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Development of an Efficient Microwave System for Material Transformation
in energy INtensive processes for an improved Yield

Enjoy reading the DESTINY newsletter!

DESTINY Project will deliver a new eco-efficient solution based on microwave technology and being developed to design a new
radical versatile process that will able to face different industrial sectors.

The aim of the project DESTINY is to get the technology much closer to an industrial production rate guaranteeing scalability,
replicability and robustness. Moreover, the fully electrical DESTINY module has the final goal of a reduced direct dependence of
energy intensive industries on fossil fuels; thus, the idea contributes to reach the Paris agreement goals.

The DESTINY concept will be proved in two demo sites located in Spain and Germany covering high energy demanding sectors
of strategic interest as Ceramic (Pigments), Cement (Calcined clay) and Steel (Sinter, iron pellets/sponge iron (DRI), ZnO) to
validate the critical parameters of the developed technology in relevant environment. It will be implemented as two feeding
modules per demo site and one mobile microwave kiln module and product treatment.

THE PROJECT

The DESTINY project aims to realize a functional, green and energy saving, scalable and replicable solution, employing
microwave energy for continuous material processing in energy intensive industries. The target is to develop and demonstrate
a new concept of firing for granular feedstock to realize material transformation using full microwave heating as alternative
energy source and complement to the existing conventional production. The DESTINY system is conceived as cellular kilns in a
mobile modular plant, with significant advantages in terms of resource and energy efficiency, flexibility, replicability, scalability
and a reduced environmental footprint.

The influence of the DESTINY solutions in terms of stability, process efficiency and characteristics of raw materials,
intermediate/sub/final products will be investigated to improve performance of the industrial processes within 3 industrial
sectors (Cement, Ceramics and Steel). New heating technologies, monitoring systems and numerical simulation tools will be
used to drive the design and to excel in the outcome.

The industrialization and sustainability of DESTINY high temperature microwave technology will be assessed through the
evaluation of relevant key performance indicators (KPI)s with life cycle methodologies. With the final aim of ensuring a large
exploitation and market penetration for DESTINY, technology-based solution business models, economic viability and
replicability analysis will be conducted. For guaranteeing industrial transferability, appropriate exploitation and dissemination
activities have been defined during and even after the end of the project.
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OBJECTIVES

The DESTINY project aspires to introduce a “first-of-a-kind” high temperature microwave processing system at industrial level
offering a variety of vital benefits to energy intensive sectors: reduced energy consumption, lower lifetime operating costs and
enhanced sustainability profile.

The DESTINY system is conceived as cellular kilins in a mobile modular plant designed to cover the “material
feedstock-firing-product storage” process in a unique clean system with increased production flexibility. Working with
throughputs ranging from 10% to 100% capacity should be enabled without any major loss of the overall process performance.

Objectives focus towards the improvement of efficiency ratios in the following areas:

Flexibility of +30% to energy input within RES (Renewable
Energy Sources) fluctuations time frames without significant

losses in specific energy efficiency

Improvement in energy efficiency of 40% (depending on

different industry and product applications)

+ Improvement in terms of resource (fuel) efficiency exceeding
the value of 40%

- Decrease in CO2 emissions by 45% (without considering the

electricity generation at steady state)

« Decreased OPEX and CAPEX by 15%.

EXPECTED IMPACTS

Manufacturing is the driving force behind Europe’'s economy providing over € 6,553 billion of GDP, which represents
approximately 21% of the EU GDP and providing about 20% of all jobs (more than 30 million) in 25 different industrial sectors.

Within a context of climate change legislation, volatile energy prices and increased environmental awareness, modern
manufacturing must focus on the introduction of modern and renewable energy solutions as well as on sustainability and

eco-efficiency.

The EU mass commodity manufacturing industry has already implemented technologies, control systems and measures to
reduce primary energy consumption and plant emissions. But, in order to achieve further significant energy reductions, it is
necessary to target the most energy intensive parts of the production chain such as the firing processes. In this sense, the new

system proposed in DESTINY will be a clear opportunity to improve the current industrial heating processes.

The DESTINY concept is indeed a paradigm change: it enables new small-low cost solutions for new processes or to retrofit
existing plants. The system is designed as a modular unit to create any production capacity required by clients on-site. Due to
a reduced size, it offers a production on demand, delocalised and with high flexibility of production and portability, it gives the
chance to develop new business strategies and allowing increased flexibility of the energy input. Thus, the DESTINY concept

perfectly fits to energy efficiency policies for the performance of the next generation renewable based electricity grids.

Due to the novelty of DESTINY's outcomes, it is expected to have a high potential for market application covering a real need

and demand from energy intensive industries processing raw materials.
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TECHNOLOGIES

The aim of DESTINY is applying non-conventional energy sources to energy intensive industrial processes. The use of systems
based on electricity like the MW considered in the project is a true alternative to fossil energy sources (natural gas consumption)
enabling the integration of renewable electricity and providing significant advantages in terms of resource/energy efficiency

and operational flexibility.

An extensive list of innovations regarding various system aspects will be put in place in order to demonstrate an operational
prototype of the new process in industrial scale related to:

* Reactor, feeding system and plant integration

» Microwave technology

» Concept of application

 Monitoring and control

« Industrial use

WHICH ARE THE INVOLVED COMPANIES AND ASSOCIATIONS?

KERABEN is a Spanish company devoted to the manufacturing of ceramic tiles. KERABEN
commenced its business activity in 1974 and since then, customer service and ongoing

technological innovation have formed the basis of the company’s strategy. KERABEN enjoys a
— == leading position in the sector of premium ceramic solutions delivering top quality products
KERABEN GRUPO with a notable design component at the middle-to-high-end segment.

The finest raw materials, cutting-edge ceramic tile technology and the commitment to
excellence shown by KERABEN's professionals are the finest guarantees for the consistently
outstanding quality of their products. Because of a irm commitment with the sustainability,
KERABEN reuses 100% of the water from the production processes, apply cogeneration to make the most of the energy,
reintegrates the waste products from each process into the ceramic tiles, works with 100% recycled packaging and have all the

procedures certified.

CEINNMAT is a high-tech SME within the industry of materials processing providing and
developing microwave and complementary emerging technologies. It is a private
research-intensive company created in early 2010 in Castellon (Spain) with a research and

equipment development delegation in Valencia University Science Park.

CEINNMAT develops microwave industrial technology for continuous flow material processing,
fabricates and provides equipment-based microwaves and multi-source energy kilns for the
industry, developing both the system and the equipment with proprietary technology.
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NTUA.HMCS belongs to the Thermal Engineering Section of the School of Mechanical
Engineering. It is an accredited laboratory established by Government Decree in 2002. It is
served by 1 faculty member, 10 post-doc research associates, 5 doctoral candidates,
approximately 15 graduate students on an annual basis and three members of staff for
administrative and technical support.

NTUA.HMCS has participated in 35 EU funded projects since 2002. The main research areas of
NTUAHMCS include: Combustion thermochemistry, fundamental heterogeneous
multi-phase, multi-component, reacting flows and related industrial processes; building
materials and components under heating/cooling and fire conditions; fire growth in buildings coupled with energy saving and
energy storage technologies; process optimization-energy auditing for buildings and industry; development of multi-criteria
assessment tools integrated with Life Cycle Analysis for techno-economic & environmental impact assessment of energy

systems and technologies.

Universita Politecnica delle Marche (UNIVPM) includes 5 Faculties: Engineering, Medicine and
Surgery, Economy, Science and Agriculture. The organization is subdivided in 12 Departments

for a total amount of 523 units among professors of |, Il level and fixed-term researchers.

ESL'?’TEERCS[LT[@A With reference to the activities to be performed during the project the research group in

DELLE MARCHE

Mechanical and Thermal Measurement (MTM), belonging to the Department of Industrial
Engineering and Mathematical Sciences (DIISM) within the Engineering Faculty, will be
involved. The Group is at present composed of 5 professors, 1 lecturer, 10 research engineers,
16 PhD fellows and a variable number of young engineers with contracts. The members of the
group are partly mechanical engineers, partly electronic engineers; this cross-sectorial range of competences is an element of
strength for developing research in the transversal domain of measurement technigues.

The Universitat Politecnica de Valencia (UPVLC) founded in 1971 is a dynamic, innovative and
entrepreneurial public institution, devoted to training, research and technology transfer.

The Institute of Information and Communication Technologies (ITACA) is a research and

ggLII\/TEE%S;”Té\/T\ development entity of the UPVLC, with a Microwave Division (DiMaS) with large experience

DE VALENCIA

undertaking scientific and applied research, technological development and technology
transfer initiatives in the field of microwave engineering, such as electromagnetic
characterization of materials at microwave frequencies, the design of the microwave systems
to perform the required processing applications, and the manufacturing of laboratory-scale
microwave prototypes to evaluate the different designs possibilities and optimizing the processing parameters in each case.

ALFARBEN as a member of the TORRECID GROUP operates within a multinational business
group founded in 1963 and dedicated to providing products and services to sectors of
ceramics, glass, coating and plastic.

@ AL:FARBEN ALFARBEN is located in the province of Castellén/Spain, occupying an area of over 75,000 m2,
where it has a production center (with approximately 140 employees) equipped with all the
proprietary technology as well as laboratory and pilot plant fully equipped for the development
of R+D+ | in a short, medium and long term. ALFARBEN is fully focused on the world of
inorganic pigments, which has allowed developing its own technology production creating

facility of high volume production and a R&D centre to develop alternative synthesis routes for inorganic materials.



Ch

CHUMILLAS
TECHNOLOGY

CHUMILLAS offers customers comprehensive solutions for handling and processing of
products in granular powder since 1981. Solutions are developed for engineering,
manufacturing, installation, commissioning and after sales service facilities for the treatment
of raw materials in various industries. Added value is generated according to customer needs
thanks to the know-how acquired in a large professional experience.

The technical department carries out the equipment and process design according to actual
regulations, adapts machines to keep CE certification and has the expertise for the

development of tailored transport systems with the necessary equipment and instruments for

the total control of all system parameters (weight, flow, pressure, speed, etc.)

Bri

BFI with a staff of 100 people is a leading European provider of application focused R&D in the
field of steelmaking technology. It is focused on the the steel industry executing top-level
research and development, which meets the most exacting international standards.

BFI's field of activities covers the entire steelmaking process chain from charge materials to
the final product. BFl's core competences lie in the field of process development and
engineering, energy and resource technology and measuring technology and process
automation. BFI cooperates very closely with similar institutes all over Europe. BFI is deeply
integrated in the national and international research networks. In 2014, 24 national and 57

international research proposals were applied for in a wide variety of research programs, e.g. RFCS, H2020, SPIRE.

i MET]

metallurgical competence center

K1-MET GmbH is a competence center for metallurgical and environmental process
developments. Resource and CO2 efficient production of iron and steel as well as nonferrous
metals are within the focus. Further activities are analysis, simulation and modelling of these
processes and the integration of energy efficient concepts into existing production chains.

The used methods are based on a close cooperation between industries and scientific
institutions with a mix of fundamental research, computer modelling, laboratory experiments
and practical tests directly at the industrial facility. KI-MET has relevant experience in raw

material characterization (dusts, slags and sludges) from blast furnace and converter process

as well as from direct reduction ironmaking process and in the optimization of the sinter process regarding the influence of

operating conditions on product quality and off-gas emissions.

K

Recycling
und
Roheisen

DK is the world's largest recycler of ferrous waste materials in the steel industry. DK produces
special pig iron from the supplied waste materials at a high profitability and sustainability level
for the foundry industry in its facilities located in Duisburg Hochfeld.

DK relies on its more than 100 years old tradition and on its own developed and unique
recycling process, the so-called DK-process. The process is based on the classical sintering
and blast-furnace operations, and is a process that fully complies with the given recycling and
waste legislation helping to recycle approx. 500,000 tons of ferrous waste materials at a

resource's efficiency of 98% in a reliable and environmentally friendly manner.
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Building a better future
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Founded in 1906, CEMEX has a long experience in cement fabrication and is today one of the
world’s largest traders of cement and clinker. CEMEX manufactures cement in more than 50
countries across four continents and has annual sales of more than US$15 billion.

The CEMEX Research Group AG (CEMEX) in Brligg by Biel, Switzerland, is a subsidiary of CEMEX
S.A.B. de C.V., Monterrey, Mexico. CEMEX hosts and manages all R&D activities of all CEMEX
entities. It is responsible for the development and innovation of technologies and products in
the context of the CEMEX Group in all areas of product development, process technology,

processes, IT and sustainability in energy and emissions.

CIAOTECH as a wholly owned company and ltalian branch of the PNO Group, represents
Europe’s largest independent public funding and innovation consultancy with 30 years of
hands-on expertise with more than 500 funding programmes in most EU countries, annually
raising approximately 1 Billion Euro for its clients.

CIAOTECH's “Innovation Management” services deliver high quality support to large sized
companies, SMEs, Universities, Research Institutes, Associations and clusters in the full cycle
of the innovation process including analysis, definition and innovation processes planning

building innovation networks, partnerships and projects and managing projects and driving

innovation. CIATOECH has relevant experience in the review, definition and preparation of potential business models associated

to every technology; and managing dissemination, exploitation and IPR aspects, taking particularly care of the industrial liaison

and transfer, being especially skilled in the organisation of dedicate events and workshops.

—
CNGIiC

Laborelec

LABORELEC is a leading research and competence centre in electrical power technology
(240FTE, ~56M€£). It was established in 1962 in Belgium in order to support Belgian electricity
companies with research, development, and specialized services. Today, it is part of ENGIE, a
world leader in energy. LABORELEC competences cover the entire electricity value chain:
generation, transmission, distribution, storage and end-use.

LABORELEC competences cover the entire electricity value chain: generation, transmission,
distribution, storage and end-use. LABORELEC offer specialized research and services in each
of these domains, to companies in all parts of the world. More specifically for electrical
equipment, LABORELEC offers a vast array of services to guarantee the reliability of electrical

equipment on various levels. It includes on-site electromagnetic measurement and troubleshooting, electromagnetic
compatibility simulations and electromagnetic compatibility quality. LABORELEC offering also include earthing advice for
industrial electricity networks, feasibility studies for connecting wind turbines, heat pumps, and other decentralized generation
units to nation-wide electricity grids etc. Through the research LABORELEC improves the operational excellence of existing
electrical power assets, prepare the customers for their future challenges, develop new solutions for energy end-users needs,
and anticipate and explore the potential and risk of emerging energy technologies.

TECNICO
LISBOA

Instituto Superior Técnico (IST) is the largest school of engineering in Portugal with long
tradition in teaching, excellence in research, innovation and training activities. With three
conveniently located campuses, (Alameda in Lisbon, Taguspark in Oeiras) and Technologic and
Nuclear in Loures), IST consists of 10 Departments and 1 Autonomous Section being
responsible for teaching Undergraduate and Postgraduate Programs.

Today, IST has about 10,000 undergraduate students and over 1,500 graduate students in
different areas of studies. The faculty of IST includes over 700 Professors with Ph.D. in different
areas of specialization. The scientific activities are developed in research institutes, some of
them of excellence, in which working groups develop research in specific subjects within its

scientific area. The Mechanical Engineering Department has around 80 PhD holders that have participated in many FP6 and
FP7 projects in thermal equipment and energy efficiency in industry. The field of activity of IST research group is the numerical
modelling of fluid flow and heat transfer. Particularly, it has a large experience in computational fluid dynamics CFD in complex
geometries, two-phase flows and electromagnetic simulations in the presence of strong coupling between the
electromagnetic and thermal fields as in the case of the microwave of high temperature materials.



DESTINY CONSORTIUM

KERABEN GRUPO

KERABEN GRUPO S.A.
www.kerabengrupo.com

UNIVERSITAT
POLITECNICA
DE VALENCIA

UNIVERSITAT POLITECNICA
DE VALENCIA
www.itacadimas.wordpress.com

EAMET

metallurgical competence center

K1-MET GmbH
www.k1-met.com

ceinnmat

INNCEINNMAT SL
www.ceinnmat.com

(") ALFARBEN

AL-FARBEN, S.A.
www.alfarben.com

K

Recycling
und
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DK RECYCLING UND
ROHEISEN GMBH
www.dk-duisburg.de
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Laborelec

BELGISCH LABORATORIUM
VAN DE
ELEKTRICITEITSINDUSTRIE
www.laborelec.be/ENG/

NATIONAL TECHNICAL
UNIVERSITY OF ATHENS
www.hmcs.mech.ntua.gr

Ch

CHUMILLAS
TECHNOLOGY

CHUMILLAS
TECHNOLOGY, S.L.
www.chumillastechnology.com

//CEITIEX

Building a better future

CEMEX RESEARCH
GROUP AG
www.cemex.com

TECNICO
LISBOA

INSTITUTO SUPERIOR
TECNICO / UNIVERSIDADE
DE LISBOA
https:/tecnico.ulisboa.pt/en/

UNIVERSITA
POLITECNICA
DELLE MARCHE

UNIVERSITA POLITECNICA
DELLE MARCHE
www.diism.univpm.it

VDEh-Betriebsforschung
sinstitut GmbH
www.bfi.de/en/

CONNECTING AMBITIONS

CIAOTECH S.r.l.
www.ciaotech.com

For more info about project visit the DESTINY website at: www.destinyh2020andbeyond.eu

* This project has received funding from the European Union's Horizon 2020 research and innovation
5 programme under grant agreement No 820783.
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