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Overview of AIST
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Our Group’s Research Activities

Evaluating and optimizing new technologies at early stages of development

Experimental data in AIST Modeling / Process Simulation
e
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- Reaction rate
- LCA data
- Materials data

- Material balance
- Energy balance
- Equipment size efc.

ization ] Multi-objective optimization

Life cycle assessment (LCA)

-

PR

»  Multivariate R
\ Pareto analysis analysis Sensitive analysis /

Contributing to the development of innovative process technologies, resource recycling,
energy security, and solutions to environmental pollution and global warming
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Stages of Chemical Process Development

Chemical Product Process Full-scale Product
discovery development development production phase pout
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chemistry design engineering
Experiment Unit operation selection Process design & optimization
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Use of Surrogate Model in Process Design & Optimization

Using process simulator (Conventional approach) Using surrogate model built with modeFrontier

Define de3|gn variables [ Select design variables ]

Temperature pressure, Update 4 Build surrogate model )
equipment specs etc. Lde3|gn variables | | .

A

Run process simulation /\
Pro/H Aspen { l\ u

Evaluate objectlve functions

= Real-time screening

= Global search

= Robust optimization

Optimal?
Constraints met?

NO

Optimize objective functions ]

YES ) ™)

“, & 4, & l‘
@nal process d@ @ @ @al process @
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CO, Capture and Utilization/Storage (CCUS) for Global Warming Mitigation

Million tCO2-eq GtCO2-eq IEA, 2019
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CO, Capture and Utilization/Storage (CCU/S)
are key technologies to achieving carbon neutrality

um NS

«

Japan’s ambitious goal of achieving carbon neutrality by 2050
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IEA, 2019
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* Fuel in fuel cells
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* Pharmaceuticals

\ Salicylic

*Aspirin
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* Pesticides
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Organic
Cyclic Carbonates

Carbonates » Agrochemicals,
* Preservatives,
* Soivents * Cosmetics

* Electrolytes for Lithium ion batteries
* Intermediate for polymer synthesis

i Exhaust gas containing C02/
CO02 absorption liquid

Barriers to Large-scale CCU/S Implementation

https./www.yokogawa.com/news/press-releases/2021/2021-07-26/

Inter-industry collaboration
in a carbon recycling business

-Management via systems-

Exhaust gas containing CO2/

& CO2 absorption liquid |
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carbon-free hydrogen . - @ -

Goi district

= High investment and operating costs
= Limited market demand for CO,-derived products
= CO, supply far exceeds CO, use/storage
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CCUSs s “ Supplied
outside the district from outside the district

- A need to develop CO,-based industrial complexes by integrating multiple CCUS pathways
to achieve effective and cost-effective CO, reduction. -

«
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Challenges in Design and Optimization of Integrated CCUS Systems

CO,
sources ) [
Solvent based

I _
absorption
Vacuum swing
Adsorption
R Membrane-based
capture
""""""""""""" 7-------.............,".

.........................................................................................................................................

- N = Optimal capture method?
Gasoline + 5

FT fuels synthesis

——  Diesel + = Optimal CCUS pathways?

Kerosene

FT: Fischer Tropsch  \_ J = Optimal CO, amount utilized?

« Optimal CO, amount stored?

Methanol synthesis

__[ Mothanor ] ..............................................................................................................................................................

Strong impacts from external factors:

|| Liquefaction +

» DEC synthesis

DEC o Market demands and values

DEC: Diethyl carbonate

e Raw material’s availability & price

e Carbon price

Transport

Geological
Storage

Developing a CCUS system design & optimization platform that flexibly

responds to dynamic changes in external factors

«
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Membrane-based Method for CO, Capture and Purification

1
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CO, recovery ratio efficiently predict costs across a wide operating range

um J
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Vacuum Swing Adsorption Method for CO, Capture and Purification
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—_ '
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CO, purity & recovery

0.92
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Building Surrogate Models Using modeFRONTIER

Problem definition

= Decision variables: CO, purity and recovery ratio

=  Objectives: Costs, power consumption

-

Data generation

= Generate data using a rigorous process simulator

= Collect input-output datasets covering operating range

-~

Surrogate model development

=  Select modeling technique

» Train model, validate accuracy and select the best model NO

-

Surrogate model analysis

Model
accurate?

» Perform parameter studies and sensitivity analysis

= Verify solutions using rigorous process simulator

lm [Output and embed surrogate models into the CCUS design and optimization platform ] - !’

«
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Building Surrogate Models Using modeFRONTIER

Import dataset

A HOME WORKFLOW PLANNER RUN DESKGN SPACE

Select training & validation data
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Output Excel-based surrogate models (Macro-enabled workbook)

124547
.. 13274
1azoon

20727
T4 54
BE181
56508
45615
J3E2
2108E
11815

5 Arrange items

-3 T’ 5

MCDM pyCONSOLE

Vacuum Swing Adsorption Method

= RSM comparison

Cutput

MName

Area Area_GP_0

Coz flow €02 _flow_SVD_0

Chm Chm_GP_0D

Cpo Cp0_GP O

Electricity  Electricity GP_O

Rsm Function Plot

Rsm Distance

Select modeling techniques

Chm
Cpd

Eleciricity

&

Polynomial SVD

shepard - K-Nearest

Kriging
Anisotropic Kriging

DACE-Krniging

Selected output v

SUMMARY

= RSMs
= Area

Gaussian Processes
CO2_flow

Polynodrual SVD
Chm

Galssian Prodesses
Cpd

Gaumsian Processes
Electricity

Gaussian Processes

Mean absclute error

Mean relative error

Mean normalized error

1.13E4 2.98E-3
3.58E-3 4.TTE-5
9.56E5 1.17E-2
344E5 1.29E-2
1.B1ED 5.17E-5

82

7

8
CO2Z_flow

1.44E-3
1.49E-4
5.23E-3
5.76E-3
2.68E-5

R-squared

A
1.00ED 8.52E2
1.00ED -4.18E2
9.98E-1 1.20E3
9.97E-1 1.12E3
1.00EQ 1.77E2

4
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Platform for System-Wide CCUS Design and Optimization Platform

Input data |
( | \
4 Input condition | .-{LCA |, .1 Process data -
| CO, source scale i iSi'maProi || Processn E
! Storage condition | | i !
: Market ori i il Process 2 :
I Market prices | ! |l :
! g : P! IDEA: : Process 1 i
i Carbon price ' wareom 4 :
/-I Evaluation model |-\ / I Optimization I \
« CAPEX Internal constraints External constraints
« OPEX « Mass balance « Market demand
« Product sales |:>  Product specification « Feedstock availability
« CO, emissions & avoidance L
? L Optimization solver ‘J

Objective functions:
* Net Present value (NPV)

Max NPV

« Potential CO, reduction (Pcy

2026

\ Max PCR

/

KI Optimal solutions |-\

e CO, capture method
|:> e CO, Utilization pathways
e Amount of CO, utilized

e Amount of CO, stored

\ A

«
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Optimization Results

Scenario ID ST S2
Hydrogen type and price Blue — 2.0 $/kg Green — 1.3 $/kg
Electricity type and price Conventional — 0.18 $/kWh Green — 0.09 $/kWh
Membrane cost ($/m?) 50 50
Carbon price ($/ton COx) 0 0
5 3
0 [m—————————————— - 0 (————— e ——————
> loss — A loss
>
Z > A
i -10 A o -10
2 A Z
A
-15 -15 A
S1 S2
-20 -20
0 2 4 6 8 10 0 2 4 6 8 10
PCR (x 10° kg CO,/year) PCR (x 10° kg CO,/year)

= Using green hydrogen & utilities enables significant CO, reduction.

lm = Even with low hydrogen & utility costs, CCUS system is not profitable without a carbon price. &/
2026 g

&7
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Optimization Results

Scenario 1D S3
Hydrogen type and price Green — 1.3 $/kg
Electricity type and price Green — 0.09 $/kWh

Membrane cost ($/m?)
Carbon price ($/ton COz)

5 77\
I‘Eoonomfc W"“‘i A
gain A
—_— 0 ___________
: O}
(e8]
O
~ 5
X
z S3
o
Zz -10
-15
-20
0 2 4 6 8 10

PCR (x 10° kg CO,/year)

High carbon price is required to

m enhance economic viability
2026
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Accelerated Chemical Process Designh and Optimization
Using Surrogate Modeling in modeFRONTIER:
Application to Selection of Solvents for Chemical Reaction




Importance of Solvent Selection for Chemical Reaction

2026

Suzuki-Miyaura coupling reaction

Reaction 1
Pd(dppf)Cl, (4 mol%) ‘
/ KzPO, (3 equw}
\Q\ solvent/water
(3:1 viv)
50°C,1h
Reaction 2

Pd{OAc)z (1 mol .-’)
KoPO5 (1.2 equw

C‘}H
Br B
N HO/
solvent/water
(3:1 wiv)
i, 2h
0O

Reaction yields

Solvent
Reaction 1 Reaction 2
NMP 0.85 1
Toluene 0.94 042
MEK 0.92 0.30
IPA 0.81 1
EtAc 0.76 0.28
\ ‘Beilstein J. Org. Chem. 2020, 16, 1001-1005 /

Reaction solvent Synthetic process
N Extraction solvent Distillation process

100 . . . ;
Solvent recycling

, ,
A
b b My
80 B =

CO, emissions [kg-CO,/kg-product]

40 -
DN
20 -
0 | | ] ]

NMP Toluene MEK IPA EtAc

Solvent selection affects the overall CO, emissions

«
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Surrogate Model Development for Solvent Selection

Process simulator

.
| ] -
b * W " - -
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Process model development
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.

' AVEVA Pro/ll Simularation

Optimization software

nodeFRONTIER

Process data collection

Surrogate model

Surrogate model development

CO, emissions [kg-CO,/kg-product]

150

100

o0

| |
(O Reaction 1 MEK A
/\ Reaction 2 Etac A\
IPA
Toluene
EtAc @ NMP
MEK _~¢\ IPA
Toluene NMP

Solvent located closer to the lower-

left conner are good
| | | | |

10 20
Production cost [USD/kg-product]

30

Selecting suitable solvent for reducing both cost and CO, emissions q!

V7
<
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https://www.esteco.com/corporate/esteco-copyright-policy
https://www.facebook.com/ESTECO-166776810033909/
https://twitter.com/esteco_mF
https://it.linkedin.com/company/esteco-s-p-a
https://www.youtube.com/user/estecosrlsoftware/featured
https://www.instagram.com/esteco_technologies
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