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Life Cycle Assessment (LCA)

Life Cycle Assessment is a technique for assessing the environmental (or social)
impacts that occur during all stages of a product’s life cycle (from cradle-to-grave)

LIFE CYCLE IMPACT
GOAL AND SCOPE ASSESSMENT
(LCIA)
INTERPRETATION

Goal and Scope

Goal of the study
Context of the StUdy GOAL AND SCOPE :ﬁﬂgﬁ
cn
- - E +
Aim of the evaluation N | 4
Intended audience INTERPRETATION

Scope of the study
Functional Unit
System Boundary
Data quality
Limitations and assumptions

Allocation (Phys, Eco)

ImpaCt Categorles UNI EN ISO 14044:2006
International Reference Life Cycle Data System (ILCD) Handbook
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System boundary
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Flow diagram example: rapeseed oil as biodiesel

Production of Production of . .
: i Use in vehicles
rapeseed oil biodiesel

The Biodiesel Cycle
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Process network for rapeseed oil-based biodiesel
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Life Cycle Inventory (LCI)
Data collection (suppliers, survey, literature, -l LIFE CYCLE | LIFE CYCLE IMPACT
GOAL AND SCOPE INVENTORY I ASSESSMENT

database, reverse engineering, primary data) (e (Lcia)

4

L 3
o k| ¥
Determining input (resources) and output
(product, byproducts, waste, emissions) flows INIERERETATION

in terms of materials

If necessary, adjustment of the goal and scope

Creation of the flow diagram of the product
life-cycle

Life Cycle Inventory (LCI)

Inventory

Z commodity } Input into the system (resources)
Y Land use

2 CO2
2 HFE
2P
2502
3 NOx — Output out of the system (emissions)
2 CFC
I Cd
2 PAK
2 DDT

=

Elementary flows

10
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Calculated Inventory

Inventory results
~ Inputs

Flow Category Sub-category Unit Amount

Fe Clay, bentonite, in ground resource in ground kg 0.00010

Fe Transformation, to permanent crop, fruit, intensive resource land m2 1.36330E-8

FeTantalum, 81.9% in tantalite, 1.6E-4% in crude ore, in ground resource in ground kg 224214E-8

Fe Gold, Au 4.3E-4%, in ore, in ground resource in ground kg 2.00562E-10

Fe Occupation, tropical rain forest resource land m2*a 0.00076

Fe Transformation, from unknown resource land m2 2.16097E-5

Fe Occupation, traffic area, road embankment resource land m2*a 0.00043

Fe Calcium carbonate, in ground resource in ground kg 001250

~ Outputs

Flow Category Sub-category Unit Amount

FeCarbon dioxide, fossil air unspecified kg 0.02676

Fe Benzene water surface water kg 2.25865E-6

Fe Chromium, ion water ocean kg 427239E-9

Fe Dimethylamine water surface water kg 2.65300E-8

FeCumene air unspecified kg 5.35044E-17

Fe Antimony water surface water kg 2.65496E-8

Fe Protactinium-234 water surface water kBg 4.37261E-6

FeMethyl acrylate air high population density kg 2.21688E-12 11
> Emissions of light, noise, odor
>  Waste/wastewater

Energy
Products
Raw materials Processes
o Byproducts
Semi-finished
> Emissions to water
> Emissions to air
> Emissions to soil
12
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Life Cycle Impact Assessment (LCIA)
=E3
X ¥ d

E IMPACT

methods

INTERPRETATION

Inventory Impact assessment
results .
selection of Climate change
&0 . t Ozone depletion
i .o . Eutrophization
S EERones Human toxicity
H2S

Classification and characterisation

Es. Climate change (IPCC method)
1 kg CO, =1kg CO, eq.

1kg CO =1,57 kg CO, eq.

1kg CH, =23 kg CO, eq.

13

A Welcome i® 1LCD 2011, midpoint [v1.0.10, August 2018] 53

i® Impact factors: ILCD 2011, midpoint [v1.0.10, August 2016]

¥ Impact factors

Impact category | {= Climate change
Flow

Fa Butane, perfluoro-

Fa Butane, perfluoro-~

Fe Butane, perfluoro-

Fe Butane, perfluorocyclo-, PFC-318
Fe Butane, perfluorocyclo-, PFC-318
Fa Butane, perfluorocycio-, PFC-318
Fa Butane, perfluorocycio-, PFC-318
Fa Butane, perfluorocyclo-, PFC-318
Fa Carbon dioxide

Fe Carbon dioxide

l

Classification

Steps of LCIA
=3
| ¥ d

LIFE CYCLE IMPACT
ASSESSMENT

(LCIAY

Category Flow proj ?\‘&B‘ it

Emission to airflow population densi... Mass 8860.0 kg CO2 eq./kg
Emission to air/lower stratosphere +... Mass BB60.0 kg CO2 eq./kg
Emission to airfunspecified Mass 8860.0 kg CO2 eq./kg

Emission te air/nigh population density Mass
Emission to air/low population density Mass

10300.0 kg CO2 eq./kg
10300.0 kg CO2 eq./kg

Emission to air/low population densi.. Mass 10300.0 kg CO2 eq./kg
Emission to air/lower stratosphere +.. Mass 10300.0 kg CO2 eq./kg
Emission to airfunspecified Mass 10300.0 kg CO2 eq./kg

Emission to air/nigh population density Mass
Emission to air/low population density Mass

1.0 kg CO2 eq./kg
1.0 kg CO2 ea.fkg

l

Characterisation

14
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Steps of LCIA
=E3
| ¥ g

Characterisation - Example

Climate change = Y, GW P, - mass;

Air emissions per 1 kwh of Electricity Mix (IT)

[Flow | Factor (IPPC 2007) Quantity [g]

Carbon dioxide (CO,) 1 1.55
Methane (CH,) 25 0.0033
Dinitrogen monoxide (N,0) 298 2.38E-5
Flow, GWHP, mass;

ILCD 2011, midpoint [v1.0.10, August 2016];
Climate change - IPCC 2007; GWP100 - Reference unit: kg CO2 eq.

GWP of 1 kWh of Electricity Mix (IT) =
=(1*1.55) g + (25 * 0.0033) + (298 * 2.38E-5) +X, GWP; - mass;

15

Steps of LCIA

Midpoint Endpoint

/ depletion

S R \
¥ Land use / Damage of
5 CO2 resources

2 HFE
e

Global warming

Damage of

Ozone depletion

system

2502
2 NOx
2 CFC
X Cd

2 PAK
2 DDT

Acidification

Ecotoxicity

Human-toxicity

~

ecological —>

>

A

210265 3|3uIS

Eutrophication Damage of /
health

Insecurity

Transparency

16




18/05/2021

Steps of LCIA

According to ISO 14040-44

* Selection of impact categories
* Classification

* Characterization

\

\

mandatory

optional

17

Steps of LCIA

Normalization

Calculation of the magnitude of category indicator results relative to
reference information. Consists in dividing values of category indicators

by a reference measure.

Example:
JRC EU 27, 2010, total [year]
JRC EU 27, 2010, per person [person/year]

= Normalization

Impact category

Resource depletion - water

Human toxicity - carcinogenics

Human toxicity - non-carcinogenics
Land use

Marine eutrophication

Phatochemical ozone formation
Fresnwater ecotoxicity

Terrestrial eutrophication

Acidification

Resource depletion - mineral, fossils and rene...
Particulate matter/Respiratory inorganics
Freshwater eutrophication

lonizing radiaton - human health

Ozone depletion

lonizing radiation - ecosystems

Muova categoria di impatio

Nuova categoria di impatto

Climate change

Amount
8.94635
7.16312
4.18130
3.23476
1.54674
1.18695
1.08884
0.86622
0.72633
0.62606
0.38932
0.256511
0.16675
0.04B09
0.00000
0.00000
0.00000
-5.31630

18
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Steps of LCIA

Grouping and weighting

In weighting, the (typically normalised) indicator results for the different impact

categories or damages are each multiplied by a specific weighting factor,
that is intended to reflect the relative relevance of the different impact

categories / category endpoints among each other.

L It becomes possible to add up indicators and

obtain a single score indicator!

...there is much less consensus

among the scientific community!

19

Interpretation

=8
[ 4 #

Identification of significant issues

Based on the LCl and LCIA results

Sensitivity analysis

Completeness and consistency checks

Conclusions / Limitations / Recommendations

INTERPRETATION

LIFE CYCLE IMPACT
ASSESSMENT
(LCIA)

20
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openLCA

A free and (yet) professional approach to Life Cycle Assessment: powerful, feature
rich, (comparatively) easy to use, technically up to date

developed by GreenDelta since 2006

completely Open Source (Mozilla Public License)

Native to Windows, Mac OS and Linux

Established and growing community of users: more than 10k downloads/yr

Broadest selection of relevant, consistent LCl and sustainability databases available
worldwide

22

11
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openLCA application

Life Cycle Assessment, Life Cycle Costing, Social Life Cycle Assessment
Carbon and Water footprint

Product Environmental Footprint (PEF)

Environmental Product Declarations (EPD)

US Environmental Protection Agency (EPA)’s Design for Environmental Label

Integrated Product Policy

23

openLCA.org

Blog Forum Twitter Linkedin Contact

Software v LCAdata Usecases v Learning & Support v Network v About v Download

Downloads (software, LCIA methods, ...)

Videos, manuals, case studies

Services (service contracts, training, critical reviews, hosting & data management
solutions, ...)

Forum & Blog

1e;

24
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openLCA.org/downloads

Downloads

/\ openLCA

0 Pe n Lca Here's presenting the latest version 1.10.3 (release date: June 24th, 2020). We recommend
\_/ using this version. Our tests have not shown any issues, but should you run into any, please
let us know. Thanks in advance!

Windows Mac Linux Sources Latest build

To use openLCA in windows, download the zip-archive below: Just unzip the archive and start openLCA.exe. To
uninstall it, just delete the created folder. You can have several versions of openLCA in different folders on the
same computer.

openlLCA 1.10.3 zip-archive: openLCA_win64_1.10.3_2020-06-24.zip

Alternatively, you can install openLCA with the installer below. If you have an older openLCA version installed
(via the installer) you should uninstall it first.

openLCA 1.10.3 installer: openLCA_win64_1.10.3_2020-06-24
25

openLCA.org/downloads
i! Impact methods

Several impact methods for use in openLCA are available. The methods are provided for free, as openLCA
databases, which can be easily imported into openLCA. If you have any comments or would like to submit own
methods, please let us know.

General purpose Social LCA EPD creation ecoinvent AWARE

A comprehensive package of environmental impact assessment methods for use with all different databases
available in the nexus system - including ecoinvent 3, GaBi and ELCD is available here. Itincludes
normalisation and weighting as far as this is foreseen by the method. Please observe the license* (Commons

Attribution-ShareAlike 4.0 International) while using it. Please provide feedback - thanks in advance!

Note that newer openLCA LCIA methods, especially the comprehensive 2.0 package for “countrified”
databases released April 2018, are available on openLCA Nexus from now on only, here:

https://nexus.openlca.org/database/openLCA%20LCIA%20methods.

openLCA LCIA method pack 1.5.7 as openLCA database for openLCA 1.6 (and also 1.7), last update: October

22nd, 2017. The newest methods are also available on the Nexus website.

26

13
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openLCA.org/learning

Free resources

To help you get started with openLCA, we are providing many free resources, from manuals on the software to
handbooks on specific topics, to guidance on impacts assessment methods and some ready to use case studies to get

inspiration on modeling your own LCA study.

@ Manuals and presentations

Sometimes it is good to have a more comprehensive text which explains details - this section contains some manuals
for different openLCA versions and related, typically more specific, topics. Also the format converter documentation is

available.

openLCA, general Specific topics Databases Presentations Format converter

Version 1.10.2

/! Comprehensive openLCA manual for version 1.10, February 2020

Ask.openLCA
as k _0 Pe n Lca Questions  Unanswered Tags RS ERNEN]
Recent questions and answers N
a +1 Adding Flows to ecoinvent 3.6 (Python Addon)
W owls an 1 hour ago in openLCA by laurent.bocahut (240 points) AskopsmIEAE e onand
124 views python  Fows add  path answer (Q&A) website on Life
Cycle Assessment (LCA).
a 0 0 I cannot import the lciadatabase into other database It is also the public support
w votes  answers asked 16 hours ago in openl.CA by Hild g (120 points) platform for openLCA, openLCA
3views database  import openlca life cycle impact assessment (lcia) Nexus, data.openLCA and the LCA
Collaboration Server.
Data quality properties
= WE)ES a ¥ prop Receive guaranteed and prioritised
v answ 17 hours ago in openLCA by Andre: (64k points) . .
professional support via
12 views dataquality ecoinvent  pedigree scores.  pedigree matrix GreenDelta's help desk.
A 0 0 Error on Flow Mapping when applying on database ask.openLCA is run by GreenDelta,
W voles  aNSWETS e 18 hours ago in openLCA by sekunde (120 points) S OE e o onenl a8
aviews flows mapping database openlca  applyon database
- : Categories
a +1 Error: missing parameter in formula 9
i day ago in opent.CA und (140 points) All categories
240views parameter  validation  openlca openlLCA (1.1k)
Miscellaneous (s3)
a 0 0 openLCA 1.10.3 cannot be started from shared folder LCA Collaboration Server  (33)
w votes  answers = .
asked 1 davagoin LCA bvph (120 points) 28

14
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29
Graphical modeling of product systems
Product system = Process networks
Process networks can be created automatically and manually
Graphical modeling based on the Eclipse Graphical Editing Framework (GEF)
Different product systems can be compared using the “Projects” feature
30

15
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Graphical modeling of product system based on
Eclipse GEF

i “Tianspor person dreslcar

DCton wholeplart st &
nputs Cutgts

B holyeh e trephihaba., &

T G deetpoued @
[T Gt

B Palysiyrens ighimpact. 0|

Shemfansris b 18

nputs Outours
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@ tectyciy. ot gid U5 20 8 oiypropylans reom, i pL B
e

B o4 fnery - FHAS

G fermsman Farumer e g St T G| 31

Allocation and system expansion for modeling
multi-output processes

P Ethanal, denatured, corn dry mill - RNA i3

Allocation

Default method | Causal e
| @ Calculate default values

- Physical & economic allocation

Product Physical Economic
Fie RNA: Ethanol, denatured, com dry mill (.. 1.0 10
Fe RNA. distillers dried grains with solubles.. 0.01 001

~ Causzl allocation

Flow Cirection Category Amount RNA: dis.. RNA: Eth..
FeRNA: carn grain, harveste.. Input USL Dat.. 085302kg 001 10
Fo RNA: dummy yeast past.. Input USLCIDat. 0.00403kg 001 10
FaWater vapour Cutput airjunspeci.. 431052kg 001 10
Fis RNA: comn wet milling op... Input USLCIDat. 099933kg  00L 10
FeWater, ground Input resource/in.. 418121kg 001 10
Fs RNA: Nitrogen fertilizer, . Input US LI Dat 001445 kg 0oL 10
Fe Methare Qutput ailjunspeci.. -000340kg  00L 10
Fe RNA: Electricity, at gnid, Input USLODat. 133494MJ 001 10
Fe RNA: corn grain, at conv.,  Input USLA Dat.. 311409kg 001 10
Fs Gascline (regular) Tnput Crudecil p..  0.01312ky 001 10
General information | Inputs/Outputs | Administrative information Modeling and validation Parsmetsrs Allocation| Social aspects 32

16
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Modeling with parameters

Parameters can be used instead of concrete values for inputs/outputs

Defined as simple value, formula or complex function

Parameters can overwrite each other

Available on different levels
process
product system
project
impact method
database

33

Local and global parameters

P Excavator, technelogy mix, 100 kw, Construction - GLG 32 |

Parameters
:
~ Input parameters © X
Name Vslue Uncertainty Description
Benzene h 0021 none [13] [o Benzene/n] at full I
bucket valume 1 none [02a) Im3) bucket valume
CH4_h 072 none [11] [g CH4/h] at full load
coh 1500 none 1071 [g CO/N] at full lead
cycles_min 075 nong [02b] [1/min] number of ..
density 18 none [01] [t/m3] density of exca...
Dust_h 160 none [09] [g Dust/h] at full load
fuel_h 25 none [05] [kg fuel/h] at full load
load_factar 06 none [04]1 [] effective power in ..
N20_h 30 none [10] [g N20/h] at full load
NMVOC R 290 none [12] [g NMYOC/h] at full |..
NOX_R 5200 none 108} [g NOw/h] 2t full Inad
sulphur_ppm 2000 none 1031 [ppm] sulphur conten..
Toluene_h 0003 none [14] [g Toluene/h] at full I..
Hylene h 0264 nene [15] [g Xylene/h] at full lo..
~ Dependent parameters © x

Name Formula Value Description
Benzene t Benzene_h*load_factor/performance®den.. 4.5818181818181814E-4 [24]1 Ig Benzene/ti
CHA1 CHA_h¥luad factor/per fty 0015 [22] [ CH4/1
cot €O _h#load factor/performancatdensity  3.2727272727272725 [18] [3 CO/H
Dust.t Dust_h*load_factar/p density 0. 120} [g Dust/t
Sl fual htlasd s L3 fluns Bun ]

General i Inputs/Outouts L ive | ion | Madeling and validation | Parameters | Allocation Social aspects|

v o oeled 32
™ Projects
) B Praduct systems
» I Processes
= Flows
v Indicators and parameters

34
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Inventory Calculation

Calculation of life cycle inventory (using the “matrix method”)

>4

Results are clearly presented in

bl . Diesel [kq) 3 -1 2 -0,
Bauxite, at plant [kg] o 1000.000 -2685.0 0.0 o 0.0
two tables (InpUts/OUtpUtS) Aluwina [ka] o 0.000 1000.0 0.0 -1925 0.0
Anode [kg) 0 0.000 0.0 1000.0 -241 0.0
Aluminium (liquid metal) [kg] o 0.000 0.0 0.0 1000 -874.0
Ingot [kg] o 0.000 0.0 0.0 o 1000.0

> B

Result can be exported to Excel

Crude oil [kal -1.500000 ]

Bauxite [kg] 0.000000 -1000 0.00
€02 / oz equ. [kg) 0.302000 46 991.00
Nox [kq) 0.000878 0 1.17
302 [kg] 0.001700 a 5.30
5 E

L1
Diesel [kql o
Bauxite, at plant [kel 0
Aluweina [kg) 0
Anode [kg] o
Aluminium (liquid wetal) [kg] 0
Ingot [kg]
>s

1.1
Diesel prod. 11.345994
Bauxite mining 4.517378
Aluwina prod. 1.682450

4node prod. 0.385434
Electrolysis 0.874000
Ingot casting  1.000000
>g

(1
Crude oil [kg] -17.018990

Bauxite [kg] -4517.378250
€o2 / CO2 equ. [kg] 11138.388062
NOx [kg] 2.556104
S0z [kal 21.593111

Diesel prod. Bauxite mining Alwmina prod. Anode prod. Electrolysis Ingot casting
-0.6 -3, o

Diesel prod. Bauxite mining Alwmina prod. Anode prod. Electrolysis Ingot casting
0o ; o

0.00

0.00 0.00 0.00
849.00 9789.00 368,00
0.29 0.35 0.16
1.70 13.40 0.28

S=A_1-f
g=B-s

35

Impact Assessment methods

There are no impact assessment methods included by default in openLCA, but

methods are available for free and can be easily imported

It is possible to modify existing impact assessment methods in openLCA (impact
categories and flows can be added / deleted; equivalence factors can be altered)

It is also possible to create new impact assessment methods ; parametrization is also

available

36
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Analysis and interpretation

In openLCA many functions are available to evaluate the results and to track the origin
of environmental effects:

Various result and influence analyses

Sankey Diagram

Representation of the spatial distribution of emissions and resource consumption
Grouping of processes is possible (e.g. by life cycle phase)

Sankey Diagram
LA LS Bberal S EEE]
il v el
ABS @ * a
| & PET Boltles Germany | Analysis result of PET Botties Gesmany &2 | i
¥|Product system: PET Bottles German;
Impact category: Climate change - GWP100
Cut-off: 2.000%
-1
Process colour scale (contrbutions in (%)
PET Botties Germany
T — T — Loy transport, Eura o, 1,
L
Polyethylene low density gr] L=
General i fcw | ions | Process results Flow contributions | Contribution tree Impact analysis Grouping Locations |Sankey disgram 38

19
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Grouping

@ opentntad o
ax
E PET G ’
Grouping E
- Grows esno
-one FeLonmy transport, Ewro 0, 1, 2,3, 4 mix, 22 ¢ total weight 17,3t max paylcsd - RER.
S Transpon
= Resuhs
O Fows = Ciay, e, scr groun
Group Amount Unit |
— Ot 09985194207796304 kg 502 ea
Transport: 0DM4541981279312016  ky SO2 eq
8 0998 kg 507 g Other
— 00254y 502 e Trmspant
1
=
General information kwentory results impact analysis Process results Contribution irze Grouping Locations| Sun burst| Sankey diagram 39
L l i t i
163 gpeniCA 1.5.0betal == &
File Window Help
AR @ .3 a
markel fer cream, from cow milk | cream, from cow .. | Analysis resull of market for cream, from cow milk | o

5 | P market for cream, from cow milk | cream, from cow .

E 5
Locations

Fow fi 0OC, Disscived Organic Carbon - water/grour =

Impact category

~ Contribution tree for locations

Location Process Amaunt
— Rst-cf-World 000070
Saitzeland £90132-6
: Glabal CASGHES
cae 13682266
| i 14860867
= Map (beta)

Googie|

i et 3000 e | B

General information CIA Results P s Pl

Grouping Locations Sankey diagram

40
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Uncertainty Analyses

163 open(CA 15.0betal =B %
File Window Help |
ABB @ o
= 2k treatment of biogas, bumed in micro gas turbine 100kWe | electricity, |.. i treatment of biogas, burned in micro gas turbine 100KWe | efectricity, L. & o
Monte Carlo Simulation
= Settings
Product system treatment of biogas, bumed in micro gas turbine 100kWe | electncity, low voliage | tut-off, U
Process “weatment of biogas, bumed in micra gas turbine 100kWe | electricity, low voltage | cut-off, U
Quentitative reference 100 KWh elecrricity, low voltage | reatment of bingas, bured in micro gas turbine 100kWe - CH
Number of simulations 60
~ Results [

Flows | ¥« Cyanoacetic acid - airfhigh population density

& Impact categories |i- Climate change - GWR100

results: 60 mean: 1.137 standard deviation: 0.053 5% pescentile: 1057 95% percentife: 1233 median: 1137
|
o H H H H-‘ I_H H H H |-| H H‘I |-| H
1023 1315

Monte Carlo Simulation

41

Further characteristics

Separate calculation of costs possible
Regionalized impact assessment possible
Multiple languages

Automatic error report

Integrated static and dynamic help

42
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43

System requirements

Software, required:

* Mac OS: Java Development Kit 8
(http://www.oracle.com/technetwork/java/javase/downloads/jdk8-
downloads-2133151.html)

Software, optional:

+  Windows 64 bit (for modern browser support): Microsoft Visual C++
2010 Redistributable Package (x64) (http://www.microsoft.com/de-
de/download/details.aspx?id=14632)

* Linux (for high performance calculations): libgfortran3
Hardware:
» CPU with 2 GHz or higher

* 1GBRAM (for analyzing product systems with ~2500 processes, like
ecoinvent 2)

* >3 GBRAM (for analyzing product systems like ecoinvent 3)

* 500 MB free disk space + space for databases (e.g. ecoinvent 3 requires
~250 MB) a4

22
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Task #1: Download and installation of openLCA

Download openlLCA @ https://www.openlca.org/download/
Downloads

/'\ openLCA

0 Pe n Lca Here's presenting the latest version 1.10.3 (release date: June 24th, 2020). We recommend
\_/ using this version. Our tests have not shown any issues, but should you run into any, please
let us know. Thanks in advance!

Windows Mac Linux Sources Latest build

To use openLCA in windows, download the zip-archive below: Just unzip the archive and start openLCA.exe. To
uninstall it, just delete the created folder. You can have several versions of openLCA in different folders on the
same computer.

openLCA 1.10.3 zip-archive: openLCA_win64_1.10.3_2020-06-24.zip

Alternatively, you can install openLCA with the installer below. If you have an older openLCA version installed
(via the installer) you should uninstall it first.

openLCA 1.10.3 installer: openLCA_win64_1.10.3_2020-06-24

Two options available: Installer version and zip file

First look at
the softwar_e

23
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1€ openlCA 1.103
File Database Tools Help
fB8Q
& Navigation|
 agribalyse v_13
bicenergiedat 17
ecoinvent2_2_Icia_methods
ecoinvent2_2_cia_methods_1
© ecoinvent35_apos_Ici_20181210
ecoinvent35_consequential Ici 20192604
ecoinvent35_cut_off_Ici_20192604
ecoinvent3s_cut_off_up_20181210_1_
© ecoinvent37_cut_off_sp_22_10_2020
ecoinvent37_cut_off up_22 102020
ecoinvent 2.2 system
ecoinvent 35_cutoff
 ecoinvent 35_Icia_method 20181210
ecoinvent 37_cutoff_19_03 2021
ef_secondarydata 201908

exiobase 2.2
Iia2.02
needs_18

 openicadstudents 18
apenica_lcia_methods_1.5.7
openica_lcia_v2.0.4 20191024
openlca_test user_18_day!

- psilca v2_developer cutoff 0.001_18
regionalized Ica training 18
usda_crop_data_1_1

Homepage

5 7 = O |[& Welcome

N\
openLca
-

- X
 E—

The open source software for sustainability assessment.
For modeling the life cycle of things.

Licenced under the Mozilla Public Licence 2.0.

Created and maintained since 2006 by GreenDelta, Berlin

1.10.3 (Windows 64 bit)

You can make the calculation in openLCA faster. Learn more.

47

Window Help
B Save
Save As...

Save All

o o

Close
Close All
Preferences
Manage plugins

Import.
Export...

% e GFHE

Ctrl+S

Exit X
Hispon

13 Preferences

| tvpe fitter text
Cloud
Configuration
Experimental feature:
Field Assist
Import/Export
Logging
Number format

Select

Choose export destination

Select an axport destination

@ Processes
D
@ 1LCD Network Export
W 10D Zip-File
4t openlCh
= JSONLD

<t Fle Import
EcoSpold ¢
= EcoSpoid 2
™ e
® o
© Simapro CY
=t 10D Nemwerk Import
© 1D Network Imoort
< e Cither
 Databass Import
™ EcnSpold2 gengranties
< ISON-LD.
= KM geograpries

Main menu functions

8l xR
Configuration ARSI
Language |g,.g|im =

Maximum memory usage in MB 6142
Use: browser features £l

Note: Changes will not take affect until openL.CA is restarted

e " Cancel

48
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openLCA overview

8 oA Lo & %
- B ol
P Trmuport, sect, gt copyd - A —
P General information: Transport. aiverafl. freight (copy) )
A
ame Tranggar v g ot
Desarin
Gty
[ D Tl kT et
bropa
- Froduct e Lt change P
I proceszes Infastructore process [
[ — ”
B S Pt i Traraponstion 2 Cremeodusipien
P Tinospor, il Figh ropy] - A
P Tiorpor, cns gt copy] - I =
P Tarspor arentt
A e 0G0
Cata sty Car Tmprtanen A
I Cramiciblanitacing ik el
e Descrtian
™ Ciog Prsductcn
oot Mt Pt Mrarctu
B e arLoaging
8 Hining fesceot G o Gz —
B e el Pt Vi
G anc Gz Bracion tmcston | @ fonhem trmeies S
Seteu s ol Princis M
Srmery Mt iractrin L
[y p——, Dessretion | Unted tee
* Tochnokogy
Derption. {Trpial
[T ——
Pt puck
P e, gashestn
— ~ Dot quaty
B st amd e . v
| [ Altocanon] Socatpart
19 openlCA 178 x
File Database Whndow Help
L a~
& Mavganan] E | wescerms

I
scomvent 33 ool 17

un i 1701

ecoinvent_34_apos il
ecsinven.14_anos_initi
ecinvent_14_conseq 16716
ecninent_34_canseq
‘cooiment, 34 consequential § 1707
ecoimvent 34, cutolf (616
ecoinvent_34_cuoff_icii7
scoinvent 34 cuoff umti 6
ecoinvent_34_cuioff_unilT

rren_ressourcen_ss word_food datang

Getting started »

Right click on

ise

Navigation, select
“New database”

O\
oPenLca
)

e SRR R N ew in version 1.7 »

studies > .
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Create a new database (local)

lol®] = |,

€38 New database

New database l 3

Create a new database

Database name

Database type (@ Local () Remote
Local or remote

databases can be
created

Database content (") Empty database
) Units and flow properties
@ Complete reference data

51

Task #2: Create a new database

Create a local database

Accept default values (local database & complete reference data)

52
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Data management in openLCA

New databases in openLCA are empty at first (with the exception of reference data), but data
can be imported easily

Supported Import and Export formats:
EcoSpold1 (ecoinvent format)
ILCD (zip format)
EcoSpold2 (ecoinvent format)

Excel
SimaPro CSV (modified version of Ecospold, used by SimaPro)

Zolca (openLCA format)

It is possible to use more than one database; databases are independent of one another and
only one database is “active” at a time, all of the others are “deactivated”

It is possible to save own data; every element of the software can be personalised

54
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L3 Import [m] X
L2 openlCA 1.7.0 Select '
File Database Window Help Import an entire database into the active database.
B Sae Crl+S
B, Sacac . Select an import source:
Q Savean Ctrl+Shift+S I
Close Ctrlv W v [ File Import
Close All Ctrl+Shift+W «ue EcoSpold 1
L Es Id 2
3 Preferences & E;i:jpn
£¥  Manage plugins ® Lo
I_ = €y SimaPro CSV
> [ ILCD Network Import
v O Other
xmL EcoSpold2 geographies
. 23 Import entire
1. GotofFile xi. KML geographies 2. Choose the
> Import 162 Linked Data (JSON-LD)
P & Repository Import data format
< Back Next > Finish Cancel
55
4 [mport EcoSpold 02 data sets = B8
Select import files
Please select the files to import into cpenlCA
From directory: G\
e SAVG B
far $Recycle.Bin
.l metadata : " (IR
Tor Config Msi 3. Select the file
fir Documents and Settings o from the
- i html “the flow property to which 3 unit should belong for the import process, and
tar MSOCache correspond rsion factor if Uni is new.
o fmr NVIDIA .
Reference unit Conversion factor Formula
- lmr clca-eigen_0.3 - dleCtOW =l 10 10MI—1oM
Y] 36 LOKWA =36 M)
™ kg 10 10kg=10kg
= m2 10 10m2=10m2
= m2a 10 10m2% = 10 m2*a
[ cBak ]| Net> || Finsh | [
4. Add conversion
factors for new
units
56
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Import data sets (lll)

L¢a Import EcoSpold L@w

Assign units

Please select the flow property to which a unit should belong for the import process, and =4
assign a conversion factor if unit is new.

Unit Flow property Reference unit Conversion fact.. Formula
P E = M) 1.0 LOMI=10M
5B = 36 1.0 kWh = 3.6 M)
kg g s = 1.0 ) Okg
m2 B Area g 1.0 1L0m2=10m2
m2*a 3 Area*time 1 10 10m2*a = 1.0 m2*a

Import EcoSpold 01 data sets Data. W"I be

| <Back Next > OFinish | your active
database

57

openLCA database import

12 openlCA 170

= K
Fle Catsoase Wandow telp

ABRB &=
= Navigaton, e 2

coinvent 3 3_cutaff 17

cpinvent 33 gl el up icia 1701

coinvent 34 3p0s /16

acoinvent_34_agos init1

eccinyent 34 conseq 16716

S TR ated and maintained sin ireenDelta, Berlin

E(o:msn?j]:,(ullﬁnvw L3701 ion 1.7.0 (Windows 6.

cpinyent

Scoinvent_34_cu

scoinvent_34.cuni

acoinvent 34_cutaft_umt1? ||

‘ainkamanen ressourcen_ecoinvent_3_3_cutoff_1 (INTSUT TRV 63 (o] ol Ay S
o databe |

& Public Licenc

Hew database
4 Resiore databise

Getting started »

’ -
Manuals and case studies »
Right-click on
Navigation, select
~ “Restore database”

e
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openLCA Nexus

LCA data web repository @ https://nexus.openlca.org/

Direct purchase/download of data mainly for use with openLCA (some databases for SimaPro,
too)

openLCA Nexus Databases Services Casestudies LCAdatasearch Map Documents FAQs About

N
oPenLca

nexus Your source for LCA and sustainability data.

Overall providing > 250,000 data sets.
Agribalyse 3 now available!
e.g. for Switzerland: 51978 data sets found.

59
openLCA Nexus | Databases Services Casestudies LCAdatasearch Map Documents FAQs About Register  Logit
op'en LCa openLCA Nexus
\, hexus Your source for LCA and sustainability data.
Databases
! All  Free databases  For purchase databases
ecoinvent
UVEK LCI Data
The Evah Pigments Database
LCA Commons (complete) )
|DEMAT ecoinvent
IMPACT World+ Releasing ecoinvent 3.7.1, an updated version of ecoinvent 3.7. The
Environmental Footprints J update rectifies two issues with version 3.7, for more details, please check
0zLCI2019 eco nvent ecoinvent website or you can also read the document on changes from 3.7 to
idea 3.7.1 by clicking here. A leading LCA database by the ecoinvent association,
Agri-footprint » ecoinvent 3.7.1, the seventh update of ecoinvent version 3, includes more
exiobase than 900 new datasets, among them 100 new products, and 1000 updated
ARVI datasets. The new data covers: agriculture, building and construction
Agribalyse materials, chemicals, electricity, fishing, metals, refineries, textiles, tourism,
soca transport, waste treatment and recycling, and water supply. We offer a fully
EuGeos' 15804-1A valid ecoinvent licence with full access to the ecoinvent website and with
NEEDS databases specifically adapted to openLCA.
PSILCA
ESU World Food
ELCD
LC-Inventories.ch
60
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openLCA Nexus (lll)

econvent g !

/ Cartre ser

ProBas
Umweltbundesamt

NEEDS

www.LC-Inventories.ch

() GaBi

Database Content

EUROPEAN COMMISSION

15804-IA BIOENERGIEDAT

social hotspots database

61

openLCA Nexus search engine

Multiple filtering options:
Name
Database

Location V)
Type of dataset opPenLca openLCA Nexus
\__hexus

Your source for LCA and sustainability data.
Category

Start of valid Ity PET Options

openLCANexus Databases Services Casestudies | LCAdatasearch Map Documents FAQs ~About Register Login W0

Price
Model type more 2330 data sets
Process 2329 P PET amorphous, p ion mix, at plant, isation of ethylene, 0.91- 0.96 g/cm3, 28
Product system 1 g/mol per repeating unit
Plastics
(Background) Database more Databases: PEF database
Agribalyse 1809 Location: EU-28+EFTA
EuGeos' 15804-1A 136 Validity: 2013 - 2020

ESU World Food 127

ecoinvent 102

ecoinvent v2.2 & v.3.6 66 P polyethy amorphous, recycled to generic market for amorphous PET
Environmental Footprints 50 | amorphous, recycled

ecoinvent v2.2 & v.3.4 48 E:Water supply, sewerage, waste management and remediation activities/38:Waste collection, treatment and disposal activities;

soca 29 materials recovery/383 Materials recovery/3330.Materials recovery
IDEMAT 27 Databases: ecoinvent v2.2 & v3.7.1

ProBas 13 System model: Consequential long-term

more.. Location: Switzerland
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Task #3: Import ELCD database

Restore the database ELCD in openLCA

Import the openLCA LCIA methods within the database

EUROPEAN COMMISSION

Info  Detals  Documents

European reference Life Gycle Database of the Joint Research Genter. Version 3.2 from October 2015, Obvious errors in
the original database provided by JRG were corrected (missing data sets), elementary flows were mapped to openLCA
reference list and some refactoring in categories was conducted.

ELCD patabase detail
L Li L
Lca a ca ca Lca
18110 1.7 16 15 1.4/1.5
ELCD
Free
Goto downloads

63

Elements in the

database

64
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Database elements

K3 openlCA 1.7.0 Projects: comparison of

File Database Window Help numerous Pmd uct SyStemS
3B K

% Navigation| e Product systems: process

v B ao ts 17 networks (necessary to

B8 Projects / calculate inventory results and

Product syst :
i i impact assessment)

BB Processes

BB Flows
Processes: Production or
modification of

materials/products

vV WV WV vV

Flows: Flow of products and
materials and elementary
flows -

Database elements (lIl)

L3 openlCA1.7.0 LCIA Methods: can be
File Database Window Help dOWﬂloaded at
e
fBA @ / openlca.org/downloads
fe: Navigation‘ /
v 5 2 speaicrsiadents 17 Social indicators: Indicators for
> M Projects :
social LCA

> B Product systems

> I Processes
> I Flows Global parameters: Parameters

v @ Indicators and pagdmeter that are available within the
> B Impact assessment#nethods
whole database

I Social indicators
Bl Global parameters
> I Data quality systems

Data Quality Systems: Systems
T~ for defining the data quality of

processes and exchanges -
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Database elements: Background data

L3 openlCA 1.7.0

File Database Window Help Flow properties: i.e. Length,
LALE - Mass, etc.
& Navigation‘
v a_openlcadstudents_17 . 5
> B Projects Unit groups: Groups of units

> [ Product systems
> [ Processes
> [ Flows
v @ Indicators and parameters
» B Impact assessment methdds
0 Social indicators
BB Global parameters

> I Data quality systepfs Actors: People who have
~ i Background data

> B8 Hoe papat provided data or modified

> I Unit groups A

> [ Currencies Sources: Literature
> IR Actors

5> @ Sources

> B Locations ————_, locations: Locations for

processes

Currencies: Currencies and
exchange rates (Euro, US
Dollar etc.)

67

Elements structure in openLCA

The direction of the
arrow represents
Product the direction in
S which the

information flows

Process

, - ] Flow
LIS properties

Unit groups

68
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Creating flows &

processes

69
o .
L]
Database Modeling in openLCA: Flows
.~ [Progect
PET Bottle Produttion PCBottle Production .- Product system
_— Process
—

Inputs Outputs Inputs Outputs b
» PET | =Granulates (PET, pC * Granulates (PC, | — Product flow
* HDPE HOPE, PP} *LDPE LDPE, PB) i~
. pp e

Inputs Qutputs Inputs Outputs

Ls. = Gronulates (FET,  =Granulates (eeT, *Granulates (PC, | *Granulates (PC,

HDPE, PP) HDPE, PP}, LDPE, PB) LDPE, PB),
=Transpart in transported *Transportin transported
km t'km

Inputs Qutputs Inputs Qutputs

> =Granulates, (PET, = PETBottle, filled *Granulates (PC, * PC Bottle, filled
HDPE, PF) LDPE, PB),
transported transported
*drinking water *drinking water
70
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Database Modeling in openLCA: Processes

| Project
PET Bottle Production PeRottie Production .- Product system
|_— Process
Inputs Outputs Inputs Outputs H
“PET | =Granulates (PET, L apc * Granulstes (PC, i |~ Product flow
= HDPE HDPE, PP) *LDPE LDPE, PB)
=pp *PB

Inputs Outputs Inputs Outputs.
® Granulates (PET,  *Granulates (PET, *Granubstes (PC,  *Granulates (PC,
HDPE, PP) HOPE, PP), LDPE, PB) LDPE, PB),
*Transport in transparted *Transportin transported
tkm i tkm

Inputs Outputs Inputs Outputs
sGranulates, (PET, = ® PET Bottle, filled *Gronulates (PC,  ® PCBottle, filled
HDPE, PP} 3 LDPE, PB),
transported transported
*drinking water =drinking water

Flows: Create a new flow
.
File Window Help —
ABRBG : a
& Navigation ¥ T B | ke Electricity, at grid, MX 2 S,
+ ecoinvent_3_2_outoff o .
W et it ot Flow: Electricity, at grid, MX
I openica Ida methods 15,4 = o - . o "
+ openicadstudents sl 1. right click on “Flows
= fioecs Name Elects “
I Product sstems folder, select “create
8 [mpact assessment methods Description P -
Josal peramerers new flow
o M Processes
)
|
%o Hewflow &
3 Import. ory ™ proguct flows
& |Empart n 0100000
© A0 new ki coteory h162960-6e35-4c3b-BefA-14cH6e 2931
4 Newdatabase
& s e ange 2014-09-22T19:46:12+0200
Fe Heat Tnfrastrueture flow [
B Social indicators Flow ype Fe Product
1+ 18 Background data
B iktla pprba L L » Used In proecsses
+ Additional infermation
CAS mumber
Formula
Synonyms
Location Re
& n | » | General infarmation: Flaw properties
W 1 ftem selected 72
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163 spaniCA 1.50betat
Sl e
N

Flows: Create a new flow (ll)

- openlca_lcia methods 1 5.4
4 openlcadstudents
= Projects
- 8 Product systems
™ |mpact assessment methods
8 Global parameters
- ® Processes
4 8 Flows
+ B chemicals
© M Elementary flows
- M final-waste-fiow
« M non-material
« M others
- m Product flows
= Social indicators
» §ii Background data
= usda_crop data 1 1

B 1 tem selected

& Navigation =

2 || ks Electricity, at grid, MX 3

Flow: Electricity, at grid, MX

2

New flow

Creates a new flow

Name Pl 2. Name flow and
Bescription define flow type
and reference flow
property. Then click
Flow type Fe Product

»Finish®,

Reference flow property @ Mass

[
~ Additional information

CAS number

Formula

Synonyms

Location

+ | General information Flew properties|

73

163 gpenl €A 1.5,0betal
File Window Heip

L

Flows: Create a new flow (llIl)

®

Navigation R

1 ecoinvent_3_2_cutoff
= ecoimvent lcia_methods
© openlca_lcia methods 154
‘openlcadstudents
™ Projects
M Product systems
8 Impact assessment methods
B Global parameters
I B Processes
4 8 Flows
- M chemicals
- B Elemeritary flows
- M final-waste-flow
» B non-material
8 Gthers
8 Product flows
B Social indicators
- $1 Background data
1= usda_crop_data_1_1

Fe Blectricity, ot grid MX & |

Flow: Electricity, at grid, MX

~ Flow properties
Name Conversion factor Formula
4= Energy 10

1.0MI=10M)

3. A new flow window will
open up in the editor.
Additional flow
properties can be added
in the “Flow properties”
tab, but don’t forget the
conversion factor!

General informatian Flow praperties

74
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Flows: Information & props

E= Blectricity, at grid, MX 22 |

Flow: Electricity,

at grid, MX

~ General information

Name

Description

Category
Version

uun

Last change

Electricity, at grid, MX

8 produet flows
01.00.000
ab102960-6e35-4c2b-8cf4-11c36d 2937

2014-09-22T19:46:12+ 0200

Infrastructure fow [

Flow type

» Used in processes
~ Additional inform:
CAS number
Formula
Synonyms

Location

Fz Product

ation

General infarmation  Flow propertics

e Electricity, at arid, MX 2

Flow: Electricity, at grid, MX

= Flow properties

Name Conversion factor  Reference unit  Formuta
1o0MI=10M) 2

= Energy 10 = M

General mformation Flow properties

Is et

75
Task #4: Flow information
Open the product flow: polyethylene low density foil(PE-LD)
In which processes within your active database is this flow an input flow?
In which processes is it an output flow?
76
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Process: Create a new process

163 opentCA 15 0betal =
File Window Help
ADE@ a
1 Navigation =0 -8
< ecoinvent_3 2 cutoff g
8 oo i
! openlca lcia_methods 1.5 4
it
W Projects.
™ Product systems
W Impact assessment methods
W Global parameters
< B Froceres = 5
S B Newprosess | g 1. right click o
A
= “Processes” folder,
8| ARy, select “create new
& New database 7
8 Impon databese process’
Fabricated Metal Product Mar
= Foresty and Logging
Mining (except Oil and Gas)
» 8 Nonmetallic Mineral Product
and Gas Bxraction
Petroleum and Coal Products
s MV it
Rail Teansporarion
Transit and Ground Passenger
Transportation Equipment Mz
Truck Transpertation
Utilities
Wasts Management and Rem
Water Transporiation i
+ B Wood Preduct Manufacturing
= Flows
P
T ;
™ 1item selectad
77
Process: Create a new process (Il
L]
13 gpenlCA 15 0hetal [EEE
File Window Help
aBA @
£ Navigation =
© ectinvent 3 2 cutert
ecainvent Ioa methods il iR
openica_laa methods 1 5 4 New process
+ openlcadstudents
o =
B Impact assessment metods Desaription

M Clobal parameters
« B Processes
M A Transportation
W plication
M biomass
B Case study Livion battery
W Chemical Manufaciuring
™ chemicals
™ Crop Production
B Fabricated Metal Praduct
B Forestry and Logging
™ Wining (except Oil and Gas)
'™ Nonmetallic Minera| Product Mnf.
W Ol and Gas Extraction
' Petroleum and Coal Products Mnf.
W Drimary Metal Manufacuring
™ Rail Transportation

Quantitative reference.

Create @ new product flow for the process

2. Name process and
select a quantative

reference

= chemicals

™ Elementary flous

. ctners

8 Product floms
iz Acetic acid, 2t plant - RNA
Fe Acetone, iguid, at plant
2 Acrylonitile, at plant - RNA

E. A

el |

ragin ot piae 7
3

W Transit and Graund Passenger Trans.
B Transportation Equipment Manufacty
. Truck

wr——

- Uiilitees

W Wsste Management and Remed atian Service
8 Water Transportation

B VWood Product Manufacturing

» I Flows

5 Snrial indicatnre
il

1 item selected

78
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Process: Create a new process (Il

* openlCA 15 0betal =T ol il

File Window Heip

AER BRIl

T Navigation = = 3| P New process
1+ ecoinvent 3. 2_cutoff

ecoinven!_lda_methods

openlca_lcia_methods_1.5_4

+  openlcadstudents

»

/|| Process: New process

~ General information

P ree e proces 3. A new process window

I roduct systems
™ mpact it method: Description s . .
e will open up in the editor.

A poceri Description, time,

© M Air Transportation

8 Alloeai
8 Al o J— geograph\f, etc. data can
VI xS Lt iy wuiD 0c859600-38e-4d41-b0cF-7622084c1956. be added in the “General

© 8 Chemical Manufacturing P
© B chemicals Last change 2016-02-10T17:05:3040100 Information” tab
© B Crop Production

Infrastructure process [

« M Fabricated Metal Praduct Manufacturing
1 M Forestry and Logging Create product system
™ Mining (except Oil and Gas)
™ Nonmetallic Mineral Product Mnf. Gt i
8 0l and Gas Extraction
8 Petroleurn and Coal Products Mnf,
B Primary Metal Manufscturing
+ i Rail Transportatien
« I Transit and Ground Passenger Trans.
+ 8 Transportation Equipment Manufacmaring

™ Truck Transportation + Technology
© W Utilities
« B Waste Management and Remediation Service
I W Water Transportation
88 Wood Product Manufactuning

P New process

Quantitative reference | s Transport, acean freignter, average fuel mix (RNA) =]

b Time.

* Geography

il » General s/Qutputs i i ion Modeling and validation| Pamme:m}Anu(aﬁnn Social aspects

79

Process: General information

42 openl CA 15 0betal
file Window Help
LG LN :
¥ Mavigation ==nalp i production | i | cur-aff, L - RER & |
-+ ccoinvent_3_2_cutoff - . " ; . -

i Process: ammonium bicarbonate production | ammonium bicarbonate | cut-off, U

© 8 Product systems:
= Impact assessment methods
W Giotal parameters

~ General information

Name production | | cut-off,U

1 8 Pracesses

B8 Flows Description Manufacturing process is considered with consumption of raw materials, energy, as well as infrastructure and land use, Transpa,
™ Social indicators water (excepting emission of waste-heat) are not included due to the lack of data, Transport znd storage of the final producta

+ B Badkground data conditions. Inventory refers 191 ky 100% amanium bicarbonate. Data for consumption of energy have been provided by a mar

used is von Daniken et al. 1995,[This dataset was already cantained in the ecoinvent database version 2, It was not individually

bV ielamerbody affected by changes in the supply chaln, e in other datasets This dataset was generated fallowing the ecoinvent quality quide =

i openica_Jcia_methads 154
1 openicadstudens Category ™ CManufactunng » 20Manufacture of chemicals and chamical products » 201Manufaciure of basic chemicals, fertilizers ang
! usda_crop_data 1.1

Wersion 02114000
uuD 16532a34-0c01-3cf4-2344-900410451426
Last change

Infrastructure proress 1
i Create product system T

~ Quantitative reference

Quantitative refarence | f» ammonium bicarbanate | ammanium hicarbonate production (RER)
- Time

Startdate 1/ 1/1993

Enddate  12/31/2015 @~

Description  Values based on data from the early 1990s.

Z e — + | Genesal

| inis ‘Mudeling and validation Parameters| Allocation Social aspects
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Process: Inputs/Outputs

253 gpent CA 1.5.0betal (ol ]
File Window  Help
ABRRAE a
& Navigation * = 0| P ammonium production | ammenum bicarbonate | cut-cff, U - RER 2 | =i
. :‘i’,"';:c"ﬁm“"‘ Process: i p ion | | cut-off, U
W Product systems
B Impact assessment methads e T
5 :;';:’:::""“E‘m Flow Category Amoust  Unit Costs Uncertain.. Provider  Pedigree
e Foammonia, liquid | mark. 20LManufacure.. 02270 ™ kg lognorm... P marke..
e s chemical factory, organ. 426 Construction . 400000E-10 = ftem(s) logrorm... P marke
. onM = ki lognorm.. P marke
05860 g lognorm... P marke..
02400 = m3 tognorm..

‘ il

20Manufacture of chamieals and ehemical produets
™8 201:Manulacture of basic chemicals, fertilizers and nitrogen com
< B 201 1Manufacture of besic chemicals
E: carban hlack | carbon black production - G0
- carnon BIAck | market for taroan black - GLO.
s carhon dicwide, liquid | carbon dicxide praduction, liquid
Ex carbion dicide, liquid | carbon dicxide production, huid
s carbion dicide, iquid | market for carbon dioxige, liquid -
s carbon dioxide, iquid | market fex carben dioKide, liquic -
o cartion disulfide | carbon disutfie prodction - GLO
- carbon disulfide | market for carbon disulfids - GLO

4. Additional flows can be

added in the
“Input/Output” tab

e x

[ ion | Social aspects

81

Process: Administrative Information & Modeling and validation

~ Modeiing and validation
Process type

L metod

Modeling constants

Data completeness

Data selection

| Unit process

~ Administrative information

Intended application

Data set owner
Data generator
Data documentor
Publication

Access and Use restrictions.

Project

Creation date

Copyright

(&l

E Mzggie Osses
Ei Maggie Osses

(@] Althaus -l et al. 2007

T/28/10 607 PM
4

Datavestment  This dataset has been axtrapolated fre
agjusted accordingly.
el o Outputs Madeling and jon|

[ Allocation Social aspects

5. Additional metadata can

be included in the
“Administrative

information” and
“Modeling and
validation” tabs

General informatien Inputs/Outpuls Adminisirative information| Modeling and validation| Parameters Allocaiionhucial aspecls

82
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Dataset in LCI databases

Ecoinvent database includes Unit & System Processes

Unit processes: Network (for full
LCAs)

Process A

Process C

Process B

Process D Process E

AN

System processes:

cumulated data (for screening)

Process A

Process A

Process B Process C

rocess D Process E

Process F Process G
Process F Process G
83
Ecoinvent database includes Unit & System Processes
‘I System process | ‘ [ Unit process
| a Polyethylens high density grenulate (PE-HDY, production mix, at plant [RER] a I| = PET Granulate Production
—| Inputs Outputs
|' S Polyethylens tereprthalste (PET) aranulate production mix, at plart, amorghous [RER] 2 "_I ¥| polycthylene bugh density granulate (PE-HD] Gronulates (PET, HOPE, PP}
¥ polycthylene terephthalate (PET) granulate
- ! lene granulats (PP
Pofypropylene granulat (PP, production mi, at plant [RER] =] s s il e U
a PET Transport A
” Lomy transport, Euro 0, 1, 2, 3 4 mix, 22t total weight, 173t max payload [RER] 8 | Inputs | Outputs
= Granulates (PET, HDPE PP) Granulates (PET, HOPEPP), transported —
» transport in 1km
= PET Sotile Filing
O Drinking water, production miy, at plant, water purification treatment, from groundwe.,, @ }—| Inputs | Outputs
drinking water PET Eottle, filled
Y Granulates (PET, HDPE.PF), tansported
84
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LCA

3 i
.....

O
[

B L m

85

Basic commands

Open element: double click

Copy element: right mouse button—> copy

Paste element: right mouse button 2 paste

Delete element: right mouse button = delete

Save element: use saving symbol in the main menu & « @
Save image: right mouse button = save image

Minimise/maximise element: =8} .
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Basic commands

If you double click on a flow in the process editor it will be opened in a separate window

and can be modified:

144 gpenlCA 15 Qbstal
File Window Haip
fERGAD
¥ Navigation
+ ecoinvent 3 2 cutoff

= Projects

e o systems

W [mpact assessment methods

™ Global paramaters

«  Processas
- AAGrGtes texssty and i

onstrueton of buldings
10 Comtrction o i
A100Consruction ol b
8 4100a: Construction
P building constructic
P bulding comsttio
P buikding comtuctio
P building corsvuctic
P building conswuetia
P buskding comtmetio
P building corstructio
P buskding comstruetio
P dairy comstructon |1
P dried rougrage mer
P dried raughage stor
P dried raughage sicr
P dricd cougruge sior
P ded rougruge ster
P dried raugrage mer
P dung dab construcn

B A dab enseten ™
b

a
o

£ || P tusicting comstruction, hall. stee! comstruction | buiing, hail steed _ = | iy sheet rofling, steel | maret for sheet rolling, steel - GLO

~. Process: building construction, hall, sieel construction | building hall, stesl construction | cut-off, U

= inputs °x
Fiaw Camgary Coms Uncenain.. Pedigree .. Des.
felizsel, Bumea n et
Foaluminium, wicught i =
Eewaste cement i concre.. =
Feeoncrete, ele pi MoMafaewe . 030000 = m)
Foiwaste brick | market for.. 382Wasta trewtm.. =g

- Outputs o
Fiow Cotgory Amoud  Unit Costa/Rer. Uncertain., Avoided . Pedigree., Des.
Eebuiding hail, meel con. 410Conswuction. 10000 = m2 rone

Ganeral Information | " Paramaters| Allscation. Sorial aspacts

87

Basic commands

Drag and drop flows from the Navigation pane to the Input/Outputs tab in the process

editor

Drag and drop processes from the Navigation pane to the Model Graph in the product

system editor

| penlCA 15 0beta)
File Window Help
LG Eo
& Navigation|
© eceinvent 3 2 cursff
& ecolfvent ia_methods
= openica_joia_methods 154
4 | openlcadstudents

™ Rroduct systens
= Impoct axscsament methods
8 Giobal parameters.

P “ew process 12 =

Process: New process
- Inputs 0 x

Flaw Categary Amount  Unit Costs  Uscert. Provider Pedar. O.

thetmechem - RNA

| e Ethanol, denatured, forest residues, thermochem - RNA|
fir mixed Alcohals, thermochemicad process - RNA ~ Qutputs L
Fie sUfur, thermochemical proesss - RNA

B Elementary flows Flaw Categary Amount  Unit  CostwR. Unceri. Awoide. Pedigr. O.

Fe Heat 100000 = M) ane

B Product flows:
1 Heat

# social indlicators

cuiraund data

£ usaa_crop_date 11

O}l —— 1 || General information Inputs/Outputs. Admisistrative information Modeling and validation Parameters &location| Social aspects.
Fo 1 item selected

88
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Folder structure

Divide system and unit processes « W Processes
» I ecoinvent3.2 system
» I® ecoinvent3.2 unit
- 8 Flows

Divide processes from different databases in openLCA database list

Separate flows and processes that were created on your own

Do not change the folder

structure of elementary flows, because

otherwise the LCIA canhnot

find them anymore!

89
Windows
Often users have several elements open at the same time;
it is recommended to close elements you don’t need
To recover "missing" window: go to Window ->Show = View = Other
It is also possible to change the position of a window
90
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Search any elements from the

€}

File Window Help

Search

database

ltransport

* ecoinvent_33_cutoff
= ecoinvent 3 3 cutoff for 1.5

eugecs. 15804 i3 database v1_1
= gabi_vil_full_Us sp23_feb2016
le_inventories_ch_ecoinvent v2_2_unit
* Ic_inventories_ch photovoltaics
© mel_us Iciimported_from_website
openlca loa methods 1.5 6
= openiea_lcia memods 1_5_6_for_15
~  openlcadstudents february2017
= Projects
B Product systems.
» 8 Processes
™ Flows
Indicators and parameters
Background data

4, Search result view 2

Search resuits: transport (397Results)

ranspart person diesel car
Case Study Car Transportarion

P Transport person diesel car
Case Study Car Transportation/basic processes

s Transpart person diesel car
Product fliows

P fransport, aircratt, freight - RNA

Air heduled Freight Air Transp

1. Important note: although most of the data in the US LCI database has undergone some
sar of review, the database as a whole has not yet undergone a formal validation
process.2, Please email comments 1 ld@nvel gov.

Fe Transpan, aircraft,

ight - RNA
Product flows

Fa Transport, barge, average fuel mix - RNA
Product flows

P Transpan, barge, average fuel mix - US

Write the key words
for the search

Water Water Freioht e -
D‘\re-msseleneﬂ ket 91
Search (Il
Search within a specific element from the database
143 openlCA 150 ] X

File Window Help
aBBB

& Navigation i
£ ecoinvent 3 3 cutoff
i ecoinvent_3_3_cutati_for_1_5
& ecomvent 3.3 _laa_methods
1 eugeos_15804 ja_database_v1_1
=1 gabi_xvii_full_us sp29 1eb2016
& le_inventories ch__ecoinvent v2_2_unit
£ Ie_inventories_ch_phatavoltaics
1 nrel s It imported from website
9 openica_icia_methods_1.5_6
1 openica_icia_methods_1_5_6_for_1_5
«  openlcadstudents february2017
W Projects
> M Product systems
» B Processes
> I Flows
+ @ Indicators and parameters
» it Background data

A Search result view 5

Search results: transport (173Results)

@ se

rch
P Transport person diesel car 7y

Case Stucy Car Transportation/basic precesses

P Transport, aircraft, freight - RNA
Al Transp

Schedtuled Freight Alr

1. Important note: although most of the dats in the US LC| database has undergor = Scarth in actors,
9 Searchin locatians

sortof review, the database as a whole has not yet undergone a formal validatior
pracess.2, Please email comments to Ici@nrel.gov.

P Transport. barge, average fugl mix - US
Waler T Water Freight
Imporant note: althaugh Mot of the data in the US LCl database has undergone some

s0rLof review, the database as a whole has ntyet undergone a formal validation pracess,
Please email comments to la@nrl gov.

P Transport barge diesel powered - Us

Water Water Freight

Important note: altheugh most of the data in the US L€ database has undergone some
sortof review, the database as a whole has not yet undergone a formal vzlidation process,
Please email commens to Ici@nrel gav:

P Transport. barge, residual fugl oil powered - US
Water Tr Water Freight
Important note: altheugh most of the data in the US L€l database has undergone some

Search resulls|

Q Searchall types
Search in projects
Search in product systems
reh in LCIA Methads
F Searchin flows
= Search in flow properties
= Search in unit groups
B Search in sources

s

Filter by type of
element

92
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Filter

The “add new” editors contain a filter for facilitating the search of the desired

element

=

Flows

Filter
water

~ Content

< Elementary flows
« I air
4 B high population density
fe Water
i+ I8 lower stratosphere + upper troposphere
™ jow population density
- I low population density, long-term
I I stratosphere
- M unspecified
= resource
I water
I8 gthers
- B Product flows

=1

Use the “Filter” when
adding new flows to a
process, select the
reference process in a
product system, etc.

oK ‘Cancel

93

Numbers

L0 Praferences

[1ype fitter text !
Cloud
Configuration

Experimental faatures

Use always a point for floating point numbers, a

Lworw

Number format

Set the number of decimal places for the display of numbers.

comma is not accepted (1.5 instead of 1,5) o Number of decimal places 5
Import/Export Example
Logging 3141.592653589793 -» 3141.59265
Under File/Preferences/Number format you can  Number format i orant o Py ooE i ot ko
choose the number format of results
. m I [Restore Derauits || Appy |
[ o [ cancel |
94
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Modeling with product flows

Use different flow names for one flow that “hikes” through your product system
Filling Use phase

Inputs Outputs Inputs Outputs

| New bottle Full bottle | Full bottle

Bottle production

Inputs Outputs

Bottle production, filling and use phase
Raw glass New bottle Or: . .
’ Inputs Outputs

Raw glass Empty bottle

95
The default provider can be set for each exchange
P *Transport, aircraft, freight - RNA 2| &5
Process: Transport, aircraft, freight
~ Inputs O X 1n
| Flow Category Amount Unit Costs Uncertai.. Provider Pedigree.. De..
| s Kerosene, at refinery -.. Product flows 0.4199197.. = L none None 5
Petroleum refining, at refinery - RNA
Crude oil, in refinery - RNA
96
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Plastic bottle for drinking water
PET vs PC

97
Plastic bottle for drinking water
PET vs PC
Goal: Conduct an LCA of one PET water bottle produced and consumed in Italy from cradle
to gate
FU: 1 bottle containing 1 litre of still water
Production chain
1. Plastic granulate production:
polyethylene terephthalate granulate (PET) for the bottle (bottle grade, RER)
Polyethylene high density granulate (PE HD) for the lid ( RER
Polypropylene granulate (PP) for the labels (RER)
2. Transport of PET, HDPE and PP granulates for further processing (Transport A)
3. Production of a PET pre form bottle, the HDPE lid and the PP label from the
respective granulates produced in step 1.
4. Transport of bottle pre form, lid and label to bottle filling location (Transport B)
5. Blow PET bottle, fill with water and attach lid and label o8
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Plastic bottle for drinking water
Block diagram

Water
. oo -
l e ——— - - - N
23R4 -
’ \ \
: I R |
! Drinking |1 :
1! water : .
! -/ | X
1
: | Transport Transport ITransport Transport I
1 1
1 Bottle Filling |
: | Production process 1
1
| ! 1
\
MV '\ CRADLE-TO-GATE /
N N e e e e e e e e o o o —— i

Vo

Water  Emission 99

Task #5: Creation of a process

Create a new folder for this case study within the Processes folder
Create a new process called “Production of PET granulates”

Polyethylene high density 0.004 kg
granulate (PE-HD)

Polyethylene terephthalate 0.06 kg
(PET) granulate

Polypropylene granulate (PP) 0.001 kg

PET granulates 0.065 kg

Remember to add the provider for the raw materials

For the production of the bottles, lids and labels, it is assumed that 100% of the respective
granulate is utilized in forming the final product, without waste 100
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Task #5: Creation of processes (Il)

Create a new process called “PET transport A”
The reference flow is called “PET granulates, transported”, expressed in mass units
The mix of PET granulates need to be transported for 200 km using a medium-sized lorry

Create a new process called “PET Production of bottle preform, lid and lable”
The reference flow is called “PET empty bottle”, expressed in number of items
The production of 1 bottle made of 0.065 kg of “PET granulates, transported” needs 1 MJ of in medium voltage
(MV) of electricity for a grid European average consumer mix

Create a new process called “PET empty bottle, transported”
The reference flow is called “PET empty bottle, transported”, expressed in number of items
The bottle needs to be transported for 100 km using a medium-sized lorry

Create a new process called “PET full bottle”
The reference flow is called “PET full bottle”, expressed in number of items
The bottle needs to be filled with 1 kg of drinking water (find the right provider!)
The filling process requires 2 MJ of MV electricity from the European average grid consumer mix

101
Product systems
creation & calculatio
102

51



18/05/2021

Product system: Creation

123 openl CA 150betal’
Fite Window. Help:
ABa
% Navigation ¥ = | P beet sugar production | molasses, from sugar beet | cut-off, U - CH &2
4 ecolnvent 3 2 cutoff
= Projects
+ W Froduct systems
4 market for electricity, low voltage | ele
8 Impact assessment methods
™ Giobal parameters
o B0 Drocessas Descriprion Inventory refers to the production of 1k sugar, respectively 1 kg of molasses (72% dry matter) and L kg of pulps (256%
m Aagriculure, Torestry and fisning iy matter). The MulTIOUTPT-PIaCEss ‘sugar beet, in sugar refinery’ delivers e co-products sugar, from sugar bieet, at si
B0 Bining snd quarrying refinery’ and ‘molasses, fram sugar beet, 2t sugar refinery’ and pulps, from sugar beet. at sugar refinery. Economic
I Ohdapifactxing. allacation with allocation 1acior fof comman stages of §17% 10 Sugar, 4.5% o melasses and 38% to pulps, Allocation 5|
dane according 1o carban baience for COZ emissions:[This dataset was already comained in the ecoinvent database
4 M 10Manufacnre of faod products
W 101 Processing and preserving o Category B Cvanatacturing > 10Manufactice of food products » 107:Manutacture of other food products » 1072Manutactire |
103 Processing and preserving o

Process: beet sugar production | molasses, from sugar beet | cut-off, U

~ General information

Name beet sugar production | molasses, from sugar beet | cut-off, U

Version 0349000

104 Manufacture of vegetable a1
W 105Mandfacture of dairy produc U B263¢1ch-2360-2137-8467-038b365A0CE
™ J0gManuracture of grain mil pr Jree—

107 Manufacture of otner 000 .

™ 1072 Manufachure of sugar Infrastructure process [

P beet sugar production | m¢
P beet sugar production | mc
P beet sugar production | su
P beet sugar production | sut
P beet sugar proguction | sul itatiya F molasses, rom sugar beet | beer sugar production (CH)
P beet sugar production | sut

Create product system

1. Click on “Create
product system” in
the General
information tab

95 to 2005, typical technology for the procuction of sugar from sugar beet

0 v
] Aaminsative information| Modeling and vlidaton| Perameters| Alocaion] Social aspects

= 103

Product system: Creation (Il

43 ppenlCA 17,0

File Databasz Window Help

o x
hABB@LE
% Navigation| % = = 0O New product system [}
« | 3 openlcaistudents_17_resohred & Creates anew product system
> B Projects eee
> [ Product systems
~ I Processes Name
Sige - 2. Name the product
" rence process
Allocati
el system and select a
2 omass B Petroleum and Coal Froducts Mnf.
YEMM Cate iy A I sportzin > I Primary Metal Manufacturing reference process
» M Chemical Msnufacturing + B Rail Tanspostation
> M chemicak > B Transit end Ground Passenger Trans.
> Crop Brodudion + BB Trzncpariation Equipment Manufzcturing
> [ Fabricated Metal Product Manufacturing » B Truck Transportation
> M Forestry and Logging + B Ut

B Mining (except Oil and Gas)

B Nonmetallic Mineral Product Mnf.
I Oil and Gas Extraction

B Petroleum and Coal Products M.
BB Primany Metal Manufacturing

> M Rail Tmnsportation

» | Trensit and Ground Passenger Trans. [ Auto-link processes
> M Teensportation Equipment Menufecturing
W Truck Transportation

> [ Westc Management end Remediation Service

> BB Weter Trensportation

B Wood Product Manufacturing

P Battery pack

P Heat, gas heating v

Provider linking

> [ Utilities D Ignore default previders
» [ Waste Management and Remediation Service o)
» B Water Transportation Frstec g ault pioidiee
> I Wood Produc [® Only link default providers
P Baitery pack
Pt g e . Preferred processtype
5 I Flows 3. Select the modeling T

B Indicators and pa .
-wmeia  options preferred system process
2gri_footprint17 [ Cuteoff

1 ecoinvent_3_3_cutoff

104
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Product system: General Information

103 ppenlCA 1.50betal
File Window Helps
ABBRy EEO

| P beet sugar production | molasses, from sugar beet | aut-off, U- CH _ +3 beet sugar production | malasses, from sugar beet | cut-off, U

Product system: beet sugar production | molasses, from sugar beet | cut-off, U

~ General information

Name best sugar production | molasses, from sugar beet | eut-off, U

Description

Version 0000000

D ada52e62-02e8-4b65-aace- 822006257109

Last change

@ Calculate

~ Refercnce
Process P beet sugar production | molasses, 1rom sugar beet | cut-off, U
Product | F motasses, from sugar beet | beet sugar productian (CH) =

Flow property |4 Mass

Unit [ kg

Targetamount 10

General information | Parameters| Model graph

105

5

€8 gpenlCA 1.5 0betal =]
e Window Help
#HBOQEER kS
: Transport person diesel car = 0 |[2 Outline & =5
< | Fifter by name
= imesore smee ==t g =}
Acetic acid production - RNA -

Product system:

Model Graph

=rmum e ramaa =| > =Pamyes garoine a-

W B side gl

TS

|

et e ot [ 4 e e
PR

General information | Parameters Model graph

Acrylonitrile-butadiens-styrene copolymer, resin, at gl
Ammenia, steam reforming, liquid, at plant - RNA
Benzene, at plant - RMA

Butadiene, at plant - RNA

Car, liesel -powered

Cottan, whals plant, at fisld - RNA

Crude oil, at production - RNA

Crude oil, extracred - RNA

il

Crude oil, in refinery - RNA

Electncity, at cogen for natural gas twbine - RNA

Electncity, at grid, US, 2000 - RNA

Elecuicity, at Grid, LS, 2008 - RNA

Electricity, biomass, at power plant - US

Electicity, bituminaus coal, at power plant - US

Electncity, diesel, at power plant - RNA

Electricity, lignite coal, at power plant - LS

Electricity, natural gas, at power piant - US

Electncrty, nuclear, at power plant - US

Electricity, residual fuel oil, at power plant - US

Ethylbenzene styrene, at plant - RNA

Ethylene, at plant - ANA

Limestone. st mine - RNA

Methanol, at plant - RNA

Natural gas, at extraction site - RNA

Natural gass, combusted in industrial boiler - US

Natural gas, combusted in industria! boiler, at hydroor

Natural gas, combusted in industrial borler, at hydracr

Natural gas, combusted in industria1 boiler, at hydrocr

Natural gas combusted in industrial boler, at hyerocr ~
P 1 »

106
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Product system: Model Graph (Il)

2 % Transport persan diesel car = ]

e w e

o}

!

Unda
Rario

o

Delste &

! Bulld supply chain .
Remove supply chain
Remove connections

& o

'.‘m.m.mmu = .|.,‘,,,/.,‘;,,J;,Wl Z # Al \ Search praviders for .
Search recipients for ¥
W Save asimage
Open in editor
Marlk
Unmark

Expand all
Collapse all
I

Mai

nig

Minimize ail
Layout v
Show outline

Open miniature view

& B

General information Parameters| Model graph|

107

Product system: Calculation

123 openl CA 1.5.0betal
File: Windaw Heip
nARRC®

& Navigation| = = T | ¢ Transport person diesel car 2 |

1 ecainvent 3 2 cutoft
44 ecainvent |cia_methads

i elcd_pet_teacher

| openica_icia_methads 154

Product system: Transport person diesel car

~ General information

4 openlcadstudents
™ Projects
4 ™8 Product systems Description
B Case study Li-n Gattery
# Transport person diesel ear
B Impact assessment methods
™ Global parameters
. M Processes Category ™ Case study Li-on battery
» . Flows
% Social indicators

Name Transport person diesel car

Version  00.00.000

3 Background data uuo 19761 126-830b-139c-9971-8ibe] F9dadel

4 usda crop_data 11 f—

Transport person diesel car

i Person transpart

Person transpart

1. Click on “Calculate”

in the General
information tab.

«

108
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Product system: Calculation (ll)

163 npenlCA 15 Obetat o | [ET]
File Window HMelp
LG LA RSN H0) ] 4 Calelation properics 2. Sel jcul
- Hengationt ST : ) elect calculation
1 ecoinvent 3.2 cutoff Prody Calculation properties
1 ecoinvent_Jcia_methads Please select the properties for the calculation properties and click
< eled pet tencher =) o
e Frjects p on Finish.
4 I Product systems - Allocation method | Nare
&= PET Boltle production (sks procesx Impact assessment method | @ CML (baseline) -
& PET Batlles Germany D - 7
M Impact assessment methads Normalization and weighting set | -
™ Giobe! parameters n
w8 Procosses CHsaton e 8 Quickresults |
o B8 Flows “) Analysis
Vi
= Social indicators jerd ) Replonalized LCIA
838 Background data e
1 apenica Jcia_methods 1 5.4 ) Monte Carlo Simutation
1 openicastudents Lt Numbor of fterations: | 100,
1 usdo_crop_data 1.1 .
I include cost caleulation
~ Ref
Prox
- [ Conea ] -
fiey -
Unit @ ltem(s) -
Target amount 1000.0
o [ + | Geresal infarmation| Parameters| Model graph
o
Product system: Calculation (lII)
L]
st ppenlCA 15 0hetal
ile Window Help.
ABOR B

& | PET Borrles Geimany | % Quick resul

¥ Results of PET Bottles Germany

= General information

Product system PET Botties Germany

Allocation method Nane

T

PET
Impact assessment methad  CML (baseline)

Bxort 1o Excel |
= Direct contributions 1o flow results - overview

Flow | Fa Carbion-14 - air/unsperifed

—22mE4kEg

i, at plant, p treatment, from surface water - RER

== 7.303E-4 kBay Loy transport, Euro 0, 1, 2, 3,4 mix, 22 t total weight, 17,3t max payload - RER

0,000 kBo: Polyethylene low sensity granulate (PE-LD), production mis, at plant - RER

— 0.000 kB vy

granuiste, production mix, at plant, bottic grade - RER
= 0.000 kEq; Other

3. Check the tabs for
inventory results, LCIA
results, Contributions, etc.

= Direct contributions to impact category results - overview

Impact category |1 Acidification potertia

average Ewope -

‘. 0965 k 502 e Folyethylene e

1 high density granulate (PE-HO), productian mix, at plarit - RER
[ LC1A Results ons Locations Grauping

e WET) granulate, groduction mix, &t plant, bottle gracis - RER
Genersl
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Task #6: Creation of product system

Create the product system called “PET full bottle” with reference product “PET full bottle”
Select “only link default providers”
Check the different views of the model graph. What can be observed in the graph?
Calculate the inventory of the product system

Which information can you derive from the inventory?

111
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Impact assessment method: Creation

e . = B
R 1. right click on “Impact New impact assessment method i@

2830 2% Creates & new Impact method
& Navigation] assessment methods p

i ecoinvent_3 2 cuto folder, select “New

8 ecoinvent kia. e LCIA method”

= elcd_pet_teacher

' openlca_lcia_methods_1_5_4
4 openlcadstudents

Name LCIA method 1

Description

M Projects

» B Product systems 2. Name method
B [mpact assessment mathork. (Description optional)
B Global parameter % New LCIA method [y

. I Processes * Import..

# * g
= flows o fish | [ cancel |
B8 Social indicators | @  Add new child category

» 3% Background data

% usda_crop_data_1 1 | BRETEEES

~ 77| % Importdatabase

113
Impact assessment method: Creation (Il)
i *LCIA method 1 52 | e
Impact assessment method: LCIA method 1
~ General information
Name LCIA method 1
Description -
3. Click on “+” to add
new impact categories
Version 00.00.000 -
UuID fal40bda-33ad-4073-bceb-05c02547e54a
Lastchange 2016-03-10T17:44:45+0100
~ Impact categories
MName Description Reference unit
i= Human toxicity CTUh
114
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Impact assessment method: Creation (lll)

# FLCIA method 1 32

Impact nt

thod: LCIA

hod 1

~ Impact factors

Impact categary i Humen taxicity

Flow Category Flow property
1
Flows .

4. Click on “+” to add
Filter - .
new characterisation

) factors

~ Content

4 M Flementary flows
© I air
1 8 resource
I soil
4 Bm water
» I ground-
- M ground water

+ M ground water,

long-term

5. Select desired

elementary flows

115
. N
Impact assessment method: Creation (1V)
@ *LCIA method 1 55 |
Impact hod: LCIA method 1
~ Impact factors
Impact category |~ Human toxicity
Flow Category Flow property Unit Factor Uncertainty
Fa2-Methyl-1-propanal airfhigh population density.  Mass DALY/kg none
6. Add value for the factor
(parameters can be used asin
@ *LOA method 1 &2 processes |)
Parameters
* Global parameters (s}
~ Input parameters e x
Name Value Uncertainty Description External source
pl 237E-7 none
~ Dependent parameters © x
Name Formula Value Description
116
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Impact assessment method: Creation (V)

i® *LCIA method 1 %2 | =0

Impact assessment method: LCIA method 1

~ Normalization and weighting sets o x

Normalization and weighting || Impact category Normalization factor Weighting factor

£ Human toxicity - =

7. Click “+” to add new

normalization/weighting set

8. Click on the set name to
automatically add the impact
categories of the method

117
LCIA methods
E [ Ozonedepletion |—» TR TR
LCIA methods convert i .
inventory results into ) Radaion |
1Fi 1 iy ey OzoneConc =
specific environmental e rm P :
impact categories (LCI -ﬁ =
results to associated
environmental impacts, e
summarised in impact :
categories) —_— :
m’“ =
*  CML baseline
¢« ReCiPe
« PEF (supposed to replace
ILCD method)
Source: http://www.Icia-recipe.net/project-definition
118
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Result analysis and

interpretatio

By

119

Analysis functions

To run the analysis functions the product system needs to be recalculated

Click the calculation button in the General Information tab of the Product System, select an LCIA method
and check “Analysis”

3 Calculation propertie

Calculation properties

Please select the properties for the calculation

Allocation method As defined in processes v
Impact assessment method # CML (baseline) [v4.4, January 2015] v

Normalization and weighting set v

Caleulation type O Quick resuits @) Analysis (O Regionalized LCIA (O Monte Carlo Simulation

[Cinciude cost calculation
[[] Assess data quality

 Back Nerks Concel

120
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Analysis: Flow & Impact contributions
y °
12a163 = o =
nBeG o la -
- E 500 o7 phant, Convermng, # il
v | : R >
Analysis resull ol Beverage caron convarting, converting mix, al planl, Converi
= Generalnformation Specify which flow you
Preoduct syem A Deverage caNEN CCAUTINg, CONVEITING mix. 31 plant Canventing. Deversge car
O want to see & the results G
00 g are shown in the diagram |
impact assessment methad @ CML (based ne (v A, fanuary 2015)
& Export 10 Excel
TR R A -
Flow Fa NMVOC. non-methane volatile organic compe ¥ "
= —a5E3ky t plant. 166 %..
=== 7.383E 4 k. Electicity Mix, consumption mis, 2t consumer, AC. 1Y - 608 - 5K
b BO10E-4 kg: Beverage carton canverting, corverting mi. at plant, Converting. bevera..
= 7315t ot f, onsumpton i at ey, o vl 2000 -
Impact category |- Climate change - GWP100 - 3
il - 29319 gy CO2 eq. Elecicity Mix consumption mix a1 consumer. AC. 1k - 0KV - SK
== 5556 kg CO2 e Bewe/iga CAnon Comerting. Comverting mbx. at plant, Comveting. bievera.
0.011 kg €02 eq- Light fuel ol consumgtion mix, a1 refinery, feom crude ofl, 2000 ppm <.,
-4 501 kg 002 i atplant, oy mix. 165 %..
: =
Ganeral intormation Trmehary eevie I pIE BRYRE Frocess el ComPbaian wee] Grouping] Losalions] 5 Brs Ewmiey dingro] 121
.
Analysis: Inventory Results
ysis: y
@ apericnr o
cELR ® [ a.
# |k *Beverage carion comverting. converting ma, at plant, Convertmg, bevera. | 2 at plamt, Comverting, beverage carton © ]
Inventory results
s
e [T
Name Category Amount Unit La-
s Aggregate, natural Resource 040061 kg
LS Resource 13663108 kg
e e psls 002s6s 1
o Basalt i ground eseniree. 000045 by
o Baunite Resource 000702 kg
Fa biomass 147 Midkg Resource 000022 M
Fe brown coat: 119 Mikg Resautce THA0E4T M)
. Gl mpra i grovnt iy preesiis
te Caicium chionge. Resource. 143914611 b Y.
- oupws
ot [10
Name Category Sub-categary Amount Uit -
< e hcamcitions Geon e pi Va0
B Electricity Mix, cansumption mix, at consumer, AC, 16V - 60k - SK Energy carriers and technologies Bectricity. - 14308069 kg
0B Light fuel o1l Consumpion mix, 2t refinery, from cruce oil, 2000 ppim sulph - Encigy Carmiers and technologies Cruge o based tueks . 30S4806-10 kg
fo ceraptiem: G e ot e sz0ne 11 1
Fa Acenaphtnylene Emission o water ocean 6EIBE0E-10
Fe Acenaphinylene. Emission to water Treshveater 284305611 g
o Acetaidehyde Emission 1o air unspecified 646955 g
o Acetic aod Emission to water ocenn 45439769 g
b Aetic 2 Emissan 10 i wnsoecihed 3037265 &,
P
pe o Aot ot -
, e s Comenn . 0000 m
P e i cormmpton it corsrs AC 1Y - 600 5% . oty e oo w
P Do 96 - ed evolesm s Te 9% e pecteum s e
P Corug ated boad bowes. production mix, at oiant, techiclogy mix, 16,6 % primary... fz <orugated board boxes 1000000 kg
- o v oapr a7 15
P Oy rning e o ko e 100 1
P Dummy_polyethysens iow density 1oi{PE-LD) T palyethylent low denuty 16MPE-LD) 060000 k)
P Light fuei oil at refinery, from crude od, EU-. fe light fuel ol 0.02820 kg i
| General informatinn | mventory resuts |mpact anaiysts Process result| Cantribution ree. Giouping | Locations| Sun burs] Samkey dingram| 122
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o .
Analysis: Impact Analysis (LCIA Results
.
- 0o
Window Hielp
raeB @ a~
= i *Beverage caman convering, converting ma, at piant, Converting, bevera., | £ Analyss resuft of Beverage carton converting, eomwernng mix, o1 plant, Convering, beverage carton =5
Impact analysis
= Impact analysis
Subgroup by processes (2 Catoft (10 51 %
Name Categary Inventony result Impact factor Impact resuit Unit
~ I Climate change - GWVP100 3148495 kg (02 eq.
< B Elechichy b, consumption mis, o ongumes, AC, TRV~ 60KV - 5K Energy caners and echnolo. = 293189 k€02 e
F Carbon dicxide Emission to air / unspedified 2651618 kg 1.00000 kg CO2 eqfig = 2651678 by (02 eq
F Methane Emsonto s/ wspeafied 119k 2500000 ky CD2 <0 299855 kg (02 e,
P Beverage carton converting, camverting m, at plare, Corverting, b Systems / Paciaging 0 665563 Ky COZ eq
PG . at plant, . Systems | Packaging ' -450053 kg COZ eq
Acidification paential - average Europe 035911 kg 502 eq
Photechamical oxidation - High Box 001763 kg ethyiens &4
Terrestrial ecotawicity - TETP inf 009622 kg 14-dichiorabenzene eq.
[} or deplerian - ODP sisady sare 20710085 kg CFC- 11 eq.
Depletion of sbiotic resourcs - foss fuels S1537967 MY
Human siciy - HIP int 3837 kg 14-gichioiobenzene €q
Depletion of abiotic resources - elements, itimate reserves 694327E-6 kg antimony eq
ic ecotoricity - FAETP inf 02078 kg 14-dichlorabenzene e
scotemcny - MAETP inf 263174E4 i 1 4-dichiorabenzene eq,
- genenc 01745 kg PO eq
¢ >
General information] aventory results st anatysi| Frocess esilt Compbution tee| Grouping | Locatiom| Sun borst Sankey Glagram 123

Analysis: Locations

nes - o o
C e s mmor s e i3
Locations
® impact categary 1 Climate change - GWP100 v caalf [1 |8 % Bxcudeaero entries &
e
TR g
e s o cozen
T Hesa v ey
T e it :
If you don’t see any points
- -y i 7
in the map, click “reload
* Map (bets) °

e

124
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Analysis: Sankey Diagram

CoperER T Gt =i

a

1a =]
Settings for the Sankey diagram

Click here to set the
diagram options

— Flow F. Dummy, Chemicals, unspecified, used for wastew ~
@ Impact category |i- Climate change - GWP100 -

Cut-off 5000 5

[ ok J[ cancel

3 e v r
LA Results | Con I I Lcations | Sankey [%

125

Task #7: Calculation of impacts

Calculate the environmental impacts caused by the production of 1 PET bottle filled with water using the
LCIA method CML(baseline) and interpret the results.

Which process contribute most to the impact category “Global Warming Potential”?
Which is the direct contribution of the flow “Carbon dioxide” to the same impact category?
Do the raw materials contribute more than electricity to the final GWP value?

Where does the emissions of “VOC, volatile organic compounds” come from?

126
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Modeling the End-of-

Life with openLCA

[

127
ISO 14044: “substances or objects which the older intends or is required to dispose of”
By-products with no market value
B Life Cycle Stage 2 - Processing / Manufacturing - Pulp and paper production (Inter...
Inputs Outputs
Additives (paper production) Bark
Electricity Tall oil (raw product)
lectric Virgin materials for paper production
Heat Water (waste water, treated),
Packaging materials and cores Water-turpentine max[’}
RER: integrated paper mill Wood pellets (0% H20 content [Product: Water (waste water, treated)}
RER: Market pulp for paper production
Unspecified industrial waste treatment
Water (process water)
Wood for paper production
128
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Possible approaches

Presently there are two possible approaches when modelling wastes and waste treatment:

opposite direction approach (ecoinvent)

interpret the waste treatment as a service and add it as an input or add waste as a negative input, which
mathematically means it is an output

material flow logic (openLCA)

It follows the natural direction of the flow, where something is produced and the waste is an output from the
production or use phase

129
Modeling of waste (ll)
opposite
instead of... Disposal process Production process direction
approach
... make it . material
like this Production process Disposa[ process flow
logic
130
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Waste treatment in ecoinvent

P InputsfOutputs: yarn production. jute | yarn. jute | cut-off. U

~ Inputs
Flow Amount Unit  Provider
Fes jute fibre 116000 ™ kg P market for jute fibre | jute fibre | cut-off, U - GLO
F. spinning, bast fibre 116000 ™ kg P market for spinning, bast fibre | spinning, bast fibre | cut-off, U - GLO
| Fs waste graphical paper  -0.15588 ™ kg P market for waste graphical paper | waste graphical paper | cut-off, U - Europe without Switzerl.,
F.e waste graphical paper  -0.00412 ™ kg P market for waste graphical paper | waste graphical paper | cut-off, U - CH

¥ Outputs
Flow Amount  Unit Costs/Revenues  Uncertainty Avoided prod...  Provider Data qualitye.. D
F.e yarn, jute 1.00000 ™ kg 0.71200 EUR  none E

131

Waste treatment modeling in openLCA

openlLCA can handle both ways of modelling waste but it is necessary to pay attention to the flows used

Product flows:

on the input side are considered input materials
on the output side are considered by products and can be allocated or marked as avoided product

Waste flows:

On the output side are considered waste and can be connected to the waste treatment process

On the input side are the raw material for a waste treatment process and do not allow a connection with a

provider

132
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Material flow logic

When you select the waste flow type, openLCA recognizes it and allow you to specify default providers for

them on the output side of your process

This means that this flow will be treated

in the following process

Life Cycle Stage 2 Processing and Manufacturing : Pulp & Paper Integrated P... 8

Inputs | Qutputs
Additives (paper production) Incineration good
C Incineration good
Electricity Incineration good
Heat Recycled paper (Intermediate Packagi...
Packaging materials and cores Waste (unspecified)
RER: waste paper, mixed, from public c... Waste (unspecified)

Water (process water)

/‘ 8\Waste incineration of plastics (unspecified), production mix, at consumer, waste-to-energy plant with dry flue gas tr..

/,." Waste incineration of hazardous waste, production mix, at consumer, waste-to-energy plant with dry flue gas treat...
l-

H‘ BWaste incineration of ferro metals, production mix, at consumer, waste-to-energy plant with dry flue ges treatment, ...

“\.ﬂ landfill of processed wood, production mix (regicn specific sites), at landfill site, landfill including leachate treatmen...

\A” Landfill of inert material (other materials), production mix (region specific sites), at landfill site, landfill including lea...

133
Waste treatment flows in openLCA
The waste flows are marked with the symbol of a brush
One can create them normally using the flow editor
New flow
3 Please enter a name F
Name |
Description
Flow type | Fu Elementary flow v
i FaEl ry flow
Reference flow property Be Product
Fs Waste
b Finush Cancel 134
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Waste treatment modeling in openLCA

Inputs
Flow Category Amount  Unit Costs/Revenues Uncertainty Avoided waste  Provider
F.e Additives (paper production) Valuable substances/Intermedi... 4450535 M kg none P LifeCy
Fie Electricity Energy carriers and technologi... 41315446 ™M M) none P Electric
FeHeat Energy carrier/Thermal energy 7347.37000 ™M M) none P CREDN
F.e Packaging matenials and cores Materials/Packaging 243062 M kg none P LifeCy
F.2 RER: waste paper, mixed, from public co... Materials production/Paper an... 1075.28408 ™ kg none P LifeCy
F.e Water (process water) Materials/Operating materials 595139022 M@ kg none P LifeCy
Outputs
Flow Amount  Unit A. Provider Description
i F¢ Incineration good 32.90000 ™ kg P Waste incineration of plastics (unspecified), pro..  incil of plastics (PE, PS, PP, PB)
F¢ Incineration good 1.20000 ™1 kg P Waste incineration of hazardous waste, producti..  disposal of bilge oil to hazardous waste incineration
Fs Incineration good 11.00000 3 kg P Waste incineration of ferro metals, production ... steel to incineration
Fe Recycled paper (Intermediate Packaging) ~ 1000.00000 ™ kg Functional Unit 1 tonn paper
Fe Steam (M) 107.00000 3 MJ [ P Process steam from biomass (solid) 90%, produ...
Fos Electricity 393.00000 ™ M) [«] P Electricity grid mix 1kV-60kV, consumption mix,...

135

Waste treatment processes in openLCA

p Inputs/Outputs: treatment of waste expanded polystyrene, municipal incineration | waste expanded polystyrene | Cutoff, U

- Inputs

Fa cement, unspecified
fa chemical, inorganic
2 chemical, organic

2 ammonia, anhydrous, liquid

Category

201Manufacture of basic c.
239Manufacture of non-m.
201Manufacture of basic c.
CManufacturing/20Manufa...

fachromium oxide, flakes
Fheat, distrct or industrial, natural gas
Fa hydrochloric acid, without water, in -
Fairon (1) chioride, without water, in 4..
f municipal waste incineration facility
fa process-specific burdens, municipal ..
fa process-specific burdens,residual m..
+process-specific burdens, slag landfill
f quicklime, milled, packed

esidual material andfill

faslag landfill

Fasodium hydroxide, without water, in .
Fetitanium dioxide

E

201 Manufacture of basic ..
351:Electric power generati
20 Manufacture of basic c.
201Manufacture of basic c.
429Construction of other ci.
382 Waste treatment and di.
382Waste treatment and di.
382Waste treatment and di.
239Manufacture of non-m.
429Construction of other ci.
429 Construction of other ci.
20¥Manufacture of basic c.
20¥Manufacture of basic ..

~ Outputs
Flow Category
FoAluminium Emission to air/high popula..
Fo Aluminium Emission to water/ground ..
Fo Aluminium Emission to water/surface
FeAmmonia Emission to air/high popula..
Fo Antimony Emission to air/high popula..
FoAntimony Emission to water/ground ..
FeAntimony Emission to water/surface
FoArsenic Emission to air/high popula.
FoArsenic, ion Emission to water/ground
FeArsenic,ion Emission to water/surface
FeBarium Emission to air/high popul...
FeBarium Emission to water/ground
FaBarium Emission to water/surface
FeBeryllium Emission to air/high popula.
FeBeryllium Emission to water/ground ..
FeBeryllium Emission to water/surface
FaBODS, Biological Demand
FaBODS, Demand
FaBromine Emission to air/high popula.

Amount Unit
9.740006-5

000487
44500086
941000E-5
5.69000E-8

000855

1.00000 = kg
=iy
=g
= kg

= kg
= kg
= kg

unit
=k
=i
=g
=i
=g
=i
=g
=g
=g
=g
=g
=g
=g
=g
=g
=k
=i
=g
=i

Amount
30100067
000014
1.60000E-8
1,53000E-6
161000613
26500065
1.44000E-5
1.87000€-14
1.01000E-6
82500067
1.80000E-7
000016
24700068
4820006-10
388000-7
2990006-10
000697
32300065
201000-5

Costs/Revenu... Uncertainty

= ftem(s)

= htem(s)
= hem(s)

Costs/Revenu..

lognormat: .
lognormat: g..
lognormat:g...
lognormat: .

lognormat: g...
lognormat: .

lognormat: g..
lognormal: .

lognormat: g

lognormat: .

lognormat: g.

lognormat: g.

lognormat: g.

lognormat: .

lognormat: g

lognormat: .

lognormat: .

none

Uncertainty
lognormat:g...
lognormat: g.
lognormat:g...
lognormat: ..
lognormat:g...
lognormat: .
lognormat: g.
lognormat:g...
fognormat: g...
lognormat: .
lognormat: .
lognormat:g...
lognormat:g...
fognormat: .
lognormat: .
lognormat: .
lognormat: .
lognormat: .
lognormat: g.

Avoided waste Provider
market for
market for
market for.

market for.
market for.
market for.
municipal
processs.
process:s.
process:s.
market for.
residual m.
slag landi
market for.
market for.

Avoided pro... Provider

market for..
market for..

o x

Data quality .
511
[CREER)
[CRTR

Description
EcoSpoid0..
EcoSpold0..
Proxy for P.
Proxy for T.
EcoSpold0..
uncertainty.
EcoSpoldo.
uncertainty.
demands
EcoSpoldo.
EcoSpoldo.
uncertainty.
uncertainty.
EcoSpold0..
uncertainty.
uncertainty.
uncertainty.

o x

Data quality -
[CREAR)
[CRTER)
511

Description A

uncertainty..
Long-term..

uncertainty...
uncertainty...

uncertainty.
uncertainty.
Long-term..
uncertainty.
Long-term.
uncertainty.
uncertainty.. ¥
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Opposite di

rection approach

The waste is modeled using a product flow at the input side with a negative amount depending on whether

the approach used was the 2" or 3" version of e

A default provider of waste treatment can be set

coinvent

” Landfill of ferro metals, at landfill site, landfill including leachate treat... |E “-A

Tk

” Landfill of glass/inert waste, at landfill site, landfill including leachate t..,

” Landfill of plastic waste, at landfill site, landfill including landfill gas ut.

|| Landfill of textiles, at landfill site, landfill including landfill gas utilisati... o ||

“ Waste incineration of ferro metals, at plant, average European waste-t... ”» w

” Waste incineration of plastics (PE, PP, PS, PB), at plant, average Europ...

" ‘Waste incineration of plastics (PET, PMMA, PC), at plant, average Euro.

H Waste incineration of plastics (unspecified) fraction in municipal solid...

H Waste incineration of textile fraction in municipal solid waste (MSW), ...

Diesel car, end-of-life (scenario 1)

N Inputs
L

Outputs

Car, diesel-powered, out of service

Dummy, Disposal, solid waste, unspecified, t..
landfill of ferro metals

landfill of glas/inert waste

landfill of plastic waste

landfill of textiles

¥ o 2

waste incineration of ferro metals

waste incineration of plastics (PE, PP, PS, PB)
waste incineration of plastics (PET, PMMA, PC)
waste incineration of plastics (unspecified) fr...
waste incineration of textile fraction in munic...

Car, diesel-powered, disposed

137

Task #8: model the EoL with the two approaches

To model the use phase, create a process called “PET full bottle, transported” and add a transport of 50km

by lorry to the shop.

Create two copies of “Waste incineration of plastics (PET, PMMA, PC), at plant, average European waste-to-
energy plant, without collection, transport and pre-treatment” within the folder of your processes (use
copy/paste). Before doing that, check that the input of the process is 1 kg of plastic.

Rename the two process “Waste incineration of plastics (Material Flow)” and “Waste incineration of plastics

(Opposite Direction)”

Which approach is adopted in this process by default?

138
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Task #8: model the EoL with the two approaches (ll)

Opposite direction approach
Create a process called “PET bottle EoL (OD)” with a new mass reference flow called “PET bottle used”
Add the transported bottle and the treatment process as a negative service in input. Pay attention to the mass
involved!

Material Flow logic
Create a new mass-based waste flow called “PET bottle used, waste”
Add the new flow as an input for “Waste incineration of plastics (Material Flow)”, set this new flow as reference
flow (right click) and remove the previous reference output. Is the mass correct? (Yes, it is. You removed 1kg
from output, adding 1 kg to input)
Create a process called “PET bottle EoL (MF)” with the flow “PET bottle used” as reference flow. Use the correct
amount
Add the transported bottle in input and the treatment process as a positive output. Pay attention to the mass
involved!

Now, check the model graph! Is it different? 139
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Projects: Creation

ef_secondarydata 201908
v eld 3 2 greendelta v2 18
~ B Projects
W Ec " New project
O b @ Validate

Projects are created to compare different product systems

v 8 Prodi & Import..
WPt Export
C LY
& PE
PET bottle used (OD)
PET full bottie
~ M Processes
™/ Water Bottle
W Bottle - End-of-life treatment
™ Dummy processes
B End-of-life treatment
W Energy carriers and technologies
™ Materials production
~ M PET s PC
P PET Transport A
P PET bottle used (MF)
P PET bottle used (OD)
P PET empty bottle, transported
P PET full bottle
P PET full bottle, transported
P PET production of bottle preform, lid and lable
P Production of PET granulates
Waste incineration of plastics (Material Flow) - EU-27
@ Waste incineration of plastics (Opposite Direction) - EU-27
™ Systems
. Transport services
™ Flows

Add new child category

To create a new project, right-click on Projects and select “new”

141

Projects: Creation (ll)

Select the LCIA methodology to perform the comparison

= LCIA Methed

LCIA Method [ cML-1A basetine

Narmalization and weighting set |

[ Impact category Display Label in report Description
= Abiotic depletion s Abiotic depletion
1= Abiotic depletion (fossil fuels) = Abiotic depletion (fossil fuels)
Acidification [+ Acidification
i Eutrophication Eutrophication
I Fresh water aquatic ecotox, Fresh water aquatic ecotox
i= Global wafming (GWP100a) | VGloDai warming {GWPIOOaV- L
Add the product systems to be compared and specify the quantity for each one
~ Compared product systems o x
Name Product system Disp... Allocation method  Flow Amount Unit
MF h PET bottle used (MF) [l As defined in proc.. Fe PET bottle used 0.065 1 kg
oD 5 PET bottle used (OD) ) As defined in proc.. Fs PET bottle used 0.065 ™M kg
PET  PET full bottle, transported =] As defined in proc.. Fe PET full bottle, transported 1.0 M Jtem(s)
< >

142
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Projects: Creation (lIl)

It is possible to specify the values of any parameter used in the product systems

= Parameters

Parameter Context Label in report Description MF OD

If specifies, any contributions of the selected processes in the project setup to the variant results of the
selected LCIA category will be shown

* Process contributions

Process
P PET full bottie

Label in report
PET full bottie

Description

143

Projects: Report

The comparison will be performed clicking on the “Report” button

ili Report

The report sections can be modified before calculation on the dedicated tab at the bottom of the screen

The results will be shown in terms of tables and graphs

Indicator

Abiotic depletion

Abiotic depletion (fossil fuels)
Acidification

Eutrophication

Fresh water aquatic ecotox.
Global warming (GWP100a)
Human toxicity

Marine aquatic ecotoxicity
Ozone layer depletion (ODP)
Photochemical oxidation

Terrestrial ecotoxicity

MF

4.40991e-9

0

1512232

1.03368e-3

4.87685¢-3

3.448470+0

2.79593e-1

3.23604e+2

1.83928e-7

8.473880-4

1.33859e-3

oD

4.40991e-9

0

151223e-2

1.03368e-3

4.87685€-3

3.44847e+0

2.79593¢-1

3.23604e+2

1.83928e-7

8.473880-4

1.33859€-3

PET

4.42033e-9

[

15823902

1.06648e-3

5.03611e-3

3.42001e+0

2.90501e-1

3.99503e+2

1.94477e-7

8.830740-4

1.40919e-3

Unit

kg Sb eq

My

kg SO2eq
kg PO4---eq
kg 1,4-DB eq
kg CO2 eq
kg 1,4-DB eq
kg 1,4-D8 eq
kg CFC-11eq
kg C2H4 eq

kg 1,4-DB eq

S oy
& © © §
N & & $ &
S \\f S & & < C &
N & © & & & & >
< & & = & & S N
¥y & N K <& &
& & o & $ &
5 & o o <
& S N S <
< [ &
L8 [oh] PET
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Task #9: Create a project

Create a project and compare the two product systems modelled using different approaches.

If they are not equal, something is wrong!!

145
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Sensitivity analysis

“systematic procedures for estimating the effects of the choices made regarding methods
and data on the outcome of a study” (ISO 14040)

Are results stable if you change specific aspects?
What happens if you expand your system boundaries?
What happens if you use other allocation methods?
What happens if you change your assumptions?

147

Modeling with parameters

Useful for sensitivity analyses > What impact does one aspect have when | change its
value?

Useful for preliminary data: data can be changed easily at the end of your study
Create different versions of your life cycle by changing the input values
Enter calculation rules instead of concrete values - more flexibility

Available on process, product system, LCIA method, project and database level
Local and global parameters - parameters can overwrite each other!

Parameters can be linked to other parameters (i.e. dependent parameters) - Loops are
not allowed

148
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Process: parameters

£63 opentiCA 150betal

Fle Winsow_Heln
ABABLE
& Navigaton)| =
+ esoinvent 3 2 cuteft
e Parameters
 Product sstems
- 8 Impact assessment methads e P c
= Giobal parameters R
- Processes
- Fiows TP
= Socialindicators
ackground data
= flow preperies

® 5 || P ammarnium bicarbonate praduction | ammenium bicarbonate | cut-off, U - RER

Value Uncertainty Desription

™ Locations
ecoinvent lcia_meihods
elcd 3 1 greendelta v2

openica_iciametads 1 5.4
openlcadstudents ~ Dependent parameters

cpenicadteacher

o A Name Formula Value Desaription

elcel_pet_teacher
o x

T —— - —

(O ters selected

149

Process: parameters

p Parameters: PET production of bottle preform, lid and lable

» Global parameters
o x

~ Input parameters

Value Uncertainty Description

Name
peso_bot 0065 none

© x

~ Inputs

Uncertai.. Avoided .. Provider Data qua.. Descrip.
P Electr
P PETT.

Amount Unit Costs/Re.
1,00000 E M) none
peso_bot ™ kg none

Category
Energy carriers and

Flow
2 Electricity
{ £ PET granulates,
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Process: parameters at Global and Local level

Global parameters can be used by any process

Local parameters are process-specific and overwrites global parameters values.
Try to use different names to avoid confusion

v B PETvsPC
P PET Transport A
P PET bottle used (MF)
P PET bottle used (OD)
P PET empty bottle, transported
P PET full bottle
P PET full bottle, transported

P PET production of bottle preform, lid and lable

P Production of PET granulates

B Waste incineration of plastics (Material Flow) - EU-27
@ Waste incineration of plastics (Opposite Direction) - EU-27

> M Systems
» M Transport services
B Flows
~ @ Indicators and parameters
> ™ Impact assessment methods
B Sodial indicators
~ M Global parameters.
fx Massa_totale
fi Pesa_bottiglia
fi numero_bottiglie

"~ p Parameters: PET production of bottle preform, lid and lable

& Global parameters

Name Value Uncertainty Description
Massa _totale 650 none
numero_bottiglie 10000 none
Peso_bottiglia 0065 none

~ Input parameters
Name Value Uncertainty Description
peso_bot 0065 none

151

Parameter names...

Parameter rules

... must be one word, underscores are allowed.

... cannot contain special characters.

... cannot have more than 255 characters.

Parameter formulas...
... can contain single values, simple equations, or complex

functions including logical expressions.

... do not contain units, so please add them in the comment field.

... cannot have more than 255 characters.

The amount of parameters is, theoretically, not limited.

Use point (.) instead of comma (,) for the decimal numbers.
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Parameters: Hierarchy

L Project el
Product system
h r s
LCIA method Process
r 3 A
Global

+

Hierarchy

e

153

Parameter: checking formulas

For complex formulas you must use a certain format (e.g. Tan (a), trunc(c), etc.). Use the

formula interpreter to find errors.

153 openlCA 1.6.3
File Window Help EPD Editor
Show views >

Developer tools >
Bulk-replace L]

Formula interpreter

o P e n Lca Lic:nccd

& Console =
Formula interpreter

openlLCA Formula Interpreter

type 'help' to display the help message

Select “Formula
Interpreter” in
“Window"” menu

| =

b

olca<< help

evaluate an expression: type in the expression and press enter, e.g. sin(42)
define a variable: type var <variable name> = <expression>, e.g. var a
exit the interpreter: type "exit' or 'quit' and press enter

olca<<

B~~~

= sin(42)
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Product system: Parameters

152 openl CA 15.00etal = B #

File Window' Help —

AR QCEO® a
= 7 B | 4 Barge, technology mix, 1.228 1 pay laad eapacity 5 | =H

Product system: Barge, technology mix, 1.228 t pay load capacity

= ecoinvent 3 petstudy
= ecoinvent lcia_methods

' clcd 3.1 greendelta v2 =Ty
a L® | parmer Uneermainty
Search parameters
Filter | 1. Click here to add
parameters from
* Parameters processes used in
| 4 P Barge, technalogy mix, 1.228 1 pay load capacity - GLO 1 the product system
Jr Auslast |
f: Distanz
4 P Plane, technology mix, carge, 6% 1 payload - GLO
i Auslast
J Distanz
2. Select the
parameters you
want to modify

+ | General information| Parameters Madel graph

155

Product system: Parameters (ll)

2 0penlCA 15.0betal. N ) E=tE X
File Window Help
AEAROEG - = 2
& Navigation = 0 s Barge, technology mix, 1.228 1 pay load capacity ¥ | =d
1 ecoivent_3_2_culait i < :
8 B 5 perti Product system: Barge, technology mix, 1.228 t pay load capacity
11 ecoinvent leia_methods i o x
4 eled 3 1 greendeita v2 Ry
™ Projects

Context Parameter Amount Unge rtainty

4 I Produet systems.
P Barge, technology mix, 12281 . Distanz

& Aluminium sheet, production
& Barge; technology mix, 1228
+ia Beverage carlon converting <
- 88 Impact assessment methods
™ Giobal parameters
© M Processes
- Flows
= Soeial indicators

nanz.

3. Change the values as

desired; the new

I openica lcia_methods 154

9 openicadstudents value will only affect

& openicadteacher

= usda.crop._data 11 the specified process
| » || General information Parameters| Model graph
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157

EcoSpold export ILCD export

EcoSpold 1 * Actors

» Processes * Flow properties
* Flows
* LCIA methods

* Processes

* Impact assessment methods

EcoSpold 2

» Processes » Product systems
= Sources
* Unit groups

158
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Excel export Other export formats
JSON-LD

. Pro.cesses » Everyelement in an openLCA databa

* Quick results SV Matrix

* Analysis results
+ Monte Carlo simulation results

Images
* Product systems: m g
» Diagrams
» Elementary flows
HTML

* Product flows
» LCIA factors

* Project report

» Graph of a product system

openLCA script (.zolca)
* Complete databases

Process export

2 Preferences 3 Export
Select

Selectan export destination:

type filter text

 tar EcoSpold

1. Select “Export” in
File

@ ILCD Network Export
W ILCD Zip-File
4 far openlCA
1 JSON-LD

2. Select format

« (il
0 items selected

160
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Process export (Il)

23 EcoSpold 2 Export = @

Select Processes

Please specify an output directory and select the Processes you want to export

To directory: C\Users\Public

= i 3. Select the directory
3 D- Energy carriers and technologies
4 || Materials production where data will be
- - 1ass ar!d (e{arr-u(s stored
|18 Continuous filament glass fibre (assembled rovings), at plant - RER
M Continuous filament glass fibre (direct rovings), at plant - RER
Continuous filament glass fibre (dry chopped strands), at plant - RER
D Continuous filament glass fibre (wet chopped strands), at plant - RER
+ [ m Inorganic chemicals
o [ |m Metals and semimetals
+ [|m Organic chemicals 4. Select the

+ [ |mm Other mineralic materials
» [ |mm Paper and cardboards processes 10 expor‘t

[ <Back | nea- |[[ Fnsh J[ cancel |
161
Process export (llI)
| L{] ¥ - O X
File Home Share View
- v P > This PC ¥ Desktop > EcoSpold01 ~ Q| | Search EcoSpold01 L
# Qilick scoess el Name - Date modified Type
a Dropbox E process_la7da06d-e8b7-41f1-920c-20%e..  8/4/2016 7:07 PM XML File
[ process_2dbe076f-4a31-4348-a36a-bedf.. 8/4/2016 707 PM XML File
4@ OneDrive B process_6b0dSbef-6e69-4bgc-08e2-31a6...  8/4/2016 T0TPM XML File
P % process_6efc3814-2cf9-4d18-894f-c869c..  8/4/2016 707 PM XML File
. B process 7a78c7a6-c1d3-4000-9c98-1878..  8/4/2016 707 PM XML File
esKio
= : 5 process_7d4cbdee-3d6b-47bi-a406 M E
EcoSpold01 =5 So o L
Lo ol 8 VN N R R i ‘ - - - .
22 items In the selected directory a folder
; with the name of the export
format is created. For instance,
Desktop\ EcoSpold01
162
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Export openLCA database

4¢3 Salect the export file =]
@O’li » Computer b 44| Search Computer P2
Organize > @
o UpEIILOWSUUEIE_ 5 5
v openlcadteacher 17 25 traries 4 Hard Disk Dn\{es @ m
5 BB Projects . New database B i Local Disk €
v BB Products & Restore database & Music W 395 68 free of 14368
> I Alloce - £, Pictures )
] #  Backup database B viceos B
Validate S %7Ga e 01203 GE =
Copy e Computer L Local Disk (E)
& Local Disk (G - — S
Rename o B TS e 07 405 GB
Dilstpdaiabace copy) & Local Disk €9 4 Devices with Removable Starage (1)
L €D Diive )
Close database - . -'l,. D Drive (]
e File niame:  eccinvent_3_2_cutoff =
Export... bametrized) Save as type: [120lcs " =
Repository thout battery) i
7 = Hide Folders Sat mmians

1 Right click on the

database name and select

“Backup database” 2. Select the directory

and name for the
.zolca file

Tips and tricksr
working with openLCA
(1)
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Errors

It is possible to report all errors in a log file automatically

To do so go to file/preferences/logging and check “All”

i€ preferences o [E] =
I type h‘!ter text Logging fw v v
CEOu(I:I . Log-Level:
Configuration @Al
@
Experimental features .
Field Assist S/ omision
Import/Export () Wamnings
Logging (O Errors
Number format [¥| Show log console
q = : [Restore Defauts| | Apply |
[ ok ]| cance |

The log file is rewritten

every time openlLCA is
restarted!

165

openlLCA is available in Arabic, Bulgarian, Catalan, Chinese, English, French, German, Italian, Portuguese,

Spanish and Turkish

Language

Change it under File/Preferences/Configuration.

Once you change the language, restart the program to activate it

123 Preferences

i type filter text \
Cloud
Configuration
Experimental features

> Field Assist

Import/Export
Logging
Number format

€| i ] »

Configuration

L= [@][=]

G Dy v

Language [English

Maximum memory usage in MB 5144

Use browser features

Note: Changes will not take affect until openLCA is restarted

Restore Defaults_] | Apply |

[ oK || coneet |
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Memory usage

Some databases required higher memory usage (e.g., ecoinvent 3) for the calculations

Change it under File/Preferences/Configuration.

143 preferances

|,t¥,|§e filter text
Cloud
Configuration
Experimental features

> Field Assist

Import/Export
Logging
Number format

[= FerE=]
Configuration O v w
Language [Engnsh v]

Maximum memory usage in MB - 6144

Use browser features

Note: Changes will not take affect until openLCA is restarted

Restore Defaults | Apply

[ ok ][ concel

167

openLCA-data directory

The openlCA data folder is automatically created in your user/Documents folder

The directory can be edited in the 'openLCA.ini' file contained in the openLCA folder with a text editor in

the following way:

=-clean

-nl

en

-data
EnoDefaule
=olcaDataDir

-olcaVersion
1.4.0
-vmargs
—Xmx4096eM

-Dorg.openlca.core.updatesite=http://nexus_openlca_org/updatesite

168
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Task #10: Create the PC bottle

Create a new bottle made of PC and compare it with the PET bottle using a new Project

Everything will be the same, except for the raw materials. They will be:

Polycarbonate granulate (PC): 60g
Polyethylene low density granulate (PE-LD): 4g

Polybutadiene granulate (PB): 1g
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