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ADREM Adaptable Reactors for Resource- and Energy-
weemeenae v FClENT Methane Valorisation

the AIM

The enormous reserves of natural gas, its pofential confribution to improved environmental susfainability and
lower overall cosfs point to ifs use as the dominating primary source for energy and chemicals in the near future
The diversity of methane sources creates the need to develop new, infensified and adaptable catalyfic reactor
systems for flexible and decentralised production with high process performance

the CONCEPT |

ADREM focuses on the design, development and validation, in
an industrially relevant environment, of infensified, adapfable
and modular catalytic reactor systems able to operate with
changing feedsfock composifion to deliver, on-demand, the
required product distribution. The project will also boost the
selectivity of methane valorisation reactions fo achieve the
desired high value products.

Ihe project will use a unigue infegral process intensification
methodology pioneered by the project consortium. This is the
only approach able to deliver a fully intens equipment
d/or process. The key featfure is the systematic, simultoneous
addressing of the four project domains: spatial, thermodynamic,
functional and femporal. The reactor fechnologies addressed in
fhe project are based on microwave, non-thermal plasma, gas-
solid vortex, and high-temperature gradient plasma fechnologies
in combination with innovative catalysts. The significant impact
antficipated will be further increased by the use of renewable
electricity sources fo power the reactors

e

This project has received funding from the European Union’s Horizon 2020
Research and Innovation programme under Grant Agreement n° 680777

www.spire2030.eu/adrem







MEthane activation via integrated MEmbrane
REactors

the AIM

MEMERE's objective is the design, scale-up and validation of a novel membrane reactor for the direct conversion of
mefhane info ethylene. The focus is on air separation using novel mixed ionic-electronic conducting membranes
infegrated within a reactor operated af high temperature for oxidative coupling of methane (OCM) allowing
infegration of several different process steps in a single mulfifunctional unit to achieve significantly higher yields
compared fo conventional reactor technologies, combined with improved energy efficiency.

the CONCEPT

The project is developing novel, cheap yet more resistant oxygen
selective membranes for efficient air separation and distrioutive
oxygen feeding fo the reactor system. The objective is to give a
robust proof of concept and validation of the new fechnology
by designing, building, operating and validating a prototype
module based on the OCM technology that will be infegrated

in a mini pilof-plant built in o standard confainer. MEMERE
fechnology will deliver direct conversion of methane to C2+
hydrocarbons with a reduced energy penalty in a much
more effective way (farget C2 vields are greater than 30%)

as compared fo currently available fechniques. In addifion,

as air separation is infegrated in an efficient way in the reactor,
the MEMERE technology can also be used af smal-Ho-medium
scales to convert methane produced in remote areas where
conventional fechnologies cannot be exploited foday

OGO
This project has received funding from the European Union’s Horizon 2020 -
Research and Innovation programme under Grant Agreement n° 679933

www.spire2030.eu/memere E i.'_







PRINT Process Infensification  through Adaptable
CRBD'T Cafalytic Reactors made by 3D Prinfing

the AIM

PRINTCR3DIT will implement a methodology to infegrafe 3D printing technologies in the advanced design,
modelling and manufacture of structured cafalysts and catfalytic reactors. This will result chemical processes with
significant reductions in cost, resource utilisation and energy, and give access fo new design strategies and faster
lead times. This technique is particularly useful in reactions where diffusion, mixing and/or heat fransfer are barriers
fo achieving higher process performance.

the CONCEPT

The concept of the hybrid ufilisafion of addifive manufacturing
(also known as 3D printing) has especially high impact in cases
where optimal or innovative designs cannotf be realised with
fradifional manufacturing approaches or when producing
such designs are very expensive. The project methodology will
be applied fo three defined market segments (fine chemicals,
specialty chemicals, and fertilizers) where production ranges
from few fons fo millions of tons of production per year. This
demonstrates the enormous versatility of 3D printing for
reactor and caralyst designs. For all three processes, the
challenges to be solved are thermal management, innovative
reacfor design and flow disfribution. These examples will
provide realistic data in different markets to delineate robust
business case scenarios with the opfions of new integrated plants
or refrofitting for large-scale applications.

This project has received funding from the European Union’s Horizon 2020 -
Research and Innovation programme under Grant Agreement n° 680414

www.printcr3dit.eu E






Reactor Opfimisafion by Memlbrane
MEO Enhanced Operation

R

the AIM

A new level of process infensification for catalyfic-driven and environment OHv friendly reaction systems is at hand
ROMEQO's aim is fo reduce energy consumption by up to 80% and emissions by up to Q0% for industrial catalyfic
gas-phase reactions. In the project, European industry and academia have T@m ed up fo develop a new reactor
concept using novel homogeneous catalysis and membrane fechnology fo combine chemical synthesis and

downstream processing in a single step

the CONCEPT |

ROMEO’s new reactor design includes bundles Q‘ fubes and
a homogenous catfalyst being fixed onto a membrane. Both
chemical synthesis and processing are cu"\ed out in a
single sfep thanks to this reactive membrane. In this «wo-
in-one» reactor, the product is continuously removed from

the reaction mixture as it is formed. The project will obfain a
detfa \ >d understanding of the processes involved in the new
reactor, from the nanoscale (catalyst phase, membrane,
fransport mechanisms across and inside the membrane)

fo the macro-scale (including heat and mass fliow, industrial
process design efc.). The new know-how gained will be used

fo develop a flexible reactor design meThod allowing for use of
he sysTerT‘ iNn awide range of applications

Processes (Or bu\k chemicals and bio-energy ('Jpp cations
have b chosen fo demc strate the efficiency of ROMEO's
’echmo\og\/ ina "\fxw fo industrial conditions environment. Two
demonstration plants will be built: one running a hydroformylation
reaction and one running the water-gas shift reaction

This project has received funding from the European Union’s Horizon 2020
Research and Innovation programme under Grant Agreement n° 680395

www.romeo-h2020.eu E






[ Tandem Electrocatalytic Reactor for Energy

s [ JosOUCE Efficiency and Process Intensification

the AIM

TERRA aims fo develop a tandem electrocatalytic reactor (TER) with the capability to couple an oxidizing reaction
with a reducing reaction. This will deliver the potential competitive advantages of (1) saving resources and energy
(needed to produce the oxidant and reductants for the two separatfe reactions), and (2) infensifying the process
(oy reducing the number of steps, coupling two synthesis processes and eliminating those required to prepare
the oxidation and reduction agents).

the CONCEPT |

The TER unit may be used in a large range of applications, buf
will be developed for a specific relevant case: the synfhesis
of PEF (PolyEthylene Furanoate), a next generatfion plastic.
The TERRA project aims fo make a major step forward in this
process by coupling the synthesis of Furandicarboxylic acid
and mono ethylene-glycol in a single novel TER reactor, with
relevant process intensificafion. Amongst the elements of
innovation there are: (1) operation at higher temperature
and pressure than «conventional electrochemical devices

for chemical manufacturing; (2) the use of noble-metal-free
electrocatalysts; (3) the use of novel 3D-type electrodes fo
increase productivity; (4) the use of electrode with modulated
activity; (5) and the possibility 1o use an external bios (from
unused renewable electrical energy) fo enhance flexibility of
operations.

In addifion to scaling up the reacfor and fesfing under
environmentally-relevant conditions, TERRA will address the crifical
elements necessary to pass from lab-scale experimentation fo
industrial profotype with infensified productivity.

This project has received funding from the European Union’s Horizon 2020 T
Research and Innovation programme under Grant Agreement n° 677471

www.terraproject.it E







SPIRE 6 - 2015
Energy and resource management systems for
improved efficiency in the process industries







. Enhanced energy and resource Efficiency and
EPS Performance in process industry Operations

SYMBIOSIS IN INDUSTRY \/|Q Omsﬂ‘e Omd CrOSS—SeCTOH(:” SymbK}S‘S

the AIM

EPOS brings fogether five gloloal process industries from five key relevant sectors (steel, cement, chemicals, minerals
and engineering) to enable cross-sectorial Industrial Symbiosis (IS) and provide a wide range of fechnological
and organisational options for making their businesses and operations more efficient, more cost-effective, more
competitive and more susfainable across process sectors

the CONCEPT |

With the aim of reinforcing the competitiveness of the European
industry, it is the ambition of the EPOS partners fo gain cross
secforial knowledge and investigate cluster opporfunities
using an innovative Industrial Symbiosis (IS) platform fo e
dlidated during the project. Its acftivities
include (1) cross-sectorial key performance indicators;
(2) sector profiles and cross-sector markets; (3) industrial
symbiosis foolbo S and validation
of the industrial symbic C
strafegically located throughout Europe in France, Poland,
Switzerland and the UK. An entire work package is dedicated
fo define readlistic business scenarios for the exploitafion of the
EPOS tool and the results of the overall cost-reducing industrial
symbiosis cluster activities fo ensure a wide uptake of IS concepts
ject will undertake extensive oufreach activities

This project has received funding from the European Union’s Horizon 2020 Research and E E
Innovation programme under Grant Agreement n° 679386. This work was supported by the Swiss u
State Secretariat for Education, Research and Innovation (SERI) under contract number 15.0217 i

www.spire2030.eu/epos E -






9) Jotal resource and energy efficiency
MAESTRI mMmanagement system for process industries

RESOURCE AND ENERGY EFFICIENCY
FOR PROCESS INDUSTRIES

the AIM
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This project has received funding from the European Union’s Horizon 2020 T
Research and Innovation programme under Grant Agreement n° 680570

www.maestri-spire.eu E p






Secure Management Plafform for shared
Process Resources

-

SHAREBON

SECURE SHARING

the AIM

SHAREBOX will deve

P a secure platform for the flexible management of shared process resources that will provide
plant operatior Juction managers with the robust and reliable information that they need in reakime
fo effectively and confidently share resol 5 =nergy, water, residu ond
companies in an opfimum >Ct has the potential to act ¢
wide-scale industrial symbiosis (1S).

S

~t

ycled materials) with other

s a major catalyst to enable

the CONCEPT

SHAREBOX centres or ymbiotic synergies
fhrough  opfimised COmMpPC and
organisations in es symbiofic relationships. In order o
overcome the limitations in current Industrial Symbiosis de

a rmation and C C slel%
for its facilitation, a number of key innovat
prought to the SHAREBOX development. T
world first ICT platform )\ D
fo be a major cafalyst for increased IS among process
industries and for enabling cross
rm will infegrate «

fhe Ir

ctoral interactions. This
Nd opfimisat )

o

a holistic approach for resource mana
all anc > scale operatic is fo deliver an
affordable, robust and reliable soffware ¢ on data mining
and mathematical fools (game theory, agent-based modelling),

o

and validated in real industrial environments

This project has received funding from the European Union’s Horizon 2020 ﬁ':[!' -
Research and Innovation programme under Grant Agreement n° 680843

www.sharebox-project.eu E







Human-mimetic approach fo the integrated

SRR e ONITONING, Management and: optimization

of a symbiotic cluster of ssart production units

| the AIM
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This project has received funding from the European Union’s Horizon 2020
Research and Innovation programme under Grant Agreement n° 680426

www.symbioptima.eu E







SPIRE 7 - 2015
Recovery fechnologies for metals and other minerals







Next generafion urban mining - Aufomated
ADIR disassembly, separation and recovery  of
valuable materials from electronic equipment

the AIM

A number of raw materials are crifical fo the manufacture of high level industrial products. In parficular,
electronic equipment confains precious metfals and ofher sfrafegic raw materials offen sourced outfside
Europe. Today, certain critical elements cannot be recovered efficiently or are, in fact, lost in dust or residua
fractions. The ADIR project will demonstrate the feasibility of a key fechnology for next generation urban
mining. An automarted disassembly of electronic equiprment will be developed to separate and recover these
valuable materials and help secure their supply in Europe

the CONCEPT

The project concept is based on image processing, robofic
handling, pulsed power technology, 3D laser measurement,
real-time laser identification of materials, laser processing (to
access components, fo selectively desolder these, and fo
cut off parts of the prinfed circuit board), and aufomatic
separation of components info different sorting fractions.

A machine concept will be developed that is capable

of selectively disassembling printed circuif boards and
mobile phones in short cycle fimes to gain sorfing fractions
confaining high  amounts of valuable materials.  For
example, this will include materials with high economic
importance and that have significant supply risk such as
fantalum, rare earth elements, germanium, cobalt, palladium,
gallium and tungsten. A demonstrator unit will be developed
and evaluated in field fests af a recycling company. The sorting
fractions obtained will be evaluated with respect fo their further
processing and recovery potential for raw materials. Refining
companies will define the requirements and tfest the processing
of sorfing fractions with specific material enrichments

This project has received funding from the European Union’s Horizon 2020 E !.ﬂ E
Research and Innovation programme under Grant Agreement n° 680449

www.adir.eu E







Infegrated  high  femperature  electrolysis
and lon Liguid Extraction for a strong and
iINndependent tEuropean Rare kEarth Elements
Supply Chain

the AIM

REE4EU will realise a breakthrough in securing the availability of rare earth elements in Europe, providing a cost
effective and efficient method of extraction and direct Rare Earth Alloys (REA) production from abundantly
available in-process and end-of-life rare earth-confaining waste streams. REE4EU will also collate and provide
urgently required market data on end-of-life rare earth availability. Rare earth elements are vital components
for ICT and renewable energy fechnologies.

the CONCEPT

REE4EU will prove fechnical and economic viability for recycling
of in-process permanent magnet waste, as well as end-of-life
permanent magnets and NiIMH battery waste. The targefed
infegrated solution is based on recently developed lab-
proven technologies for direct high femperature electrolysis

of REA production. This will be combined in the pilof stages
with an innovative and proven lonic Liquid Extraction or
failored hydrometallurgical pre-freatment fo demonstrate
droamatic improvements in cost and environmental
performance compared fo  current  stafe-of-the-art
fechnologies. This includes avoidance of process sfeps,
50% energy savings, and 100% recycling of reagents as
opposed to disposal of sfrong acid leaching agents in stafe
of the art pre-freatment steps. REEAEU will also develop a friple
value-chain business case for a new European secondary rare
earth alloys production sector. This will creafe new jobs, increase
Europe’s independence from imports and provide valuable raw
materials for fast growing European green-technology industries
including electrical/hybrid vehicles and wind furbines.

This project has received funding from the European Union’s Horizon 2020 E !.ﬂ E
Research and Innovation programme under Grant Agreement n° 680507

www.reedeu.eu E B







. New Recovery Processes fo produce Rare
D Remaghic Eorth -Magnesium Alloys of High Performance
and Low Cost

the AIM

REMAGHIC will contribute to Europe’s rare earth recovery and magnesium recycling technologies, improving
fhe efficiencies of these processes and advancing fheir fechnology readiness levels 1o enable a new
generation of industrial processes that will produce new low cost competitive alloys for a wide variety of sectors
across Europe’s manufacturing value chain. The project’'s main motivation relates to the fact that magnesium
alloys can offer a significant weight reduction across a wide range of applications when compared to current
aluminium alloys.

the CONCEPT |

Weight reduction is a cross sectorial key driver for design. If the
material’s superior energy absorption and vibratory behaviour
is added, magnesium is a very promising candidate for future
applications subject to improved material characteristics,
such as its cost, manufacturability problems, corrosion and
creep behaviour and low allowable service femperature.
However, addition of Rare Earth Elements (REE) improves the
performance of Mg alloys significantly. REMAGHIC believes
that by investing in recovery and recycling fechnologies, a
new alloying process can be developed fo yield low cost
Mg+REE alloys. To do this, REE that are usually stockpiled (Ce,
La) in favour of those REEs in most demand (Nd, Dy) can be
considered as affractive candidates o lower the price. This
list of REE will be completed by other promising candidates (Y,
Gd, Sm). The project will help fo reduce the dependency of the
supply of crifical elements (REE and Mg) on sources outfside
the EU and to solving the REE Balance Problermn. REMAGHIC will
help improve the penetration of magnesium alloys in imporfant
sectors including fransport, energy, and biomedicine.

This project has received funding from the European Union’s Horizon 2020 "
Research and Innovation programme under Grant Agreement n° 680629 I,

www.remaghic-project.eu E






SPIRE 8 - 2015
Solids handling for intensified process technology







INnfensified by Design® for the intensification of
processes involving solids handling

Intensified by Design

the AIM

IbD will create a holistic platform for facilitating process infensification in processes in which handling of solids
is an infrinsic part, the cornerstone of which will be an intensified-oy-design® (IbD) approach. Through five IbD-
enabled case sfudies, the project will develop and upgrade methods for the handling of solids in confinuous
production unifs based, on the one hand, on the intensificafion of currently existing processes and, on the other
hand, through completely new approaches to the processing of solids.

the CONCEPT

No comprehensive soffware is currently available for assisting
process engineers fo design solutions based on Process
Intensification (PI). Therefore, the IbD Platform will be @
disruptive tool for widely fostering Pl beyond the scope of
the IbD project ifself. The Platform will have a built-in TRIZ
(Theory of Inventive Problem Solving) module fo assist
practifioners fo conceive innovafive solufions which
have not been created before. The IbD approach is
hinged on fthe use of robust data about a process to
‘redesign’, modify, adapt and alfer that process in a
continuous, infensified system, and will represent a new
paradigm in the infensificaftion of processes based on
statistical, analyfical and risk management methodologies

in the design, development and processing of high quality
safe and failored chemicals, pharmaceuticals, minerals,
and ceramics, efc. under infensified processes.

This project has received funding from the European Union’s Horizon 2020 1 — T
Research and Innovation programme under Grant Agreement n° 680565

www.ibd-project.eu E







EE 18 -2015
New fechnologies for utilization of heat recovery in large
industrial systems, considering the whole energy cycle from
nheat production fo transformation, delivery and end use







"

() Industrial Energy and Envionment Efficiency

INndus3Es
the AIM

Large quantifies of waste heat are confinuously produced and rejected by many industries. Most of this waste
energy, however, is of low-quality and it is not practical or economical fo recover it with current tfechnologies.
INndus3Es will develop an innovatfive Absorption Heat Transformer specifically focused on recovery of low
temperature waste heat (oelow 130°C). The Indus3Es System will effectively recover and revalorise almost 50% of
the low femperature waste heat currently lost.

the CONCEPT |

The Absorptfion Heat Transformer is the main fechnology of
fhe project. The single effect heat fransformer fechnology is
effectively a single effect absorptfion chiller working in reverse
mode. Single effect heatr fransformers can increase the
fermperafure of approximately 80% of the waste heat by

up fo 80°C (depending on the available heat sink). In
contrast fo the absorption chiller, in a heat fransformer the
absorber and evaporator operate at higher pressure than

the condenser and generator. Waste heat is fed intfo the
evaporator and generafor and upgraded/revalued heat

af an increased temperature level is extracted from the
absorber. The Indus3Es system can make a significantimpact

by increasing the energy efficiency and reducing the primary
energy consumption of most energetic intensive industries in
Europe. The embodied energy and the environmental footorint
of products and their manufacturing costs will be reduced,
fhereby increasing the competitiveness of European products

This project has received funding from the European Union’s Horizon 2020
Research and Innovation programme under Grant Agreement n° 680738

www.indus3es.eu E






Industrial Thermal Energy Recovery Conversion

=,
V% and Management

I-ThERM

the AIM

I-TRERM aims to investigate, design, build and demonstrate innovative plug and play waste heat recovery solutions
fo facilitate the opfimum use of energy in selected applications with high replicability and energy recovery
potential in the temperature range 70 °C - 1000 °C. The fechnologies developed will be opfimally infegrated with
existing energy systems or configured for over the fence export of the heat recovered or electricity generatec

the CONCEPT

To benefit from the energy savings and greenhouse gas emission
reductions offered by waste heat recovery it is necessary fo
both improve the efficiency of heat recovery equipment and
reduce the installed costs. These objectives will be achieved
within FThERM by using innovative two-phase heat transfer
fechnologies combined with power generation using a
Trilateral FHaosh Cycle System (TFC) for low femperatfure
waste heat sources (70 °C fo 200 °C) and a Supercritical
Carbon Dioxide System (sCO2) for tfemperatures above
200 °C. It is projected that these fechnologies used alone,

or in combinatfion with heat pipe technologies, will lead
fo energy and emission savings well in excess of 15%, and
exhibif affractive  economic  performance  with  payback
periods for investment of less than three years

This project has received funding from the European Union’s Horizon 2020 =
Research and Innovation programme under Grant Agreement n° 680599

i
www.itherm-project.eu E L







Sustainable Production of Industrial Recovered
¢ SusPIRE Energy using energy dissipative and sforage
technologies

the AIM

SUsPIRE works in the area of energy recovery from residual heat streams. Technology areas will include the
development of materials and equipment such as the use of new Heat Transfer Fluids (HTF) and Phase Change
Materials (PCM) as the basis for the manufacture of high efficiency heat exchangers in ferms of energy copfure and
storage. Two Borehole Thermal Energy Storage areas will support an energy cascading concept where energy will be
sequentially used and finally sfored for further use or for commercial sale to third parties

the CONCEPT

The SusPIRE project will establish a framework to fosfer the
commercialisation  of surplus  energy. Residential  areas,
symbiosis with ofther companies in industrial parks and sporfs
centres, amongst others, will benefit from cheaper energy,
reduced environmental impact and social acceptance
of energy infensive industrial activities. The coordination

of manufacturing and energy recovery processes will be
carried out through a smart methodology. A protocol
definition software will deploy actions to creafe best
practices in ferms of process adjustment and operatfing
insfructions. Management concepts based on energy
recovery rafe as Key Process Indicator (KPI), will be infegrated
intfo the decision making mechanisms of cormpanies to assure
permanent advances in this field of activity in future years

This project has received funding from the European Union’s Horizon 2020 .
Research and Innovation programme under Grant Agreement n° 680169

www.suspire-h2020.eu E







The Sustainable Process Industry through Resource and Energy Efficiency (SPIRE) is a contfractual Public-
Private Partnership (PPP) dedicated fo innovation in resource and energy efficiency enabled by the process
industries. The SPIRE Partnership is based on the Arficle 19 of the EU Research and Innovation Framework
Programme, Horizon 2020, Regulation and has been established through a confractual arangement
between the European Commission and A.SPIRE aisbl. SPIRE will be implemented through competitive
calls included in the Horizon 2020 work programmes. The objective of the SPIRE PPP is to develop the
enabling technologies and value-chain solutions required fo reach long-ferm sustainability for Europe in

ferms of global competitiveness, ecology and employment.
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