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EARTH:
What Renewable Energy Sources Is the World Using?
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http://www.alternative-energy-tutorials.com/energy-articles/renewable-energy-sources-a-brief-summary.html
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Hidraulica
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New Resources

| BioENEraY | | cEOTHERMAL |
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Drought issues  Variability Fluid selection
Variability Buffer in composition
Storage issues Availability
Energy market Biomass type

Added value products

http://www.alternative-energy-tutorials.com/energy-articles/renewable-energy-sources-a-brief-summary.html
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Challenges

Susbtitute current sources by renewable ones.

Basic ones such as i.e. Ammonia, DME, Methanol

Compresl

Compres 2 Compres3
HX15

Fri-adede

Snk13

Snk12

Srcl0
Water

Turbines design (Mech Eng)

PV materials (Polysilicon, perovskite)
Electrolizers

CO2 hydrogenation
A.Sanchez, M. Martin / Journal of Cleaner Production 178 (2018) 325-342

M. Martin / Computers and Chemical Engineering 92 (2016) 43-54
Martin, M (2015) J. CO2 Utilization. 13,105-113
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Design is no longer in steady state

C

hallenges

Planning and scheduling are involved

Elevated water

New Resources
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New Resources

Optimization under uncertainty plays an important role

Exogenous uncertainty
Resources

H20

CO2

Time
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%o Endogenous uncertainty:
NN~ AN - Novel technologies
(Performance, Yield)
Time

M. Martin / Computers and Chemical Engineering 92 (2016) 43-54
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Specialized products, i.e. biobased polymers, link process and product design
OH
HO OH

New Resources

>‘/‘L\/ T e " Polyesters
N e S T o "= - omega-3 & omega-6
/ w7 L oEn] T4 T [0 fattyacids
i L# " 2. and carotenoids

Experimental feasibility
Process design skills

Bueno L, Toro CA, Ma r M (2015) ChemEng Res Des 93:432—-440 10

Pyscha et al (2014) Comp Aidede. Chem Eng. 1543-1548
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New Resources

Specialized products, i.e. biobased polymers, link process and product design

Ethanol
dehydration

Starch

— Ceon >

Liquefaction ]—+ Saccharification l—» Fermentation

Y

l Qil extraction |
|

o | Alkali
Qil i S
» t
\. rec. »| Phase sep. ]
@ Glycerol

M Lipids

B Carbohydrates v

" Protein Let’s tune the algae
composition for the
optimal production of
biodiesel and bioethanol

11
Martin, M; Grossmann, |.E: (2013) AIChE. 59(8) 2872-2883
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ALAMO

a black-box modeling tool

hallenges

New Resources

Big data based modeling

12
A. Cozad, N.VSahinidis D.C. Miller, 2014 AIChE J., 60, 6, 2212227
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- Energy integration/Storage

1. Electrochemical of
M. Conte, ENEA 4

* Li-lon Batteries

* Flow batteries

* High Temperature
Batteries

ScnB * Super Capacitors 2. Chemical
magmtic:9 Jean-Philip
Nicolai, CEA
P. Noe, KIT, ITEP ghe :
«High Temperature ) . Biyodfuo‘ °918°
iy 8o dﬁéﬁ:"f‘ - Technologies - Liquid nitrogen
QHYSMES - forenergy i Armroc::r:::|s
storage
\ ‘3. Thermal
4 Mechmical " Doerte Laing, DLR
Atle Harby, SINTEF Ton straos .
* Compressed air « Molten salt
* Flywheels * Hot bricks
* Pumped Hydro * Phase Change
Materials

13
https://www.eergset.eu/wpcontent/uploads/poster_eera_jp_es 070513.pdf
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Challenges

* N #

w{D

Energy integration/Storage

It is possible to store power in the form of chemicals even capturing CO,
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Energy integration/Storage

It is possible to store power as thermal i.e. District heating
Existing houses with

heating and cooling

», New &
Existing house W Concept houses
-——— SUNZEB CHC
i

with heating ——
Waste water
arm““ﬂ

' I

I

|

Data centers

Cold water
Accumulator J

Warm water Heat pump plant

Accumulator .

—c—— | ,

.

https://www.bebee.com/producer/@ville-juutilainen/helsinki-city-with-award-winning-district-heating-cooling-system- 15
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Energy integration/Storage
It is possible to store power as thermal i.e. CSP

: Cooling technologies
'''' T And the
| Water-Energy Nexus

Gernerator

2L/kWh vs 5% Energy cons.

Heat Exchang
Condenser

\

7
7 \,,////////

;Q\\\\\\\\\\\f\:_\ \

------

Solar Trough Field

Martin, L, Martin M App.. Thermal Eng. 59 (2013), pp. 627-633.
Martin, M. Energy 84, 774-782 16
Lucefio, J.A., Martin, M (2018) COmp. Chem Eng. https://doi.org/10.1016/j.compchemeng.2018.05.015
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PSE2018 Challenges
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Intensification

Metnanol
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Reduce energy and investment costs!

18
Eastman Chemical, Kingsport, Tenn (1983)
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Dividing wall column

mg Pure head product

=" Pure side product

Feed mp

Lﬁ-’

Equipment needed:

Pure sump product

+One column

« One condenser

» One evaporator

- One reflux splitter

Feed mp =

Challenges

Conventional column system

Pure head product

= Pure side product

Pure sump product

L
Equipment needed:
«Two columns

«Two condensers
« Two evaporators

How can we get to suggesting the need for such design?

S. Ballinger, T.A. Adams I, 2017, Comput. Chem. Eng., 105, 197-211
J. Caballero, I.E. Grossmann, 2013,, AIChE J., 59, 4, 1139-1159
C. Ramirez-Marquez et al. (2018) 10.1016/j.jclepro.2017.09.126

Intensification

condenser

5
Rectification Product 1
section
Reaction zone
(extractive distillation zone)

eed 1

talyst

2ed 2 Stripping

section

evaporator

Product 2

19
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(a) Block superstructure (e) Task-integrated Column
(b) Membrane reactor L i L i I ' iR + L ] 1 (Eastman Chemical)
P Intensification
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(d) Divi(;led cotlumn wall distillation diﬂlﬁatlon o

O ) JIN T, - SR 7
* ; ! distitlation t.-_,
t + = i

Systematic techniques
For process intensification

(c) Membrane reactor with multiple
catalysts

Catalyst A s t u — 4
i - ; 6
t i ¥
(a) Integrated process (b) Intensified process
Product Product flow
flow T T T T
Raw Intermediate Raw Rstte Waste
materials flow s materials flow
Reaction ;ﬁembr::: Reactor
Membrane
Recycle flow Wa)ste flow ¢ ,L ,L

Product flow

Demirel, et al, (2017) Comp.- Chem. Eng. 2-38
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F.E. da Cruz, V.I. Manousiouthakis Comp.- Chem. Eng.
A.KTulaetal. (2017) Comp. Chem Eng. 105, 74-95

105, 39-55

Challenges

Intensification

Systematic techniques
For process intensification

Stage 1

s \Y
Process -7 oo™
A M.\ i
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Design &
Analysis
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IntensificationC Modularization

.. Changeability in Production .. Mobility and Risk Mitigation

» Faster plant planning due » Compensate lack of flexibility » Distributed production nearby
to reuse of information and of continuous plants using the customer / feedstock
workflows adaptable modules
» Savings in procurement and » Achieve economy of scale » Sequential numbering-up of
construction (known parts and enabling multi-purpose modular plants, following the
vendors) continuous plants market development
https://dechema.de/dechema_media/modularplants.pdf 22

Baldea et al (2018) AIChE 63 (10) 4262-4272


https://dechema.de/dechema_media/modularplants.pdf

P S E 2 O 1 8 Challenges %'%g

Multidisciplinarity Novel technologies

4

‘/@o
\
I

@
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Biology (bioresources)

\

Physics (materials, electricity,)

Chemistry (Feasibility of new products, catalysts)
BDYd

Engineering (Mech-Electricity— Chemical)

Medicine (Process and products for Health applications) aﬁ
(o)
(o]

S

Maths (Understanding, prediction, design) ’ l

Computing ( Control, operation of renewables)

Statistics (Data driven) E%{f
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Data science
Molecular design

Problem Description

ketones, aldehydes and
cthers with solvent
properties similar to
Benzene™

“I want acyclic alcohols,

Intcrprotaton to
INPUt CoMMITaines

—

Satisfied™
I mot, reformulate
the problem

Molecular Modeling

—

Eden M Process Design Pratice

Challenges

Molecule Building Blocks
CH3, CH2, CH, C, OH,
CH3CO, CH2CO, CHO,

CH30, CH20, CH-O

-+

Numerical constraints

—

Croaw lavoke

.

Data Changes

Refined Estimation
Estimate additional
properties and/or use
alternative methods.
Rescreening against
constraints

Chem3D

Product characteristics

Set of Group Vectors
3 CH3, 1 CH2, | CH,
| CH20

All group vectors satisfy

specified constraints

ya—

Design of molecules

CHy My
Cwy o e ™

CHy

24
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Product characteristics

Geothermal energy .
cooL1

Fluid selection- Product Design

==3 SR1 RIO GALLEGO O R CA Sa fety
Varlable Benzene Toluene Cyclohexans
Power (MW 9134 10.436 10280
P_m (MPa) 0.310 0102 0.267
P mid {MPa) 0.080 0025 0.067
Plexhaust) {MPa) 0.0 0003 002
Flow Fluld 1st bady Turbl (kg/s) 66465 50651 82479
Flow Fluld 2nd body Turbl (kg5 &0.306 56077 59267
T Fead {"C) 121417 111003 116.554
Flow Brine (kgss) 146579 146574 146.579
Coollng HXS (kg/s) 8701 19.130 30233

PMP1 Cooling HXE (kgs) 2H0458 2165.822 1926.735

Valv1

10

\
-

PW1 PW2 PW3 w1 W2

C 140
3)
) 2 2 120 ® ©
NS ' A
100
/0
(3,45,4) / V/ 18,7s)
Benmene Toluens Cyelohexane 80 F 9
Investment (M€) 103 102 112 60 110
Production cost (€/kWh) 0083 0072 0081 /.
£/kW 11,100 SB00 10,900 i (o
20" 10,252 5‘ i
" 25
Pefia-Lamas, et al. Energy Conv. Manag. 165 (2018) 172-182 -40 20 0 20 40 60 80 100 120

s (kJ/kmol-K)
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Product characteristics
Prices/Availability/ Supply

Polymers Surfactants gjeaches

Enzymes

We need to formulate the
optimal product for the best
Process performance at the lowest

‘ cost and enviromental impact

4

Global optimization. Pooling Problem

Martin & Martinez (2013) CHERD DOI: 10.1016/j.cherd.2012.08.012 26
K.M. Ng, R. Gani, K. Dam-Johansen (eds), 2007. Computer Aided Chemical Engineering, 23
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Product characteristics

|~6\

»(_Integration

N

Modelling
>

Process Products

Demand
Site
Management

!
Variability of resources

Regional availability

27
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Objective: Organize process & product design into taxonomy

Economic Models

Steady State

Chemical Process Rapid Steady-State

Flowsheet Process Design
Software

Example:

Heuristics-Based
Process Design

Problems: Gets complicated quickly. Need broad cross-
disciplinary knowledge. Could not agree on one structure!
Always changing! 28
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Our Solution: Build the tree, and make it into a Wiki!

Tree

PSE Community.org

The World Community for Chemical Process Systems Engineering Education and Research

ﬂ HOME LAPSE v  PSETECHNOLOGY TREE v  EDUCATIONAL MATERIALS ~+  DISCUSSION BOARDS ~  ABOUTUS v

PSE Technology Tree

Rapid Forward ProcessC |~ [ G EN-CHl Tree  View Details  Edit Tech  Add Tech Families  Advanced Logout Search Tree

Basic Economic
Models

: ) ] ] Locally Optimal Globally Optimal
View ®\ Edit J View Q Edit J Process Design Process Design

v

Nonlinear

- - Heuristics-Based Rapid Forward . ] : ‘
Programming View & Edit [ Srazzss s Process Design View & Edit J View @ Edit J

Solvers -

i : . . ) ; . . Design Under
View @& Edit /] View @ Edit /] View &  Edit 7 View & Edit J Uncertainty
—» —

: ) Algebraic Equation Steady State . ) ] ]
View @ = Edit [ Solvers Chemical Process View & = Edit J View @ Edit [

Flowsheet Software

View @ Edit J View @ Edit J




P S E 2 0 1 8 PSE Technology Tree %'%g ‘

Goal: Create a Wiki that functions both as an encyclopedia
for PSE, but also a living organizational structure or concept

PSE Technology Tree
PTErd  Globally Optimal Proc | v Tree ViewDetails EditTech AddTech Families Advanced Logout
[ —

Navigate through the tree by
clicking on nodes representing
different technologies.

Wiki lets you create new nodes and
new pathways

Each node has an editable (wiki)
encyclopedia article attached

30
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Tree

PSE Technology Tree

@l Steady State Chemical Pr v[ Change BNI{]

View Details Edit Tech Add Tech Families

Steady State Chemical Process Flowsheet Software

Parent Techs

Algebraic Equation

Solvers

View @ Edit J
View @ Edit [
View @ = Edit J

Also Inherits
Basic Optimization
Theory

Branch and Bound
Approaches

Convexity Theory

Equation Oriented
Modelling

Linear Programming

Mas<s and Fnerov

History £ Discuss &8 Edit  J

Description

Steady state chemical process flowsheet software is a useful tool for simulating a chemical
process. Typically, the software contains a library of mathematical models of individual
chemical process units, such as pumps, compressors, turbines, reactors, distillation columns,
heat exchangers, and other common units. Most modern software uses a graphical user
interface (GUI) which allows users to add models to a flowsheet from this library, and connect
them together to create a model of a complete chemical process. Most software also contain
databases of thermochemical properties of chemicals, such as correlations relating to heat
capacities, phase change information, equations of state, and other important properties
which are needed by the models. The user is able to enter key parameters for each of the
models and important process streams, and then by running the model, the chemical process
can be simulated. Steady state simulators are more common than ones that can handle
dynamics in the process.

Clean
28 Gas

-
-
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E
&F
—
EComp1 .
K101 E-Comp2
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1A fang
% 1
Heat
x-100 Exchanger

Advanced Logout

60
Flash rD
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Search Tree

Child Techs

Rapid Forward
Process Design

View @ Edit J
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Design Under
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Globally Optimal
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PSE Technology Tree

Steady State Chemical Pr | v~ [ GER-CI Tree  View Details Edit Tech Add Tech Families  Advanced Logout

Tree

Search Tree

Editing: Steady State Chemical Process Flowsheet Software

Child Techs

Parent Techs Update Technology Information

Algebraic Equation Rapid Forward

Solvers

Technology Name Steady State Chemical Process Flowsheet Software

Process Design

Technology Family Simulations v

Check if this is a hypothetical future technology: []
Delete Link? L

Add Child Techs

Delete Link?

Summary of edit: Examples: added intro paragraph, fixed spelling, updated image, etc

Description:

Q7 Add Media Visual  Text (HTML)

File v Edit ¥ View v Insert v Formatv Table v

Type new or existing technolo,

Delete Link?

Type new or existing technolo,

Paragraph vB U I ¢« =~ = v 0,0 %@ =~ X Type new or existing technolo

Georgia v 18pt v ¥ 2T EH 9 Q= AvH-Y 0 Type new or existing technolo,

= = =E = - N ﬂ ¥ [h ﬁ & O Type new or existing technolo,

Delete Link? [ . Type new or existing technolo;

Add Parent TEChS Description Type new or existing technolo,

Type new or existing technolo,

Type new or existing technolo,
Type new or existing technolo,
Type new or existing technolo;
Type new or existing technolo,

Type new or existing technolo,

Steady state chemical process flowsheet software is a useful tool for
simulating a chemical process. Typically, the software contains a library of
mathematical models of individual chemical process units, such as pumps,
compressors, turbines, reactors, distillation columns, heat exchangers, and
other common units. Most modern software uses a graphical user interface
(GUI) which allows users to add models to a flowsheet from this library, and

Type new or existing technolo

Type new or existing technolo,

Delete Tech
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Why Do This?

A Gives us a big picture perspective of the field.

A Can i nfuturewedheologles” t hat map O
current research and how we are trying to get there.

A Always updated! Changes with the times.

A Incorporates collective knowledge far beyond any few
individuals

A Great resource for grad students, especially getting up to

speed or writing introductions for papers.

Live Now at PSEcommunity.org

33
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LAPSE: Living Archive for Process
Systems Engineering A

%—l Vo 57 1N
%@g e
) {on B I

LAPSE: The Living Archive
for Process Systems
Engineering

Pre-prints

Post-prints

Open access articles
Model & simulation files
Educational materials
Source code

Data

Conference presentations

v v v Dy Dy D D> P

Why?

A

7z

A

Ve

A

7z

A

Meet funder open access
requirements

Existing repositories
(institutional) have
limited exposure

Want to make research
accessible where it will
actually be seen

Want a culture of
openness, model sharing

PSEcommunity.org/LAPSE

34
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LAPSE

Living Archive for Process Systems Engineering

Browse
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Unverified Submissions (0)
Subject
Education (1)
Information Management (0)
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Optimization (0)
Other (0)
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Keyword
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1. LAPSE:2018.0142 =——"

A new approach to the identification of high-potential materials for cost-efficient
membrane-based post-combustion CO2 capture

Simon Roussanaly, Rahul Anantharaman, Karl Lindqvist, Brede Hagen

June 22, 2018 (v1)
Subject: Process Design
Keywords: Attainable Region, Carbon Dioxide Capture, gas separation membranes, post-combustion, property maps

Developing "good” membrane modules and materials is a key step towards reducing the cost of membrane-
based CO2 capture. While this is traditionally being done through incremental development of existing and
new materials, this paper presents a new approach to identify membrane materials with a disruptive potential
to reduce the cost of CO2 capture for six potential industrial and power generation cases. For each case, this
approach first identifies the membrane properties targets required to reach cost-competitiveness and several
cost-reduction levels compared to MEA-based CO2 capture, through the evaluation of a wide range of
possible membrane properties. These properties targets are then compared to membrane module properties
which can be theoretically achieved using 401 polymeric membrane materials, in order to highlight 73 high-
potential materials which could be used by membrane development experts to select materials worth pushing
towards further development once practical conside... [more]

2. LAPSE:2018.0140

LAPSE:2018.0140

Technical challenges in operating an SOFC in fuel flexible gas turbine hybrid systems:

Coupling effects of cathode air mass flow .
Nor Farida Harun, David Tucker, Thomas A. Adams I CuratEd SUbJeCtS &
Keywords

June 19, 2018 (v1) e

Subject: Process Operations ====""
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Considering the limited turndown potential of gasification technologies, supplementing a fuel cell turbine
hybrid power system with natural gas provides flexibility that could improve economic viability. The dynamic
characterization of fuel composition transients is an essential first step in completing the system identification
required for controls development. In this work, both open loop and closed loop transient responses of the
fuel cell in a solid oxide fuel cell (SOFC) gas turbine (GT) hybrid system to fuel composition changes were
experimentally investigated using a cyber-physical fuel cell system. A transition from methane lean syngas to
methane rich gases with no turbine speed control was studied. The distributed performance of the fuel cell
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capture for six potential industrial and power generation cases. For each case, this approach first identifies the
membrane properties targets required to reach cost-competitiveness and several cost-reduction levels compared to
MEA-based CO2 capture, through the evaluation of a wide range of possible membrane properties. These properties
targets are then compared to membrane module properties which can be theoretically achieved using 401 polymeric
membrane materials, in order to highlight 73 high-potential materials which could be used by membrane development
experts to select materials worth pushing towards further development once practical considerations have been taken
into account. Beyond the identification of individual materials, the ranges of membrane properties targets also show the
strong potential of membrane-based capture for industrial cases in which the CO2 content in the flue gas is greater than
11%, and that considering CO2 capture ratios lower than 90% would significantly improve the competitiveness of
membrane-based capture and lead to potentially significant cost reduction. Finally, it is important to note that the
approach discussed here is applicable to other separation technologies and applications beyond CO2 capture, and could
help reduce both the cost and time required to develop cost-effective technologies.

Record ID LAPSE:2018.0142

Keywords Attainable Region, Carbon Dioxide Capture, gas separation membranes, post-combustion, property
maps

Subject Process Design

Suggested Citation Roussanaly S, Anantharaman R, Lindqvist K, Hagen B. A new approach to the identification of high-
potential materials for cost-efficient membrane-based post-combustion CO2 capture. (2018).
LAPSE:2018.0142

Author Affiliations Roussanaly S: SINTEF Energy Research simon.roussanaly@sintef.no [ORCID] [Google Scholar]

Anantharaman R: SINTEF Energy Research rahul.anantharaman@sintef.no [ORCID] [Google Scholar]
Lindqvist K: SINTEF Energy Research karl.lindgvist@sintef.no [ORCID]
Haaen B: SINTEF Enerav Research BredeAndrelLarsen.Haaen@sintef.no

Record Statistics
Record Views 28

Version History

[v1] (Original Submission) Jun 22, 2018
Verified by curator on Jun 22, 2018
This Version Number v

Citations

LAPSE:2018.0142 Most Recent

LAPSE:2018.0142v1 This Version

URL Here
http://psecommunity.org/LAPSE:2018.0142

Original Submitter

Links to Related Works

Predecessor Works

[doi:10.1016/j.cej.2017.06.082]
Predecessor work
[doi:10.1016/j.memsci.2016.03.035]
Predecessor work




P S E 2 0 1 8 LAPSE: Living Archive for Process ‘

Systems Engineering

Published Version [10.1016/j.1jhydene.2017.08.031]

. . Link to Publisher’s Versions
Version Comments Original Submission

,/

Record Map Create Research Map

@ | biemal lnk_| A Give big picture overview
l—

d of your research program
APES018.0133 d“"”ogf;zg-_g:jdene»z A Tree of how each work
This Record relates to the rest

Publisher Version

A Ex: Connect conference

_ presentations to
Link to other

i - submissions in corresponding papers
LAPSE or arXiv A Connect to the work of
LAPSE:2018.0126 others as weII
Biomass-Gas-and-
Nuclear-To-Liquids...

37




P S E 2 O 1 8 LAPSE: Living Archive for Process

Systems Engineering

Special Embargo Feature

A Place embargos on submissions so they only appear after a
certain date

A Has database of journals with embargo periods that differ
by pre-print/post-print full paper. Warns you automatically.

LAPSE

Living Archive for Process Systems Engineering Logout | My Dashboard | Submit New | About | Contact Us | Help

Editing: Temp

(1Basiclnfo \(Zcitation ‘(3Authors ‘(4Keywords ‘(SLicensing ‘(6Embargo (7Fi|es ‘(SLinks ‘(9Review&5ubmit ‘

You may embargo this submission if you wish. An embargoed submission is placed into the database and receives a reference identifier that can be cited, but the embargoed

submission will not be visible to the general public until the embargo date.

Warning! According to our records, the journal Canadian Journal of Chemical Engineering will not allow post-prints to be deposited into open access repositories until an
embargo period of 366 days has passed after the publication date unless this article has open-access rights (usually for which the author or funder has paid or otherwise

negotiated). We last checked this policy on 2018-06-04 . Based on the given publication date, this means the post-print must be embargoed until 2019-06-27 or later.

Embargo This Submission?
Embargo Date (YYYY-MM-DD)

2019-06-27 ©




P S E 2 O 1 8 LAPSE: Living Archive for Process

Systems Engineering

Special Licensing Feature

A Has database of journals with specific licensing
requirements. Tells you the required licensing type.

L APSE

Living Archive for Process Systems Engineering Logout | My Dashboard | Submit New | About | Contact Us | Help

Editing: Temp

(1Basiclnfo \(ZCitation ‘(3Authors \(4Keywords \(SLicensing (GEmbargo \(7Files \(SLinks \(9Review&5ubmit

Licensing Rights Granted to This Repository and This Website
By submitting to this archive you agree to the following licensing terms:

® You agree to grant this website and repository a perpetual and non-exlusive license to distribute this submission.

m You certify that you have the legal right to grant this license and submit this material to this repository, and, if you are not the copyright owner that you have met all the
necessary conditions by the copyright owner in order to do so. Note that for many pre-prints, post-prints, or published journal articles, authors often sign the copyright over to
the journal publisher, and may have the only have the right to deposit copies into archives under certain conditions, such as embargos or license requirements.

® You agree to permit the owners of this website and repository to modify the meta-data associated with the submission for better classification purposes or connection with

search engines, such as modifying the keywords, subject, or category; removing duplicate copies; or correcting obvious misspellings.

Licensing Rights Granted to The Public

According to our records, this journal asks that you choose: Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

In addition, if you have the authority, you may grant licensing rights to others. You may choose from the following:
® None

O Creative Commons Attribution 4.0 International (CC BY 4.0) [link]

O Creative Commons Attribution-NoDerivatives 4.0 International (CC BY-ND 4.0) [link]




P S E 2 O 1 8 LAPSE: Living Archive for Process %%g

o

Systems Engineering

Header Pages

Formattir;g and
meta data
according to
Google Scholar
specs

License and legal
text required for

each journal
automatically
included.

N\
N

N
N

\

A new approach to the identification of high-potential materials for cost-
efficient membrane-based post-combustion CO2 capture

Authors:

Simon Roussanaly, Rahul Anantharaman, Karl Lindgvist, Brede Hagen
Date Submitted: 2018-06-22
Keywords: post-combustion, Attainable Region, property maps, gas separation membranes, CO2 capture

Abstract:

Developing “good” membrane modules and materials is a key step towards reducing the cost of membrane-based CO2 capture. While
this is traditionally being done through incremental development of existing and new materials, this paper presents a new approach to
identify membrane materials with a disruptive potential to reduce the cost of CO2 capture for six potential industrial and power
generation cases. For each case, this approach first identifies the membrane properties targets required to reach cost-competitiveness
and several cost-reduction levels compared to MEA-based CO2 capture, through the evaluation of a wide range of possible membrane
properties. These properties targets are then compared to membrane module properties which can be theoretically achieved using 401
polymeric membrane materials, in order to highlight 73 high-potential materials which could be used by membrane development
experts to select materials worth pushing towards further development once practical considerations have been taken into account.
Beyond the identification of individual materials, the ranges of membrane properties targets also show the strong potential of
membrane-based capture for industrial cases in which the CO2 content in the flue gas is greater than 11%, and that considering CO2
capture ratios lower than 90% would significantly improve the competitiveness of membrane-based capture and lead to potentially
significant cost reduction. Finally, it is important to note that the approach discussed here is applicable to other separation technologies
and applications beyond CO2 capture, and could help reduce both the cost and time required to develop cost-effective technologies.

Record Type: Published Article

Submitted To: LAPSE (Living Archive for Process Systems Engineering)

Citation (overall record, always the latest version): LAPSE:2018.0142
Citation (this specific file, latest version): LAPSE:2018.0142-1
Citation (this specific file, this version): LAPSE:2018.0142-1v1

DOI of Published Version: https://doi.org/10.1039/C8SEQ0039E

\,
~ License: Creative Commons Attribution 4.0 International (CCBY 4.0)



P S E 2 0 1 8 LAPSE: Living Archive for Process ’

Systems Engineering

PSEcommunity.org/LAPSE:2018.0143

LAPSE Funders:

DTU Technical University
o of Denmark

= - SINTEF
& 1 @D |\ GICACHE

Computer Aids for Chemical Engineering

41



