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Project objectives 9E

Sustainable Process Industry through
Resource and Energy Efficiency

The key objective of the MEMERE project is the design, scale-up and
validation of a novel membrane reactor for the direct conversion of
methane into ethylene with integrated air separation. The focus of the
project will be on the air separation through novel MIEC membranes
integrated within a reactor operated at high temperature for OCM
allowing integration of different process steps in a single multifunctional
unit and achieving significantly higher yields in comparison with the
conventional reactor technologies, combined with improved energy

efficiency.
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Consortium 9E

Sustainable Process Industry through
Resource and Energy Efficiency

The MEMERE consortium bring together 11 partners from 8 different countries

4 )
ES
Finden

WMEED
Johnson Matthey

Technische Universiteit

M i
CiaoTech |

T tecnaliay T
' f 9

e o T

HORIZON 2020

12/18/2015 Page 3 (Disclosure or reproduction without prior permission of MEMERE is prohibited). European E 4

Commission


http://www.tu-berlin.de/
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.ceeindustrial.com/ru/company/info/id/1764/companyname/Rauschert%2BKloster%2BVeilsdorf%2BGmbH/page/7&ei=jey2VKzuN4XsUuXogugD&bvm=bv.83640239,d.d24&psig=AFQjCNFjIJWZlFA4ZEooawjdHHExPLpCew&ust=1421360647961479
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://vv200.ise.fhg.de/p4/nanospec/TUElogo.jpg/image_view_fullscreen&ei=2ui2VKDbBYOuUZHLgJgO&bvm=bv.83640239,d.d24&psig=AFQjCNFe_vg6RVs5ZBmImFr_nBFuS8HJkA&ust=1421359679658825
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.hygear.nl/products-services/hydrogen-generation-systems/&ei=Aem2VJ6YAobzUOfPgagG&bvm=bv.83640239,d.d24&psig=AFQjCNGxrmkYVgnGYIlKZk0pC3DB6rYKwQ&ust=1421359740646083
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.fluidcell.eu/partners/quantis-sarl&ei=ruu2VJazBsK4Uc6Pg-gO&bvm=bv.83640239,d.d24&psig=AFQjCNHIfVN0wW4cY5fnmKQS-6DC3HJ0ow&ust=1421360425006310
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.aniketos.eu/content/fundacion-tecnalia-research-innovation-tecnalia-spain&ei=VOi2VMShDcy8Ua3tg4AF&bvm=bv.83640239,d.d24&psig=AFQjCNHca08We66afI3aGGYtXtIZ_PGaDg&ust=1421359567562641
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.agro-chemie.nl/nieuws/vito-succesvolle-economische-missie-naar-india/&ei=Guq2VP2_N4b7UsGvhPgC&psig=AFQjCNG8c0nS92ZOg2krnub6UcZAOw-uRA&ust=1421359887435007

Work Packages 9E

Sustainable Process Industry through
Resource and Energy Efficiency

The MEMERE concept will start from catalyst and membrane material, and design a

new reactor for C, production
C
0O, depleted air _Q

O, enriched air

MEMERE
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Membrane
reactor
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Work Packages

Sustainable Process Industry through
Resource and Energy Efficiency

The MEMERE project is organized in 9 work packages
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WP7 - System Design and Modelling

WPS8 - Environmental LCA and economic assessment
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Powders development 9E

Sustainable Process Industry through
Resource and Energy Efficiency

SOFT CHEMISTRY & HEAT TREATMENT
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ADVANTAGES:
Heat treatment
l #* Thin & homogeneous powder
*> High purity
[ Mixed ] #> Controlled specific surface
oxide #* Controlled morphology
#> Reduction of sintering

temperature
Marion=— .
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Powders development E

Sustainable Process Industry through
Resource and Energy Efficiency

»Production capacity : 40 tons / year

Reactors (4000, 2200, 1000, 200
and 100 L)

. Drying under air, inert or vacuum
Pilot unit atmosphere

Centrifuge

Merisoi—
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Catalyst development E

Sustainable Process Industry through
Resource and Energy Efficiency

Several reported OCM catalysts

35% .
° 30% C, yield target
30% - 5% Mn-
25% - Na-W/5i0,
% 0% 7% Li/MgO ID%La—ZDiSr,r‘CaO
— 0 o
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10% | Initial results of various Sr{"2203
50, metals/Al,O;
D% I I I I I T 1

1980 1985 1990 1995 2000 2005 2010 2015

publication year

Over a hundred metal oxide/promoter/support combinations
reported as catalytically active for OCM

JM will perform high throughput screening to select the benchmark
catalyst for lab and pilot scale testing
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Catalyst development

Sustainable Process Industry through
Resource and Energy Efficiency

Future incarnations
| | |

Randomly dispersed Orthogonal Helix-loop :
Microspheres
catalyst aggregates scaffolds scaffolds

Current incarnation
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Membrane development 9E

Sustainable Process Industry through
Resource and Energy Efficiency

Supports

O Manufacturing of
porous ceramic
supports

O Development of
dense tubes fitting to
porous supports

O Joining technology
between porous
supports and dense
tubes

O Analysis of porous
tubes
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Oxygen membranes for OCM 9E

Sustainable Process Industry through
Resource and Energy Efficiency

Objectives:

» Development of MIEC capillary membranes.
» Development of pore-filled supported membranes

» Improvement of sealing procedure to integrate the membranes in the
catalytic membrane reactors

» Membrane characterization under realistic reforming conditions in lab-
scale units prior to application of the optimal membranes in the pilot
prototypes

» Manufacturing of membranes for the prototype reactor (scaling-up of
the membrane length and number per batch).
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Oxygen membranes for OCM 9E

Sustainable Process Industry through
Resource and Energy Efficiency

Development of MIEC powders for capillary and pore-filled membranes
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Development of MIEC capillary membranes
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Oxygen membranes for OCM ?E

Sustainable Process Industry through
Resource and Energy Efficiency

Development of pore filled supported membranes

A) Tubular supports for membranes

@auschert

B) Pore-filled membranes

Asymmetric structure

Ceramic
protectivelayer |___ =reor (I OO
with hlgh surface 0!1&.15“&.101.
area

O, selective layer:

tecnaha)' Bt
-Dual phase membrane (ceramic-Pd)

Business
-Pd filled single phase ceramic membrane

Porous ceramic
tubular support
(e.g. MgO)
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Parallel and Integrated Reactors ?E

Sustainable Process Industry through
Resource and Energy Efficiency

CO2, C2Hs, CHs, CO2,
C:Hs, CO, Hz . -
g N » Fluidized bed membrane reactor
— —
L

» Dual membrane reactor

CO & H: » Integrated parallel reactor

(H20, CO2)
Synthesis gas

CO; Separation
Methane Reforming

» Network of reactors

C> Products
C2Hs, C2Hs

Rexctor wall
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Methane Reforming Catalyst Molen Carbonate
— - Composite Membeane

Pemueablk for CO: (02)

Shell 2: Methane (COz, N)
—

Shell 1: Methane (CO1 N)) G077
—

Tube: Oxygen (Air) + Porous Membeane €
orous Membeane €57

2 Molten Carbonate
—> Coapeosite Membrang
Permeable foe €Oz (02)

Reactor wall

Godini et al., Chemical Engineering and Processing 74 (2013) 153-164
Godini et al., Fuel Processing Technology, 106 (2013) 684-694
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¢I\S|mulat|on and techno-economic anal?E
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Catalyst:
MH*NB;VVO.:/ S|OL
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Operando experiments 9E

Sustainable Process Industry through
Resource and Energy Efficiency

Solids
circulation

patterns
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Prototype design and build 9E

Sustainable Process Industry through
Resource and Energy Efficiency

Objectives:
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Setup and optimization of oxygen enrichment

Design of OCM reactor

« 3D design
« Based on efficiency, scalability, reliability, production costs

Construction

 Reactor construction
e Control unit
« Auxiliary components

Factory acceptance test

 Integrity and safety in operation
« Debugging
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Prototype design and build 9E

Sustainable Process Industry through
Resource and Energy Efficiency

O, depleted air

O, enriched air
Oxygen generator

Membrane
reactor
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Prototype test and validation 9E

Sustainable Process Industry through
Resource and Energy Efficiency

Objectives:

e Tests

« Set-up of test protocol

« Duration tests, thermal cycling, sensitivity to oxygen content

« Verification of efficiency, sealing properties, permeation rates,
selectivity, chemical performance

* Validation

¢ OCM reactor models
 Business model
» Provide data for Life Cycle Assessment
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Environmental LCA and ?E

Sustainable Process Industry through

ec O n O m I C as S e S S m e nt Resource and Energy Efficiency
Specific WP8 objectives include: .
i Environmental High \\ High eco-efficiency
* Assess the environmental and performance is S N Qs
measured by o \
cost performance of the oans of ;
. e N I
developed novel OCM technology  ‘Ufecyce 5 :
. Assessment i e ..;____@ A
compared to conventional (Lca) 5 e
technologies 2 N
. 5 . S @ Baseline f“\ ]
* Guide the design and i N
development of the novel OCM v L‘L - AN
Low eco-efficienc H H *u
technology towards more - LA -
° ° ow <€—— Cost performance — High
sustainable solutions : coste e
* Define and evaluate O O
comprehensive business O
scenarios for the successful Ecanomic performance i
evaluate Y means o
deployment and Life Cycle Costing (LCC)

commercialisation of the
developed OCM technology in
Europe and possibly globally
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Environmental LCA and 9E

Sustainable Process Industry through

economic assessment
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D8.1 D8.1
Prelim. Final
D8.2 D8.3
Goal and scope definition Final environmental LCA
Life cycle inventory analysis Life cycle costing
Data collection management Cost-benefit analysis
Preliminary environmental LCA SWOT analysis

Task 8.1 Preliminary LCA Final LCA
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Environmental LCA and ?E

Sustainable Process Industry through

economic assessment

Task 8.1 - Environmental LCA

indicators

Iécosystem
withdrawal health quality

Climate
change

Environmental

Task 8.2 - Economic assessment

* Life Cycle Costing (LCC)
* Cost-benefit analysis
* SWOT analysis

Task 8.3 - Business plan

* Marketability of the proposed MEMERE solution

* Definition of strategies for future deployment and commercialisation
* Risk analysis
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Dissemination and exploitation ?E

Sustainable Process Industry through
Resource and Energy Efficiency

SUPPORT TO SUSTANABILITY: Diffusion of Project Results

Dissemination and Exploitation
Analysis Strategy

Stakeholders
Identification Tailored on Stakeholder analysis

Need analysis Industrial Workshops

through Market Dedicated Industry Event in Rome in 2018
Surveys IPR strategy

Engagement and Support to exploitation management (including
networking 2 exploitation workshops)

HORIZON 2020
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Dissemination and exploitation TE
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SUPPORT TO SUSTANABILITY: Economic Viability

Economic Assessment Business Plan

e Supportin the definition of
relevant costs and variables in
CAPEX and OPEX
Support in the definiton of Life
Cylce costs impact
Suport in the analysis of
paramteters relevant for
economic benefits

Assessment of costs and
economic variables

Market Survey to assess target
costs

Replicability and scalability
assessment analysis

Economic Indicator and
investment analysis
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