the ICME (Integrated Computational Materials
Engineering) approach, where hierarchical linking of the material models on different
scales using relevant parameters, that are exchanged between the models, simulating the
development of the microstructure during the thermomechanical processing of materials.
Lately this approach is being intensively used in the development of materials and end-
products, and is being increasingly transferred from research laboratories to industrial
practice. In the ICME approaches the transition between the scales is discrete, which can
lead to the effects without any physical justification, therefore many problems will still have
to be addressed in the future. The very good side of ICME approaches is that, in
comparison with alternative approaches, which represent the second direction of
development and are based on the theory of the renormalization group and the adaptive
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network thickening (a typical example are the methods of the phase field of the crystal),
the calculation is significantly less intense.

The main challenges and guidelines in the field of modelling and simulation of engineering
materials are:

=

Simulations throughout the complete process chain, from the design,
manufacturing and use of engineering materials.

Modelling as an independent contribution to applied research that is conducted at
the experiment equivalent level (calculation experiments) and the connection of
modelling with experimental results.

Reverse engineering - transferring the products development needs to the process
of materials production.

Development and integration of models that are robust and fast enough to be used
on-line to control the materials manufacturing processes.

Development of models and simulation tools for virtual testing.

Development of methods for validation of models and simulation tools.
Development of plug and play tools and platforms for their direct integration into
the ICME concept.

d1) Multi-component smartfibres and textiles

The Slovenian strategy of smart specialization among non-metallic materials particularly
highlights the production of fibres and textiles. In Slovenia the results of the sector are:
EUR 280 million of annual sales, 1300 employees, EUR 53 million of added value, EUR
22 million EBITDA, EUR 7 million of net profit. In the textile sector, in 20163 the European
platform for fibres, textiles and clothing prepared a survey of the sector future trends where
four future challenges are highlighted:

T

)l
)l
)l

Smart high-performance materials:

1 High-performance fibres and textile materials for technical applications.

1 New 1, 2 or 3 dimensional fibre-based structures for technical applications.

1 Multifunctional textile surfaces and associated processing technologies.

1 e-textiles for smart structures, functional interiors and smart clothing systems.
Advanced digital production, value chains and business models.

Circular economy and efficient use of resources.

High-value-added solutions for growing markets.

High priorities are given to interlinked innovation promoters: knowledge and education,
regional excellence and the European dimension. The development is therefore focused
on fibre and textiles with increased functionality, which improves the properties or adds
new features, thereby improving the usability and user experience. The second key focus

37 Towards a 4th Industrial Revolution of Textiles and Clothifg Strategic Innovation and
Research Agenda for the European Textile and Clothing Industry (2016)

http://euratex.eu/fileadmin/user upload/documents/Library/R_D/TextileETP SIRA public versi

on.pdf
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