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METAL-ORGANIC-FRAMEWORK (MOF)

9r ‘ — it e “Lego”-structure with well-defined pores
Organic Metal Metal-Organic
Linker Connector Frameworks

 MOFs can store hydrogen with high capacities

* Only physical adsorption without chemical reaction
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MODELLING MISSING CHEMICALS AND SYNTHESIS
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[2] R. Hischier et. al., International Journal of Life Cycle Assessment 2005, 10(1).
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MOLECULAR STRUCTURE MODELS

* FineChem Tool as the most prominent molecular structure model [1]

* Be careful with the limits and the uncertainty from the models

GWP Finechem (Y) versus GWP ecoinvent 3.10 (X)
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* FineChem2 from ETH Zurich is on the way to be published [2]

Funded by _ [1]1 G. Wernet et. al., Green Chemistry 2009, 11 (1826). 15.04.2024
the European Union [2] D. Zhang et. al., ACS Sustainable Chem. Eng. 2024, 12 (2007). o
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MODELLING STOICHIOMETRY IN OPENLCA

 Example for MOFs is the production of metals salts = metal + acid

* Always good practice to parametrize models in openLCA

1. Add chemical equation with stoichiometric molecular masses

2. Add proxy for energy (often 2 MJ heat and 0.33 kWh electricity used) Method 5
Structure Models

3. Add proxy for yield (often 95 % is used) M:::(dys

4. Add proxy for factory (often 4E-10 items is used) v

:*”: Funded by
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MODELLING STOICHIOMETRY IN OPENLCA

2] Inputs/Outputs: Sodium nitrate production
v Inputs
Flow Amount Unit Description
{51 chemical factory, organics 4.00000E-10 [ Item(s) General proxy
151 electricity, medium voltage 0.33000 ™M kWh General proxy
{51 heat, district or industrial, natural gas 2.00000 MMJ General proxy
i1 nitric acid, without water, in 50% solution state 2 * mol_HNO3 [™ kg Chemical synthesis standard reaction equation
51 soda ash, dense 1* mol_Na2C03 [ kg Chemical synthesis standard reaction equation
51 water, deionised 2 * mol_HNO3 [™M kg Chemical synthesis standard reaction equation
v Outputs
Flow Amount Unit Description Method 5
= - : z : < Molecular
i35t sodium nitrate 2 * mol_NaNO3 M kg Chemical synthesis standard reaction equation el
[] wastewater, average 1* mol_H20 ™ m3 Chemical synthesis standard reaction equation Structure Models
() Carbon dioxide, fossil 1* mol_CO2 (M kg Chemical synthesis standard reaction equation Method 6
Proxy
Notes: v Input parameters
* “Water, deionised” added with same amount as the acid (50% solution)
* The amount could_be added to the wastewater to keep mass balance N&iiS ~ | Value|Description
* Waste heat sometimes added to the output to keep energy balance TR Soalkg fmo
. . . ol_ : g/ mo
° 0,
S_maII.prox_y residues pf 0.2% input material could be added to the output Mol_H20 1.8E-5 m3 / mol
* Yield in this example is 100% Mol HNO3 0.063 kg / mol
Mol_Na2C03 0.106 kg / mol
[l Funded by Mol_NaNO3 0.085 kg / mol
B the European Union 15.04.2024
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MODELLING STOICHIOMETRY IN OPENLCA

EF 3.1 Single score comparison for sodium nitrate

Method 5
Molecular
Structure Models
Method 6

Proxy

Sodium nitrate (ecoinvent) Sodium nitrate (simple) v
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MODELLING PROCESS CALCULATIONS IN OPENLCA

Energy / Time / Temperature-Difference (Y) versus Volume (X)
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Table 2
Suggested scale-dependent data for the calculation of heating energy.
Physical entity Symbol Unit 1001 5001 1000 1 50001 10000 1
Reaction mixture volume Vimix) m? 0.1 0.5 1 5 10
Height of reactor m 0519 0.888 1.119 1913 2410
Diameter of reactor D m 0519 0.888 1.119 1913 2410
Surface area A m? 1271 3.716 5.899 17.249 27.381
Reactor volume Vireactor) m? 0.11 0.55 1.1 5.5 11
Insulation material - - Glass fiber Glass fiber Glass fiber Glass fiber Glass fiber
Thermal conductivity of insulation k, e 0.042 0.042 0.042 0.042 0.042
Insulation thickness s m 0.075 0.075 0.075 0.075 0.075
Heat transfer coefficient of insulation kafs e 0.56 0.56 0.56 0.56 0.56
Efficiency of heating element Nheat % 72% 74% 75% 77% 79%
Impeller diameter m 0173 0.296 0373 0.638 0.803
Rate of heat loss per Kelvin A‘Sk. w 0.712 2.081 3.303 9.659 15.333
Starting and outside temperature To = Tout K 298.15 298.15 298.15 298.15 298.15

JBReSl Funded by
L the European Union

[1] F. Piccinno et. al., Journal of Cleaner Production 2016, 135(1085).
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MODELLING PROCESS CALCULATIONS IN OPENLCA

%] Parameters: Service | Heating

» Global parameters

v Input parameters

Name

TO
Tr

v Dependent parameters

Name Formula

energy A*VAk*t*dT
dT Tr-TO

Value Description

4.4 power law amplitude (constant)
0.65 power law coefficient (constant)
3600.0 heating time [s]
20.0 room temperature outside reactor [°C]
130.0 reactor temperature [°C]
0.2 heating volume [m3]

Value Description

612092.9249235917 heating energy [J]

110.0 temperature difference (K)

2] Inputs/Outputs: Service | Heating
v Inputs

Flow Amount Unit

21 heat, district or industrial, natural gas energy [™MJ

v Outputs
Flow Amount Unit
51 Service | Heating V ™ m3
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KEY TAKE AWAYS

System process Unit process Unit process + model method

E Sodium nitrate production %] Inputs/Outputs: Sodium nitrate production &) Inputs/Outputs: Sodium nitrate production

~ Inputs
v Inputs v Inputs

Name Amount Unit Flow Amount Unit Flow Amount Unit
g:lr:ihmrri:;n . 20(1):7(;0:3 I;g b chemi.c?l factor.y, organics 4.00000E-10 (™ Item(s) 151 chemical factory, organics 4.00000E-10 ™ Item(s)
o Anﬁfmny T k: L0 electru:.lty,. med|f1m volt.age 0.33000 CkWh 151 electricity, medium voltage 0.33000 ™ kWh
o 4.54888E-5 kg 152 heat, district or industrial, natural gas 2.00000 mIMJ 1 heat, district or industrial, natural gas 2.00000 ™ MJ
@ Arsenic 3.82372E-8 kg £ nitric acid, without water, in 50% solution state 0:12602|Ekg 152 nitric acid, without water, in 50% solution state 2 * mol_HNO3 ™ kg
@ Barium 0.00062 kg it soda aSh'_ de_nse 010599 kg 51 soda ash, dense 1* mol_Na2C03 ™ kg
g g:;llltium gg:g;z tg 1 water, deionised 012602|E3kg 51 water, deionised 2 * mol_HNO3 [ kg
) Borax 6.07889E-11 kg
J Boron 5.83011E-7 kg
g Bromine 1.12587E-8 kg ~ Outputs v Outputs
Outputs
Flow Amount Unit Flow Amount Unit
1 sodium nitrate 0.16999 [Mkg £ sodium nitrate 2 * mol_NaNO3 M kg
Name Amount|Unit [l wastewater, average 1.80153E-5 ™ m3 [l wastewater, average 1* mol_H20 M m3
@ Carbon dioxide, fossil 0.04401 ™ kg @ Carbon dioxide, fossil 1*mol_CO2 kg

J 11,1,2-Tetrafluoroethane 6.38007E-10 kg
@J 11,1,2-Tetrafluoroethane 1.35178E-11 kg
) 1,1,1,2-Tetrafluoroethane 6.71778E-10 kg
@) 11,1-Trichloroethane 9.27457E-21 kg
) 1,1,1-Trichloroethane 9.52946E-11 kg
@J 11,1-Trichloroethane 1.65353E-12 kg
@ 11,1-Trichloroethane 1.44289E-13 kg
@) 11,1-Trifluoroethane 0.00000 kg
@) 1,1,1-Trifluoroethane 1.20407E-35 kg
@J 1,1,2-Trichloro-1,2,2-trifluoroethane 5.63429E-11 kg
) 1,,2-Trichloro-1,2,2-trifluoroethane 1.05391E-10 kg

v Dependent parameters

Name Formula Value Description

energy  A*V/Ak*t*dT 612092.9249235917 heating energy [J]
dT Tr-TO 110.0 temperature difference (K)

Funded by
the European Union 15.04.2024




AN\

)
Y .V’

THANK YOU
FOR YOUR

r

Heat

Experimental

Raw
Materials

Organic
Precursor |,

ATTENTION

Linker
Synthesis

®

GreenDelta GmbH

o

Dr. Conrad Spindler

O

Alt-Moabit 130
DE-10557 Berlin, Germany

Funded by
the European Union

A\

spindler@greendelta.com

o {6

linkedin.com
/company/greendelta-gmbh

greendelta.com

15.04.2024




AN\
bS

WP5 TECHNOECONOMIC & ENVIRONMENTAL ANALYSIS

N8’

PROJECT OBJECTIVES

lz- . . 5- 6- 7' 8 .
S; g(;l;:n Lab-scale High density Scale-up of Integration

' - . Feasibility study Expansion
performing synthesis MOF produ.ctio_n and into MOST-H2 P—— R
validation

applications trucks

An iterative 4.
MOFs structure o

process to
design with achieve best  53i: H, storage
Machine Learning results X5 capacity
technology Bes assessment

WV

FULL LIFE-CYCLE SUSTAINABILITY ASSESSMENT

Funded by
the European Union 15.04.2024



WP5 TECHNOECONOMIC & ENVIRONMENTAL ANALYSIS

AN\

)
Y .V’

PROJECT PARTNERS

Le Mans
Université

Project Partners

UNIVERSITY OF
CAMBRIDGE

EE D RSN ' - = ‘:‘iii;-:-_.'-a’
— //A\U Universitat d'Alacant Q'n . wuE
ke : MAX PLANCK INSTITUTE ¥ -
Friedrich-Alexander-Universitit /AN Universidad de Alicante FOR INTELLIGENT SYSTEMS material - e
Erlangen-NUrnberg MOHAMMED YV

UNIVERSITY

Iapesa research ”._/ TALFERR G re e n D e LTa ‘ ?E??F,":iz’.mmm II?“ENH

GRUMTO FEROVIE DELLO STATO ITALLANE

Funded by
the European Union 15.04.2024




