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1 Introduction to the new version: highlights

The v3.9 introduces several large updates to the ecoinvent database, some of them with a
big influence in the results. The following chapters of this report will give you the details of
all updates and additions made since the v3.8 (released in September 2021), this chapter
aims at giving you a fast summary.

For a full comparison, at the exchange level, between the versions of the database, the
Change Report Annex can be downloaded as an excel file from the “Files” section of the
ecoQuery by license holders only. This file lists all activities highlighting its changes, it also
aligns the 2 versions of the activities, at the flow level, to allow change tracking.

Correspondence files for each system model, as well as for the Undefined database are
provided together with this report; they can be checked for equivalences in case of deletion
or disaggregation of activities.

More information about the technical background of the sectors can be found in the
dedicated sectorial pages, on the ecoinvent website.

1.1 Content Updates

The following sectors have been updated for v3.9:

Crude oil and natural gas extraction and supply: the extraction and supply of oil and gas
at a lobal scale have been updated, covering 90% and 80% of the global supply
respectively. Special attention has been paid to gas flaring and methane fugitive emissions.
See chapter 6 for detailed information.

Waste: the wastewater sector has been fully restructured for v3.9 (see chapter 10), with a
disaggregation of the treatment in the subsequent treatment chains for generated by-
products.

Energy: this sector benefits from the regular update of market mixes in the attributional
system models to the most recent available year, and also from the introduction of residual
mixes for Europe (chapter 7).

Building and construction: the cement and concrete supply chains in the database have
been remodelled, renamed and harmonized. Check chapter 4 to get all the mapping and
replacement suggestions.

Chemical: the chemical sector (chapter 5) integrates 38 new chemicals and updates
several key processes.

Agriculture: this sector increases the coverage of Canadian products with new pulse
crops (chapter 3.1), and of Brazilian products with the introduction of more regionalised
activities and agricultural practices (chapter 3.2).


https://ecoinvent.org/the-ecoinvent-database/login/
https://ecoinvent.org/the-ecoinvent-database/sectors/
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Pulp, paper and cardboard: several updates in this sector bring most recent available
data to the database (chapter 8 ).

The metal sector adds several scarce metal supply chains (chapter 8), and a new Lithium
Iron Phosphate battery is added to the battery sector (chapter 11.2).

As a consequence of the update, the database scores change in the v3.9 compared to
those of v3.8, with more radical changes identified in some sectors and with some
indicators. This report contains detailed analysis of the results and the drivers of the change
in dedicated chapters (see chapters 5, 6).

As we have done several changes to our methods, and mapping to elementary
exchanges (see sections 2.1 and 2.5), we have used for comparison methods that showed
stability between v3.8 and v3.9, to isolate the changes in results due to method updates to
those changes due to data updates. We have used the following methods for comparison:
CML v4.8 2016, Cumulative Energy Demand (CED), Cumulative Exergy Demand (CExD),
Ecosystem Damage Potential, Ecological Footprint, EF v3.0 and IPCC 2013.

In general (in “allocation, recycled content, cut-off”), for most of the indicators studied, the
results changed less than 10% (increase or decrease) for 50-90% of the database.
Exceptions to that are the ozone depletion indicators, (show big decreases in results
affecting to in some cases 30% of the datasets in v3.9),the metal indicators (show more
modest decrease in scores, affecting up to 20% of the database),or some indicators of
CED and CExD methods (they show decreases or increases in scores when v3.8 and v3.9
are compared, affecting between 10-20% of the database). Those changes in results are
driven mostly by the petroleum and oil update (read more in chapter 6.6), but also relate to
the updates in electricity and transmission infrastructures or some chemicals updates.

1.2 Other updates

Some improvements are done to the “allocation at the point of substitution” and
“allocation, cut-off, EN15804” system models, to improve usability and result interpretation,
read more in chapter O and O.

The ecoinvent association has been heavily working on improving mapping between
formats and databases, in the framework of the GLAD initiative’. The v3.9 incorporates a lot
of the learnings from this process, and updates heavily the elementary exchange list of the
ecoinvent database (see chapter 2.1).

' https://ecoinvent.org/activities/global-lca-data-access-network/
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Continuing with the regular updates to Impact Assessment Methods, and benefiting from
the updates to the elementary exchange list, several methods have been updated or added
new to the v3.9 of the ecoinvent database (chapter 0).

Finally, with the v3.9, 100% of the products in the database have an associated Product
Information to support users in the decision-making process of choosing inputs or outputs
for their modelling work (see chapter 2.6), finishing what was initiated with v3.8 (Moreno-
Ruiz et al. 2021).
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2 Database -wide changes

2.1 Renamed activities and exchanges

Some activities or products were renamed for version 3.9. The changes are listed in the
following tables, and in the sector-dedicated chapters if associated to it there was a
change in the modelling. Furthermore, some elementary exchanges were renamed for
version 3.9 (see Table 3) and the unit for gas elementary exchanges was renamed to
standard cubic metres (Sm?) to be more specific (see Table 4).

Table 1.

Activities renamed for v3.9. Most of the changes aim at better defining the scope of the activity. More

details of some changes are given in the corresponding chapters.

Activity Name v3.8

Activity Name v3.9

acrylic binder production, product in 34% solution state

acrylic binder production, with water, in 54% solution
state

acrylic dispersion production, product in 65% solution
state

acrylic dispersion production, with water, in 58%
solution

acrylic varnish production, product in 87.5% solution
state

acrylic varnish production, with water, in 53%
solution state

battery cell production, Li-ion

battery cell production, Li-ion, LiMn204

battery production, Li-ion, rechargeable, prismatic

battery production, Li-ion, LiMn204, rechargeable,
prismatic

battery production, NCA, Li-ion, rechargeable,
prismatic

battery production, Li-ion, NCA, rechargeable,
prismatic

battery production, NMC811, Li-ion, rechargeable,
prismatic

battery production, Li-ion, NMC811, rechargeable,
prismatic

biomethane pressure reduction from high to low
pressure

biomethane pressure reduction, from high to low
pressure

cathode production, LiMn204, for lithium-ion battery

cathode production, LiMn204, for Li-ion battery

cement production, alternative constituents 21-35%

cement production, CEM 11/B

cement production, alternative constituents 45%

cement production, type general use

cement production, alternative constituents 6-20%

cement production, CEM II/A

cement production, blast furnace slag 18-30% and 18-
30% other alternative constituents

cement production, CEM V/A

cement production, blast furnace slag 21-35%

cement production, CEM 1I/B-S

cement production, blast furnace slag 25-70%

cement production, type 1S

cement production, blast furnace slag 31-50% and 31-
50% other alternative constituents

cement production, CEM V/B

cement production, blast furnace slag 35-70%

cement production, CP 1lI

cement production, blast furnace slag 36-65%

cement production, CEM III/A

cement production, blast furnace slag 40-70%

cement production, Portland Slag

cement production, blast furnace slag 5-25%

cement production, type | (SM)

cement production, blast furnace slag 6-20%

cement production, CEM II/A-S

cement production, blast furnace slag 6-34%

cement production, CP II-E

cement production, blast furnace slag 66-80%

cement production, CEM III/B

cement production, blast furnace slag 70-100%

cement production, type S

cement production, blast furnace slag 81-95%

cement production, CEM III/C

cement production, fly ash 21-35%

cement production, CEM 11/B-V

cement production, fly ash 6-20%

cement production, CEM II/A-V

cement production, limestone 21-35%

cement production, CEM 11I/B-L
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Activity Name v3.8

Activity Name v3.9

cement production, limestone 6-10%

cement production, CP II-F

cement production, limestone 6-20%

cement production, CEM II/A-L

cement production, pozzolana and fly ash 11-35%

cement production, CEM IV/A

cement production, pozzolana and fly ash 15-40%

cement production, type IP/P

cement production, pozzolana and fly ash 15-50%

cement production, CP IV

cement production, pozzolana and fly ash 25-35%

cement production, Pozzolana Portland

cement production, pozzolana and fly ash 36-55%

cement production, CEM 1V/B

cement production, pozzolana and fly ash 5-15%

cement production, type I-PM

cement production, pozzolana and fly ash 6-14%

cement production, CP 1I-Z

cement production, sulphate resistant

cement production, CP V RS

concrete production 20MPa

concrete production, 20MPa, with cement, CEM 11/B-
V

concrete production 25-30MPa

concrete production, 25-30MPa, with cement,
Portland

concrete production 25MPa

concrete production, 25MPa, for building
construction, for interior use, with cement, Portland

concrete production 30-32MPa

concrete production, 30-32MPa, with cement,
Portland

concrete production 30MPa

concrete production, 30MPa, with cement, CEM 11/B-
V

concrete production 40MPa

concrete production, 40MPa, with cement, CEM 1I/B-
V

concrete production 45MPa

concrete production, 45MPa, with cement, CEM 11/B-
V

concrete production 50MPa

concrete production, 50MPa, with cement, CEM 11/B-
V

concrete production, 20MPa, ready-mix, with cement,
alternative constituents 21-35%

concrete production, 20MPa, for building
construction, with cement, ART

concrete production, 20MPa, ready-mix, with cement,
limestone 21-35%

concrete production, 20MPa, for building
construction, with cement, type ICo

concrete production, 20MPa, ready-mix, with cement,
pozzolana and fly ash 36-55%

concrete production, 20MPa, for building
construction, with cement, type IP

concrete production, 20MPa, self, construction, with
cement, pozzolana and fly ash 36-55%

concrete production, 20MPa, self-construction, for
building construction, with cement, type IP

concrete production, 20MPa, self-construction, with
cement, alternative constituents 45%

concrete production, 20MPa, self-construction, for
building construction, with cement, type general use

concrete production, 20MPa, self-construction, with
cement, limestone 21-35%

concrete production, 20MPa, self-construction, for
building construction, with cement, type ICo

concrete production, 20MPa, self-construction, with
Portland cement

concrete production, 20MPa, self-construction, for
building construction, with cement, Portland

concrete production, 25MPa, ready-mix, exposure
class XC1

concrete production, 25MPa, for building
construction, exposure class XC1, with cement,
unspecified

concrete production, 25MPa, ready-mix, exposure
class XC2

concrete production, 25MPa, for building
construction, exposure class XC2, with cement,
unspecified

concrete production, 25MPa, ready-mix, with cement
blast furnace slag 35-70%

concrete production, 25MPa, for building
construction, with cement, CEM IV/B

concrete production, 25MPa, ready-mix, with cement
blast furnace slag 6-34%

concrete production, 25MPa, for building
construction, with cement, CP-II-E

concrete production, 25MPa, ready-mix, with cement
limestone 6-10%

concrete production, 25MPa, for building
construction, with cement, CP-II-F

concrete production, 30MPa, ready-mix, exposure
class XC3

concrete production, 30MPa, for building
construction, exposure class XC3, with cement,
unspecified

concrete production, 30MPa, ready-mix, exposure
classes XC3/XD2/XF1/XA1

10

concrete production, 30MPa, exposure classes
XC3/XD2/XF1/XA1, with cement, unspecified
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Activity Name v3.8

Activity Name v3.9

concrete production, 30MPa,
blast furnace slag 35-70%

ready-mix, with cement

concrete production, 30MPa, for building
construction, with cement, CEM IlI/A

concrete production, 30MPa,
blast furnace slag 6-34%

ready-mix, with cement

concrete production, 30MPa, for building
construction, with cement, CP-II-E

concrete production, 30MPa,
limestone 6-10%

ready-mix, with cement

concrete production, 30MPa, for building
construction, with cement, CP-II-F

concrete production, 35MPa,
blast furnace slag 35-70%

ready-mix, with cement

concrete production, 35MPa, for building
construction, with cement, CEM III/A

concrete production, 35MPa,
blast furnace slag 6-34%

ready-mix, with cement

concrete production, 35MPa, for building
construction, with cement, CP-II-E

concrete production, 35MPa,
limestone 6-10%

ready-mix, with cement

concrete production, 35MPa, for building
construction, with cement, CEM II/A

concrete production, 40MPa,
blast furnace slag 35-70%

ready-mix, with cement

concrete production, 40MPa, for building
construction, with cement, CEM III/A

concrete production, 40MPa,
blast furnace slag 6-34%

ready-mix, with cement

concrete production, 40MPa, for building
construction, with cement, CP-II-E

concrete production, 40MPa,
limestone 6-10%

ready-mix, with cement

concrete production, 40MPa, for building
construction, with cement, CEM II/A

concrete production, 40MPa, ready-mix, with cement,
alternative constituents 21-35%

concrete production, 40MPa, for civil engineering,
with cement, ART

concrete production, 40MPa, ready-mix, with cement,
limestone 21-35%

concrete production, 40MPa, for civil engineering,
with cement, CEM 11/B

concrete production, 40MPa, ready-mix, with cement,
pozzolana and fly ash 36-55%

concrete production, 40MPa, for civil engineering,
with cement, CEM IV/B

concrete production, 40MPa, ready-mix, with Portland
cement

concrete production, 40MPa, for civil engineering,
with cement, Portland

concrete production, for building construction, with
cement CEM II/A

concrete production, 25MPa, for building
construction, with cement, CEM II/A

concrete production, for building construction, with
cement CEM II/B

concrete production, 25MPa, for building
construction, with cement, CEM 11/B

concrete production, for drilled piles, with cement CEM
|

concrete production, 37MPa, for civil engineering,
with cement, Portland

concrete production, for drilled piles, with cement CEM
II/A

concrete production, 37MPa, for civil engineering,
with cement, CEM II/A

concrete production, for drilled piles, with cement CEM
11/B

concrete production, 37MPa, for civil engineering,
with cement, CEM II/B

iron (Ill) chloride production, product in 40% solution
state

iron(lll) chloride production, product in 40% solution
state

market for acrylic binder, without water, in 34%
solution state

market for acrylic binder, with water, in 54% solution
state

market for acrylic dispersion, without water, in 65%
solution state

market for acrylic dispersion, with water, in 58%
solution

market for acrylic varnish, without water, in 87.5%
solution state

market for acrylic varnish, with water, in 53%
solution state

market for antimony slag, water quentched

market for antimony slag, water-quenched

market for battery cell, Li-ion

market for battery cell, Li-ion, LiMn204

market for battery, Li-ion, rechargeable, prismatic

market for battery, Li-ion, LiMn204, rechargeable,
prismatic

market for cathode, LiMn204, for lithium-ion battery

market for cathode, LiMn204, for Li-ion battery

market for cement, alternative constituents 21-35%

market for cement, CEM II/B

market for cement, alternative constituents 45%

market for cement, type general use

market for cement, alternative constituents 6-20%

market for cement, CEM II/A

market for cement, blast furnace slag 18-30% and 18-
30% other alternative constituents

market for cement, CEM V/A

market for cement, blast furnace slag 21-35%

market for cement, CEM II/B-S

market for cement, blast furnace slag 25-70%

market for cement, type IS

market for cement, blast furnace slag 31-50% and 31-
50% other alternative constituents

market for cement, CEM V/B

market for cement, blast furnace slag 35-70%

11

market for cement, CP I
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Activity Name v3.8

Activity Name v3.9

market for cement, blast furnace slag 36-65%

market for cement, CEM IlI/A

market for cement, blast furnace slag 40-70%

market for cement, Portland Slag

market for cement, blast furnace slag 5-25%

market for cement, type | (SM)

market for cement, blast furnace slag 6-20%

market for cement, CEM II/A-S

market for cement, blast furnace slag 6-34%

market for cement, CP II-E

market for cement, blast furnace slag 66-80%

market for cement, CEM IlI/B

market for cement, blast furnace slag 70-100%

market for cement, type S

market for cement, blast furnace slag 81-95%

market for cement, CEM III/C

market for cement, limestone 6-10%

market for cement, CP II-F

market for cement, limestone 6-20%

market for cement, CEM II/A-L

market for cement, portland fly ash cement 21-35%

market for cement, CEM II/B-V

market for cement, portland fly ash cement 6-20%

market for cement, CEM II/A-V

market for cement, pozzolana and fly ash 11-35%

market for cement, CEM IV/A

market for cement, pozzolana and fly ash 15-40%

market for cement, type IP/P

market for cement, pozzolana and fly ash 15-50%

market for cement, CP IV

market for cement, pozzolana and fly ash 25-35%

market for cement, Pozzolana Portland

market for cement, pozzolana and fly ash 36-55%

market for cement, CEM IV/B

market for cement, pozzolana and fly ash 5-15%

market for cement, type I-PM

market for cement, pozzolana and fly ash 6-14%

market for cement, CP II-Z

market for cement, sulphate resistant

market for cement, CP V RS

market for concrete, for de-icing salt contact

market for concrete, 37MPa

market for concrete, normal

market for concrete, normal strength

market for energy use and operation emissions,
electric bicycle

market for energy use, electric bicycle

market for energy use and operation emissions,
electric bicycle, electricity from renewable energy
products

market for energy use, electric bicycle, electricity
from renewable energy products

market for iron (1) chloride, without water, in 40%
solution state

market for iron(lll) chloride, without water, in 40%
solution state

market for polar fleece production, energy use only

market for polar fleece, energy use only

market for soda ash, light, crystalline, heptahydrate

market for soda ash, light

market for stibnite ore, 70% stibnite

market for stibnite concentrate

market for zircon, 50% zirconium

market for zircon

market group for concrete, normal

market group for concrete, normal strength

natural gas pressure reduction from high to low
pressure

natural gas pressure reduction, from high to low
pressure

natural gas, burned in gas turbine, for compressor
station

natural gas, burned in gas turbine

palm oil, refined, to generic market for vegetable oil

palm oil, refined, to generic market for vegetable oil,

refined

petroleum and gas production, off-shore

petroleum and gas production, offshore

petroleum and gas production, on-shore

petroleum and gas production, onshore

stibnite mine operation, 70% stibnite

stibnite mine operation and beneficiation

treatment of antimony slag, water quentched, residual
material landfill

treatment of antimony slag, water-quenched,
residual material landfill

unreinforced concrete production, with cement CEM
II/A

unreinforced concrete production, 15MPa, with
cement, CEM II/A

unreinforced concrete production, with cement CEM
/B
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Table 2. Intermediate exchanges renamed for version 3.9. Most of the changes aim at improving the product
name, increasing precision. More details of some changes are given in the corresponding chapters.

Product Name v3.8 Product Name v3.9

acrylic binder, without water, in 34% solution state acrylic binder, with water, in 54% solution

acrylic dispersion, without water, in 65% solution state :toarty?ic dispersion, with water, in 58% solution

acrylic varnish, without water, in 87.5% solution state Ztcarty?ic varnish, with water, in 53% solution

battery cell, Li-ion Et;ttiry cell, Li-ion, LiMn204

battery, Li-ion, rechargeable, prismatic battery, Li-ion, LiMn204, rechargeable,
prismatic

cathode, LiMn204, for lithium-ion battery cathode, LiMn204, for Li-ion battery

cement, alternative constituents 21-35% cement, CEM 11/B

cement, alternative constituents 45% cement, type general use

cement, alternative constituents 6-20% cement, CEM II/A

cement, blast furnace slag 18-30% and 18-30% other cement, CEM V/A

alternative constituents

cement, blast furnace slag 21-35% cement, CEM II/B-S

cement, blast furnace slag 25-70% cement, type IS

cement, blast furnace slag 31-50% and 31-50% other cement, CEM V/B

alternative constituents

cement, blast furnace slag 35-70% cement, CP Il

cement, blast furnace slag 36-65% cement, CEM III/A

cement, blast furnace slag 40-70% cement, Portland Slag

cement, blast furnace slag 5-25% cement, type | (SM)

cement, blast furnace slag 6-20% cement, CEM II/A-S

cement, blast furnace slag 6-34% cement, CP II-E

cement, blast furnace slag 66-80% cement, CEM 11I/B

cement, blast furnace slag 70-100% cement, type S

cement, blast furnace slag 81-95% cement, CEM Ill/C

cement, limestone 21-35% cement, CEM II/B-L

cement, limestone 6-10% cement, CP II-F

cement, limestone 6-20% cement, CEM II/A-L

cement, portland fly ash cement 21-35% cement, CEM II/B-V

cement, portland fly ash cement 6-20% cement, CEM II/A-V

cement, pozzolana and fly ash 11-35% cement, CEM IV/A

cement, pozzolana and fly ash 15-40% cement, type IP/P

cement, pozzolana and fly ash 15-50% cement, CP IV

cement, pozzolana and fly ash 25-35% cement, Pozzolana Portland

cement, pozzolana and fly ash 36-55% cement, CEM IV/B

cement, pozzolana and fly ash 5-15% cement, type I-PM

cement, pozzolana and fly ash 6-14% cement, CP II-Z

cement, sulphate resistant cement, CP V RS

concrete, for de-icing salt contact concrete, 37MPa

concrete, normal concrete, normal strength

energy use and operation emissions, electric bicycle energy use, electric bicycle

energy use and operation emissions, electric bicycle, energy use, electric bicycle, electricity from

electricity from renewable energy products renewable energy products
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Product Name v3.8

Product Name v3.9

polar fleece production, energy use only

polar fleece, energy use only

soda ash, light, crystalline, heptahydrate

soda ash, light

stibnite ore, 70% stibnite

stibnite concentrate

zircon, 50% zirconium

zircon

The list of elementary exchanges was revised and updated based on insights from
ecoinvent’ s participation in the GLAD project?, in particular from the work of the

nomenclature group®. The update includes

1 improved names including, for example,
o0 the removal of unnecessary information such as compartment information

(e.g. “, in ground”) and

o the specification of metal oxidation states;
1 added, extended, and aligned CAS numbers, formulas and synonyms;
1 the removal of redundant exchanges;

9 corrections of mistakes.

This improved list of elementary exchanges helps in ecoinvent’ s internal data
management and LCIA method implementation, but it also helps modelers using the
ecoinvent database to easier identify and choose the data needed for their assessments.
Furthermore, this update improves the interoperability of the ecoinvent database with other
databases around the world and facilitates collaboration with LCIA method developers.

Table 3. Elementary exchanges renamed for version 3.9. Most of the changes aim at improving the
elementary exchange name, increasing precision.

Elementary Exchange Name in v3.8

Elementary Exchange Name in v3.9

2-Methyl pentane

2-Methylpentane

Acrylate, ion Acrylate
Aluminium Aluminium Il
Aluminium, in ground Aluminium

Amine oxide Amine oxides
Ammonium, ion Ammonium
Anhydrite, in ground Anhydrite

Antimony Antimony ion

Antimony, in ground Antimony

AOX, Adsorbable Organic Halogen as CI AOX, Adsorbable Organic Halogen
Arsenic Arsenic ion

Arsenic, in ground Arsenic

Arsenic, ion Arsenic ion

2 https://github.com/UNEP-Economy-Division/GLAD-ElementaryFlowResources

3 https://www.lifecycleinitiative.org/resources-2/global-lca-data-network-glad-2/
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Elementary Exchange Name in v3.8

Elementary Exchange Name in v3.9

Barium Barium Il
Barium, in ground Barium
Basalt, in ground Basalt

Benzene, dichloro

1,2-Dichlorobenzene

Beryllium

Beryllium Il

Beryllium, in ground

Beryllium

Bicarbonate, ion

Bicarbonate

Borax, in ground Borax
Bromine, in water Bromine
Cadmium Cadmium I
Cadmium, in ground Cadmium
Cadmium, ion Cadmium Il
Calcite, in ground Calcite
Calcium, in ground Calcium
Calcium, ion Calcium

Carfentrazone ethyl ester

Carfentrazone-ethyl

Cerium, in ground Cerium
Cesium Caesium
Cesium-134 Caesium-134
Cesium-136 Caesium-136
Cesium-137 Caesium-137
Chromium Chromium 11l
Chromium, in ground Chromium
Chromium, ion Chromium I
Chrysotile, in ground Chrysotile

Clay, bentonite, in ground

Clay, bentonite

Clay, unspecified, in ground

Clay, unspecified

Coal, brown, in ground

Coal, brown

Coal, hard, unspecified, in ground

Coal, hard, unspecified

Cobalt Cobalt I
Cobalt, in ground Cobalt
Colemanite, in ground Colemanite
Copper Copper ion
Copper, in ground Copper
Copper, ion Copper ion
Diatomite, in ground Diatomite

Diphenylether-compound

Diphenylether compounds

Dolomite, in ground Dolomite
Dysprosium, in ground Dysprosium
Ethene Ethylene

Ethene, chloro-

Chloroethylene

Ethene, tetrachloro-

Tetrachloroethylene

Europium, in ground

Europium

Feldspar, in ground
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Elementary Exchange Name in v3.8

Elementary Exchange Name in v3.9

Fluazifop-p-butyl

Fluazifop-P-butyl

Fluorine, in ground

Fluorine

Fluorochloridone

Flurochloridone

Fluorspar, in ground Fluorspar
Gadolinium, in ground Gadolinium
Gallium, in ground Gallium
Gangue, in ground Gangue
Gas, natural, in ground Gas, natural
Gold, in ground Gold
Granite, in ground Granite
Gravel, in ground Gravel
Gypsum, in ground Gypsum
Hafnium, in ground Hafnium

Hydrogen carbonate

Bicarbonate

Hydrogen chloride

Hydrochloric acid

lodine, in water lodine
Iprodion Iprodione
Iron Iron ion
Iron, in ground Iron

Iron, ion Iron ion
Kaolinite, in ground Kaolinite
Kieserite, in ground Kieserite
Krypton, in air Krypton
Lanthanum, in ground Lanthanum
Laterite, in ground Laterite
Lead Lead Il
Lead, in ground Lead
Lithium Lithium 1
Lithium, in ground Lithium
Lithium, ion Lithium |
Magnesite, in ground Magnesite
Magnesium, in ground Magnesium
Manganese Manganese ||
Manganese, in ground Manganese
Mercury Mercury Il
Mercury, in ground Mercury
Metamorphous rock, graphite containing, in ground Graphite
Methyl amine Methylamine

Methy| pentane

2-Methylpentane

Molybdenum Molybdenum VI
Molybdenum, in ground Molybdenum
Monobutyltin Monobutyltin (111
Naphtalene Naphthalene
Neodymium, in ground Neodymium
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Elementary Exchange Name in v3.8

Elementary Exchange Name in v3.9

Nickel Nickel Il
Nickel, in ground Nickel

Nickel, ion Nickel Il
Niobium, in ground Niobium

NMVOC, non-methane volatile organic compounds,
unspecified origin

NMVOC, non-methane volatile organic
compounds

o-Dichlorobenzene

1,2-Dichlorobenzene

Qil, crude, in ground Qil, crude
Olivine, in ground Olivine
Palladium Palladium Il
Palladium, in ground Palladium

Particulates, < 2.5 um

Particulate Matter, < 2.5 um

Particulates, > 10 um

Particulate Matter, > 10 um

Particulates, > 2.5 um, and < 10um

Particulate Matter, > 2.5 um and < 10um

Peat, in ground

Peat

Perchlorate, ion

Perchlorate

Perlite, in ground Perlite
Phosphorus, in ground Phosphorus
Platinum, in ground Platinum
Potassium Potassium |
Potassium, in ground Potassium
Potassium, ion Potassium |

Praseodymium, in ground

Praseodymium

Prothioconazol

Prothioconazole

Pumice, in ground

Pumice

Pyraclostrobin (prop)

Pyraclostrobin

Pyrite, in ground Pyrite
Rhenium, in ground Rhenium
Rhodium Rhodium IlI
Rhodium, in ground Rhodium
Samarium, in ground Samarium

Sand, unspecified, in ground

Sand, unspecified

Scandium, in ground Scandium
Selenium Selenium IV
Selenium, in ground Selenium
Shale, in ground Shale
Silicon, in ground Silicon
Silver Silver |
Silver, in ground Silver
Silver, ion Silver |

Sodium chloride, in ground

Sodium chloride

Sodium nitrate, in ground

Sodium nitrate

Sodium sulphate, various forms, in ground

Sodium sulphate, various forms

Sodium, in ground

Sodium

Sodium, ion
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Elementary Exchange Name in v3.8

Elementary Exchange Name in v3.9

Spodumene, in ground Spodumene
Steatite, in ground Steatite
Strontium, in ground Strontium
Sulfur, in ground Sulfur
Sylvite, in ground Sylvite
Talc, in ground Talc
Tantalum, in ground Tantalum

Tebupirimphos Tebupirimfos
Tellurium, in ground Tellurium
Terbium, in ground Terbium
Thallium Thallium |

Thiocyanate, ion

Thiocyanate

Tin Tin ion

Tin, in ground Tin

Tin, ion Tin ion
Titanium Titanium ion
Titanium, in ground Titanium
Titanium, ion Titanium ion
Tungsten, in ground Tungsten
Ulexite, in ground Ulexite
Uranium, in ground Uranium
Vanadium Vanadium V
Vanadium, in ground Vanadium
Vanadium, ion Vanadium V
Vermiculite, in ground Vermiculite

VOC, volatile organic compounds, unspecified origin

VOC, volatile organic compounds

Xenon, in air Xenon
Yttrium, in ground Yttrium
Zinc Zinc Il
Zinc, in ground Zinc
Zingc, ion Zinc Il
Zirconium, in ground Zirconium

Table 4. Elementary exchange units renamed for version 3.9. “Sm3” stands for standard cubic metre, which
is a cubic metre of gas at 15°C and 101.325 kPa

Elementary Exchange Name in v3.8 | Unitin v3.8 | Elementary Exchange Name in v3.9 | Unit in v3.9
Gas, mine, off-gas, process, coal m3 Gas, mine, off-gas, process, coal Sm3
mining mining

Gas, natural, in ground m3 Gas, natural Sm3
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2.2 Modifications of Lower Heating Values of products

In v3.8, the Lower Heating Value (LHV) was added as a property to all relevant products
in the database (Moreno-Ruiz et al., 2021). The LHVs were extracted from literature or were
based on approximate relationships (loannidou et al., 2021). During this massive project,
some values allocated to products were based on wrong assumptions or were not
corresponding to the functional unit of the product. These values have been corrected in
v3.9. In addition, following the project of update of the petroleum and natural gas sector,
new LHVs were defined for these products. Table 5 includes all products where a
correction to their LHV has been implemented in v3.9.

Table 5. Products with updated Lower Heating Values in v3.9. The Lower Heating Value is expressed in MJ

per unit of product.

Product name !.HV Value !.HV Value
in v3.8 (MJ) | in 3.9 (MJ)
ethanol, without water, in 95% solution state, from fermentation 31.58 28.1
ethanol, without water, in 99.7% solution state, from ethylene 31.58 28.1
ethanol, without water, in 99.7% solution state, from fermentation 31.58 28.1
ethanol, without water, in 99.7% solution state, from fermentation, vehicle grade | 31.58 28.1
pulverised lignite 8.8 1
lignite briquettes 8.8 19.5
lignite ash 0 21.7
biogas, from grass 29.09 19.74
glycerine 22.38 18
synthetic gas 6.21 52
methanol 26.49 20
bitumen seal 19.51 39.33
bitumen seal, Alu80 17.58 39.33
bitumen seal, polymer EP4 flame retardant 18.06 39.33
bitumen seal, V60 18.01 39.33
bitumen seal, VA4 18.92 39.33
natural gas, high pressure 39 36
natural gas, low pressure 39 36
natural gas, unprocessed, at extraction 39 36
natural gas, vented 39 36
natural gas, liquefied 39 36
natural gas, high pressure, vehicle grade 46.5 48.98
natural gas, low pressure, vehicle grade 46.5 48.98
natural gas, medium pressure, vehicle grade 46.5 48.98
petroleum 43.2 43.4

2.2.1 Modifications of heat production datasets

Associated to the change in Lower Heating Values, the natural gas consumption of
natural gas boilers has been modified to account for a LHV of 36MJ/m3 of “natural gas,

19



Documentation of changes implemented in the ecoinvent database v3.9

high pressure” and “natural gas, low pressure”. In the datasets of Table 6, the input of
natural gas has been adjusted accordingly.

Table 6. Modifications in heat production datasets. If several geographies of the same activity with the same
time period exist, all of them are listed in the “Geography” column. The unit of all reference products is

MJ.

Activity Name Geography T'm.e Product Name
Period

heat production, natural gas, at boiler atm. low- | Europe without 1990- heat, central or small-
NOx condensing non-modulating <100kW Switzerland; GLO 2000 scale, natural gas
heat production, natural gas, at boiler Europe without 1990- heat, central or small-
atmospheric low-NOx non-modulating <100kW Switzerland; GLO 2000 scale, natural gas
heat production, natural gas, at boiler Europe without 2000- heat, central or small-
atmospheric non-modulating <100kW Switzerland; GLO 2000 scale, natural gas
heat production, natural gas, at boiler CH; Europe without | 2000- heat, central or small-
condensing modulating <100kW Switzerland; GLO 2000 scale, natural gas
heat production, natural gas, at boiler CA-QC 2000- heat, district or
condensing modulating >100kW 2015 industrial, natural gas
heat production, natural gas, at boiler Europe without 2000- heat, district or
condensing modulating >100kW Switzerland; GLO 2000 industrial, natural gas
heat production, natural gas, at boiler fan Europe without 1990- heat, central or small-
burner low-NOx non-modulating <100kW Switzerland; GLO 2000 scale, natural gas
heat production, natural gas, at boiler fan Europe without 2000- heat, central or small-
burner non-modulating <100kW Switzerland; GLO 2000 scale, natural gas
heat production, natural gas, at boiler Europe without 2000- heat, central or small-
modulating <100kW Switzerland; GLO 2000 scale, natural gas
heat production, natural gas, at boiler CA-QC 2000- heat, district or
modulating >100kW 2015 industrial, natural gas
heat production, natural gas, at boiler Europe without 2000- heat, district or
modulating >100kW Switzerland; GLO 2000 industrial, natural gas
heat production, natural gas, at diffusion CH; GLO 2000- heat, future
absorption heat pump 4kW, future 2005
heat production, natural gas, at industrial CA-QC 2000- heat, district or
furnace >100kW 2015 industrial, natural gas
heat production, natural gas, at industrial Europe without 2000- heat, district or
furnace >100kW Switzerland; GLO 2000 industrial, natural gas
heat production, natural gas, at industrial CA-QC 1990- heat, district or
furnace low-NOx >100kW 2015 industrial, natural gas
heat production, natural gas, at industrial Europe without 1990- heat, district or
furnace low-NOx >100kW Switzerland; GLO 2000 industrial, natural gas

2.3 Changes to Allocation, cut-off, EN15804 system model

2.3.1 Change in terminology

In v3.9, the most significant change introduced is the replacement of the “Recycled
Content, cut-off” datasets with “burden-free production” datasets. A “burden-free
production” dataset is a dataset that contains solely a recyclable product after its end-of-
waste. The recyclable product is the reference product in the “burden-free production”
dataset. A reminder here that the end-of-waste is represented by the cut-off point.

According to the standard EN15804&A2:2019 and the guidance 16970, the “polluter pays”
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principle applies to the allocation of burdens related to the production of waste. Impacts
from the treatment of waste generated by a product system belong to this initial product
system, while the secondary product system carries only the burdens of additional
processing. The new terminology was introduced to facilitate the users and make clear and
transparent what this “burden-free production” dataset represents.

2.3.2 Change in product classification

In v3.9, the “aluminium scrap, new” in the Allocation, cut-off, EN15804 system model is
classified as allocatable (in the previous version, it was recyclable). According to
EN15804&A2:2019, “flows leaving the system at the end-of-waste boundary of the product
stage (A1-A3) shall be allocated as co-products. Figure 1 depicts the supply chain of
“aluminium scrap, new” in the Allocation, cut-off, EN15804 system model. Due to this
change in classification, the activities consuming “aluminium scrap, new” have higher LCIA
scores.

aluminium,
treatment of cast alloy

aluminiumscrap,

new, at remefter

aluminium,

AL € wrought alloy

aluminium scrap,
new, at refiner

aluminium alloy, AlLI

EUNG T (el aluminium alunn'-lli::i:?::sl:rap aluminium alloy
new producer scrap, new o production, AlLi copper, cathode

aluminium alloy, metal
CTUIITNEU A matrix composite
production,
Metallic Matrix
Composite copper, cathode

aluminiurm. primary.
cast alloy slab fram
continuous casting

aluminium

production,
primary, cast
alloy slabfrom

continuous
casting

Figure 1: Supply chain of "aluminium scrap, new” in “Allocation, cut-off, EN15804”.

2.3.3 New impact assessment methods and modifications of characterization factors

In v3.9, two impact assessment methods are available for the Allocation, cut-off, EN15804
system model plus the impact assessment method used for calculating the inventory
indicators:

1 EF v3.0 EN15804 method and the updated EF v3.1 EN15804. More information
on the implementation can be found in 2.5.3.2.
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1 TRACIv2.1

In the inventory indicators for the Allocation, cut-off, EN15804 system model, the
elementary exchanges having a Characterization factor for the indicator ‘Use of net fresh
water’ were corrected, as per Table 7.

Table7Changes applied in the 6Use of net fresh waterd
Name Compartment Subcompartment CF old CF
Water water unspecified -1 -1
Water water surface water -1 -1
Water water ground- -1 -1
Water, cooling, unspecified | natural resource | in water 1 1
natural origin
Water, river natural resource | in water 1 1
Water, well, in ground natural resource | in water 1 1
Water, unspecified natural natural resource | in water 1 1
origin
Water, lake natural resource | in water 1 1
Water, turbine use, natural resource | in water 1 1
unspecified natural origin
Water, in air natural resource | in air 1 1
Water water ocean -1 0
Water, salt, sole natural resource | in water 1 0
Water, salt, ocean natural resource | in water 1 0

2.4 Changes to Allocation at the point of substitution (APOS)
system model

2441

Correction to specialty production supply chains

Specialty production datasets are treatment datasets that are modelled as regular
transforming activities, where the waste (MFT) is an input. This reflects the fact that the
driver of the process to happen is not the treatment of the MFT “per se”, but the

manufacturing action.

One example is the input of waste wood used in the production of structural timber.
During the first step of the system model, this dataset becomes a waste treatment, treating
a small amount of waste wood, and producing structural timber as a by-product. This
means that any process that was producing waste wood as a by-product (that needed to
be treated) gets a credit for a large amount of structural timber, as a timber flow will be
merged into the activity and allocated against the reference product, decreasing its relative

impacts.

In any situation, the credit for the production of 1 kg of waste wood to be treated should
not exceed that proportionally needed for manufacturing structural timber. When such
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cases are encountered, the credit attributed to the waste has been adjusted. The list of
corrections (70 in total) is present in the Table below.

Table 8. Manually overwritten credits for waste treatments in the APOS system model. The columns Activity
Name and Geography indicate which dataset carries the treatment. The waste treated is reported in
column “Waste (W)”, and the waste unit in column “W unit”. The valuable product produced by the
dataset is named in column “Valuable (V). Its amount and unit are reported in columns V credit per “W

unit” and “V kg”.
w v V credit
Activity Name Geography | Waste (W) unit Valuable (V) unit | Pe" w Note
unit
glass production, GLO waste kg glass, for kg 1 assumes no loss of
for liquid crystal packaging liquid crystal glass during the
display glass, display process
unsorted
folding boxboard RowW waste paper, | kg turpentine kg 0 this by-product
carton production sorted coming from wood
inputs
folding boxboard RER waste paper, | kg turpentine kg 0 this by-product
carton production sorted coming from wood
inputs
aluminium alloy CA-QC aluminium kg aluminium kg 0.982 the scrap is only
production, AlLi scrap, new alloy, AlLi responsible for the
Al content of the
alloy
aluminium alloy Row aluminium kg aluminium kg 0.982 the scrap is only
production, AlLi scrap, new alloy, AlLi responsible for the
Al content of the
alloy
aluminium alloy CA-QC aluminium kg aluminium kg 0.995 the scrap is only
production, scrap, hew alloy, metal responsible for the
Metallic Matrix matrix Al content of the
Composite composite alloy
aluminium alloy Row aluminium kg aluminium kg 0.995 the scrap is only
production, scrap, new alloy, metal responsible for the
Metallic Matrix matrix Al content of the
Composite composite alloy
aluminium CA-QC aluminium kg aluminium, kg 0.99 the scrap is only
production, scrap, hew primary, cast responsible for the
primary, cast alloy alloy slab Al content of the
slab from from alloy
continuous continuous
casting casting
aluminium RowW aluminium kg aluminium, kg 0.99 the scrap is only
production, scrap, hew primary, cast responsible for the
primary, cast alloy alloy slab Al content of the
slab from from alloy
continuous continuous
casting casting
cellulose fibre CH waste paper, | kg cellulose kg 0.975826 | based on carbon
production sorted fibre content
cellulose fibre RowW waste paper, | kg cellulose kg 0.975826 | based on carbon
production sorted fibre content
core board CA-QC waste paper, | kg core board kg 1.043179 | credit calculated
production sorted based on carbon
content of the
paper and board
core board RoW waste paper, | kg core board kg 1.043179 | credit calculated
production sorted based on carbon
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w Vv V credit
Activity Name Geography | Waste (W) unit Valuable (V) unit | Per w Note
unit
content of the
paper and board
core board RER waste paper, | kg core board kg 1.043179 | credit calculated
production sorted based on carbon
content of the
paper and board
dewatering of CN bagasse, kg ethanol, kg 0 bagasse is used as
ethanol from from sweet without a fuel
biomass, from sorghum water, in
95% t0 99.7% 99.7%
solution state solution
state, from
fermentation
esterification of BR tallow, kg glycerine kg 0.118892 | based on carbon
vegetable oils and unrefined content: tallow
animal fats, brings 17.1% of the
average mix carbon
esterification of BR tallow, kg fatty acid kg 0.884784 | based on carbon
vegetable oils and unrefined methyl ester content: tallow
animal fats, brings 17.1% of the
average mix carbon
ferrosilicon CN coal tar kg ferrosilicon kg 0 documentation
production states that the coal
tar is used only for
the production of
the anode
ferrosilicon RoW coal tar kg ferrosilicon kg 0 documentation
production states that the coal
tar is used only for
the production of
the anode
fibre cement roof CH waste paper, | kg fibre cement | kg 0.526315 | paper represents
slate production unsorted roof slate 0.017/1.9 of the
mass input
fibre cement roof RoW waste paper, | kg fibre cement | kg 0.526315 | paper represents
slate production unsorted roof slate 0.017/1.9 of the
mass input
fibreboard CA-QC waste paper, | kg bark chips, kg 0 the paper input is
production, soft, sorted wet, not responsible for
from wet & dry measured as the production of
processes dry mass wood
fibreboard CA-QC waste paper, | kg residual m3 |0 the paper input is
production, soft, sorted wood, dry not responsible for
from wet & dry the production of
processes wood
fibreboard Europe waste paper, | kg bark chips, kg 0 the paper input is
production, soft, without sorted wet, not responsible for
from wet & dry Switzerland measured as the production of
processes dry mass wood
fibreboard Europe waste paper, | kg residual m3 |0 the paper input is
production, soft, without sorted wood, dry not responsible for
from wet & dry Switzerland the production of
processes wood
fibreboard RoW waste paper, | kg bark chips, kg 0 the paper input is
production, soft, sorted wet, not responsible for
from wet & dry measured as the production of
processes dry mass wood
fibreboard RowW waste paper, | kg residual m3 |0 the paper input is
production, soft, sorted wood, dry not responsible for
from wet & dry the production of
processes wood
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w Vv V credit
Activity Name Geography | Waste (W) .. | Valuable (V) .. | perW Note
unit unit unit
fibreboard CA-QC waste paper, | kg fibreboard, m3 | 0.003355 | waste paper
production, soft, sorted soft provides 0.2% of
from wet & dry the dry mass input
processes
fibreboard Europe waste paper, | kg fibreboard, m3 | 0.003355 | waste paper
production, soft, without sorted soft provides 0.2% of
from wet & dry Switzerland the dry mass input
processes
fibreboard RowW waste paper, | kg fibreboard, m3 | 0.003355 | waste paper
production, soft, sorted soft provides 0.2% of
from wet & dry the dry mass input
processes
folding boxboard RowW waste paper, | kg bark chips, kg 0 the paper input is
carton production sorted wet, not responsible for
measured as the production of
dry mass wood
folding boxboard RER waste paper, | kg bark chips, kg 0 the paper input is
carton production sorted wet, not responsible for
measured as the production of
dry mass wood
folding boxboard RowW waste paper, | kg folding kg 0.702126 | waste paper
carton production sorted boxboard provides 0.8% of
carton the dry mass input
folding boxboard RER waste paper, | kg folding kg 0.702126 | waste paper
carton production sorted boxboard provides 0.8% of
carton the dry mass input
glued laminated Europe waste wood, | kg glued m3 | 0.00175 | waste wood
timber production, | without post- laminated provides 0.225% of
average glue mix | Switzerland | consumer timber, mass input
average glue
mix
glued laminated RoW waste wood, | kg glued m3 | 0.00175 waste wood
timber production, post- laminated provides 0.225% of
average glue mix consumer timber, mass input
average glue
mix
glued laminated Europe waste wood, | kg wood chips, | kg 0.208366 | waste wood
timber production, | without post- dry, provides 0.228% of
average glue mix | Switzerland | consumer measured as wood input
dry mass
glued laminated RoW waste wood, | kg wood chips, kg 0.208366 | waste wood
timber production, post- dry, provides 0.228% of
average glue mix consumer measured as wood input
dry mass
glued solid timber | RoW waste wood, | kg glued solid m3 | 0.001591 | waste wood is
production post- timber 0.81% of mass
consumer input
glued solid timber | RER waste wood, | kg glued solid m3 | 0.001591 | waste wood is
production post- timber 0.81% of mass
consumer input
glued solid timber | RoW waste wood, | kg wood chips, | kg 0.316713 | waste wood is
production post- dry, 0.815% of wood
consumer measured as input
dry mass
glued solid timber | RER waste wood, | kg wood chips, | kg 0.316713 | waste wood is
production post- dry, 0.815% of wood
consumer measured as input
dry mass
graphic paper RoW waste paper, | kg graphic kg 1 90.3% of mass
production, 100% unsorted paper, 100% from waste paper
recycled recycled
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w Vv V credit
Activity Name Geography | Waste (W) unit Valuable (V) unit | Per w Note
unit
graphic paper RER waste paper, | kg graphic kg 1 90.3% of mass
production, 100% unsorted paper, 100% from waste paper
recycled recycled
gypsum CH waste paper, | kg gypsum kg 0.086284 | waste paper
fibreboard sorted fibreboard represents 8.6% of
production the mass input
gypsum RowW waste paper, | kg gypsum kg 0.086284 | waste paper
fibreboard sorted fibreboard represents 8.6% of
production the mass input
iron pellet IN blast furnace | MJ iron pellet kg 0 the gas is used for
production gas energy
magnesium CN coal gas MJ magnesium kg 0 the gas is used for
production, energy
pidgeon process
paper production, | Europe waste kg paper, kg 0.708894 | waste paper is
newsprint, without newspaper newsprint 52.6% of dry mass
recycled Switzerland input
paper production, | RoW waste kg paper, kg 0.708894 | waste paper is
newsprint, newspaper newsprint 52.6% of dry mass
recycled input
paper production, | CH waste paper, | kg paper, kg 0.615 82% of dry mass
newsprint, sorted newsprint input from waste
recycled paper
structural timber RoW waste wood, | kg structural m3 0.001658 | waste wood is 1%
production post- timber of the mass input
consumer
structural timber RER waste wood, | kg structural m3 0.001658 | waste wood is 1%
production post- timber of the mass input
consumer
structural timber RowW waste wood, | kg wood chips, | kg 0.261691 | waste wood is 1%
production post- dry, of the wood input
consumer measured as
dry mass
structural timber RER waste wood, | kg wood chips, | kg 0.261691 | waste wood is 1%
production post- dry, of the wood input
consumer measured as
dry mass
synthetic graphite | CN coal tar kg synthetic kg 0.833333 | the tar only
production, graphite, provides 0.24/1.2
battery grade battery of the mass
grade
synthetic graphite | RoW coal tar kg synthetic kg 0.833333 | the tar only
production, graphite, provides 0.24/1.2
battery grade battery of the mass
grade
three and five RoW waste wood, | kg three and m3 | 0.000827 | represents 1.1% of
layered board post- five layered mass input
production consumer board
three and five RER waste wood, | kg three and m3 | 0.000827 | represents 1.1% of
layered board post- five layered mass input
production consumer board
three and five RowW waste wood, | kg wood chips, | kg 0.599458 | represents 1.1% of
layered board post- dry, mass input
production consumer measured as
dry mass
three and five RER waste wood, | kg wood chips, kg 0.599458 | represents 1.1% of
layered board post- dry, mass input
production consumer measured as
dry mass
white lined RowW waste paper, | kg white lined kg 0.745246 | waste paper
chipboard carton sorted chipboard represents 74.5%
production carton of the mass input
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V credit
Activity Name Geography | Waste (W) .. | Valuable (V) .. | perW Note
unit unit unit
white lined RER waste paper, | kg white lined kg 0.745246 | waste paper
chipboard carton sorted chipboard represents 74.5%
production carton of the mass input

2.4.2 Threshold introduction after allocation

After the allocation at the point of substitution has been applied, several activities exist
that represent all the datasets that were generating this waste (MFT) as a by-product, all
producing the same product (the valuable product generated during the MFT treatment that
had been merged into the manufacturing activity originally generating that MFT). Those
activities are now renamed into the original treatment name and merged.

For example, the activity “treatment of aluminium scrap, new, at remelter” generating
“aluminium, wrought alloy” merges 46 different datasets. However, the contributing
amounts vary enormously, and depend on the production volume of the datasets where the
aluminium scrap (MFT treated in “treatment of aluminium scrap, new, at remelter”)
originates. In this example, 94% of the aluminium scrap comes from the dataset “internal
combustion engine production, passenger car”. 2.5% comes from “casting of aluminium,
lost-wax”. Including the next 3 largest aluminium scrap producers already covers 99.9% of
the treated aluminium scrap.

When the activities are being renamed and merged, the exchanges of each copy of the
waste treatment dataset are multiplied by a weight, relative to the production volume
treated, before being combined into a single dataset. In the example above, it means that
41 datasets represent less than 0.1% of the volume treated. Their exchanges are therefore
multiplied by a weight much smaller than 0.1%. This adds a large number of exchanges
with very low numbers, having little to no impact on results. It was decided instead for v3.9,
to select and merge the activities in decreasing order of contribution, until the threshold of
99.9% is attained. All other contributors are neglected.

If a contributor would be neglected, without any further actions, it would mean giving a
credit to a dataset at the point of substitution (producing the waste), but without burdening
the waste treatment. To avoid this, when a contributor is identified as negligeable at the
treatment merging step, it is not credited at the point of substitution. This correction affects
around 3’000 datasets, details are available in the file section of ecoQuery, under the name
“8.9_APQOS_treatment_merger_logs.xIsx”.
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2.5

2.5.1

Impact assessment methods

Methods

For ecoinvent v3.9, these methods were added:

= =4 =8 4 —a A

Crustal Scarcity Indicator 2020
Ecological Scarcity 2021

EPS 2020

IPCC 2021

ReCiPe 2016

TRACI v2.1

Furthermore, the EF v3.0 method was updated to EF v3.1 and with it, we updated EF v3.0
EN15804 to EF v3.1 EN15804 (see also Sonderegger and Stoikou 2022). The IPCC 2013
method did not need a change for implementation. Several other methods, on the other
hand, received minor updates/corrections:

= =4 =4 -8 —a

CML v4.8 2016

Cumulative Energy Demand (CED)

Cumulative Exergy Demand (CExD)

Ecological Footprint

EF v3.0 (update of the implementation and implementation of EF v3.1)

EF v3.0 EN15804 + EN15804 inventory indicators 1ISO21930 (update of the
implementation and implementation of EF v3.1 EN15804)

While EF v3.0, EF v3.0 EN15804, and IPCC 2013 are superseded by newer versions, they
are up to date and valid.

Finally, some methods implementation are not made publicly available anymore as they
are outdated and/or superseded:

= =4 =4 8 -8 48 -8 -8 9 -9 -2 -2 -9 -9

CML 2001, v3.3

ecological scarcity 1997
ecological scarcity 2006
ecological scarcity 2013
EDIP 1997

EF1.0.8 midpoint

EF v2.0 2018

EPS 2000

IPCC 2001

IPCC 2007

ReCiPe 2008 Endpoint, v1.0
ReCiPe 2008 Midpoint, v1.13 (SimaPro)
ReCiPe 2008 Midpoint, v1.0
TRACI, 2007
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For the full list of implemented methods and for details about method implementation
please consult the LCIA implementation report (Sonderegger and Stoikou 2022).

For more consistency, some methods were slightly renamed as shown in Table 9.

Table 9. Renaming of methods

Name

Name old

Cumulative Energy Demand (CED)

cumulative energy demand

Cumulative Exergy Demand (CExD)

cumulative exergy demand

Ecological Footprint

ecological footprint

Ecosystem Damage Potential

ecosystem damage potential

EDIP 2003

EDIP2003

EDIP 2003 no LT

EDIP2003 w/o LT

USEtox no LT

2.5.2 Impact categories and indicators

USEtox w/o LT

Indicators for the Cumulative Energy Demand (CED) and the Cumulative Exergy Demand
(CExD) methods were summarized in new impact categories as shown in Table 10.

Table 10. New impact categories in the Cumulative Energy Demand (CED) and the Cumulative Exergy

Demand (CExD) methods

Method

Category

Cumulative Energy Demand (CED)

energy resources:

non-renewable

Cumulative Energy Demand (CED)

energy resources:

renewable

Cumulative Energy Demand (CED)

energy resources:

renewable, geothermal, solar, wind

Cumulative Energy Demand (CED)

total

Cumulative Exergy Demand (CExD)

energy resources:

non-renewable

Cumulative Exergy Demand (CExD)

energy resources:

renewable

Cumulative Exergy Demand (CExD)

material resources

Cumulative Exergy Demand (CExD)

For methods excluding long-t e r m

total

effects, the extension

L T d@able 11 shows updated category and indicator names. The main goals were

9 toincrease consistency of what is a category and what is an indicator,
i to use a common terminology for category naming,
1 and having global warming potential indicators named consistently across

methods.
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Table 11. Updated category and indicator names

Method Category Indicator Category old Indicator old
CML v4.8 climate change global warming climate change GWP 100a
2016 potential (GWP100)
CML v4.8 climate change no global warming climate change no GWP 100a w/o LT
2016 no LT LT potential (GWP100) | LT
nolLT
Cumulative energy resources: energy content primary forest non-renewable energy
Energy non-renewable, (HHV) resources, primary forest
Demand biomass
(CED) energy resources: energy content fossil non-renewable energy
non-renewable, (HHV) resources, fossil
fossil
energy resources: energy content nuclear non-renewable energy
non-renewable, (HHV) resources, nuclear
nuclear
energy resources: energy content biomass renewable energy
renewable, biomass | (HHV) resources, biomass
energy resources: energy content geothermal renewable energy
renewable, (HHV) resources, geothermal,
geothermal converted
energy resources: energy content solar renewable energy
renewable, solar (HHV) resources, solar,
converted
energy resources: energy content water renewable energy
renewable, water (HHV) resources, potential (in
barrage water),
converted
energy resources: energy content wind renewable energy
renewable, wind (HHV) resources, kinetic (in
wind), converted
Cumulative energy resources: exergy content primary forest non-renewable energy
Exergy non-renewable, resources, primary forest
Demand biomass
(CExD) energy resources: exergy content fossil non-renewable energy
non-renewable, resources, fossil
fossil
energy resources: exergy content nuclear non-renewable energy
non-renewable, resources, nuclear
nuclear
energy resources: exergy content biomass renewable energy
renewable, biomass resources, biomass
energy resources: exergy content solar renewable energy
renewable, solar resources, solar,
converted
energy resources: exergy content water resources renewable material
renewable, water resources, water
energy resources: exergy content wind renewable energy
renewable, wind resources, kinetic (in
wind), converted
material resources: | exergy content metals non-renewable material
metals resources, metals
material resources: | exergy content minerals non-renewable material
minerals resources, minerals
material resources: | exergy content water renewable energy
water resources, potential (in
barrage water),
converted
Ecological CcOo2 global hectares total CcO2
Footprint land occupati i
pation global hectares total land occupation
nuclear global hectares total nuclear
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Method Category Indicator Category old Indicator old
total global hectares total total
Ecosystem land occupation ecosystem damage | total linear, land occupation
Damage potential
Potential land transformation | ecosystem damage | total linear, land
potential transformation
total ecosystem damage | total linear, land use, total
potential
EF v3.0 acidification accumulated acidification accumulated exceedance
exceedance (AE) (ae)
photochemical tropospheric ozone | photochemical tropospheric ozone
oxidant formation: concentration ozone formation: concentration increase
human health increase human health
EF v3.0 acidification accumulated acidification accumulated exceedance
EN15804 exceedance (AE) (ae)
photochemical tropospheric ozone | photochemical tropospheric ozone
oxidant formation: concentration ozone formation: concentration increase
human health increase human health
EF v3.0 no acidification no LT accumulated acidification no LT accumulated exceedance
LT exceedance (AE) (ae) no LT
nolLT
photochemical tropospheric ozone | photochemical tropospheric ozone
oxidant formation: concentration ozone formation: concentration increase
human health no LT | increase no LT human health no nolLT
LT
IPCC 2013 climate change global temperature | climate change GTP 100a
change potential
(GTP100)
climate change global temperature | climate change GTP 20a
change potential
(GTP20)
climate change global warming climate change GWP 100a
potential (GWP100)
climate change global warming climate change GWP 20a
potential (GWP20)
IPCC 2013 climate change no global temperature | climate change GTP 100a
nolLT LT change potential
(GTP100) no LT
climate change no global temperature | climate change GTP 20a
LT change potential
(GTP20) no LT
climate change no global warming climate change GWP 100a
LT potential (GWP100)
noLT
climate change no global warming climate change GWP 20a

2.5.3 Characterization factors

LT

2.5.3.1 Energy Resources

potential (GWP20)
nolLT

The major update across methods is the adaptation of CFs for oil and gas according to the
update of corresponding datasets in the database. The energy content, which is key for this
has been changed as shown in Table 12. This affects all updated methods except the
Ecological Footprint.
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Table 12 Updates of Higher Heating Values (HHV) and Lower Heating Values (LHV) for oil and gas

old new
Exchange Unit HHV LHV HHV LHV
[MJ / Unit] [MJ / Unit] [MJ / Unit] | [MJ/ Unit]
Gas, mine, off-gas, process, coal mining Sm3 39.8 35.87 40 36
Gas, natural Sm3 38.29 34.50 40 36
Qil, crude kg 45.8 42.3 46 43.4

2.5.3.2 Added and deleted CFs for existing exchanges

The improved list of elementary exchanges (see section 0) allowed for updating existing
mappings of methods. This concerns CML v4.8 2016, EF v3.0, and EF v3.0 EN15804 (see
Change Report Annex).

For the Ecological Footprint method, aCFof-2 . 6 7 2 2
de,
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to
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The EF v3.0 EN15804 method was better aligned with the EF v3.0 method by eliminating
differences in the raw data that are not justified by documentation elsewhere (see

Sonderegger and Stoikou 2022).

Table 13 Changes applied to the EF v3.0 EN15804 method

Category Indicator Name ﬁ(;r:tpart Subcompartment | CF old CF
climate change global warming Methane, air low population 36.75 36.8
potential fossil density, long-term
(GWP100)
climate change: | global warming Methane, air low population 36.75 36.8
fossil potential fossil density, long-term
(GWP100)
climate change global warming Methane, air non-urban air or 36.75 36.8
potential fossil from high stacks
(GWP100)
climate change: | global warming Methane, air non-urban air or 36.75 36.8
fossil potential fossil from high stacks
(GWP100)
climate change global warming Methane, air unspecified 36.75 36.8
potential fossil
(GWP100)
climate change: | global warming Methane, air unspecified 36.75 36.8
fossil potential fossil
(GWP100)
climate change global warming Methane, air urban air close to 36.75 36.8
potential fossil ground
(GWP100)
climate change: | global warming Methane, air urban air close to 36.75 36.8
fossil potential fossil ground
(GWP100)
climate change global warming Methane, air non-urban air or 36.75 34
potential non-fossil from high stacks
(GWP100)
climate change: | global warming Methane, air non-urban air or 36.75 34
biogenic potential non-fossil from high stacks
(GWP100)
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Category Indicator Name zzr:tpart Subcompartment | CF old CF
climate change global warming Methane, air unspecified 36.75 34
potential non-fossil
(GWP100)
climate change: | global warming Methane, air unspecified 36.75 34
biogenic potential non-fossil
(GWP100)
climate change global warming Methane, air urban air close to 36.75 34
potential non-fossil ground
(GWP100)
climate change: | global warming Methane, air urban air close to 36.75 34
biogenic potential non-fossil ground
(GWP100)
climate change global warming Methane, air low population 36.75 36.8
potential from soil or density, long-term
(GWP100) biomass
stock
climate change: | global warming Methane, air low population 36.75 36.8
land use and potential from soil or density, long-term
land use change | (GWP100) biomass
stock
climate change global warming Methane, air lower stratosphere | 36.75 36.8
potential from soil or + upper
(GWP100) biomass troposphere
stock
climate change: | global warming Methane, air lower stratosphere | 36.75 36.8
land use and potential from soil or + upper
land use change | (GWP100) biomass troposphere
stock
climate change global warming Methane, air non-urban air or 36.75 36.8
potential from soil or from high stacks
(GWP100) biomass
stock
climate change: | global warming Methane, air non-urban air or 36.75 36.8
land use and potential from soil or from high stacks
land use change | (GWP100) biomass
stock
climate change: | global warming Methane, air unspecified 36.75 36.8
land use and potential from soil or
land use change | (GWP100) biomass
stock
climate change: | global warming Methane, air unspecified 36.75 36.8
land use and potential from soil or
land use change | (GWP100) biomass
stock
climate change global warming Methane, air urban air close to 36.75 36.8
potential from soil or ground
(GWP100) biomass
stock
climate change: | global warming Methane, air urban air close to 36.75 36.8
land use and potential from soil or ground
land use change | (GWP100) biomass
stock
climate change global warming Carbon air non-urban air or 1.57 0
potential monoxide, from high stacks
(GWP100) non-fossil
climate change: | global warming Carbon air non-urban air or 1.57 0
biogenic potential monoxide, from high stacks
(GWP100) non-fossil
climate change global warming Carbon air unspecified 1.57 0
potential monoxide,
(GWP100) non-fossil
climate change: | global warming Carbon air unspecified 1.57 0
biogenic potential monoxide,
(GWP100) non-fossil
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Category Indicator Name zzr:tpart Subcompartment | CF old CF
climate change global warming Carbon air urban air close to 1.57 0

potential monoxide, ground

(GWP100) non-fossil
climate change: | global warming Carbon air urban air close to 1.57 0
biogenic potential monoxide, ground

(GWP100) non-fossil
ecotoxicity: comparative Ethane, air unspecified 1.1505 0
freshwater toxic unit for 1,1,2-

ecosystems trichloro-

(CTUe)
ecotoxicity: comparative Phosphoru | water ground- 0 2.0314
freshwater toxic unit for s

ecosystems

(CTUe)
human toxicity: comparative Ethane, air unspecified 8.19E-05 | O
carcinogenic toxic unit for 1,1,2-

human (CTUh) trichloro-
human toxicity: comparative Ethane, air unspecified 0.000256 | O
non- toxic unit for 1,1,2-
carcinogenic human (CTUh) trichloro-
human toxicity: comparative Phosphoru | water ground- 0 1.98E-09
non- toxic unit for s
carcinogenic human (CTUh)

Finally, CFs for water resources were updated for the Cumulative Exergy Demand (CExD)
method. While they were deleted from the impact category energy resources: renewable,
water (as they are not being used as energy resources), they were added to the impact
category material resources: water. On the other hand, the opposite was applied to the flow

ARnEnergy,
14).

potent.i

a l
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Table 14 Changes applied in the Cumulative Exergy Demand (CExD) method

hydropower

reseiffablei r ) ,

Category Indicator Name CF old CF

energy resources: exerav content Energy, potential (in hydropower 1

renewable, water 9y reservoir), converted

energy resources: Water, cooling, unspecified

renewable, water exergy content natural origin 50

energy resources. exergy content Water, in air 50

renewable, water

energy resources: exergy content Water, lake 50

renewable, water

energy resources: exergy content Water, river 50

renewable, water

energy resources: exergy content Water, unspecified natural origin 50

renewable, water

energy resources: exergy content Water, well, in ground 50

renewable, water

material resources: water exergy content Water, coo I]ng, unspecified 50
natural origin

material resources: water exergy content Water, lake 50

material resources: water exergy content Water, river 50

material resources: water exergy content Water, unspecified natural origin 50

material resources: water exergy content Water, well, in ground 50
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material resources: water ‘ exergy content ‘ Water, in air ‘ ‘ 50
material resources: water exergy content Energy,_ potential (in hydropower 1
reservoir), converted

2.5.4 New inventory indicators

For the assessment of some method specific indicators and impact categories, “artificial”
elementary exchanges are needed. This was already implemented for the ‘Allocation, cut-
off, EN15804’ system model for the Life Cycle Inventory indicators referring to resource use,
meaning use of renewable and non-renewable material resources, renewable and non-
renewable primary energy and water (section 2.3.3).

Two of these “artificial” elementary exchanges were added for v3.9 for implementation of
the Ecological Scarcity 2021 method: “Waste mass, total, placed in landfill” and “Organic
carbon, placed in landfill” (see section 10.1.4).

2.6 Comfort features: Product Information

This section describes updates implemented in order to enhance user experience and
increase the comfort they have with the database. All the updates listed below refer to data
already published in v.3.8. Newly added data v3.9 already conform to the proper
documentation.

This update offers comfort to users while employing the ecoinvent database. Overall, v3.9
contains 3571 unique products, those being physical products or refer to the provision of a
service. The update documents and defines the products from a user perspective to help
them identify products suitable for what they wish to model. The work started in v3.8
(Moreno-Ruiz et al. 2021), where a 85% coverage was reached. In version 3.9, 100% of the
products in the ecoinvent database, feature product information.

Some key characteristics about products that fall under broad sectors are the
following

1 Secondary by-products such as wastes, and recyclable materials have been
properly documented and described in full. They are categorised based on their
production sources and all possible treatments or uses are listed. Key physical
and chemical properties are shown, and the wastes are also characterised as
hazardous or non-hazardous or potentially both. Modelling wastes in treatments
or markets is explained as well.

T Metal products are described in terms of elemental purity, production process
and potential applications.

1 New products, created and published for the first time in 3.9. are defined based
on the sector they may belong.

T New chemical products show specific information such as, their CAS number, the
IUAC name, origin of the substance (organic or inorganic), modelling of the
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substance (pure or diluted substance) and finally consumer use and industrial
application. If relevant, the substance is also labelled based on the nutrient
content (Nitrogen, Phosphorus and Potassium) they contain.

2.6.1 Services

Products that refer to service provision may not always be intuitive in terms of what they
include or model, especially because there is no physical link of what is produced. The
product information offers a service description that helps users understand the most
crucial parameters related to the provision of a service. Additionally, guidance is offered to
the users on how the product should be used within their models.

In other cases, a detailed description of what is required to provide a service, is offered
within the product information. This aims mostly at informing the user of the system
boundaries of the process providing the service. In those cases, the information is
displayed to the user to facilitate any modification of the dataset, should that be required.
This can be the case for certain infrastructure products.

Metal services are defined based on the process service they provide and the potential
use of them is described.
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3 Agriculture

3.1 Agriculture updates in Canada

The update was performed in collaboration with the University of British Columbia —
Okanagan and the Food Systems PRISM Lab and resulted in the addition of a new
products to the database and to Canada specific (navy bean, fava bean, red kidney bean
and pinto beans).

Table 15. New activities added for v3.9 in the agriculture sector, related to Canadian production.

Activity Name Geography Time Period | Product Name
fava bean production GLO; CA-MB; CA-SK; CA-AB 2020-2020 fava bean
market for fava bean GLO 2020-2020 fava bean
market for navy bean GLO 2020-2020 navy bean
market for pinto bean GLO 2020-2020 pinto bean
market for red kidney bean GLO 2020-2020 red kidney bean
navy bean production GLO; CA-MB; CA-ON 2020-2020 navy bean
pinto bean production GLO; CA-MB; CA-AB 2020-2020 pinto bean
red kidney bean production GLO; CA-MB; CA-ON 2020-2020 red kidney bean

3.2 Agriculture updates in Brazil

The update was performed in collaboration with the Brazilian Agricultural Research
Corporation (Embrapa) — division of Environment and resulted in the addition of a new
products to the database and to Brazil specific (peanuts) but also updates on key crops
such as coffee, soybean and maize. In v. 3.9, for the first time, activity names of agricultural
processes feature specific information on crop rotation (first crop or second crop) when the
crop is cultivated in a crop rotating system. Maize producing activities are updating the
respective maize processes since 2016 and expanding the data coverage in new
provinces of Brazil. Soybean and sugarcane refer to only updates in the currently published
versions. Coffee production is updated and several production technologies are
introduced.

Table 16. New and updated activities added/updated for v3.9 in the agriculture sector, related to Brazilian

production.
- - - Product

Activity Name Geography Time Period Name
coffee, green

coffee green bean production, arabica | BR-SP 2020-2022 bean

coffee green bean production, coffee, green

arabica, irrigated BR-MG 2020-2022 bean

coffee green bean production, coffee, green

arabica, manual BR-MG 2020-2022 bean
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- . . Product

Activity Name Geography Time Period Name

coffee green bean production, coffee, green

arabica, mechanized BR-MG 2020-2022 bean

coffee green bean production, coffee, green

arabica, not irrigated BR-MG 2020-2022 bean

coffee green bean production, coffee, green

arabica, semi-mechanized BR-MG 2020-2022 bean
BR-PR; BR-PI; BR-GO; BR-RS;

maize grain production, first crop BR-MG; BR-MA; BR-BA 2015-2022 maize grain
BR-PR; BR-GO; BR-MG; BR-MA;

maize grain production, second crop BR-MT; BR-MS; BR-SP; BR-TO 2015-2022 maize grain

peanut production, reduced tillage BR-SP 2020-2022 peanut
BR-PR; BR-GO; BR-MG; BR-MA;
BR-MT; BR-MS; BR-SP; BR-TO;

soybean production BR-PI; BR-BA; BR-RS 2015-2022 soybean
BR-SP; BR-MS; BR-PR; BR-GO;

sugarcane production BR-MG; BR-MT 2012-2022 sugarcane
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4 Building and construction materials

4.1 Adopting new nomenclature rules for cement and concrete
production activities

As the cement and concrete production activities are increasing in the ecoinvent
database, with many new additions in the last releases, we have identified the need for a
clear set of nomenclature rules for the activity and product names. The goal of the new
nomenclature rules is consistency across all geographies, alignment with the nomenclature
used in industry standards and a clear structure that can facilitate the users understanding
of the different cement and concrete types and the selection the product with the right
properties for their study. Along with the change in nomenclature, the global datasets for
cement and concrete production have also been restructured and only the most
representative datasets for the global geography have been maintained. For example, from
the datasets “cement production, blast furnace slag 25-70% / GLO”, “cement production,
blast furnace slag 35-70% / GLO”, “cement production, blast furnace slag 36-65% / GLO”
and “cement production, blast furnace slag 40-70% / GLO”, only “cement production, blast
furnace slag 36-65% / GLO” or “cement production, CEM IlI/A / GLO” (renamed dataset) is
maintained. As a reminder, until v3.8, all regional datasets for cement and concrete
production had a global copy. This change is expected to facilitate the selection of the right
cement and concrete datasets by the users.

4.1.1 New nomenclature rules for cement

In the case of the cement activities and products, v3.9 adopts the nomenclature following
the national standards. In Europe, Switzerland and South Africa the nomenclature follows
the standard EN197-1:2011, in US the ASTM C150, C595 and C1157, in Brazil the ABNT
NBR 16697:2018, in Colombia the technical norm NTC 121: 2014, in Peru the NTP 334.009 /
ASTM C150 and in India the IS 455:2015, 1S1489:2015. In the case of the global datasets
and for the geography of CA-QC, the standard EN197-1:2011 is followed.

An example of this change in the nomenclature rules is the renaming of “cement
production, blast furnace slag 36-65% / CH” to “cement production, CEM IlI/A/ CH”. Only
exception to the above nomenclature rule is the case of “cement, Portland”, as the name is
used worldwide extensively. Table 17 presents the activity name, geography, and product
name up to v3.8 and the corresponding names for v3.9. Alongside the changes in the
nomenclature, new datasets were introduced, where needed. The products “cement, type
IP” for Peru and “cement, CEM II/B-L” for South Africa did not have any regional markets in
v3.8. In v3.9, new markets were created for the two products.

Table
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