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Active and intelligent fibre-based packaging — innovation
and market introduction (ActinPak)

ActinPak is a pan European (COST) network of the leading experts in
active and intelligent packaging of over 150 institutes, universities and
companies from 37 countries. Main goal of action is to develop a

based packaging in order to facilitate its introduction on the market.

http.ffwweve.actinpak.eu
http:ffwerve.cost.eu/COST_Actions/fps/ActionsfFP1405
https:/fwww.linkedin com/groups/COST-FP1405-ActinPak-82545568/about



CO B RO — PACKAGING RESEARCH INSTITUTE

State, self-supporting research institution

subordinated to the Ministry of Economy, " Packaging R&D Department:

founded in 1973. v' Packaging and Environment
Department

asmber of: v’ Laboratory for Packaging

» World Packaging Organisation, Materials and Consumer
Packaging Testing

* International Association of Packaging " Laboratory for Transport Packaging
Research Institutes, Testing
| | oo

* Polish Chamber of Packaging,

* European Bioplastics.
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Sustainable Developn

To use the traditional definition, sustainable development
iS:

"development that meets the needs of the present
without compromising the ability of future generations
to meet their own needs', in other words ensuring that

today's growth does not jeopardize the growth
possibilities of future generations.

Sustainable development thus comprises three elements -
economic, social and environmental - which have to be
considered in equal measure at the political level. The
strategy for sustainable development, adopted in 2001
and amended in 2005, is complemented inter alia by the
principle of integrating environmental concerns with
European policies which impact on the environment.

- source: http://europa.eu
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Sustainable Developn

Sustainable development is about integrating
the goals of a high quality of life, health and
prosperity with social justice and maintaining
the earth's capacity to support life in all its
diversity. These social, economic and
environmental goals are interdependent and
mutually reinforcing. Sustainable development
can be treated as a way of expressing the

broader expectations of society as a whole.
- source: ISO 26000:2010
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Sustainable Developmen

Sustainable development concept for
business, consists of taking into
consideration widely understood economic,
environmental and social issues in the daily
and long term operations of a company.

fppt.com



Sustainable Development :

Social
Bearable Equitable
Environment | F.conomic

\ Viable
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Sustainable Developmel

Sustainable development has to be present in all product
life cycle stages:

= production processes,

= processing methods,

= delivery chain,

= packaging,

= distribution,

= usageand

= waste management including transport.

At the same time sustainable products should match up or
exceed conventional products by functional and quality
properties, fulfil todays environmental protection
standards, and also contribute to waste management
system.
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Sustainable Development

Social

Bearable Equitable

Environment |

\ Viable
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Sustainable Development

Bearable Equitable

Environment
\ Viable

LCA
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What is LCA 2?

* LCA = Life Cycle Assessment

* The most popular sustainability
assessment tool

= Can be used to assess
products, value chains, . &
processes, whole companies,
economy and even socio-
cultural implications

" |ts main goal is to assess the
aspects of environmental
impacts in whole life cycle of
selected subject matter.
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Assessment

“Cradle to Grave” View of a Product Uitm=2

o
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= LCA consists of different criteria of evaluation in
all life cycle stages of a selected product.

= Environmental influence of every life cycle
process of a chosen product is quantitatively
recorded in different impact categories

= LCA method can be used to rate and compare a
product with another products with similar
functionality.
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What is LCA 2?

Life: \
Detailed

Biography
~ and Family

Tree of our

product
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LCA as a description of reality

LCA is used to model complex reality

+

Each model simplifies the reality

Contradiction — simplification distorts the reality

Main goal of LCA - minimise this distortion
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How to use LCA

= Internal LCA — used by enterprises

= ‘knowing your product’, identification of ‘hot spots’, strategic
management goals

= Marketing [ Benchmarking
= PR

" Preparation for legislation changes, arguments for lobbying

= External LCA — ful public reports

= Published by public institutes/research institutes
"= Need to be peerreviewed

= Not often used by enterprises due to bad experiences in the ‘90
(benchmarking backfire)
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LCA Standards

®" > main standards:

= ENISO 14040 — main concept
= ENISO 14044 - details

= Other relevant standards:

= EN ISO 14020 series — Environmental labels and declarations
" 14021 -Type ll

" 14024 - Type |
" 14025 - Type llI

" 14064 — GHG emissions — due soon
" 14067 — Carbon Footprint calculation — due soon
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LCA CEN Reports

= 2 CEN Reports for packaging:

= CR12340:1996 — Recommendations for LCl of packaging systems
= CR13910:2009 - Criteria and methods for packaging LCA

fppt.com



LCA in 4 steps

Direct uses:

Development and
improvement of products
Strategic planning
Shaping of public policy
Marketing

Other

Impact
assessment

fppt.com



. Determine the target (beneficiary) of
our LCA

. Determine the scope of the LCA

3. Determine the functional unit for

intelligent demonstrator

. Determine the functional unit for
active demonstrator

. Choose demonstrator solutions that
we have LCI data on

fppt.com



ActinPak Demonstrators

Demonstrator 1 — Intelligent

Indicator & Detection of bacteria

o/

Plastic packaging
for example for meat

fppt.com



ActinPak Demonstrators

Demonstrator 2 — Active

Oxygen scavenger applied as a

Modified atmosphere label on interior of packaging

\ «ldd> bl /

Plastic packaging
for example for pre baked bread

fppt.com



ActinPak Demonstrators

Demonstrator 3 —Active

Antibacterial / anti mould
Ethylene scavenging Corrugated layer sandwiched
inner layer between inner and outer layer

VIOVVHO®

Corrugated box
for example for fruits

fppt.com



Step 1 - Goal and Scope

How does it look like 2?

What/Why/F - Functional Unit
We need LC em Boundaries

fppt.com



Step 1 - Goal and Scope

How does it look like 2?

- Functional Unit
ystem Boundaries
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Group Brainstorm

Goal of our LCA

Who is our target?? We need ONE!!
Consumer
- Retailer
- Wholesale [ Logistics
- Policy Makers
- NGO'’s
- Academia
- Or maybe someone else??
Discuss, write down benefits and risks of having each
of those targets, and then choose one.

Time: 20 minutes

fppt.com



Step 1 - Goal and Sco

Other uses

Natural resources of

resources

Other
products

—)‘ Recycling

Preperations
for re-use

Product to
be packed

Boandary
includes

L

<T g ™ MM 35 m

Energy
recovery

packaging
production
loses

Use phase
of the
packed
product
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Group Brainstorm

Scope of our LCA

Taking into account our chosen target, what

should be the scope of our studies:
- Cradle to grave — Packaging only

- Cradle to grave - Packaging + product
- Cradle to gate — Packaging

- Cradle to gate — Packaging + product

- Other scopes (gate to grave)??

Discuss, and then choose one.

Time: 20 minutes

fppt.com



Step 1 - Goal and Scop

Functional Unit

= Unit of reference

= Quantitative system
effect — unit has to
measure same effect
when comparing 2 or
more products

= All data should be
referenced to the
functional unit

fppt.com



Step 1 - Goal and Scope

Functional Unit

Functional Unit examples:
* Paint: 20 m? area coverage for 20 years
= [ce-cream: kcal / mass / leisure time
* Beverage packaging: volume of beverage
* Public transport: person-kilometer
* Packaging waste: kg
* Shopping bags: 5 kg of shopping carried for
500 meters
* Hand towels: 10 000 washed hands

fppt.com



Step 1 - Goal and Scope

Functional Unit

5TER 10 DESRIBE THE PRODUCT 57eEp 2 DETERMINE THE
BY ITS PROPERTIES RELEVAMNT MARKET SEGMEMNT

Obligatory properties:

MARKET REQUISBIMEMNTS

Positioning properties:

- - === ALL OOLIGATORY RELIWANT, SIGHIFICANT AHD
e e e PROFIATICS "- BELFEISCHTATIVE FROOLULCTS
5TEPR 4! STEP 3
Market irrelevant properties: DEFINE THE DETERMINE
FUMNCTIONAL —*| prODUCT
- T == UMNIT ALTERMATIVES
— - BDFG
I EAKNSLATE FIUSCTED HAL
* ? ,“_ UHNIT TO PROOULCT FLOWS
PEO@TETIS THAT AFFICT
REFLHCE FLOWS STI:I:' 5:

DETERMINE REFEMCE FLOWS

FOR EACH PRODUCT SYSTEM [™
BEDFGC PEODUCTS TO BE COMPARED

s fppt.com



Group Brainstorm

Functional unit — Active Packaging

List possible functional units for active
packaging solutions, taking into account:

- Ease of comparison between active and non
active packaging

- Obijectivity [ Absence of bias

- Fit to chosen target and scope of our study

Time: 30 minutes

fppt.com



Group Brainstorm 4

Functional unit - Intelligent Packaging

List possible functional units for intelligent
packaging solutions, taking into account:

- Ease of comparison between active and non
active packaging

- Obijectivity [ Absence of bias

- Fit to chosen target and scope of our study

Time: 30 minutes

fppt.com



Step 2 - LCI

Data collection — depends on the goals and
scope of our research.

* What shall be taken into account:
» System boundaries
= Geography
* Time of data collection
* Functional Unit
» Allocation methods
" But most importantly: Time and Money!!

fppt.com



Step 2 effect - Process Tree

" Process Tree includes all LCI results in the
form of inputs and outputs emissions from
and to soil, atmosphere, water etc.

= Examples of quantitative results of LCl: CO2,
CFC, P, SO2, NOx, DDT used/emitted during
different stages of life cycle.

fppt.com



Step 2 - Process Tree

PET bottle - recycling 30%

30% PET recycling

PET Bottle
Energy +
Transport

} PET Granulate ‘

Fossil Fuels

fppt.com



Step 2 - Process Tree

PET bottle - recycling 30%

ersiGtanod Desktop\[[SIMAPRO BACKUPINDARMSTADT; BIO BASED PACKING LYON 09 - [Analyse Butelka PET - 30% odpaddw poddane recyklingowi]
File Edit

I IEEIEE AR EE R TR

Networkl Tree I Impact assessment  Inventory |Prooess mntributionl Setup I Checks (475,0) I

Calculate Tools Window Help

Compartment Indicator Cut-o

IAII compartments LI IInvenhory LI IIII o ﬂ IEI]_H' |I|1| @ | ﬁl i/,°| l%l lZfl

[ Per sub-compartment C I Perimpact categary

[T Skipunused [~ Default units | [ | @ erpd (@ G
No Substance |Compartmer1t Unit Total Butelka PET - 30% Vl

odpadéw poddane
Volume occupied, reservoir Raw m3y 22,3 22,3

2 Water, turbine use, unspecified natural arigin Raw m3 9,39E3 9,39E3
3 Gas, natural, in ground Raw m3 508 508
4 Water, cooling, unspecified natural arigin/m3 Raw m3 72,6 72,6
5 Gas, natural, 35 M1 per m3, in ground Raw m3 16 16
6 Water, river Raw m3 8,13 8,13
7 Water, unspedified natural origin/m3 Raw m3 7,29 7,29
8 Gas, petroleum, 35M1 per m3, in ground Raw m3 3,12 3,12
9 Gas, mine, off-gas, process, coal mining/m3 Raw m3 2,64 2,64
10 Water, well, in ground Raw m3 2,1 2,1
11 Water, salt, ocean Raw m3 1,42 1,42
12 Wood, soft, standing Raw | 188 138
13 Water, lake Raw | 175 175
14 Wood, hard, standing Raw | 80,5 80,5
15 Water, salt, sole Raw | 76,9 76,9
16 olume occupied, underground deposit Raw | 1,28 1,28
17 Wolume occupied, final repository for low-active radioactive waste Raw an3 33,6 33,6
18 olume occupied, final repository for radioactive waste Raw an3 8,51 8,51
19 Wood, primary forest, standing Raw an3 5,59 5,59
20 Wood, unspedfied, standing/m3 Raw an3 2,3 2,8
21 \Water, process and cooling, unspedfied natural origin Raw m3 -2,03 -2,03
22 Gas, natural, feedstock, 35 M1 per m3, in ground Raw m3 -38,3 -38,3
23 Gas, natural, 36.6 MJ per m3, in ground Raw m3 47,9 -47,9
24 Radon-222 Air kBq 5,36E5 5,96E5
25 Radioactive species, unspecified AIr kBq 5,02E5 5,02E5
26 Moble gases, radioactive, unspecified Air kBq 2,849E5 2,84E5
27 Krypton-85 Air kBq 4,59E4 4,59E4
28 Hydrogen-3, Tritium Water kBq 1,45E4 1,45E4
29 Radioactive species, unspecified Water kBq 4,61E3 4,61E3
30 Hydrogen-3, Tritium Air kBq 177 177
31 Radium-226 Water kBq 69,4 69,4
32 Xenon-133 Air kBq 63,7 63,7
33 Strontium-90 Water kBq 41,3 41,3
34 Carbon-14 Air kBq 29,9 29,9
35 Radioactive species, Mudides, unspecified
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Step 2 - Process Tree

PET bottle - recycling 30%

443 kg
Butelki PET

20.8%

443 kg 443 kg 222kg
Formowanie o
granulal do Recykling PET
produkgji butelek RN
916% I 16% | ee%
346 kg B 7,5E3 MJ | | -199 kg
PET, Produkcja energii PET,
granulat elekirycznej granulat
ETAP 3 I I
68,6% 25% J -48,7%
1
1 1 .
389 kg 151 kg 7,8E3 MJ
Kwas tereftalowy Glikol P'°d""°"" °"°‘.’9"
I ETAP2
58,1% 18,9% | | 25,3%
258 kg ] 110 kg [ 7,88E3 MJ |
Produkcja energii
Ksylen Tlenek etylenu eiekt?y.lznea;g
ETAP 1
45,9% 17,6% | | 25.2% \

fppt.com



Meeting Brainsto

Choice of packaging solutions

- What do we know / don’t know?
- Which data can we access [ get?
- What can we assume?

- Can we choose a proxy
product/component?

- Who else can we contact /| we know that
could help?

fppt.com



Meeting Brainstorm

Choice of packaging solutions

Demonstrator 1 — Intelligent Demonstrator 2 —Active

Indicator & Detection of bacteria

O/

Plastic packaging
for example for meat

Oxygen scavenger applied as a
Modified atmosphere label on interior of packaging

\ «lidd ablis /

Plastic packaging
for example for pre baked bread

Demonstrator 3 —Active

Antibacterial [ anti mould

Corrugated layer sandwiched
between inner and outer layer

Ethylene scavenging
inner layer

TAVAVAVAVAVAVAVAVAVAVAVAVIVAVAVAVAVAVAVAVAVAI

Corrugated box

for example for fruits
T
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Step 3 - Impact Assessn

= | Cl results while interesting do not give us
any specific information about the
environmental impact of a particular
product

* | Cl results should be interpreted and
characterised into impact categories

" There are many characterisation methods
available, many of them with
normalisation and weighting options

fppt.com



Step 3 — Method example

CML 2000

LCl result Climate Acidification | Human toxicity

change Human
1000 gr CO2 x 1 =1000 toxicity
10 gr. CH4 X 23 = 230 potentials
10 gr. SO2 x1 =10 |x9.6E-2=0.96
5gr.NO €02 1707 =35 |x12 =6

gr. NOx eq. x0.7 =3. X 1. =

1E-7 gr dioxine S02-eq. x 1.3E9 =130
Total 1230 13.5 136.96

fppt.com



Step 3 -

Midpoint and Endpoint in a method

Low
uncertainity

Impact categories:
Examples

* Global warming
= Acidification
= Cariogenics
= Radiation
= Resource
utilisation
= Fossil fuels
" etc

s e—

PlﬁlCU|t to / Relatively easy to
interpret i
interpret

High
uncertainity

Damage categories:

\ L
I Endpoint>

fppt.com



Step 3 -

Midpoint and Endpoint in a method

Mid- and endpoints in ReCiPe,

see www.lcia-recipe.net

azard Dose

| Hum tox Damage

| Radiaton [ [l Damage o &

LCI
result >
P. C. Ozone Form.
| : |—’ Ozone Conc. D
Raw mat. | Particulate Form. |—~ PM10 Conc. =
Land use [ Climate Change |— [T oo Forcing Damage
\(;(())é | TerirF.EOOtOX Hazard W. Cone. z _
p | Fresh W. Ecotox Al —| Damage [ I
S02 | Marine Ecotox. Hazard W. Conec. DDJ_ E S =
— >S5 O 5 .
NOx | Terr. Acidif. Base Saturation o 3
CFC R 3
Cd | Fresh wa‘tsr Eutr. Algae Growth Damage f °
PAH | Marine Eutr. Algae Growth § g"
DDT [ Agr. Land Oce. Ocoupled Area o
| Urban Land Occ. Occl.;-i:d- Area 3
'I Nat. Land Transf.
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Step 3 - Impact Assessment

3 PET bottles — No recyling [ recycling 30% & recycling 507%
Method: Eco-indicator 99

Paliwa

Cryrinikl Emisja Erolsle Zmiany klimatu Promieniowanie \¥arshie Toksycznos¢ Zakwaszenie  Wykorzystanie kopalne

# i g : Minera
rakotwoércze organiczne nieorganiczne ozonowa / Eutrofizacja terenu y

: _ A ; ; _EAE ’
. Butelki PET - brak recyklingu |:| Butelki PET - 30% odpadow . Butelki PET - 50% odpadow

poddane recyklingowi poddane recyklingowi
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Step 3 - Impact Assessment

3 PET bottles — No recyling [ recycling 30% & recycling 507%
Method: Eco-indicator 99

Zdrowie Ludzkie Ekosystem Zasoby Naturalne

D Butelki PET - 30% odpadéw . Butelki PET - 50% odpadéw
poddane recyklingowi

. Butelki PET - brak recyklingu poddane recyklingowi

fppt.com



Step 3 - Impact Assessment

3 PET bottles — No recyling [ recycling 30% & recycling 507%
Method: Eco-indicator 99

Butelki PET - brak recykllngu Butelki PET - 30% Odpadéw Butelki PET - 50% OdpadOW
poddane recyklingowi poddane recyklingowi

- Zdrowie Ludzkie |:| Ekosystem . Zasoby Naturalne




Step 4 - Interpreta

ISO 14044 standard recommends that before drawing
conclusions and preparing a report from 3 previous
steps, following elements should be checked:

Check consistency of results with goal and scope definitions
* Check processes with highest environmental impact
» Check for anomalies (use best judgment)
* Check whether the method is consistent with assessed product

* Some methods omit substances present in the LCI — check whether
the number of omitted substances influence the result by choosing
a different method

= LCAis not objective, therefore it is helpful to check how the LCA
results are dependent on our choices throughout the process.

= Perform uncertainty and sensitivity analysis where logical and
possible. Prepare few scenarios.

fppt.com



Cheery tomato container from
the following materials :

1. PP
2. PET
3. rPET
4. PLA

fppt.com



PP container

1p
01. Tacka z Wieczkiem -
PP/S

100%

0,0208 kg 0,00624 tkm
Tacka z wieczkiem - PP Transport, lorry >32t,

1S EURO4/RER S

99,3% 0,75%

0,0218 kg 0,0218 kg 0,0208 kg 0,00104 kg

Polypropylene, Extrusion, plastic Thermoforming, with Disposal,
granulate, at plant/RER film/RER S calendering/RER S polypropylene, 15.9%
3 water, to sanitary

76% 8,5% 13,9% 0,85%
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0,0218 kg 0,00654 tkm

Tacka z wieczkiem - Transport, lorry >32t,

PLA/S EURO4/RER S

0,673%
0,0229 kg 0,0229 kg 0,0208 kg 0,00109 kg
Polylactide, granulate, Extrusion, plastic Thermoforming, with Landfill of
film/RER S-PLA calendering/RER S biodegradable waste
EU-27
7:9% 11,9% 0,134%
-0,000376 MJ

Dummy Electricity from|
landfill gas utilisation,
AC, production mix, at

at plant/GLO S-CO2

79,4%

landfill site, < 1kV
o%

PLA container
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Example

PP container

[Polypropylene, granulate, at plart/RER S 76,02 |

Remaining processes 0
| [ Transport, lorry =32t, EURO4/RER S 0,75
I | Disposal, polypropylene, 15.9% water, to sanitary landfilliCH S 0,85

_' Extrusion, plastic filmRER S 8,5

I Polypropylene, granulate, at plant/RER S | Thermoforming, with calendering/RER S [ Extrusion, plastic film/RER S
I Disposal, polypropylene, 15.9% water, to sanitary landfillJCHS[_____] Transport, lorry >32t, EURO4/RER S [ Remaining processes

Analyzing 1 p 'o1. Tacka z Wieczkiem - PP/ S';
Method: Eco-indicator 99 (H) V2.07/ Europe El 99 H/A Single score

[ —— fppt.com



Example

PLA container

Polylactide, granulate, at plant/GLO S -CO2 0,00676 .

| | Remaining processes 0,00001
Transport, lorry =32t, EURO4/RER S 0,00006

{ | Extrusion, plastic film/RER S - PLA 0,00067 I

Thermoforming, wih calendering/RER S 0,00101 )

I Polylactide, granulate, at plant/GLO S-CO2 @ Thermoforming, with calendering/RERS  [___] Extrusion, plastic film/RER S - PLA I Transport, lorry >32t, EURO4/RER S [ Remaining processes

Analyzing 1 p '04. Tacka z Wieczkiem - PLA [ S';
Method: Eco-indicator gg (H) V2.07 / Europe El gg H/A | Single score

[ —— fppt.com



Carcinogens Resp. organics Resp. inorganics Climate change Radiation Ozone layer Ecotoxicity Acidification Land use Minerals Fossil fuels
/ Eutrophication

o1. Tacka z Wieczkiem-PP /S [ o2. Tacka z Wieczkiem - PET/S [__] 03. Tacka z Wieczkiem - RPET/ S [l o4. Tacka z Wieczkiem - PLA /S I
— — —

PP PET rPET PLA
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Human Health Ecosystem Quality Resources

[ o1. Tacka z Wieczkiem-PP/S  [BBB o2. Tacka z Wieczkiem - PET/S [ 03. Tacka z Wieczkiem - RPET/ S [l o4. Tacka z Wieczkiem - PLA /S I

PP PET rPET PLA




i m

Carcinogens Resp. organics Resp. inorganics Climate change Radiation

Ozone layer Ecotoxicity Acidification Land use Minerals Fossil fuels
| Eutrophication

[ o1. Tacka z Wieczkiem-PP/S  [BBB o2. Tacka z Wieczkiem - PET/S [ 03. Tacka z Wieczkiem - RPET/ S [l o4. Tacka z Wieczkiem - PLA /S I
— — —

PP PET rPET PLA




Pt

48

0,4

Human Health Ecosystem Quality Resources

o1. Tacka z Wieczkiem - PP /S [BB o2. Tacka z Wieczkiem - PET/S [__] 03. Tacka z Wieczkiem - RPET/ S [l o4. Tacka z Wieczkiem - PLA /S I
— — —




Summary

Packaging production

Product Distribution

® N
|

iy

Landfilling

Natural resources utilisation
Environmental damage
Energy utilisation

Gas emissions

Liquid waste

Solid waste

Damage impact assessment
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inialinlc you!!

LCA Workstation
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