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Introduction

openLCA is the open source software for Life Cycle Assessment (LCA) and Sustainability Assessment, devel-
oped since 2006 by GreenDelta. As open source software, it is freely available, e.g. from the project website
(openlca.org), without license costs.

This text focuses on the 1.8 version of openLCA and explains basic modelling and environmental impact as-
sessment in openLCA. This includes step-by-step instructions for modelling flows, processes, products systems
and projects in order to quantify environmental impacts of product systems and projects. Please note that this
is not a comprehensive LCA, the example with LCA data given is for instructional purposes only.

The example given is based on the ELCD database 3.2 which is available free of charge on the Nexus web
repository.

In order to quantify the environmental impacts of the system modeled, the Impact assessment methods
have to be imported in openLCA. The LCIA methods openLCA LCIA methods vi1.5.7 are available in the Downloads
section in the openLCA website.

Information about how to import the ELCD database and the LCIA methods into openLCA can be found in
the openLCA User Manual available in the Learning and Support section in the openLCA website.

The database bottle tutorial with all elements created within this tutorial can be downloaded here.


https://www.greendelta.com/
http://www.openlca.org/
https://www.greendelta.com/
http://openlca.org/
https://nexus.openlca.org/databases
https://nexus.openlca.org/databases
http://www.openlca.org/download_page#LCIA_methods
http://www.openlca.org/learning/
https://openlca.org/wp-content/uploads/2019/04/bottles_20190405.zolca
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In this text, we will introduce basic modelling steps in openLCA using an example of plastic bottles for packaged
drinking water. We will explore the environmental impact of producing a PET bottle as opposed to a PC bottle.
The life cycle to be modelled is shown in Figure 2.1.

These are the database elements needed for modelling and comparison of product systems in openLCA:

th Projects
——
oeo Product systems

Processes

T U

Flows

PET Bottle Production

sdrinking water

Inputs Outputs

* PET | =Granulates (PET,

= HDPE HDPE, PP)

=pp
Inputs Outputs
= Granulates (PET, = ®Granulates (PET,
HDPE, PP) HDPE, PP),
: *Transportin transported
t'km
Inputs Outputs
*Granulates, (PET, | ® PETBottle, filled
HDPE, PP)
: transported

PCBottle Production

Inputs Outputs
=pC = Granulates (PC,
*LDPE LDPE, PB)

*PB

Inputs Outputs
=*Granulates (PC, [ *Granulates (PC,
LDPE, PB) LDPE, PB),
*Transportin transported
t'km

Inputs ‘ Outputs
=*Granulates (PC, = PC Bottle, filled
LDPE, PB),
transported

=drinking water

_— Project
Product system

__— Product flow

Figure 2.1: Example of a project with two product systems

GgreenpelLra

page 2


https://www.greendelta.com/
http://www.openlca.org/

7\
openLca
g

Flows

Flows are all product, material or energy inputs and outputs of processes in the product system under study. A
flow is defined by the name, flow type, and reference flow property. openLCA distinguishes three flow types:

- elementary flows: material or energy of the environment entering or leaving directly the product system
under study (e.g. crude oil from the ground, or emissions to air)

- product flows: material or energy exchanged between the processes of the product system under study

 waste flows: material or energy leaving the product system

Each flow created has to be defined by a reference flow property such as mass, volume, area, etc. It is also
possible to define several flow properties for the same flow, but only one flow property has to be selected as
reference flow property.

3.1 Create a new flow

+ Create the flows Granulates (PET, HDPE, PP), Granulates (PET, HDPE, PP), transported and PET Bottle, filled
in the folder A Water Bottle

+ Create the flows Granulates (PC, LDPE, PB), Granulates (PC, LDPE, PB), transported and PC Bottle, filled in
the folder A Water Bottle

To create a folder in the element folder Flows, right-click next to the elements folder Flows, select Add new
child category and name it A Water Bottle. To create a new flow, right-click next to the folder A Water Bottle
and select New flow. Name the new flow Granulates (PET, HDPE, PP), select the flow type product, choose the
reference flow property Mass and click Finish.


https://www.greendelta.com/
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=

~ eled 3 2

> I Projects

> M Product systems
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Figure 3.1: Create a new folder
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New flow

Delete

Validate
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> 8 Indicators and parameters
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Background data

Figure 3.2: Create a new flow

L3 O X
New flow F
Creates a new flow
Name Granulates (PET, HDPE,PP) ‘
Description
Flow type Fe Product A4
Reference flow property |42 Mass W

Figure 3.3: Name, flow type and reference flow property of a new flow

The flow Granulates (PET, HD, PP) created should now appear in the folder A Water Bottle in the Navigation

windows as well as in the Editor window.

agreenbelta
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File Database Window Help
(A DB @ H Q -
& Navigation S ¥ = B ||k Granulates (PET, HDPEPP) 52 | = =
~ - eled 3.2 - S ~
» B Projects k. General information: Granulates (PET, HDPE,PP) o)
> BB Product systems
- ~ General information
b Processes
~ [ Flows Name | Granulates (PET, HDPE,PP)
~ B A Water Bottle
Fe Granulates (PET, HDPE,PP) Description
» @ Deposited goods
> I Elementary flows
> [ Emissions
» M Emissions to soil
> I End-of-life treatment Version 00.00.000
> M Energy carriers and technologies uuID | 45618cd5-ec7d-4356-b577-4edasTc50 123
> @ Materials production
> I Production residues in life cycle Last change 2019-03-29T11:39:07+0100
» ™ Systems Infrastructure flow []
> I Transport services
5 B Wastes Flow type Fs Product
> 8 Indicators and parameters B Create process
» # Background data
~ Additional information
CAS number ‘ |
Formula ‘ |
Synonyms ‘ |
Location v
v
< > || General iﬂfurmatiDnJ Flow properties

Figure 3.4: New flow in the Navigation and Editor window

Now create more flows according to the table 3.1.

Table 3.1: Inputs for creating new flows

Flow name Flow type Reference flow property

Granulates (PET, HDPE, PP), transported Product Number of items

PET Bottle, filled Product Mass

Granulates (PC, LDPE, PB) Product Mass

Granulates (PC, LDPE, PB), transported Product Number of items

PC Bottle, filled Product Mass
greenbeLra
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Processes

Processes are sets of interacting activities that transform inputs into outputs. Every process is defined by an
output flow as a quantitative reference with the flow type product flow, which is either selected or created

when creating a project.
openlLCA distinguishes two types of processes':

« Unit Processes: smallest unit analysed for which input and output data are quantified

« System Processes: unit for which input and output data are aggregated

@ System Process A
P Unit P Unit
Process A Process A
P Unit P Unit P Unit P Unit
Process B Process C Process B Process C
Unit process System process

Figure 4.1: Unit and system processes

4.1 Create a new process
« Create the processes PET Granulate Production, PET Transport A and PET Bottle Production of the product
system PET Bottle Production

« Create the processes PC Granulate Production, PC Transport A and PC Bottle Production of the product
system PC Bottle Production

"More information about the difference between system and unit processes can be found here


https://www.greendelta.com/
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To create a folder in the element folder Processes, right-click next to the elements folder Processes, select
Add new child category and name it A Water Bottle. To create a new process, right-click next to the folder A

Water Bottle and select New process.

Name the New process PET Granulate Production, select the quantitative reference Granulates (PET, HDPE,

PP) and click Finish.
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Figure 4.2: Create a new folder
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Figure 4.3: Create a new process

New process

New process

Name

Quantitative reference

X

| PET Granulate Production

D Create a waste treatment process

[ Create a new flow for the process

~ [ A Water Bottle

Fe Granulates (PC, LDPE, PB)
Fe Granulates (PC, LDPE, PB), transported
Fs Granulates (PET, HDPE, PP), transported
Fe Granulates (PET, HDPE,PP)
ks PC Bottle, filled
ke PET Bottle, filled

B8 Deposited goods

B Crd ~f |ifn tramtnannt

Cancel

Figure 4.4: Name and quantitative reference of a new process

The process PET Granulate Production created should now appear in the folder A Water Bottle in the Navi-

agreenbelta


https://www.greendelta.com/
http://www.openlca.org/

7\
orentLca
Basic Modelling in openLCA - PET/PC Bottle Tutorial g

gation windows as well as open up in the Editor Window.

62 gpenlCA 1.8.0 O X
File Database Window Help
LA TG S g law
&: Navigation| % < = 0O || P PET Granulate Production &3 | = g
v & eled 3 2 . - . ~
ey p General information: PET Granulate Production o)
> I8 Projects |
BB Product systems
- ~ General information
~ Processes
v B A Water Bottle Name ‘ PET Granulate Production
P PET Granulate Production
> I Dummy processes Description
» M End-of-life treatment
» @ Energy carriers and technologies
» @ Materials production
» I Systems
8 Training - End-of-life treatment Category B 4 \Water Bottle
tAM Transpattscivices Version 0000000
> I8 Flows
» @ Indicators and parameters uuID ‘ 2c015283-198¢-4afh-2939-b3a2242b8d09
> #i Background data Last change 2019-03-29T12:09:43+0100
Infrastructure process O
% Create product system | | BE Export to Excel
- Time
Startdate  [29.03.2019 B~
End date  [29.03.2019 B
Description
~ Geography )
< > || General information | Inputs/Qutputs Administrative information | Modeling and validation  Parameters Allocation | Social aspects | Impact analysis|

Figure 4.5: New Process in the Navigation and Editor window

The Process Editor window is structured in several tabs at the bottom of each Editor window. In the In-
put/Output tab you can see that the quantitative reference flow Granulates (PET, HDPE , PP) selected appears
as the output flow for the process PET Granulate Production.

Add the input flows in the Inputs section of the Inputs/ Outputs tab as described in table 4.1 by using the the
flow filter: Press the green + button on the top right corner, or double- click in the column Flow of the Inputs
Section.

agreenbelta page 8
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Table 4.1: Inputs for the processes of the product system PET Bottle Production

Process Quantitative reference  Input Flows Amount
PET Granulate Production | Granulates polyethylene terephthalate (PET) | 60 g
(PET, HDPE, PP) granulate
polyethylene high density 48
granulate (PE-HD)
polypropylene granulate (PP) 18
PET Transport A Granulates (PET, Granulates (PET, HDPE, PP) 0.065 kg
HDPE, PP) transported
Transport in txkm 0.065 kgx500km
PET Bottle Filling PET Bottle, filled Granulates (PET, HDPE, PP), 1item
transported
Drinking water 1kg
Lwa X
Flows
Filter
‘polyethylene
~ Content ]

~ I Materials production
~ [ Plastics

Fs polyethylene high density granulate (PE-HD)
Fe polyethylene low density foil(PE-LD)
Fs polyethylene low density granulate (PE-LD)
Fe polyethylene low linear density granulate (PE-LLD)
Fe polyethylene terephthalate (PET) granulate
Fs polyethylene terephthalate (PET) granulate
Fe polyethylene terephthalate fibres (PET)

‘ OK | | Cancel |

Figure 4.6: Adding input flows by using the flow filter

Note! When you search for flows by using the flow filter, only folders containing the keywords you have
entered will be shown in the content section. The flow polyethylene terephthalate (PET) granulate appears
twice because these flows are output flows of different production processes. Select the flow, which has the
provider Polyethylene terephthalate (PET) granulate, production mix, at plant, amorphous - RER. In case of doubt
add both flows and check their provider to select the right process.

It is also possible to use the search function at the top right corner to search any element within the active
database. To search in different types of database elements use the arrow icon next to the search bar.

agreenbelta page 9
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i BB @

= O pad

: |polyethylene Q -

> B Flows
Indicators and parameters
Background data

v

Search resultsl

Materials production/Plastics

Fe polyethylene low density granulate (PE-LD)

Materials production/Plastics

[P] Polyethylene low density granulate (PE-LD), production mix, at plant - RER

Materials production/Plastics

Fs polyethylene low linear density granulate (PE-LLD)

Materials production/Plastics

@ polyethylene low linear density granulate (PE-LLD), production mix, at plant - RER

Materials production/Plastics
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& Navigation S ¥ = B || search results 5 | Q  Search all types
v o oeled 3.2 I Search in projects
S Pl‘oj‘ms Search results: polyethylene (15 Results) 'ﬂ_ S Emjdm e
> BB Product systems i® Search in LCIA methods
~ [ Processes Filter ‘ P Search in processes
~ I A Water Bottle F  Searchin flows
P PET Granulate Production . =% Search in social indicators
5 DR OGS Fs polyethylene high density granulate (PE-HD) I Search in parameters
. B End-of-life treatment Materials production/Plastics & Search ?n ﬂo_w properties
> M Energy carriers and technologies i . = Search !n i grcjups
» B8 Materials production B Polyethylene high density granulate (PE-HD), production mix, at plant - RER 5:‘ Search inaitienges
» M Systems Materials production/Plastics = Search in actors
o . [ Search in sources
» @ Training - End-of-life treatment 0 s i T oeats
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Figure 4.7: Search function

It is also possible to search the flows in the Navigator window and add them as inputs for the process by

using drag and drop.

agreenbelta
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| wa openlCA 1.80 = [m} X
File Database Window Help

SN [ la «
& Navigation %, ¥ = 0O || P *PET Granulate Production &2 =0

I Processes
~ I8 Flows
B8 A Water Bottle

p Inputs/Outputs: PET Granulate Production

5 - X
B Deposited goods L °
L
Elefntﬂjnlary o Flow Category Amount Unit
B Emissions . " o
Fs polyethylene terephthalate (PET) granulate Materials production/Plastics 1.00000 1 kg

B8 Emissions to soil
B End-of-life treatment e = -
B8 Energy carriers and technologies : : %E!
B8 Materials production
B8 Glass and ceramics
8 Inorganic chemicals
B Metals and semimetals
8 Organic chemicals
B8 Other materials
B Other mineral materials - Qutputs o x
> M Paper and cardboards
~ B Plastics Flow Category Amount Unit
2 acrylonitrile-butadiene-styrene granulate (ABS) F.: Granulates (PET, HDPE,PP) A Water Bottle 1.00000 ™ kg
¢ high impact polystyrene granulate (HIPS)
= nylon 6 glas filled (PA 6 GF)
nylon 6 granulate (PA 6)
2 nylon 66 GF 30 compound (PA 66 GF 30)
i nylon 66 granulate (PA 66)
e palyacrylonitrile fibres (PAN)
i+ polyamide 6.6 fibres (PA 6.6)
e polybutadiene granulate (PB) < >
"+ polycarbonate granulate (PC)
F2 polyethylene high density granulate (PE-HD) wll< >

3

< >

momomom
DR

. m o omomom

< > General information  Inputs/Outputs Administrative inf.. Modeling and vali.. |Parameters| Allocation Social aspects| Impact analysis

i Fz 1 item selected

Figure 4.8: Adding input flows from the Navigation window by using drag and drop

Once you have found the flows you can adjust the amounts needed for each input and output flow accord-
ing to table 4.1. Double-click in the column Provider to connect the input flows with their respective upstream
supply chain and save your changes.

Note! Number format: Use point instead of comma

| P *PET Granulate Production |

p Inputs/Outputs: PET Granulate Production

~ Inputs
Flow Category Amount  Unit Uncertainty Provider
F= palyethylene terephthalate (PET) granulate ~ Materials production/Plastics 0.06000 = kg none P Polyethylene terephthalate (PET) granulate, production mix, at plant, amorphous - RER
Fe palyethylene high density granulate (PE-HD) Materials production/Plastics 0.00400 ™ kg none P Polyethylene high density granulate (PE-HD), production mix, at plant - RER
Fs palypropylene granulate (PP) Materials production/Plastics 0.00100 ™ kg none P Polypropylene granulate (PP), production mix, at plant - RER
<
~ Outputs
Flow Category Amount Unit Costs/Revenues Uncertainty  Avoided product Provider Data quality entry
F= Granulates (PET, HDPE,PP) A Water Bottle 0.06500 ™ kg none

Figure 4.9: Inputs/Outputs tab of the process editor for the process PET Granulate Production

Note! Unsaved Changes in the Editor are indicated with an *. Save your changes by clicking the Save button
under the Main Menu or use command Ctrl +S.

Now create a second process PET Transport A with the quantitative reference Granulates (PET, HDPE, PP),
transported. To connect the first process with the second process of the production chain, the output flow
Granulates (PET, HDPE, PP) of the first process (PET Granulate Production) must be used as an input flow of
the second process (PET Transport A). Add the respective amounts for each flow (table 4.1). Adjust the amounts

agreenbelta page 11
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required for each input and output flow according to table 4.1and define the provider. Select the provider Lorry
transport, Euro o, 1, 2, 3, 4 mix, 22 t total weight, 17,3t max payload - RER for the input flow transport in t*km.

p Inputs/Outputs: PET Transport A

~ Inputs
Flow Category Amount Unit Uncertainty  Provider
Fz Granulates (PET, HDPE,PP) A Water Bottle 0.06500 = kg none P PET Granulate Production
Fstransport in t*km Transport services/Other transport 0.065*300 ™ kg*km none P Lorry transport, Euro 0, 1, 2, 3, 4 mix, 22 t total weight, 17,3t max payload - RER
<

~ Qutputs
Flow Category Amount Unit Costs/Revenues Uncertainty Avoided product 1 Data quality entry Description
F= Granulates (PET, HDPE, PP), transported A Water Bottle 1.00000 ™ Item(s) none

Figure 4.10: Inputs/Outputs tab of the process editor for the process PET Transport A

Create the third process PET Bottle Filling according to table 4.1.

p Inputs/Outputs: PET Bottle Filling

~ Inputs
Flow Category Amount Unit Uncertainty Provider
Fs Granulates (PET, HDPE, PP), transported A Water Bottle 1.00000 = Item(s) none P PET Transport A
Fe drinking water Materials production/Water ~ 1.00000 ™ kg none P Drinking water, production mix, at plant, water purification treatment, from groundwater - RER
<

~ Outputs
Flow Category Amount  Unit Costs/Revenues Uncertainty Avoided product  Provider Data guality entry  Description
Fz PET Bottle, filled A Water Bottle 1.06500 ™ kg none

Figure 4.11: Inputs/Outputs tab of the process editor for the process PET Bottle Filling

When you have finished creating all processes of the product system PET Bottle Production, you create the
processes of the product system PC Bottle Production according to table 4.2.

agreenbelta
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Table 4.2: Inputs for the processes of the product system PC Bottle Production

Process Quantitative Reference Input Flows Amount

PC Granulate Production Granulates polycarbonate granulate (PC) | 6o g
(PC, LDPE, PB)

polyethylene low density 48
granulate (PE- LD)

polybutadiene granulate (PB) | 1g

PC Transport A Granulates (PC, LDPE, PB), | Granulates (PC, LDPE, PB) 0.065 kg
transported
Transportin txkm 0.065 kgx500km
PC Bottle Filling PC Bottle, filled Granulates (PC, LDPE, PB), 1item
transported
Drinking water 1kg

p Inputs/Outputs: PC Granulate Production

~ Inputs
Flow Category Amount Unit Uncertainty Provider
Fs palycarbonate granulate (PC) Materials production/Plastics 0.06000 ™ kg none P Polycarbonate granulate (PC), production mix, at plant - RER
F: polyethylene low density granulate (PE-LD) Materials production/Plastics 0.00400 = kg nane P Polyethylene low density granulate (PE-LD), production mix, at plant - RER
Fs polybutadiene granulate (PB) Materials production/Plastics 0.00100 ™ kg none P Polybutadiene granulate (PB), production mix, at plant - RER
<
- Outputs
Flow Category Amount Unit Costs/Revenues Uncertainty Avoided product  Provider Data guality entry
Fs Granulates (PC, LDPE, PB) A Water Bottle 0.06500 ™ kg none

Figure 4.12: Inputs/Outputs tab of the process editor for the process PC Granulate Production

P Inputs/Outputs: PC Transport A

~ Inputs
Flow Category Amount Unit Uncertainty Provider
Fs Granulates (PC, LDPE, PB) A Water Bottle 0.06500 ™ kg none P PC Granulate Production
Fetransport in t*km Transport services/Other transport 0.065*500 ™ kg*km none P Lorry transport, Euro 0, 1, 2, 3, 4 mix, 22 t total weight, 17,3t max payload - RER
<
~ Qutputs
Flow Category Amount Unit Costs/Revenues Uncertainty Avoided product  Provider Data quality entry
Fs Granulates (PC, LDPE, PB), transported A Water Bottle 1.00000 ™ Item(s) none
Figure 4.13: Inputs/Outputs tab of the process editor for the process PC Transport A
agreenbelta
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p Inputs/Outputs: PC Bottle Filling
~ Inputs

Flow Category Amount Unit Uncertainty Provider
Fs Granulates (PC, LDPE, PB), transported A Water Bottle 1.00000 = Item(s) none P PC Transport A
Fs drinking water Materials production/Water 1.00000 =™ kg none P Drinking water, production mix, at plant, water purification treatment, from groundwater - RER
<

~ Qutputs
Flow Category Amount Unit Costs/Revenues  Uncertainty Avoided product  Provider Data quality entry  Descriptio
Fs PC Bottle, filled A Water Bottle 1.06500 ™ kg none

Figure 4.14: Inputs/Outputs tab of the process editor for the process PC Bottle Filling
agreenbelta
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Product systems

A product system contains all processes under study. The product system can consist of one process only or a
network of multiple processes and is defined by the reference process.

In openLCA the impacts can be calculate for a product system. The reference process of the product system
is used to calculate the impacts for all connected upstream processes of the product system.

In openLCA product systems can be created automatically or manually. For illustrative purposes, we will
exemplary create a product system with automatic linking of processes and one with manual linking. However,
if the ELCD or GaBi database is used, the product systems should always be created manually.

5.1 Create a product system

« Create the product system PET Bottle Production with automatic linking of processes

« Create the product system PC Bottle Production with manual linking of processes

When you have finished creating all processes of the the production chain you can create the product sys-
tem on the basis of the last process as the reference process of the product system.

Gotothe General information tab of the PET Bottle Filling process editor and press the button Create product
system or use Create product system icon in the main menu.

122 openlCA 1.8.0 = m} x

File Database Window Help
= Navigation & ¥ = O || P PET Bottle Filling 33 | =
~ eled_3 2

B Projects

B8 Product systems

> | O] 4

p General information: PET Bottle Filling el

~ General information
~ B Processes

~ B8 A Water Bottle

P PC Bottle Filling
P PC Granulate Production Description
P PC Transport A
P PET Bottle Filling
P PET Granulate Production
P PET Transport A

8 Dummy processes Category B 4 water Bottle

B8 End-of-life treatment

Name | PET Botle Filling

Version 00.00.001
8 Energy carriers and technologies
B Materials production uuiD | 553ec4bc-328f-45b3-bBde-1ec243f22f7b
= Systems Last change 2019-03-29T12:29:49+0100
» M Training - End-of-life treatment
B Transport services Infrastructure process [
™ Flows i Create product system || & Export to Excel
M Indicators and parameters
i Background data s Tine
Startdate  |29.03.2019 B~
End date  [29.03.2019 B
Description
~
< > || General information | Inputs/Outputs| Administrative information| Modeling and validation | Parameters | Allocation | Social aspects| Impact analysis

Figure 5.1: Create a product system in the process editor
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Name the product system PET Bottle Production, select PET Bottle Filling as the reference process, select
Auto-link processes, for provider linking' select Prefer default providers, as preferred process type select System
process and click Finish. In this way, all connections between the processes are established.

ca ] X
New product system °
P Y- lmm
Creates a new product system e0e
Name ‘ PET Bottle Production ‘
Reference process ‘ ‘
P PC Transport A ~
P PET Bottle Filling
P PET Granulate Production
P PET Transport A v

[7] Auto-link processes
[ Check multi-provider links (experimental)
Provider linking
O Ignore default providers
@ Prefer default providers
O Only link default providers
Preferred process type
O unit process
® System process
[ cut-off

Figure 5.2: Create the product system PET Bottle Production

The product system PET Bottle Production will open up in the Editor window with the General information
tab. Go to the Model graph tab to see the product system created.

If Auto-link processes is selected, the upstream processes for input flow will automatically be taken into
account indicated by a + in the top left corner of each process. Double click on the processes to maximise the
view and see the input and output product flows, click on the + button to expand the view and see the providers
for the input flows of the unit processes you have modelled.

"More information about provider linking can be found here
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122 openlCA 1.8.0 = O X
File Database Window Help
EE T ) g a~
1= Navigation‘ “3‘,\ =8 | 5 PET Bottle Production & | = 8
~ eled 3 2
= prjects ] pertamsona =),

~ B Product systems
= PET Bottle Production
B Processes
8 Flows
> @ Indicators and parameters
» i Background data

|| Drinking water, pro... HA 2 PET Bottle Filiing

< > || General infurmation?Parameters:Model g{aph;

Figure 5.3: Model graph of the product system PET Bottle Production

System process Unit process
Y p p

|| Polyethylene high density granulate (PE-HD), preduction mix, at plant [RER] | = PET Granulate Production
Inputs | Outputs
" Polyethylene terephthalate (PET) granulate, production mix, at plant, amorphous [RER] "—l polyethylene high density granulate (PE-HD} Granulates (PET, HDPE, PP}

polyethylene terephthalate (PET) granulate

olypropylene granulate (PP
|| Polypropylene granulate (PP), production mix, at plant [RER] l—‘ PelvereRy J n
e PET Transport A
" Lorry transport, Euro 0, 1, 2, 3, 4 mix, 22 t total weight, 17,3t max payload [RER] | Inputs | Qutputs
Y Granulates (PET, HDPE, PP) Granulates (PET, HDPE,PP), transported
transport in t*km

a PET Bottle Filling
” Drinking water, production mix, at plant, water purification treatment, from groundwa... “—' Inputs | Outputs
drinking water PET Bottle, filled
* Granulates (PET, HDPE,PP), transported

Figure 5.4: System and unit processes of the product system PET Bottle Production

Note! System processes in the model graph are framed with a double line, unit processes are framed with
one line. Only product flows are shown as inputs and outputs for each process in the model graph, elementary
flows are not shown.

To quantify the environmental impacts of the product system created, see section 7.1.

Create the second product system PC Bottle Production with the reference process PC Bottle Filling, but
do not select Auto-link processes. The input flows of the process PC Bottle Filling are not connected to their
respective providers and thus, the + at the top left of the process in the model graph is missing. To connect the
input flows with their respective providers manually, select the process PC Bottle Filling by clicking on it, then
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right-click and select Search providers for. Click Add and Connect in the Select Provider window. Search, add

and connect the providers for all input flows of each unit process created.

Q3 ]
New product system -

p ys —t
Creates a new product system eee
Name ‘ PC Bottle Production |
Reference process ‘ |

~ I A Water Bottle ~
P PC Bottle Filling
P PC Granulate Production v

[ Auto-link processes

Provider linking

Preferred process type
Unit process
System process

Cut-off

Check multi-provider links (experimental)

Ignore default providers
Prefer default providers

Only link default providers

Figure 5.5: Create the product system PC Bottle Production

123 openlCA 1.80
File Database Window Help
(n B8 Q@ EEC

& Navigation| “'-j{ ¥ =0
v eled 3 2
B Projects

~ @ Product systems
= PC Bottle Production
PET Bottle Production
~ B Processes
~ I A Water Bottle
PC Bottle Filling
PC Granulate Production
PC Transport A
PET Bottle Filling
PET Granulate Production
PET Transport A
BB Dummy processes
» I End-of-life treatment
B8 Energy carriers and technologies
» I Materials production
> I Systems
> M Training - End-of-life treatment
@ Transport services
= Flows
Indicators and parameters
ackground data

T YO UoUo

o

|| PC Bottle Production &2 |

PC Bottle Filling ~ *
— | Undo
™ Redo

Delete

Build supply chain
Remove supply chain
Remove connections

B g

Search providers for
Search recipients for

B Save asimage
Open in editor
Mark.

Unmark

Expand all
Collapse all
Maximize all
Minimize all
Layout

Show outline
Open miniature view

A5 s omm

v

“drinking water
Granulates (PC, LDPE, PB), transported

~

General information fParametersfModel graph|

Figure 5.6: Model graph of the product system PC Bottle Production
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MName
PC Transport A

Add

Connect

= o

Already present Already connected  |s default provider

Cancel

Figure 5.7: Select providers of the product system PC Bottle Production

Polybutadiene granulate (PB), production mix, at plant [RER]

Polycarbonate granulate (PC), productien mix, at plant [RER]

Polyethylene low density granulate (PE-LD), production mix, at plant [RER]

Lorry transpert, Eure 0, 1, 2, 3, 4 mix, 22 t total weight, 17,3t max payload [RER]

| L PC Granulate Production
Inputs | Qutputs
| polybutadiene granulate (PE)} Granulates (PC, LDPE,PB)
polycarbonate granulate (PC)
polyethylene low density granulate (PE-LD}
H
a8 PC Transport A
Inputs | Outputs
| Granulates (PC, LDPE,PB) Granulates (PC, LDPE,PB), transported
transport in t*km

PC Bottle Filling

" Drinking water, production mix, at plant, water purification treatment, from groundwater [RER]

Inputs

| Outputs

drinking water
Granulates (PC, LDPE,PB), transported

‘ PC Bottle, filled

Figure 5.8: System and unit processes of the product system PC Bottle Production

Note! openLCA offers multiple ways to link providers. To find out if and how you should link the providers,
click on Check linking properties in the menu item Database and you will see arecommendation for the database
you are currently using. In this case the ELCD database is used, which has processes without default providers
as well as product flows with multiple providers. In Figure 5.9 it can be seen that the options Ignore default
providers and Prefer default providers are ambiguous and the option Only default providers is incomplete. So
none of the the provider linking options are recommended. Therefore the check mark Auto-link processes
should not be activated when creating a product system and all providers should be set manually, as other-
wise links that are not intended could also be set.
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Linking properties

~ General database properties

#There are processes in the database without default providers for product inputs and/or waste outputs (see table below).

#There are product and/or waste flows in the database that have multiple providers (see table below).

Product flows Ingnore Prefer default Only default
with multiple default providers providers
providers providers
without default
providers No
No Yes
No
Figure 5.9: Linking properties
5.2 Cut-off

The use of cut-off? reduces the required memory of openLCA and the calculation time. Unfortunately, this goes
along with a loss of detail in the results.

« Build the product system PET Bottle Production (cut-off) with a cut-off 1E-1

Create a new product system and name it PET Bottle Production (cut-off), select the reference process PET
Bottle Filling, activate Cut-off and enter the value 1e-o01.

2More information about cut-off can be found here
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New product system

Creates a new product system

Name ‘ PET Bottle Production (cut-off)

Reference process ‘

P PC Transport A
P PET Bottle Filling
P_PET Granulate Production

[ Auto-link processes

Provider linking
0] Ignore default providers
@ prefer default providers
@] Only link default providers
Preferred process type
O unit process

@ System process

Cut-off

D Check multi-provider links (experimental)

O X
L ]
—
L L X ]
|
|
~
v
Cancel

Figure 5.10: Create the product system PET Bottle Production (cut-off)
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Now open the model graph of the resulting product system and compare it with the product system PET
Bottle Production. It can be seen that PET Bottle Production (cut-off) has fewer upstream chains then PET Bottle

Production.

& PET Bottle Production &2 I

4 PET Bottle Production (cut-off) &2 I

Polyethylene tereph..

Polyethylene high d..3 |

Polypropylene gran...

2 PET Granulate Prod...

2 PET Transport A
Lorry transport, Eur...

8 PET Bottle Filling
Drinking water, pro..

PET Transport A

H Drinking water, pro... = PET Bottle Filling

General information ‘Parametets IMndeI graphJ

General infcrmatinn|Parameters{Model graphJ

Figure 5.11: Model graph of the PET Bottle Production and the PET Bottle Production (cut-off)
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In openLCA, projects can be used to compare the impacts of different product systems.

6.1 Create a project

« Create the project Water Bottle - PET vs PC Production

To create a new project, right-click the elements folder Projects and select New Project and name it A Water

Bottle - PET vs PC Production.

L£2 openlCA 1.80
File Database Window Help

]
& Navigation § v =0
~ eled 3.2

8 Projects o Nl

= Product @ Validate

B Processe

B Flows * Import.

# Indicato * Export..

i Backgro © Add new child category

Figure 6.1: Create a new project

Lca O b4

New project
ih

Creates a new project

Name A Water Bottle - PET vs PC Production

Description

Figure 6.2: Name of a new project

The Project Editor will open up with the Project setup tab. To compare the environmental impacts of the
product systems PET Bottle Production and PC Bottle Production, see section 7.2.

agreenbelta

page 22


https://www.greendelta.com/
http://www.openlca.org/

7\
orentLca
Basic Modelling in openLCA - PET/PC Bottle Tutorial g

Impact Assessment

To quantify the environmental impacts of the product system analysed, the Impact Assessment methods have
tobeimportedin openLCA. Acomprehensive package of environmental impact methods for use with all databases
available in the Nexus web repository is provided free of charge by GreenDelta and can be downloaded from
the openLCA website.

7.1 Calculate a product system

« Calculate the environmental impacts of the product system PET Bottle Production using calculation type
Analysis

To calculate the environmental impacts of the product system analysed, go to the General information tab
of the PET Bottle Production product system editor and press the button Calculate or use the calculate icon in
the main menu. Select the Impact Assessment method CML (baseline) and the calculation type Analysis.

3 openlCA 1.8.0 = O x
File Database Window Help

w888 =] - i =
1 Navigation| ‘5@ ¥ = B || & PET Bottle Production & g
- eled 3.2
> [ Projects
~ 8 Product systems.
& PC Botile Production

& General information: PET Bottle Production o

~ General information

esIRETRe e Froductn Name | PET Bottle Production
B Processes
> B8 Flows Description | First created; 2019-03-29T14:50:27

> @ Indicators and parameters Linking approach during creation: Prefer default providers; Preferred process type: System process

> #i Background data

Version 00.00.002

uuID Odab5a4df-7113-4f82-a455-7d8b 75527 1a

Last change 2019-03-29T15:08:32+0100

~ Reference
Process P PET Bottie Filling
Product Fs PET Bottle, filled v
Flow property | 5B Mass w
Unit kg v
Target amount | 1.065 ©
< > || General mformation_i Parameters| Model graph

Figure 7.1: Calculate a product system
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L£4 Calculation properties

Calculation properties

Please select the properties for the calculation

Allocation method MNone

Impact assessment method i® CML (baseline) [v4.4, January 2015]

MNormalization and weighting set

Calculation type (O Quick results @ Analysis (O Regionalized LCIA

(O Monte Carlo Simulation

v

~

[TInclude cost calculation

[] Assess data quality

< Back

Cancel

Figure 7.2: Calculation properties

124 openlCA 1.80
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‘ADBQE

~ B Product systems
& PC Bottle Production
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> I Processes
> I Flows
> # Indicators and parameters
ackground data
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~ Top 5 contributions to impact category results - overview

Impact category &= Climate change - GWP100
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TAE-2
4.8E-2

24E-2
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<

== 2.062E-6 kg: Palyethylene terephthalate (Pl
=== 6.202E-7 ko: Larry transport, Euro 0, 1, 2, 3,

4.382E-7 kg: Container glass (delivered to
=== 1.322E-7 kg: Palyethylene high density gra|
=== 6.336E-8 kg: Drinking water, production m

= 3.814E-8 kg: Other

"= 10.095 kg CO2 eq. Polyethylene terephthala
= 7.781E-3 kg CO2 eq.: Polyethylene high dei
2.143E-3 kg CO2 eq: Lorry transport, Euro
=== 1.977E-3 kg CO2 eq.: Polypropylene granul
=== 1.243E-3 kg CO2 eq.: Container glass (deliy

=== 5768E-4 kg CO2 eq.: Other

' ,—‘ & o

I Navigation G ¥ = 0O | & Analysis result of PET Bottle Production 5 =]

~ eled 3 2 A
> 8 Projects ~ Top 5 contributions to flow results - overview

General mformationl Inventory results| Impact analysis‘ Process lesults| Contribution tree‘ Grouping‘ Locations‘ Sankey diagram | LCIA Checks

Figure 7.3: Direct contribution for each flow and each impact category

In the General information tab of the Analysis Result window, you can see an overview of the five processes
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with highest impacts to each flow and each impact category. Direct contributions result from the process
analysed only without the pre-chain emissions, in contrast to upstream contributions, which is the sum of
direct and upstream contributions. The process Polyethylene terephthalate (PET granulate, production mix, at
plant, amorphous - RER) has the highest direct contribution to the impact category climate change.

The absolute contribution to impact category results can also be found in the Impact analysis tab.

4 openlCA 1.8.0 =] O X
File Database Window Help
ABB @iE a v
% Navigation 5 7 = 0O ||Z Analysis result of PET Bottle Production 5 = d
sEoalig £ PET Bottle Production
> [ Projects
~ 8 Product systems.
& PC Botile Production il S
& PET Bottle Production [o—
W Processes Subgroup by processes Cut-off | 1 =k
B Flows
> @ Indicators and parameters Name Category Impact result Unit
> #i Background data - Depletion of abiotic resources - fossil fuels 243349 M)
- Depletion of abiotic resources - elements, ultimate reserves 7.35649E-9 kg antimony eq.
£= Terrestrial ecotoxicity - TETP inf 0.00034 kg 14-dichlorobenzene ¢
= Acidification potential - average Europe 0.00051 kg SO2 eq.
~ i Climate change - GWP100 0.10831 kg CO2 eq
P Polyethylene terephthalate (PET) granulate, production mix, al Materials production / Plastics ™ 0.09458 kg CO2 eq.
P Polyethylene high density granulate (PE-HD), production mix, Materials production / Plastics ' 0.00778 kg CO2eq.
P Lorry transport, Euro 0, 1, 2, 3, 4 mix, 22 t total weight, 17,3t m Transport services / Road 0.00214 kg CO2 eq.
P Polypropylene granulate (PP), production mix, at plant - RER  Materials production / Plastics 0.00198 kg CO2 eq.
P Container glass (delivered to the end user of the contained pr Systems 0.00124 kg CO2 eq.
- Eutrophication - generic 3.51870E-5 kg PO4--- eq.
= Photochemical oxidation - high Nox 3.25423E-5 kg ethylene eq.
i= Ozone layer depletion - ODP steady state 9.34350E-11 kg CFC-11 eq.
i~ Human toxicity - HTP inf 0.01139 kg 1,4-dichlorobenzene ¢
i= Freshwater aquatic ecotoxicity - FAETP inf 0.00081 kg 1.4-dichlorobenzene ¢
i= Marine aquatic ecotoxicity - MAETP inf 8.07442 kg 14-dichlorobenzene ¢
< >
< > || General information | Inventory resultsjlmpact analysis'Process results Contribution tree  Grouping Locations|Sankey diagram LCIA Checks

Figure 7.4: Impact analysis

7.2 Calculate a project

« Compare the environmental impacts of the product systems PET Bottle Production and PC Bottle Produc-
tion

To calculate the environmental impacts of a project, go to the Project setup tab of the A Water Bottle -
PET vs PC Production project editor and enter the information required. Select the LCIA method CML (baseline)
and choose the impact categories Climate change -GWP 100 and Human toxicity - HTP inf in the LCIA methods
section of the Project setup tab. Enter the product systems PC Bottle Production and PET Bottle Production by
double clicking in the product system column of the compared product system section and rename them PC
and PET respectively. Once you have finished the project setup, save the changes and press the button Report
or use the calculate icon in the main menu.
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Version 00.00.001
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Figure 7.5: Project setup
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Figure 7.6: Relative results of the compared product system for the selected impact categories
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Parameters

In openLCA, parameters can be used on the process, Impact assessment method, product system, project and
database level. Parameters can be used instead of concrete values for inputs/outputs. Modeling with parame-
ters is useful for sensitivity analyses, i.e. if you want to investigate the effects of an aspect, or if data has to be
changed later in the process. Using parameters to enter calculation rules instead of concrete values also gives
you more flexibility.

Global parameters are valid on all levels. Local parameters are parameters that are only valid for the process
in which they are saved. In openLCA, all created parameters can be viewed under Window - Parameters.

8.1 Global parameter

« Create a global parameter PET_granulate and assign it the value 0.065

To create a global parameter, right-click the folder Global parameters in the folder Indicators and parameters
and select New parameter. Name it PET_granulate, choose the type Input parameter, assign the value 0.065
and click Finish.

L23 openlCA 1.8.0 wa O ®
File Database Window Help
‘ADQBEQ New parameter f
= Navigation % ¥~ B Creates a new parameter X
v o oeled 3.2

B Projects N

M Product systems ame PET_granulate |

M Processes Description

B Flows

~ W Indicators and parameters
W Impact assessment methods

Social indicators
™ Global parameters . Type

M Data quality syster é \l‘:j\iﬂ;:‘;rameter ® Input parameter O Dependent parameter
i Background data - [ e ‘ 0.065
*  Export..
© Add new child category Cancel
Figure 8.1: Create a new global parameter Figure 8.2: Name and amount of a new parameter

Replace the PET values in the entire value chain of your PET bottle production with the parameter, i.e.
change the amount of the flow Granulates (PET, HDPE, PP) in the process PET Granulate Production to PET_granulate.
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P PET Bottle Filling
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P PET Transport A
@ Dummy processes
» @ End-of-life treatment
- B Energy carriers and technologies|
» I Materials production
> I Systems
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> B Flows
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v PET_granulate
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-
o

p Inputs/Outputs: PET Granulate Production
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F: polyethylene high density granulate (P.. Materials production/Plastics 0.00400 =™ kg none
F: polyethylene terephthalate (PET) gran.. Materials production/Plastics 0.06000 ™ kg none
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Outputs

|<
b3 ‘ General infnrmaticn:Inputs,fOutputslAdministrative infcrmation!Mndeling and validatinn1Parameters!Allocaticn!Sccial aspects| Impact analysis|

Figure 8.3: Inputs/Outputs tab of the process PET Granulate Production

8.2 Local parameter

+ Create a local parameter distance_A and assign it the value 500

Open the Parameters tab of the process PET Transport A and click into the Input parameters area. Click
Create new, name the parameter distance_A and assign it the value 500. Next open the Inputs/Outputs tab of
the process PET Transport A and replace the distance with the new parameter. Click on the 1.23 symbol in the
upper right corner to change the formula view.
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Figure 8.4: Create a new local parameter

p Parameters: PET Transport A ]
~ Global parameters (e}
Name Value Uncertainty Description
PET_granulate 0.065 none
~ Input parameters O x
Name Value Uncertainty Description
distance_A 500.0 none

Figure 8.5: Parameters tab

p Inputs/Outputs: PET Transport A e
~ Inputs © ‘
Flow Category Amount Unit Costs/Revenu.. Uncertainty Avoided waste Provider Data quality .. Descrif
Fe Granulates (PET, HDPE,PP) A Water Bottle PET_granulate ™ kg none P PET Granu...
Fetransport in t*km Transport services/Other tra... PET_granulate*distance_A ™ kg*km none P Lorry trans...

Figure 8.6: Inputs/Outputs tab of the process PET Transport A

Toinvestigate how different values for the parameter influence the results of the product system, create a
new project PET Parameter comparison. Add the product system PET Bottle Production twice and name them

agreenbelta page 29


https://www.greendelta.com/
http://www.openlca.org/

Basic Modelling in openLCA - PET/PC Bottle Tutorial

7\
openLca
) g

short distance and long distance. Double-click into the Parameters area or use the + symbol to add the parame-
ter distance_A.Next, assign the value 50 to the parameter in the column short distance and 5000 in the column

long distance. To calculate the results choose a LCIA method and click Report.

2
Search parameters

Filter

~ Parameters

J+ PET_granulate

~ P PET Transport A
J distance_A

> i® CML (baseline) [v4.4, January 2015]

Cancel

Figure 8.7: Add parameters to a project

22 openlCA 1.80 £ O X
File Database Window Help
(fEBRIC i Q -
% Navigation| 5 v Wi PET Parameter comparison 2 | = 0
> eled 3 2 ~
~ B Projects - Compared product systems
i PET Parameter comparison
» B Product systems Name Product system Display Allocation method  Flow Amount Unit
5 B Processes short distance = PET Bottle Production [ None F= PET Bottle, filled  1.065 ™ kg
s M Flows long distance 5 PET Bottle Production [ None Fe PET Bottle, filled 1.065 = kg
> @ Indicators and parameters
» i Background data
~ Parameters
Parameter Context Label in report Description shart distance long distance
P distance_A PET Transport A distance_A 500 5000.0
~ Process contributions
Process Label in report Description
v
< >
< Project setup]REport sections}
i
Figure 8.8: Project PET Parameter comparison
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End-of-Life Modelling

End-of-Life can be modelled following the natural direction of the material flow by using waste flows. This
procedure is called Material Flow Logic. But not all databases support waste flows, e.g. ecoinvent. In this case
the Opposite Direction Approach, which is following the opposite direction of the material flow, can be used.

In openLCA both ways of modelling waste are possible.

9.1 Material Flow Logic

In the Material Flow Logic the waste treatment process (Waste incineration of plastics) is modelled using a
waste flow in the input table with a positive value. The waste generation process (PET Bottle Usage) is modeled

using a waste flow in the output table with a positive value.

« Createthe process PET Bottle Usage (Material Flow Logic) with the waste flow waste incineration of plastics
(PET, PMMA, PC) as an output

In this tutorial the processes Waste incineration of plastics (Material Flow Logic) and Waste incineration of
plastics (Opposite Direction Approach), which you can find in the process folder Bottle - End-of-life treatment of
the provided bottle tutorial database, are used.

w bottle_tutorial
B Projects
B Product systems
~ [ Processes
B A Water Bottle

~ B Bottle - End-of-life treatment
[@ Waste incineration of plastics (Material Flow Logic)
[@ Waste incineration of plastics (Opposite Direction Approach)

Figure 9.1: End-of-Life treatment processes used in the Bottle Tutorial

Open the process Waste incineration of plastics (Material Flow Logic). The quantitative reference of the
process is the waste flow waste incineration of plastics (PET, PMMA, PC) with a positive value, which you can

find in the inputs table.
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~ Inputs © x
Flow Category Amount  Unit Costs/Revenues
Fa Uranium Resource/in ground 9554569 ™ MJ
Fz Uranium depleted Deposited goods/Radioactive waste -0.00013 =™ kg
F; waste incineration of plastics (PET, PMMA, PC) Deposited goods/End-of-Life (EoL) modelling 1000.00000 ™ kg 96.00000 EUR
Fs Waste radioactive Deposited goods/Radioactive waste -0.00011 ™ kg
Fa Water Resource/fin water 2399.14016 =1 kg
Fal\Watar arnund Racanrcalin wiatar 2100010 ™M™ ln i

+ Outputs O X =
Flow Category Amount Unit Costs/Revenues ™
Fe Acenaphthene Emission to water/fresh water 1.01665E-9 m kg
Fa Acenaphthene Emission to water/ocean 3.34955E-8 ™ kg
Fs Acenaphthylene Emission to water/fresh water 4.15797E-10 @™ kg
Fe Acenaphthylene Emission to water/ocean 1.27321E-8 ™ kg
Fa Acetaldehyde Emission to air/unspecified 2.01452E-5 ™ kg
Fu Aratic arid Emissinn tn airfincnacifiard ARIIAIE-E M by bl

Figure 9.2: Inputs/Outputs tab of the process Waste incineration of plastics (Material Flow Logic)

Create a new process, name it PET Bottle Usage (Material Flow Logic), for the quantitative reference select
Create a new flow for the process, name it PET Bottle, disposed and select the flow property Mass. Open the In-
puts/Outputs tab of the process, add the flow PET Bottle, filled to the input table and drag and drop the process
Waste incineration of plastics (Material Flow Logic) into the outputs table. The waste flow waste incineration of

plastics (PET, PMMA, PC) should now be an output with a positive value. Make sure that you enter the correct
values in the Amount column. Next create a new product system PET Bottle Production (Material Flow Logic)
with the reference process PET Bottle Usage (Material Flow Logic).

agreenbelta

New process

New process

MName

O

X

P

| PET Bottle Usage (Material Flow Logic)

l:‘ Create a waste treatment process

Create a new flow for the process

Quantitative reference | PET Bottle, disposed

Reference flow property | st Mass

Figure 9.3: Create a new process PET Bottle Usage (Material Flow Logic)
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p Inputs/Outputs: PET Bottle Usage (Material Flow Logic) a

~ Inputs O %
Flow Category Amount  Unit Pravider
F= PET Bottle, filled A Water Bottle 106500 ™ kg

~ Outputs O %X
Flow Category Amount Unit Provider
F: PET Bottle, disposed A Water Bottle 0.06500 ™ kg
Fs waste incineration of plastics (PET, PMMA, PC)  Deposited goods/End-of-Life (EoL) modelling 0.06500 ™ kg P Waste incineration of plastics (Material Flow Logic)

Figure 9.4: Inputs/Outputs tab of the process PET Bottle Usage (Material Flow Logic)

9.2 Opposite Direction Approach

In the Opposite Direction Approach the waste treatment process (Waste incineration of plastics) is modelled
using a product flow in the output table with a negative value (logically an input). The waste generation pro-
cess (PET Bottle Usage) is modeled using a product flow in the input table with a negative value (logically an
output).

+ Create the process PET Bottle Usage (Opposite Direction Approach) with the product flow waste incinera-
tion of plastics (PET, PMMA, PC) as an input

Open the process Waste incineration of plastics (Opposite Direction Approach). The quantitative reference
of the process is the product flow waste incineration of plastics (PET, PMMA, PC) with a negative value, which
you can find in the outputs table.

@ Inputs/Outputs: Waste incineration of plastics (Opposite Direction Approach) a
~ Inputs Q x
Flow Category Amount Unit Costs/Revenues

Fs Aggregate, natural Resource/in ground 0.12579 ™ kg

Fa Air Resource/in air 1.34460E4 =1 kg

Fa Barite Resource/in ground 1.01705E-12 =@ kg

Fa Barite Resource/in ground 003524 m™ kg

FsBasalt, in ground Resource/in ground 0.00737 = kg

FaRaivita Recnurcelin arnund QQ253IAE-5 ™ kn B
- Outputs © X =

Flow Category Amount Unit Costs/Revenues ™

FaVOC, volatile organic compounds, unspecified origin Emission ta water/fresh water 4.92955E-7 @ kg

Fa VOC, volatile organic compounds, unspecified origin Emission to water/ocean 2.64949E-8 ™ kg

F=waste incineration of plastics (PET, PMMA, PC) End-of-life treatment/Energy recycling -1000.00000 ™ kg 96.00000 EUR

Fa Water vapour Emission to air/unspecified 4274772 ™ kg

Fe Xenon-13Tm Emission to air/unspecified 0.00612 ™ kBq

Fu¥onan 122 Emiscinn tn airfiinsnarifisd 1NN120 mm LRA i

Figure 9.5: Inputs/Outputs tab of the process Waste incineration of plastics (Opposite Direction Approach)
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Create a new process, name it PET Bottle Usage (Opposite Direction Approach) and select the flow PET Bottle,
disposed as the quantitative reference. Open the Inputs/Outputs tab of the process, add the flow PET Bottle,
filled to the input table and drag and drop the process Waste incineration of plastics (Opposite Direction Ap-
proach) into the inputs table. The product flow waste incineration of plastics (PET, PMMA, PC) should now be an
input with a negative value. Make sure that you enter the correct values in the Amount column. Next create a
new product system PET Bottle Production (Opposite Direction Approach) with the reference process PET Bottle
Usage (Opposite Direction Approach).

Lca D X
New process P
Mew process
Name | PET Bottle Usage (Opposite Direction Approach) |

|:| Create a waste treatment process

[ Create a new flow for the process

Quantitative reference | PET Bottle, disposed

~ I A Water Bottle
F= PET Bottle, disposed

Figure 9.6: Create a new process PET Bottle Usage (Opposite Direction Approach)

p Inputs/Outputs: PET Bottle Usage (Opposite Direction Approach)

c
- Inputs QO X 2
Flow Category Amount Unit  Provider
FPET Bottle, filled A Water Bottle 1.06500 = kg

Fewaste incineration of plastics (PET, PMMA, PC) End-of-life treatment/Energy recycling -0.06500 ™ kg P Waste incineration of plastics (Opposite Direction Approach)

- Outputs © x 2
Flow Category Amount Unit Provider
F.: PET Bottle, disposed A Water Bottle 0.06500 ™ kg

Figure 9.7: Inputs/Outputs tab of the process PET Bottle Usage (Opposite Direction Approach)

Finally open and compare the model graphs of the product systems PET Bottle Production (Material Flow
Logic) and PET Bottle Production (Opposite Direction Approach). It can be seen that the Opposite Direction Ap-
proach is following the opposite direction of the material flow. But if you calculate the product systems and
compare the resulting impact analysis, they should be the same.
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i PET Bottle Production (Material Flow Logic) & I & PET Bottle Production (Opposite Direction Approach)

PET Bottle Filling PET Bottle Filling

—Inputs | Outputs 2 PET Bottle Usage (Opposite Direction Approach)
oL drinking ... |PET Bottle...
drinking ... [PET Bottle... PET Bottle Usage (Material Flow Lagic) = B gt \\‘ Inputs | Outputs
Granulate.. O ranuiate.. PET Bottle, filled PET Bottle, disposed

-]
\ Inputs |
PET Bottle, filled

waste incineration of pl...

PET Bottle, disposed
waste incineration of...

Waste incineration ...

Inputs Quiputs

‘Waste incineration ... CaF2 (low... | demolitio

Input: Qutput : ity

npLts “7?“ £ Highly ra... |electricity ...
CaF2 (low... | demolitio... Medium a... | mineral tr...
Highly ra... |electricity ... Plutonium... | process st...
Medlu!'n a...| mineral tr... Radioacti... |slag (unsp...
Plutonium...| process st... Slag (Ura... | spoil (uns...
Radioacti... |slag (unsp... Uranium ... | tailings (u..
Slag (Ura... | spail (uns.. Waste rad... | waste inci...
Uranium ... [tailings (u...
wiacta inci

General information |ParametersIModel graphJ General information ‘ ParametersIModel graphJ

Figure 9.8: Model graphs of the product systems PET Bottle Production (Material Flow Logic) and PET Bottle
Production (Opposite Direction Approach)

£ PET Bottle Production (Material Flow Logic) & PET Bottle Production (Opposite Direction Approach)

~ Impact analysis

Subgroup by processes Cut-off | 1

Subgroup by processes Cut-off |1

| Name Impact result  Unit Name Impact result Unit

» - Depletion of abiotic resources - fossil fuels

» i Depletion of abiotic resources - elements, ultir

i Terrestrial ecotoxicity - TETP inf

» i= Acidification potential - average Europe

Climate change - GWP100
» = Eutrophication - generic

> iZ Photochemical oxidation - high Nox

> i= Ozone layer depletion - ODP steady state

> = Human toxicity - HTP inf

» i= Freshwater aquatic ecotoxicity - FAETP inf
> £ Marine aquatic ecotoxicity - MAETP inf

General information i Inventory results \ Impact analysisi Process resultsi Contribution t{eei 1

247951 MJ

1.29513E-8 kg antimony e... |

0.00035 kg 1.4-dichior...
0.00053 kg SO2 eq.
0.26718 kg CO2 eq.
3.86115E-5 kg PO4--- eq.
3.31010E-5 kg ethylene eq.
3.56491E-10 kg CFC-11 eq.
0.01174 kg 14-dichlor...
0.00082 kg 1.4-dichlor..
8.50766 kg 1.4-dichior..

£= Depletion of abiotic resources - fossil fuels

Depletion of abiotic resources - elements, ulti

£ Termrestrial ecotoxicity - TETP inf

i° Acidification potential - average Europe
= Climate change - GWP100

£ Eutrophication - generic

= Photochemical oxidation - high Nox

= Ozone layer depletion - ODP steady state

£= Human toxicity - HTP inf

Freshwater aguatic ecotoxicity - FAETP inf

£= Marine aquatic ecotoxicity - MAETP inf

247951 MJ

1.29513E-8 kg antimony e...
0.00035 kg 1.4-dichior..

0.00053 kg SO2 eq.
0.26718 kg CO2 eq.
3.86115E-5 kg PO4--- eq.

3.31010E-5 kg ethylene eq.

3.56491E-10 kg CFC-11 eq.

0.01174 kg 14-dichlor..
0.00082 kg 1,4-dichlor...
8.50766 kg 1.4-dichior..

= = i § e
General information ‘Inventnry results | Impact analyﬂs‘ Process resultsi Contribution tree

»,
4

Figure 9.9: Impact analysis of the product systems PET Bottle Production (Material Flow Logic) and PET Bottle
Production (Opposite Direction Approach)
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Allocation

Quite often there are multi-output processes, e.g. production of milk, leather and meat from a cow or the
co-generation of heat and power. There are two strategies to deal with it: system expansion and allocation.
If allocation is used, elementary flows and products from multi-output processes are mathematically divided
into multiple processes. In openLCA there are allocation methods for physical, causal and economic allocation.

« Create the project PET Allocation comparison and compare the calculated results if applying an allocation
method in the process Waste incineration of plastics (Material Flow Logic)

The process Waste incineration of plastics (Material Flow Logic) has the products electricity, process steam
and waste incineration itself. In the tab Allocation the default method for allocation between these three
products can be selected and the different allocation factors can be seen. By clicking on Calculate default val-
ues the physical and the economic allocation factors will be added automatically, if the columns Amount and
Cost/Revenues in the output table have been set. In our case only the factors for the economic allocation’ will
be added, because the physical allocation factors cannot be calculated as the flows have different units. The
causal allocation factors can be added by clicking into the fields in the Causal allocation area.

@ Allocation: Waste incineration of plastics (Material Flow Logic) a

Default method | Economic A

@® Calculate default values

~ Physical & economic allocation

Product Physical Economic
Fs electricity from waste incineration (3.12E3 MJ) 0.0 0.20957978461321883
F= process steam from waste incineration (1.01E4 MJ) 0.0 0.45255859787428737
F=waste incineration of plastics (PET, PMMA, PC) (1.00E3 kg) 0.0 0.33786161751249383

]

Causal allocation

Flow Direction Category Amount electricity from waste inciner.. process steam from waste inci.. waste incineration of p.. ™
Fa Acenaphthene Output Emission to water/fresh water 1.01665E-9 kg 0.0 0.0 0.0
Fa Acenaphthene Output Emission to water/ocean 3.34955E-8 kg 0.0 0.0 0.0
Fa Acenaphthylene  Output Emission to water/fresh water 4.15797E-10 kg 0.0 0.0 0.0
Fa Acenaphthylene  Output Emission to water/ocean 1.27321E-8 kg 0.0 0.0 0.0
Fa Acetaldehyde Output Emission to air/unspecified 2.01452E-5 kg 0.0 0.0 0.0
Fa Acetic acid Output Emission to air/unspecified 8.62282E-5 kg 0.0 0.0 0.0
| Fe Acetic acid Output Emission to water/fresh water 6.03947E-6 ka 0.0 0.0 00, | B

General information Inputs/Outputs Administrative information | Modeling and validation Parameters | Allocation | Social aspects| Impact analysis

Figure 10.1: Allocation tab of the process Waste incineration of plastics (Material Flow Logic)

Next create a new project PET Allocation comparison. In the project setup select a LCIA method, add the
product system PET Bottle Production (Material Flow Logic) twice, select the Economic allocation method for the

"Assumed costs: 96 Euro/t waste (source Landratsamt Altotting), 4,567 Cent/kWh heat (source Vattenfall), 6,88 Cent/kWh power (source
BDEW)
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first product system, select None for the second and name it according to the allocation method. Click Report
to see the results calculated using the different allocation methods. If no allocation method is selected, 100
percent of the environmental impacts are assigned to the quantitative reference, otherwise the environmental
impacts are distributed among the products according to the allocation factors.

& Project setup: PET Allocation comparison o
~ General information
Name | PET Allocation comparison
Description
Version 00.00.001
uuib 40cc48fa-5533-4a74-9117-c9eeedfB57a6
Last change 2019-04-04T17:19:25+0200
Wi Report
- LCIA Method
LCIA Method ‘.i! CML (baseline) [v4.4, January 2015] |
MNormalization and weighting set »
Impact category Display Label in report Description i
= Acidification potential - average Europe O Acidification potential - average...
= Climate change - GWP100 ¥ Climate change - GWP100
i= Depletion of abiotic resources - elements, ultim... [ Depletion of abiotic resources - ...
= Depletion of abiotic resources - fossil fuels O Depletion of abiotic resources - ...
£~ Eutrophication - generic O Eutrophication - generic
= Freshwater aquatic ecotoxicity - FAETP inf O Freshwater aquatic ecotoxicity - ... ]
- Compared product systems O x
Name Product system Display Allocation method Flow Amount Unit
Economic Allocation  PET Bottle Production (Material Flow Logic) i) Economic Fz PET Bottle, disposed 0.065 ™ kg
No Allocation i PET Bottle Production (Material Flow Logic) i None e PET Bottle, disposed 0.065 kg

Figure 10.2: Project setup of the project PET Allocation comparison

agreenbelta page 37


https://www.greendelta.com/
http://www.openlca.org/

7\
opPenLca
Basic Modelling in openLCA - PET/PC Bottle Tutorial \—

Relative Results

The following chart shows the relative indicator results of the respective project variants. For each indicator, the maximum result is set to 100% and
the results of the other variants are displayed in relation to this result.

100

90

Climate change - GWP100

a0
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Climate change - GWP 100

B Economic Allocation B No Allocation

Figure 10.3: Relative results of the project PET Allocation comparison
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Additional Information

1.1 Basic commands

Table 11.1: Basic commands in openLCA

Command Description

Open element

Double click on the element or right-click on the element and
select open

Copy and paste

Right-click on the element to be duplicated and select copy,
right-click on the folder or the Input/Output table, in which the
copied element should be saved, and select paste

Drag and Drop

Adding flows from the navigation window to the Input/ Output
tab in the process editor or adding processes from the naviga-
tion window to the model graph in the product system editor

Filter

Use the filter function for adding new flows to a process or se-
lecting the reference process in a product system

Minimise/maximise element

Use the symbols =

Save element

Strg + S or use saving symbol in the main menu 88 @

Save image

Right-click in the Editor window and select Save image

Search

Use the search function to search any element within the active
database

Restore Windows

Go to Windows in the main menu and select Show views and

Other or use restore symbol =

Number formats

Use a point for floating point numbers, acommais not accepted

1.2 Tips and tricks

Copy and Paste compatibility within openLCA and with other software openLCA users can seamlessly copy and
paste data between input and output lists of processes as well as with other software such as Excel. The fea-

ture also works for parameter tables.

Parameter overview The parameter overview lists all parameters in the active database regardless of whether
they are local or global. Open it under Window/Parameters. Upon opening the parameter overview, right-click

Evaluate all formulas allows to evaluate the underlying formulas. The filter field allows to search for specific

parameters or to filter for errors. Via right-click Edit, formulas can be changed directly from the parameter

overview.
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Split view If you want to see two windows next to each other, drag the window header to the center until a

gray line, symbolizing the division of the windows, appears and drop it there.

P PET BottleFiling | P P 5 | =B
p Inputs/Outputs: PC Bottle Filling e
~ Inputs © Xz
Flow Category Amount  Unit Costs/Reven.. Uncertainty  Avoided wa.. Provider Data quality.. Description
F= drinking water Materials production/Wa... 1.00000 = kg none P Drinking ...
Fe Granulates (PC, LDPE, PB), transp.. A Water Botile 1.00000 ™ [tem(s) none P PC Trans..
~ Qutputs 0 X% =
Flow Category Amount Unit Costs/Reven.. Uncertainty  Avoided pr.. Provider Data quality.. Description
E: PC Bottle, filled A Water Bottle 1.06500 ™ kg none
General informationimputs/Outpu_tsiAdmlnistrative information| Modeling and validation \ Paramete!s!Allocation | Sacial aspectsi Impact analysis\
Figure 11.1: Drag and drop window to open split view
P PET Bottle Filling % | = O || P PC Bottle Filling £ | =ilm
p Inputs/Outputs: PET Bottle Filling p Inputs/Outputs: PC Bottle Filling
~ Inputs - Inputs
Flow Category Amount Unit Costs/... Uncert.. Avoide. Flow Category Amount Unit Costs/.. Uncert.. Avoide..
Fs drinking water Materials prod... 1.00000 = kg none F=drinking water Materials prod... 1.00000 = kg none
F=Granulates (PET, HD.. A Water Bottle 1.00000 ™ [te... none F=Granulates (PC, LDP.. A Water Bottle 1.00000 = te.. none
~ Outputs ~ Outputs
Flow Category Amount Unit Costs/... Uncert.. Avoide. Flow Category Amount Unit Costs/.. Uncert.. Avoide..
F= PET Bottle, filled A Water Bottle 1.06500 ™ kg none F= PC Bottle, filled A Water Bottle 1.06500 ™ kg none
< > || € >
General infnrmation!Inputs/OutpuislAdmlnistrative in.. ! Modeling and vali”.l Parametelsl = General information 1 Inputs,’OutpuIs} Administrative in..| Modeling and vali...| Parameters| ™3

Figure 11.2: Windows opened in split view
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Open provider Right-click on a flow and select Open provider to navigate to the provider of a flow.

~ Inputs

Flow Category

5 a [ [ ac nar

' = drinking water
Fe Granulates (PET, H %

Create new
Remove selected
Set as quantitative reference

0 Copy

[ Paste

F Open flow

P Open provider

Figure 11.3: Open provider of a flow

Detached tabs Detach tabs and move them around on your screen as you like. Dragging and dropping a
detached tab next to an existing tab in openLCA reverses the detaching. Detaching tabs allows you to run
openLCA in a single-window and multi-window mode. This is particularly handy when working with several

screens.

3 openlCA1.2.0

File Database Window Help
AdB R L®

|| & Navigation

i}

~  ecoinvent_34_cutoff unit_20180314

B Projects
» I Product systems
~ I Processes

B A:Agriculture, forestry and fishin

B B:Mining and quarrying
W CManufacturing

» BB DElectricity, gas, steam and air «
W EWater supply; sewerage, waste

M End of Life processes
W F:Construction

> I G:Wholesale and retail trade; reg
B H:Transportation and storage |
B Jinformation and communicatic
B | Real estate activities
B MProfessional, scientific and tec
I N:Administrative and support se
W S:Other service activities

= Flows

M Indicators and parameters

# Background data

>

agreenbelta

= O x
!_appie Q-
P apple production | apple | Cutoff, U - CL P appl (-Io:;e 5 i 2
X N a
p General information: apple producti  Close Others
Close Tabs to the Left
= General information Close All
Name ‘ apple production | apple | Detach
= Lo s
Description This dataset represents the production of 1 kg of apples. The average yield from 2009 - 2012 is 16.783 t/ha. The data are repr:

market. Mineral NPK fertiliser input is 30-20-40 kg/ha. No organic fertilisers are applied. Total active ingredients (a.i.) applied

modelled within the project ‘World Food LCA database (WFLDB)". The aim of this project was to provide inventories of a broa.
cover for each product at least 50% of the global export market. The export share of apples produced in China amounts to 14
production system regarded in this dataset aimed at representing apples produced in China for the export market;PEF-Qualit

Category L AcAgriculture, forestry and fishing > 01:Crop and animal production, hunting and related service activities > 012:Growing o
Version 03.02.000

uuiD ‘ de20bbdb-3643-30c9-8ee3-141d22173a80

Last change

Infrastructure process [
b Create product system | B Export to Excel
= Time

Startdate [01/01/2009

End date  (02/12/2017

Description {

= Geography

< : >
General information Inputs/Outputs | Administrative information | Modeling and validation Parameters Allocation Social aspects| Impact analysis

Figure 11.4: Detach a window
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fapple Ja~

& Navigation % 7 || P apple production | apple | Cutoff, U - CL &

~  ecoinvent_34_cutoff_unit 20180314
8 Projects
™ Product systems
~ [ Processes

™ Adgriculture, forestry and fishin
™ B:Mining and quarrying
W CManufacturing Description
™ DiElectricity, gas, steam and air ¢
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Figure 11.5: Detached windows

Memory usage Some databases require higher memory usage (e.g. ecoinvent 3) for the calculations. Change
it under File/Preferences/Configuration.

Language openlCA is available in Arabic, Bulgarian, Catalan, Chinese, English, French, German, Italian, Por-

tuguese, Spanish and Turkish. Change it under File/Preferences/Configuration. Once you change the language,

restart the program to activate it.

L3 Preferences

type filter text

Collaboration

Configuration
Experimental features
Import/Export
Logging
Number format

< >

O s
Configuration Cv D oww
Language English »

Maximum memory usage in MB ‘ 6144

Use browser features

Note: Changes will not take affect until openLCA is restarted

Restore Defaults Apply

Apply and Close Cancel

Figure 11.6: Language and memory usage configuration
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openlLCA and LCA support and consulting

GreenDelta GmbH, developer of openLCA, offers openLCA users prioritised and guaranteed professional openLCA
support via the GreenDelta helpdesk (https://openlca.org/helpdesk). Free (Userz2User) support for openLCA is
available via https://ask.openlca.org.
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