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What is LCA?

Definition (ISO 14044): ‘Life Cycle Assessment (LCA) is a compilation and evaluation of inputs,
outputs and the potential environmental impacts of a product system through its life cycle.’
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European Commission, Joint Research Centre, Cristobal-Garciaq, J., Pant, R, Reale, F. et al,, Life cycle assessment for the impact assessment of
policies, Publications Office, 2016, https://data.europa.eu/doi/10.2788/318544
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Life Cycle Assessment: Structure

= LCA approach is mainly based on two standards:

1ISO 14040:2006 and I1SO 14044:2006

= LCA is performed in four steps:

1.

2
3.
4

Goadl and Scope definition
Life Cycle Inventory
Life Cycle Impact Analysis

Life Cycle Interpretation

= Most important concept in LCA: Functional Unit

Life Cycle Assessment framework

Goal and scope

|

Inventory analysis

|

Interpretation

Impact analysis
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Life Cycle Inventory — Data needed

Inputs and outputs of a process to be included in the LCI

Emissions of light, noise, odor

Waste/wastewater

Energy

Raw materials and suppliers Processes
Pre-products

—> Product
— Byproduct(s)

Emissions in the water

Emissions in the air

—> Emissions in the ground
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Life Cycle Inventory: Data generation and collection

P e —— e —— —— ——— —— —

Reagent A

(dataset selection) —]

Innovative Use End of Life
I technology : (scenario) (scenario+ -process
: (upscaling) : modelling)
|
Reagent B | | [
(dataset selection) IL ___________________ :

European Commission, Joint Research Centre, Abbate, E.,, Garmendia Aguirre, |, Bracalente, G., Mancini, L., Tosches, D., Rasmussen, K., Bennett,
M.J., Rauscher, H. and Salaq, S., Safe and Sustainable by Design chemicals and materials - Methodological Guidance, Publications Office of the
European Union, Luxembourg, 2024, https://data.europa.eu/doi/10.2760/28450, JRC138035.
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Life Cycle Inventory: Data generation and collection

I
| I
: Os__OH :
: NH;, — :
I |
| Use End of Life |
| T (scenario+ process :
: \N/ modelling) |
| I
| — I
| I
| |
I

European Commission, Joint Research Centre, Abbate, E.,, Garmendia Aguirre, |, Bracalente, G., Mancini, L., Tosches, D., Rasmussen, K., Bennett,
M.J., Rauscher, H. and Salaq, S., Safe and Sustainable by Design chemicals and materials - Methodological Guidance, Publications Office of the
European Union, Luxembourg, 2024, https://data.europa.eu/doi/10.2760/28450, JRC138035.
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Life Cycle Inventory: Data generation and collection

background databases

ec#zinvent

| & |
| |
|
: Reagent A : Foreground : :
| (dataset selection) — : : |
| | | | m
l : Innovative : - End of Life | 0
: 1 techno.ogy \ (scenario+ process : —
| : i modelling) | (Y).
: Reagent B E ! : . ™
| (dataset selection) b e I | Carbonmlnds L
' |
B e —— A
L
GaBi
Database Content

European Commission, Joint Research Centre, Abbate, E.,, Garmendia Aguirre, |, Bracalente, G., Mancini, L., Tosches, D., Rasmussen, K., Bennett,
M.J., Rauscher, H. and Salaq, S., Safe and Sustainable by Design chemicals and materials - Methodological Guidance, Publications Office of the
European Union, Luxembourg, 2024, https://data.europa.eu/doi/10.2760/28450, JRC138035.
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Life Cycle Inventory: Dataset selection

—y

Global LCA : :
O O H [gaata Access Search datasets About Get involved FAQ ekt ol
\ /
G hical
N H2 eographical coverage [J Anthranilic acid m
-None - &

Reference year [} Sort by Relevance ¢ - 20 Datasets Items per page 10 ~
____________________ - None - - - None - -
[ 1
1 1
! | Free or for sale [ C:Manufacturing/20:Manuf: of chemicals and chemical & Unit
! | O For sale (20) ISIC4 , p ‘. /201 ‘ of_basi_e hemical fertilizers and nitrogen cu?mpounds, ® ecoinvent 3.6
1 R eage nt A : categories:  plastics and synthetic rubber in primary forms/2011:Manufacture of basic ® ceciiiivat
! B i chemicals ~
: (dataset selection) 1 Process type [l - v External
. Q Location: RoW - Rest of World Reference year: 2010 - 2019
: ! Unit (20) y @ Forsale
: | Data provider [ anthranilic acid production, UPR, ecoinvent 3.6, m -
| ! : Go to dataset
: : ecoinvent (20) Consequential
! ! e .
: : LCI modeling approach [} Refer?nce product: anthranilic acid [kg]
| l Location: RoW - Rest-of-World
! Reagent B { Attributional (10)
I (dataset selection) ! Before modeling (5)
: 1 Consequential (5)
1
I | o
TR e n C:Manufacturing/20:Manufacture of chemicals and chemical - Unit
\ / ECOSPOLD2 (20) ISIC4 products/201 if of basic chemicals, fertilizers and nitrogen compounds, 9 ecoinvent 3.6
N categories:  plastics and synthetic rubber in primary forms/2011:Manufacture of basic & :
Supported nomenclatures [ chemicals == ecoinvent
: v External
ecoinvent 3.6 (20) @ Location: RER - Europe @3 Reference year: 2010-2019 S F I
or sale
Reviewed type [} anthranilic acid production, UPR, ecoinvent 3.6,
: G dat
exers (20 Consequential =i
Category system Reference product: anthranilic acid [kg]
“NBEL = Location: RER - Europe

https:/ [www.globallcadataaccess.org/search
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Where to LCI for chemicals?
Unit processes: System (LCI)|processes: C 1)
Ew—— NN carbonminds
eczinvent PLASTICS
EUROPE
nnnnn Hrocess A Enabling a sustainable future
. A GaBi
FIocess B Process B Process C @ Database Content
—
Process D ___Process E
Procegss D Process E
EF 4.0 DB 1
Process F Process G Process F Process G .
N

EF 3.1DB
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Datasets in LCI databases: Bicycle

& Inputs/Outputs: bicycle production | bicycle | Cutoff, U - RER

v Inputs
Flow Category Amount  Unit Costs/Re... Uncertai... Avoide:
@ Aluminium Resource/in ground 6.22153 ™ kg none
@ Anhydrite Resource/in ground 1.31351E.. ™ kg none
@ Antimony Resource/in ground 2.24515E... M kg none
@ Argon-40 Resource/in air 0.02252 ™ kg none
@ Arsenic Resource/in ground 7.53473E... [ kg none
@ Barium Resource/in ground 0.06701 ™ kg none
@ Basalt Resource/in ground 0.00900 ™ kg none
@ Borax Resource/in ground 1.04062E... ™ kg none
@ Boron Resource/in ground 8.36654E... ™M kg none
@ Bromine Resource/in water 1.35318E... ™ kg none
@ Cadmium Resource/in ground 1.50582E... ™ kg none
@ Calcite Resource/in ground 412170 [ kg none
v Outputs
Flow Category Amount  Unit Costs/Re... Uncertai... Avoide:
@ 1,2-Dichlorobenze... Emission to air/high ... 2.98856E.. ™ kg none
@ 1,2-Dichlorobenze... Emission to water/su... 9.07175E... ™M kg none
@ 1,3-Dioxolan-2-one  Emission to water/u...  1.35174E.. [ kg none
@ 1,4-Butanediol Emission to air/high ...  2.17547E.. ™ kg none
@ 1,4-Butanediol Emission to water/su...  5.00358E... ™ kg none
@ 1-Pentanol Emission to air/high ...  1.43931E.. ™ kg none
@ 1-Pentanol Emission to water/su...  3.43437E.. ™ kg none
@ 1-Pentene Emission to air/high ...  1.67038E.. ™ kg none
@ 1-Pentene Emission to water/su... 2.61042E... ™ kg none
@ 2,2,4-Trimethyl pe... Emission to air/unsp..  9.16497E.. ™ kg none
@ 24-D Emission to air/low ..  6.56607E.. ™ kg none
@ 24D Emission to soil/agri...  7.32983E.. ™ kg none

General information | Inputs/Outputs | Administrative information | Modeling and validation | Parameters | Allocation

&) Inputs/Outputs: bicycle production | bicycle | Cutoff. U - RER

9-13 June 2025

v Inputs
Flow Category Amount  Unit G
2 aluminium, wrought alloy 242:Manufacture of ... 7.53250 M kg
22 chromium steel removed by turning, average, co... 259:Manufacture of ... 0.15900 ™M kg
2 electricity, medium voltage 351:Electric power g... 6.89020 ™ kWh
52 heat, district or industrial, natural gas 353:Steam and air co... 13.58025 ™ MJ
22 heat, district or industrial, other than natural gas 353:Steam and air co... 0.19270 ™ M)
2 injection moulding 222:Manufacture of ... 1.95750 3 kg
£ polyethylene, high density, granulate 201:Manufacture of ... 1.95750 @ kg
2 polyurethane, flexible foam 201:Manufacture of ... 0.03000 ™M kg
% powder coat, aluminium sheet 259:Manufacture of ... 0.35000 ™M m2
52 road vehicle factory 410:Construction of ...  9.36930E... ™ ltem(s)
52 section bar extrusion, aluminium 242:Manufacture of ... 3.76630 ™M kg
v Outputs
Flow Category Amount  Unit
{ 2 bicycle 309:Manufacture o...  1.00000 ™ Item...
[l municipal solid waste 382:Waste treatment... 450000 ™M kg
[ used bicycle 383:Materials recove... 1.00000 ™ Item(s)
[1] wastewater, average 370:Sewerage/3700:S... 0.00073 M m3
[l wastewater, average 370:Sewerage/3700:S...  1.82394E... ™ m3
@ Water Emission to air/unsp... 0.00011 M m3
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Life Cycle Inventory: Dataset selection

O OH
NH>
__________________ : Ty
: Global LCA . !
| Baia Access Search datasets About Get involved FAQ
Reagent A ! \ o
(dataset selection) p

Reference year [}

———

(dataset selection)

What to do if thereis no
data available?

https:/ [www.globallcadataaccess.org/search
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Life Cycle Inventory — Data needed

Ca

Are data on process N yOu use a process

@ ELTE]]

{ —

&/ calculation
Process
@ simulation

I 2 chemical process? oS gl Stoichiometry-
conditions? based proxy
Molecular "
Structure Models @
- - 1 s Molecular
Proxy y ( : @ > Structure
: v Use a proxy - Models proxy

operation available? simulation software?

LOW LOW

European Commission, Joint Research Centre, Abbate, E.,, Garmendia Aguirre, ., Bracalente,

Parvatker et al., ACS Sus. Chem. & Eng. 2019, 7(1). G., Mancini, L, Tosches, D., Rasmussen, K., Bennett, M.J., Rauscher, H. and Salq, S., Safe and
Sustainable by Design chemicals and materials - Methodological Guidance, Publications

Office of the European Union, Luxembourg, 2024,
https://data.europa.eu/doi/10.2760/28450, JRC138035
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How to fill data gaps for chemical LCIs?

Method 6 and 7:

Proxy:
« Relies on existing LCI data of similar (proxy) chemicals
- Used when no synthesis or stoichiometric data is available

N7 NH, i e S
I #Chemicals
#) market for chemical, inorganic | chemical, inorganic | Cutoff, U - GLO
© © C:Manufacturing/20:Manufacture of chemicals and chemical products/2i
Om itti ng: #Chemicals
Method 6
+ Least preferred, yet common when data is missing Proxy
- Impacts fall below defined cut-off criteria (e.g., <5% of mass) v
e.g. catalyst, additives
Parvatker et al., ACS Sus.
+ x CHs Chem. & Eng. 2019, 7(1).

+ 2 CHZOH /
CH3
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How to fill data gaps for chemical LCIs?

Method b:

Molecular Structure Models (QSARs)

1 n
RMSE = | > (¥ = f(x))’
Machine learning i=1

Input ( w Output

100% ~& |Y: — f(x;
' n 4 Y; Method 5
.4:. o &> i=l Molecular
i Structure Models
Chemicals FineChem2 Carbon footprints
=/} . I
/OO0 ) W o
1 : Y; — f(x;
median PE = median (W)
i

Parvatker et al., ACS Sus.
Chem. & Eng. 2019, 7(1).

G. Wernet et. al., Green Chemistry 2009, 11 (1826), D. Zhang et. al., ACS Sustainable Chem. Eng. 2024,12 (2007).
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How to fill data gaps for chemical LCIs?

Method 4:

Basic and Stochiometric Calculations

« l.eqg. Aniline + 2 eq. MeOH [1 Dimethylaniline
- Consult literature for routes (Ullmann, patents, Best Available Techngiue)

« Add ,Gendorf Approach”
- 22MJ@, 0.4 kWh -, 95% yield per kg produced chemical
«  Access starting material concerted to CO2

- Water consumption and waste generic Parvatker et al., ACS Sus.
Chem. & Eng. 2019, 7(1).

Gendorf Approach from: Hischier et al., Int. J. LCA. 2005, 10(1), 59 - 67.
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How to fill data gaps for chemical LCIs?

Method 4:

5 Inputs/Outputs - Chemical Production Gendorf

¥ Inputs

Flow Amount Unit Provider

@ heat, district orin... ~ 1.88647 ™ M) =] market group f...
@ electricity, mediu... 0.39906 ™ kWh &) market group f...
@ heat, from steam, ...  0.20781 ™ MJ s] market for heat,...
@ Water, cooling, un...  0.01471 ™ m3

@ Water, river 0.00097 ™ m3

@ Water, well, in gro...  0.00082 ™ m3

% chemical factory, ...

4.0000... ™ [tem(s) = chemical factor...

v Outputs

Flow Amount Unit
1.00000 ™ kg
[l wastewater, average 5.58244... ™ m3

% chemical produc...

[ wastewater, average 2.27712.. ™ m3
@ Water
@ Water

0.00147 ™ m3
0.01504 ™ m3

Provider

o) market for was...

o) market for was...

5 Inputs/Outputs - benzotriazole production - REk

Da —

~ Inputs
Flow Amount Unit Provider
@ chemical production ~1.00000 = kg a] Chemical Pro...
2 nitrous acid 8.40*1.0... ™ kg 2] nitrous acid p...
@ o-phenylene diamine  8.40*1.0... ™ kg 2] market for o-...
* Outputs
Flow Amount Unit + Description
%t benzotriazole 1.00000 ™ kg 8.40 mol
@ Carbon dioxide, fo... 0.05*((6*... ™ kg In addition, ...

Parvatker et al., ACS Sus.
Chem. & Eng. 2019, 7(1).
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How to fill data gaps for chemical LCIs?

Method 4:

Fluorpolymere >3
Bl Tetrafluorethylen 5
Fluorchemikalien
>
Oxethylate >
Tenside =
—

S

—t
1,2-Dichlorethan >
B oo 1. B
L oirer i | >

~ Sauerstoff
A InfraServ &/ﬁ:stlake 8D wiockner pentaplast globalamines ~ cLARIANT®  3M Dyneon ARPHEQM\:?E m“ﬁmw

Ver k auf

9-13 June 2025

Rohstoffe [t] 1.502.300
davon Klarschlamm 30.830
zur Verwertung

Energie [GJ] 8.367.600"

Erdgas 4727.900

Strom 2.945.000" _
davan ernauerbare Energien 630.600"

Fremddampf 613770

(Miillheizkraftwerk)

OUTPUT ‘ 2021
Produktionsmengen der Gesellschaften [t] 1.703.800
Emissionen [t]

Staube 7690
anorganische Gase (VAC) 2075
organische Gase (VOC) 8338
CO,-Emissionen? 260.010
€0,-Aquivalente [t C0,-£q.]

Parvatker et al., ACS Sus.
Chem. & Eng. 2019, 7(1).
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How to fill data gaps for chemical LCIs?
Method 1 and 2, 3:
Method 1: Process Simulation Tools _
. Uses software (e.g., Aspen Plus, DWSIM) to model reaction

« |deal for non-commercial or novel chemicals

Method 2 and 3; Process Calculations

Basic: Uses mass & energy balance equations and empirical rule:
Basic: Assumes static operating conditions

Adv.: Adds detail: equipment efficiency, heat loss, reactor design
Adv.: More precise estimates of energy and emissions

Parvatker et al., ACS Sus.
Chem. & Eng. 2019, 7(1).

** %
* *
* *
* *
*
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Issues than can arrives

Method 2, 3 and 4 in comparison

[@ 2] 2-etylhexanol_stochi.. @‘]
(&) [@ ] market group for tra.. @
.: [® 2] market for hydrogen,... @}\‘ & hydrogen, g.. % 8.60 mol [@ 2] BLOR stochiometry ... ]
'|d-; [@ 2] market group for tra.. @) [(9 sl market for potassiu.. @ [ }/ ; I it sl
@ 2] propanal production.. @ Tapiopana : me
g [® 2] soybean oil refinery .. @ [® 2] market for hydrochlo.. @ © 2] FFA stochiometric - b.. © / B 2-etylhexanol % 0.16 mol
— &) < -
:: [@ 2] soybean oil refinery .. @) © 2] market for soybean .. @ [b 5] p-toluenesulfonic aci.. | ¥ 2-etylhexanol 860 moIJ B AECESmal
(&) @ 2] BL1 stochiometric-.. ©
3 [@ 2] market for transport, ... @) © 2] BL2 stochiometric-.. ©
') [ E9 2] market for sulfuric aci... @}\—b B sulfuric add 1.00 mol (@ 5] market for hydrogen .. @ f" BLOR 7.80E-2 mol 9
® &) market for tra.. ©
e gopT® - ¥ toluene, liquid 1.00 mol
® 2] market for toluene, li.. @
[@ 2] soybean oil refinery .. @
¥ P-toluenesulf.. 1.00 mol
J
(-’ﬂ BL1_Service | Distillati.. ©
(© 2 BLOR_mol D)

[@ £] FFA_mol_no updated ®

[@ £] market for sodium bi..

% BLOR # 7.57E-2 mol
© spentcati.. %300 g

g [ f@ ] 2-etylhexanol_advanc.. f‘)\

w ® &) P-toluenesulfonic aci.. @ @ 2-ety.. #0.16 mol

© (9 bL1_senvice | Heating.. © S g itme {0 s2ma F~Jo 2 7.80E-2 mol

o - \(® &) market for cationic re... @)—"" @ catio.. # 3.00 ]

[l Y : S ®

(@ 8 BL1_Service | Stirring|... = @}/- @ chem.. & 207E-11 Item(s)

m 2] market for chemical f.. e

t [@ £ market for sodiums.. ©) © Distill. 150E2 il ® & market for spent cati.. @/
(® &1 BLOR service | Distilla.. © @ Servi.. 15082 ml

Q ’ & Servi.. 1.50E2 ml @ &] market for wastewate.. @]

(&) ® £] BLOR_ Service | Heatin.. © .

- # sodi.. 0.33 mol

m [@x’ﬂ BLOR_Service | Stirrin... © % tap.. % 135E1 mol

&

[@ &1 market group for tap...

@ wastewat.. # 1.35E1 mol
\s 5
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Issues than can arrives

Method 2, 3 and 4 in comparison

120%

100%

80%

60%

40%

il ||| || I

o I Ill I lll lll

ea\’\\‘\ '
o o

pod- cnand® caYC‘

che- A o et o

. . R4
C,O\o* es- 5 1(OP um- oR-- . (-
€ ener® = L o - et

pnees

B Stochio. | Stochio. Ecoinvent |l Basic Process Calculation
I Adv. Process Calculation

‘Method 0
Plant data / LCI databases

Method 5
Molecular
Structure Models
¥ Ao thnd :/6 77

Parvatker et al., ACS Sus.
Chem. & Eng. 2019, 7(1).
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How to fill data gaps for chemical LCIs?

Method O: T

lant data / LCI datab
Plant / LCIl databases Plant data / LCI databases

ec#invent

S
cm 3
° I'I- Eco-profile of Styrene Acrylonitrile
C a rb O n m | n d S Lu (SAN) and Acrylonitrile Butadiene
Styrene (ABS)
k 7 G a B i December 2023
@ Data base Content Phstiscliupe
1 Parvatker et al., ACS Sus.
LC| databases Plant/lit. data Parvatker of al, ACS Sus

https:/ [plasticseurope.org/sustainability/circ
ularity/life-cycle-thinking/eco-profiles-set/
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Conclusion
T |
| |
| |
| Reagent A ! Foreground : :
| (dataset selection) — : : |
| | | |
| | Innovative l » End of Life !
| 1 technology 1 scenario+ process :
: : (upscaling) : modelling) |
l Reagent B | : :
: (dataset selection) 'L : |
| |
| |

- Background vs. Foreground

Molecular
Structure Models

«  Where to find data (System vs. Unit Processes) Py

- Depending on information level we can fill data LOW ' LOW

gaps with different methods
Parvatker et al., ACS Sus. Chem. & Eng. 2019, 7(1).
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Final Remarks

Transportation

« We focused now on production

Manufacturing,

« However, use phase and Eol are also processing

)\ Retal, use

Disposal

relevant but more complex to describe

- The full life cycle has to be tracked until
the material is emitted to environment  Resource extraction,

farming, processing R .
’ 5 ’

. Recyclability energy recovery
. Fate of materials

+  Biodegradability and persistency
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Thanks

Dr. Jonas Hoffmann, LCA Consultant and Researcher
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