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Challenge

| LCA: time and resource demanding activity
+ data and LCA competences

| Small and medium-sized enterprises (SMES)
—> can represent a too large hurdle

| Challenge: can be huge!
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With support from the IfBB (Institute for Bioplastics and Biocomposites) = easy-to-use
tool to calculate and communicate the environmental performance of bio-plastic products.

BB

Institute for Bioplastics
and Biocomposites

Based on GaBi Envision Web platform (standard web browser - high quality LCA models
and GaBi database).

thinkstep
GaBi



Why this tool?

Origin of the development

Comparison of different product
scenarios

Immediate results (customized PDF
report)

Complete life-cycle of bioplastics

Comparison with petrochemical-based
plastics possible

Biobased

Bioplastics

Bioplastics
.. PLA, pHA
e.g. biobased PE, tpgs Starch blends
PET, PA, PTT :
Non
biodegradable

Conventional Bioplastics

plastics
e.g. PBAT, PCL

e.g. PE, PP, PET

European-bioplastics.org

Fossil-based

-----

Biodegradable
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3.4.7 Life Cycle Inventory Results

The life cycle inventory results for C12-14 AS are given below. In accordance to the scope
of the study the primary energy demand and the air emissions which ara related to global
warming potential are analysed for one ton of produced C12-14 AS, as listed in Table 3-7

¥ Scenarlos

Parameter 1 recycling incineration 9 ‘> ‘> below.
Table 3-7: Chosen resuls — Primary energy demand and alr emissions related to global
2 tionol Unit warming per 1 t of C12-14 AS 100% actlve substance or 1.56 t of C12-14 AS 51.7%
acthe substance
Mass/Product

LCl result Unit Amount

Primary energy demand

v System bound _ Primary energy demand from renewable materials MJ 24601
' ! PE (net calorific value)
1Ge to PET o v . Primary energy demand from fossil materials (netcal-  MJ 42154
orific valua)
- nsport 1o comg ng e
o Primary energy demand from fossil and renewable  MJ BETE5
ntainer shig o ) maferials (net calorific valua)
e Air emissions related to Global Warming Potential
rail transport of 1
PV Carbon uptake, biotic kg CO: -2938
truck transport . 100 0 aquiv.
. SRR Carbon dioxide, fossil kg 2150
Carbon dioxide, biotic kg 1053
rocess Dato Source - Jser Specif - -
2 5 sl Carbon dioxide, from land usa, land use change and kg 918
0ss | g . I = = peat oxidation
Methane kg 12
- 0 oo npounding
. v ! Nitrous oxide (laughing gas) kg 0.51
nput row-polymer gronulate 10 MVOC emissions kg 1.85
Total GWP (according to IPCC 2007]) t CO- 1.63
equiv.

Bio-Plastics models

Feedstock, granulates, additives
conversions, transport, use, End-of-
Life
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The Bioplastics Tool in details

Main window

. thinkstep

ke GaBi Envision - Moxzilla Firefox
File Edit View History Bookmarks Tools Help

Web-based tool with

<4 T O v | Q Search

€)>Cc @

|24 Bio-Plastics LCA Tool v.1 /'

¥ Text Variables

¥ Scenarios

Parameter 3 Bio Based Product Comment

*» 1. LCA Goal & Scope

* 2. Product related Information
» 3. Polymer Processing

*» 4. Use Phase

» 5.End Of Life Treatment (EolL)

-

thinkstep

Bio-Plastics LCA Tool v.1

personal user login

Export options of results
and parameters to pdf,
word and clipboard

(-> excel)

Institute for Bioplastics
Biocomposites

\

Pre-structured parameter entry section reflecting on a
defined base scenario (e.g. bio based product to be
analyzed):

* Based on ISO 14040/44

* Following the value chain of Bio-Plastics

Company specific layout and content
of report

10



The Bioplastics Tool in details

Use of parameters

. thinkstep

k4 Bio-Plastics LCA Tool v.1 Z

Parameter 3

~ 1. LCA Goal & Scope
~ 1.1. Functional Unit
Functional Unit
Product quantity
~ 1.2 System boundary
Cradle to
~ 2. Product related Information
¥ 2. Composition
¥ 2..1. Product Part 1
Weight (per Functional Unit)
Crigin
~ |f Bio-Based, ...
‘Which Biobased Polymer?
» If fossil based, ...
» 2.1.2. Product Part 2
» 2.1.3. Product Part 3

» 2.2. Packaging

QIOIGIOI0I0]0

Bio Based Product

Topic related parameter
organization to be unfolded

Piece(s) - Please choose the Functional Unit of your preduct
<
1 Quantity of product(s) to be considered

<

Grave - System boundary. Cradle to Gate from granulate production to factory g¢. | | €
& -
=}
bl |
5@
51E
R
<

1889 <—b} R EProduct Part 1 per Functional Unit

Comments on each parameter
explain and help the user to
understand what information to be
given (e.g. parameter units)

Bio Based Polymer = | Please select if the Polymer of Product Part 1is Bio Based or Fossil Based

PE (Sugar Cane, B... ~  Choose the bicbased polymer and edstock

. NatureWorks INGEQ (Corn, US)
PE (Wheat,EU)

PE (Corn, US)
PE (Average)
PET (Sugar Cane, BR via DMT)

Parameter entry either by typing of
values or selection from pre-
defined alternatives

11



The Bioplastics Tool in details . thinkstep

LCA scope definition

lat Bio-Plastics LCA Tool v.1 / (%) Define functional unit of the

product to be assessed:
* Pieces

* Squaremeter

* Cubic Meter

* Kilogramm

? Text Variables

¥ Scenarios

Parameter = Bio Based Product Comment

~ 1. LCA Goal & Scope

~ 1.1. Functional Unit < o o
K Enter amount of functional unit to
Functional Unit Piece(s) - Please choose the Functional Unit of your product : o
- HE be calculated
Product quantity 1 Quantity of preduct(s) to be considered g @
~ 1.2 System boundary g i
Cradle to . Grave < System boundary. Cradle to Gate from granulate production to factory gate < Se I ect th e Syste m bou nd ari eS:
» 2. Product related Information Gate ° Crad I e_tO_G ate
+ 3. Polymer Processing ° Crad Ie_to_G rave

* 4, Use Phase

* 5. End Of Life Treatment (Eol)

12



The Bioplastics Tool in details . thinkstep

Product definition

|24 Bio-Plastics LCA Tool v.1 £ @ 3 Enter the WGlght (Of part 1) of

your product.

? Text Variables

¥ Scenarios

Parameter = Bio Based Product Comment

Select the raw polymer of your
product (part 1) > PP, PE, PLA,
PET, starch blends, etc.

* 1. LCA Goal & Scope

¥ 2. Product related Informaticn

\

~ 2.1. Composition

> 2.1.1. Product Part 1

A SLIDYD PUD 52|01 A
M M21ARNd JOd

Weight (per Functional Unit) 1889 [g] Weight of Product Part 1 per Functional Unit
Origin Bio Based Polymer ~ | Please select if the Polymer of Produgt#art 1is Bio Based or Fossil Based

- ¥ Bio-Based, . | Repeat for product parts 2 + 3 (if
Which Biobased Polymer? PE (Sugar Cane, B... ~ | Choose the bigBased polymer and its feedstock applicable to your case)

» If fossil based, ... NatureWorks INGEO (Coror

» 2.1.2. Product Part 2 PE (Sugar Cane, BR)

PE (Corn, US)

* 2.1.3. Product Part 3

PE (Average) ) )
- 2.2, Packaging | PET (Sugor Cone, BR via DMT) Choose packaging material for

PET (Wheat, EU via PTA] =t Tveerodl - 5 5 . o . .

Cardboard (Whea via : ) tof Card pacRagng of the Functional Unit the defl ned functlonal un|t1 If

<— * PET (Sugar Cane, BR via PTA) .
PE Film ) t of PE Film used as packaging of the Functional Unit v
. ArT o i Ta . desired

13



The Bioplastics Tool in details . thinkstep
Specifying production processes

| Bio-Plastics LCA Tool v.1 O, Define location of the granulate

compounding -> electricity grid
mix

~ 3.1. Product Part1

¥ 3..1. Compounding

Location EU28 lational grid mix selecter for electricity used in the compounding proces

Choose if GaBi compounding
process shall be used or if you
wish to enter you own process

* Compounding process

Compounding Process Type User Specific =4 Please chose weather you would like to use the generic process values or u
)

~ User specific compounding

Electricity consumption 1,73 [MJ] Electricity consumed per 1 kg of granulate input d a.ta
Compressed Air 0 [Nm?] Amount of compressed air used per 1 kg of granulate input ; <

T 9
Lubricating_Oil Q [kg] Amount of lubricating oil used per 1kg © E S - Entry Of man UfaCtU rer SpElelC
Material loss 0,01 [kg] Amount of material loss per 1 kg of compound 5 E compou ndi ng process data
Water used 0,64 [kg]l Amount of water used per 1 kg granulate input i <
Waste Water 0,64 [kg] Waste water per 1kg granulate input

~ Additives used in Compou...

Define type and amount of

Additive 1 Titanium dicxide R L. . .
Additive 1 amount 0,05 4—HgtAmmount of additive 1 per 1kg of compound addltlves used In Compoundlng
Additive 2 Calcium carbonate ~

Additive 2 amount 0,02 [kg]l Amount of additive 2 per 1kg of compound

Additive 3 Dioctylphthalate/.. -

Additive 3 amount 0,003 [kg] Amount of additive 3 per 1kg of compound

14



The Bioplastics Tool in details

End-of-life treatment

l24 Bio-Plastics LCA Tool v.1 Va @

Parameter = Bio Based Product Comment

+ 1. LCA Goal & Scope

v 2. Product related Information
* 3. Polymer Processing

v 4, Use Phase

~ 5. End Of Life Treatment (EoL)

<

» 51. Product Transport to EoL 3 <

* 5.2. EolL Scenarios (SUM must b... ? :': . o
: 1| | Define the share of plastic

¥ 5.2.1. Product Part 1 93 oo 0
— specific End-of-Life treatment
* if made of PLA, ... c

< scenarios

~ if made of Bio-PE, ...

Incineration age of Bio-PE going to Incineration in End of Life Treatment

Landfill 9] [%] percentage of Bic-PE going to Landfill in End of Life Treatment

Recycling 50 [9] percentage of Bio-PE going to Recycling in End of Life Treatment
* if made of Bio-PET, ...
* if made of Fossil Based Pla...

¥ 5.2.2. Product Part 2

* 5.2.3. Product Part 3

15



The Bioplastics Tool in details

Ready for results calculation

|4 Bio-Plastics LCA Tool v.1 Z° @

Parameter ¥ Bio Based Product Comment ~

*» 1. LCA Goal & Scope
~ 2. Product related Information
~ 2.1. Composition
¥ 21.1. Product Part 1

Weight (per Functional Unit) 1889 [g] Weight of Product Part 1 pef Functic

Origin Bio Based Polymer ~ Please select if the Polymer/of Product |
~ If Bio-Based, ...
Which Biobased Polymer? PE (Sugar Cane, B... ~ Choose the biobaseg/polymer and its fe

~ If fossil based, ...

Which Fossil Based Polymer? Not Applicable Choose the fgésil based polymerl

* 2.1.2. Product Part 2
*» 2.1.3. Product Part 3
» 2.2. Packaging
~ 3. Polymer Processing
~ 3.. Product Part 1
¥ 3.1.1. Compounding

Location EU28 [1 National grid mix selecter for electrici

A SUDYD PUDSAADL A

& 950D /32Z(s3Y

Bio-Plastics LCA Tool v.1

® e

Institute for Bioplastics
5 and Biocomposites
thinkstep

/

All parameter entries/changes affect
the LCA results. (Re-)Calculation is
started manually

16



The Bioplastics Tool in details

Reporting option: ISO 14040/44 compliant report

2. System Description

2. System Description

This goal of this study is to calculate LCA results for the defined product of 1 Piece(s) of Example
Product

Scenaric parameters

. thinkstep

d
<«

|Bio Based Product

First step to do so is calculating the related Life Cycle Inventory (LCI)

1. LCA Goal & Scope

1.1. Functional Unit

Customizable text and
tables: e.g. mass balance of
product in scope

Please see the table 2-1 for an executive summary of the most relevant information on the
product under study:

Table 2-1: Mass balance product

Functional Unit Piece(s) se choose the Functional Unit
of your product

Product quantity 1 Quantity of product(s) to be
considered

1.2 System boundary

Automatic read out of all
defined background
parameters

Information per Product Cradle to Grave System boundary. Cradle to Gate
(as defined in Geal&Scope Section) from granulate production to
Product Related factory gate of finished product;
Part 1 / Cradle to grave: from granulate
Weight Plastic [kg] 1.75 production to end of life of product
Weight Additives/Composite Materials [kg] 0.138 3. Product related Information
Weight Product Part 1 [kg] 1.V —
2.1. Composition —
Part 2 NA. 2.1.1. Product Part 1
Weight Plastic [kg] Weight {per Functional Unit) 1889 [a] Weight of Prudml-per\_
Weight Additives/Composite Materials [kg] Functional Unit
Weight Product Part 2 [kg] Origin Bio Based Polymer  |Please select if the Polymer of
Product Part 1 is Bio Based or
Part 3 M_AL Fossil Based
Weight Plastic [kg] If Bio-Based, ...

Weight Additives/Composite Materials [kg]
Weight Product Part 2 [kg]

Which Biobased Polymer?

PE {Sugar Cane, BR)

Choose the biobased polymer and
its feedstock

Packaging ) If fossil based, ...
Product Weight {total) [kg] 1.89 Which Fossil Based Polymer? |Not Applicable |Choqse the fossil based polymerl

2.1.2. Product Part 2

The following table 2-2 shows the amount of post-consumer plastic waste per product for each

2.1.3. Product Part 3

Screenshots of GaBi
background model can be
included as well

assumed end-of-life treatment option which has been defined for each single product part 2.2 Packaging
independently. Cardboard 0 [kg] Weight of Cardboard used as
packaging of the Functional Unit
Table 2-2: End-of-life treatment of polymers (excl. additives) in the study PE Film ) [kg] Weight of PE Film used as
packaging of the Functional Unit
End of Life End of Life End of Life 3 Pol = -
Polymers Product [Polymers Product [Polymers Product - T OlyMer FTocessing
Part 1 Part 2 Part 3 3.1. Product Part 1
Plastics incinerated [kg) 088 3.1.1. Compounding
Flastics compasted [kg] Location EUZ8 [1 National grid mix selecter for
Plastics put on landfill [kg] eleciricity used in the
Plastics recycled [kg] 0.88 compounding process
Compounding process
Further information with influence on the LCI of the FU defined, especially regarding materials Compounding Process Type  |User Specific Please chose weather you would
chosen for the products, process related information (energy, water, waste, etc.) can be taken like to use the generic process
from the following overview (table 2-3) on all parameter settings of the GaBi LCA model values or use your own input
calculated in the background of this report: values
. . . User specific compounding
Table 2-3: Parameter seffings for underlying background GaBi LCA mode! Eleciricity consumption 173 [MJ] Electricity consumed per 1 kg

of granulate input

Bio-Plastics LCA Tool v.1 (2017} 3

Bio-Plastics LCA Tool v.1 {2017)

17



The Bioplastics Tool in details

. thinkstep

Reporting options: LCA fact sheets

3. Life Cycle Ii y and Imp A t 4. Interpretation
Tabelle 3-1: LCIA results per 1 Piece(s) of Example Product -
e s e 4 e il Automatic read out of LCA
Impact Indicator Unit Cradle -to- Gate | Cradle -to- Grave Category oo Anatysis cycle stages o Tasuita o |t b d t
GWP [kg CO; eq] 241 138 Global Warming T T = — : results based on parameter
AR 1kg SO; eq] 9.08 < Acidification 5 go.nr\‘:tl::;:\g P = :f: l.: ceesnz'evsion Pt . p
EP [kg PO, eq] 0.0583 0.0304 Eutrophication — Packaging e n trl eS
PERT mMJ] 230 117 Primary Energy W Transportto Customer —mmmg
fr.Renewables | M End of Life Polymers Product Part 1 ‘
PENRT ™J] 214 2.69 Primary Energy
fr.Non Renewables 160 o o o o
Biue Water fial el a5 Water g ] Visualization in
Consumption g . ] i .
The cabon oprit esut (GWP) 1.3 kg CO, e ;o I P | customizable diagrams
| L r—— = B T

* This result includes (!) biogenic Carbon Dioxide (and Methane). Communication of the Cradle-
to-Gate result should always additionally inform about the GWP of the End-Of-Life Treatment.

Global Warming Potential for the life cycle stages,

_lowpmcozeql |

EP Primary energy fromn ..
AP Primary energy from« Blue water consumption

For interpretation of dominant life cycle stages as shwon in the
ptions and p ter settings of chapter 2.

ve please consider the

The following figures show the GWP results just for the cradle-to-gate stage respective
Life treatment:

Further diagrams for e.g.

» results interpretation
] PRI vegs already integrated
16 | GWP[xgCO2eq) |

Pt C L Ci P1 Transportto C..
Additives P1 Trpto Conver Packaging

End of Life Pol ..
Transport 10 E.

Acidification potential for the life cycle stages considered

(W4 kg 502 eal |

] 0

Masse [kg|

Granulate P1 Compounding P
Additives P1 Trpto Conversion P1 Packaging

Conversion Pt

40 . - ) » . - -
| | | | | | >
P Comp 9. Conversion P1 Transportto .. End of Life Po..
Additives P1 Trpto Conver Packaging TransporttoE
Bio-Plastics LCA Tool v.1 (2017) 8 Bio-Plastics LCA Tool v.1 (2017) 1 18



The Bioplastics Tool in details . thinkstep
Scenario analysis

Freely create alternative scenarios
which can be compared with the
Visible Hame previously defined base scenario:

Bic Based Product &

Scenarios

Fossil Based Product &

« Alternative materials / additives

* Reduced product weight

* More efficient production
process(es) — less energy, less
waste

« Alternative transport
routes/vehicles

» Different EoL-Options

19



The Bioplastics Tool in details

Scenario analysis — Results view

3. Scenario Analysis
Tabelle 5-1: Comparative LCIA resulis scenarios considered

Bic Based | Fossil
Product Based
Y Product

GWP [kg CO2 eq ] 138 \_ 7.09

AP [kg S0O2 eq. 0.04 N0

EF [kg Phosphate eq ] 0.03 N0

| Primary energy from renewable resources (net cal. value) [MJ) 116.63 4 53
Primary energy from non renevable resources (net cal. value) [MJ] 269 142 81 Derive decisions from the

Blue water consumption [kal 484] 2819 scenario comparison, potential

trade offs are shown in a
transparent way

Comparison of Product Scenarios

[.Liu: Based Product [ Fossil Based Produs ]

Granmulab= P1 Compounding Conversian B1 Transpartioc C End of Lfe Pol
Addilives P1 Trpla Carver Packaging Transparl & E

20
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Open for company specific customization

ADDITION |

| Of further datasets — either from GaBi but also based on primary data delivered by

owner of the LCA tool:

« (bio)-plastic granulates (and all included steps: feedstock, fermentation, polymerization)
+ additives / composite materials

« compounding / conversion processes

*  EoL-treatment options

| Of further auxiliaries, grid mixes, etc.

ADAPTATION

| Of scope / parameter section to company (department) specific needs

| Of reporting to company (department) specific needs:
« full verifiable ISO 14040/44 report vs.
* screening quick check GWP fact sheet

* vs. company specific evaluation methods (e.g. conversion of GWP expressed in kg CO, eq
into km of driving a car)




Your benefits using this tool

| Bioplastic specific GaBi database
| IfBB as scientific development partner for LCA data

| Tool verification by DEKRA

| Base your decisions on consistent, high quality, up-to-date and
reliable background data

| Comparison of scenarios, bio-plastics vs. conventional plastics

| Know about the environmental consequences before investing in
product and process changes




Your benefits using this tool

| Easy-to-use interface, instant result calculation and reporting with customized
content

| Communicate verifiable LCA results created by your own without being a
LCA expert

| The tool covers all stages of the bio-plastics supply chain

| Being prepared to answer questions from your clients and even questions
asked to your clients

Standardized version of the BP Tool:

(bio-)plastic materials,
additives
standard converting processes.
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Future-proof your business.
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All the strategies, models, concepts, ideas, calculations and conclusions incorporated into this
documentation are, except explicitly stated otherwise, the exclusive intellectual property of

thinkstep AG and are protected by copyright.

They have been turned over to the client/user exclusively for his own use for an unspecified
time period. All included information is to be kept confidential and is intend for the user’s eyes
only. The client/user is not authorized to modify this documentation or to publish, reproduce or

distribute it in whole or in part outside his own company.
This provision may only be amended or revoked with the express written consent of thinkstep
AG. Verbal agreements shall not be deemed valid. thinkstep AG does not assume liability for

the accuracy, completeness and up-to-dateness of the provided content.
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