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Relevant 
process 

in 

Input parameters

Value Unit Source
Parameter of for

1 Mass

EPS TV 0.33 kg

Primary data from the 
client

EPS
Washing 
machine

0.877 kg

EPP TV 0.45 kg

EPP
Washing 
machine

1.8 kg

Paperboard TV 0.56 kg

Paperboard
Washing 
machine

3.5 kg

Molded 
pulp

TV 1.22 kg

2 Mass

TV 15 kg

Primary data from the 
client. The defined 
mass in the original 

ecoinvent inventory is 
30 kg, so the mass is 

scaled down.

Washing 
machine 

80 kg 

Primary data from the 
client. The defined 
mass in the original 

ecoinvent inventory is 
75 kg, so the mass is 

scaled up. 

3 Transport Packaging

Transport of 
the package 

to the 
product 

manufacturer

20 km
Assumed to be 20 km, 
by 3.5-7.5 t truck EUR0 

3

5 
Packaged 
product

Between the 
product 

manufacturer 
and the 

distribution 
center

1200 km

>32 t truck EUR0 4
according to the PEF 

(section 7.14.3),  
(European 

Commission, 2018)  

Between the 
distribution 

125 km 250 km roundtrip by 



center and 
the customer 

3.5-7.5 t truck EUR0 3  
according to the PEF 

(section 7.14.3),  
(European 

Commission, 2018)   

6 

Reusability 
rate

EPP 5

Primary data from the 
client. It refers to the 
number of times the 

package can be reused.

Reuse 
return rate 

Reusable 
package 

(EPP) 
70 %

Primary data from the 
client. It represents the 

percentage of 
customers who return 
the package for reuse 

by the product 
manufacturer 

Packaged 
product 

 

Between the 
customer 
and the 

distribution 
center

125 km 

250 km roundtrip by 
3.5-7.5 t truck EUR0 3  
according to the PEF 

(section 7.14.3),  
(European 

Commission, 2018)   
Between the 
distribution 
center and 
the product 

manufacturer

1200 km 

 >32 t truck EUR0 4 
according to the PEF 

(section 7.14.3),  
(European 

Commission, 2018)   

7 
Damage 

rate

EPS 0.8 %

Primary data from the 
client

EPP 0.8 %
Paperboard 1.25 %

Molded 
pulp

1.25 %

8 

Recycling 
collection 

rate 
All packages  70 % 

The recycling collection 
rate of the package 
transported to the 
waste treatment 

center is assumed to 
be equal to the reuse 

return rate for the 
reusable package, as 
both reflect post-use 
customer behavior 
with the package. 

Transport

Non-
returned 

waste 
packaging

Transport to 
EoL 

treatment
10 km

Assumed to be 10 km, 
by 3.5-7.5 t truck EUR0 

3



9 

EoL path 
fractions of 

the 
packages 

after the 6th 
service 

cycle (In the 
previous 
cycles: 

reuse for 
EPP, 

mechanical 
recycling for 

EPS, 
paperboard, 
and molded 

pulp)

Mechanical 
recycling 
fraction

EPS and EPP 0.38
38% recycled (EUMEPS, 

2021), all mechanical 
recycled

Paperboard 
and molded 

pulp
0.815

81.5% recycled 
(Eurostat, 2024), all 

mechanical recycling

10 

EoL path 
fractions of 

the 
packages 

after the 6th 
service 

cycle (In the 
previous 
cycles: 

reuse for 
EPP, 

mechanical 
recycling for 

EPS, 
paperboard, 
and molded 

pulp)

Landfill 
fraction

EPS and EPP 0.24 (EUMEPS, 2021)

Paperboard 
and molded 

pulp
0.093 (Eurostat, 2024)

11 

EoL path 
fractions of 

the 
packages 

after the 6th 
service 

cycle (In the 
previous 
cycles: 

reuse for 
EPP, 

mechanical 
recycling for 

EPS, 
paperboard, 

Incineration 
and energy 

recovery 
fraction 

EPS and EPP 0.38 

 

(EUMEPS, 2021) 

Paperboard 
and molded 

pulp
0.092 (Eurostat, 2024) 



and molded 
pulp) 

LHV

EPS 32.2 MJ/kg
(Dutch Environmental 

Database (NMD), 2022)
EPP 44 MJ/kg (ARPRO, 2018)

Paperboard 15.92 MJ/kg
(Dutch Environmental 

Database (NMD), 2022)
Molded 

pulp
15.92 MJ/kg

(Dutch Environmental 
Database (NMD), 2022)

Efficiency 
 

Electricity 
efficiency of 
Waste-to-

Energy 
plant Incineration 

and energy 
recovery

0.18 

 

(Dutch Environmental 
Database (NMD), 2022) 

Heat 
efficiency of 
Waste-to-

Energy 
plant 

0.31 
(Dutch Environmental 

Database (NMD), 2022) 

12 

Recycling 
return rate 

Single-use 
packages 

(EPS, 
paperboard, 

molded 
pulp) 

70 %

It represents the 
percentage of 

customers who return 
the package for 

intermediate recycling 
by the product 

manufacturer. The 
value was considered 

to be equal to the 
reuse return rate 

explained above for 
the process 6  

The quality 
factor  

Mechanical 
recycling 

EPS 0.995 

 

Primary data from the 
client, check  

for the fractions of 
virgin and recycled 

materials 

EPP 0.995 
Paperboard 0.9 

Molded pulp 0.9 







3 1 1 
5 1 1 
6 0 0.7 
8 0.3 0.3 
3 1 0 
5 1 1 
6 0 0.7 
8 0.3 0.3 
3 1 0 
5 1 1 
6 0 0.7 
8 0.3 0.3 
3 1 0 
5 1 1 
6 0 0.7 
8 0.3 0.3 
3 1 0 
5 1 1 
6 0 0.7 
8 0.3 0.3 
3 1 0 
5 1 1 
6 0 0 
8 1 1 
3 6 6 6 1 
5 6 6 6 6 
6 0 0 0 3.5 

8 2.5 2.5 2.5 2.5 

3 6.05 6.08 6.08 1.01 
5 6.05 6.08 6.08 6.05 
6 0 0 0 3.53 

8 2.52 2.53 2.53 2.52 

3 1.01 1.01 1.01 0.17 
5 1.01 1.01 1.01 1.01 
6 0.00 0.00 0.00 0.59 
8 0.42 0.42 0.42 0.42 
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TV delivery 
with EPS 
package

TV delivery 
with EPP 
package

TV delivery 
with 

paperboard 
package

TV delivery 
with molded 
pulp package

washing 
machine 

delivery with 
EPS package

washing 
machine 

delivery with 
EPP package
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Table C.1: Cradle-to-grave environmental impacts of the packaging material for the different alternatives 

TV delivery washing washing 
washing 

TV delivery TV delivery TV delivery machine 
Impact with machine machine 

Unit with EPS with EPP with malded delivery with 
category 

package package 
paperboard 

pulp package 
delivery with delivery with 

paperboard 
package EPS package EPP package 

packaqe 

Acidification mal H+ eq 2.48E-03 2.83E-03 1.76E-03 3.18E-03 6.61E-03 1.13E-02 1.10E-02 

Climate 
kg CO2 eq 7.13E-01 8.14E-01 4.23E-01 7.47E-01 1.90E+00 3.26E+00 2.64E+00 

change 

Ecotoxicity, 
CTUe 1.41E+00 6.82E+00 4.04E+00 7.08E+00 3.76E+00 2.73E+01 2.52E+01 

freshwater 

Particulate 
disease inc. 2.51E-08 3.22E-08 1.43E-08 2.54E-08 6.69E-08 1.29E-07 8.91E-08 

matter 

Eutrophicatio 
kg N eq 4.17E-04 5.41E-04 6.72E-04 1.19E-03 1.11E-03 2.16E-03 4.20E-03 

n, marine 

Eutrophicatio 
kg P eq 1.03E-04 2.13E-04 2.46E-04 4.71E-04 2.75E-04 8.54E-04 1.54E-03 

n, freshwater 

Eutrophicatio 
mol N eq 4.07E-03 5.47E-03 4.97E-03 8.71E-03 1.09E-02 2.19E-02 3.11E-02 

n, terrestrial 

Human 
toxicity, CTUh 2.38E-10 1.91E-09 1.34E-09 2.26E-09 6.36E-10 7.63E-09 8.39E-09 
cancer 

Human 
toxicity, non- CTUh 1.83E-09 5.60E-09 5.0SE-09 9.03E-09 4.88E-09 2.24E-08 3.16E-08 

cancer 

Ionising 
kBq U-235 eq 5.83E-02 6.57E-02 1.03E-01 2.04E-01 1.56E-01 2.63E-01 6.42E-01 

radiation 

Land use Pt 6.84E-01 2.35E+00 1.04E+01 2.82E+01 1.82E+00 9.39E+00 6.49E+01 

Ozone 
kg CFC11 eq 3.65E-09 1.19E-08 9.22E-09 1.44E-08 9.74E-09 4.77E-08 5.76E-08 

depletion 

Photochemic 
al ozone kg NMVOC eq 3.21E-03 4.72E-03 1.44E-03 2.62E-03 8.55E-03 1.89E-02 9.03E-03 

formation 

Resource 
MJ 1.30E+01 1.56E+01 6.56E+00 1.17E+01 3.46E+01 6.22E+01 4.10E+01 

use, fossils 

Resource 
use, minerals kg Sb eq 2.68E-07 4.51E-06 1.33E-06 2.14E-06 7.14E-07 1.80E-05 8.29E-06 
and metals 

Water use m3 depriv. 4.02E-01 1.78E-01 1.58E-01 2.53E-01 1.07E+00 7.12E-01 9.86E-01 
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Table C.2: Cradle-to-grave environmental impacts of the damaged products (depending on the type of 
packaging and the associated damage rate, the total quantity of the damaged products may vary) 

TV delivery washing washing 
washing 

TV delivery TV delivery TV delivery machine 
Impact with machine machine 

Unit with EPS with EPP with molded delivery with 
category 

package package 
paperboard 

pulp package 
delivery with delivery with 

paperboard 
package EPS package EPP package 

packaqe 

Acidification mal H+ eq 2.07E-02 2.07E-02 3.23E-02 3.23E-02 2.S0E-02 2.S0E-02 3.90E-02 

Climate 
kg CO2 eq 1.60E+00 1.60E+00 2.S0E+00 2.S0E+00 3.62E+00 3.62E+00 5.65E+00 

change 

Ecataxicity, 
CTUe 5.49E+0l 5.49E+01 8.57E+01 8.57E+0l 4.63E+01 4.63E+0l 7.23E+01 

freshwater 

Particulate 
disease inc. 1.33E-07 1.33E-07 2.0SE-07 2.0SE-07 3.0SE-07 3.0SE-07 4.81E-07 

matter 

Eutraphicatia 
kg N eq 2.66E-03 2.66E-03 4.16E-03 4.16E-03 3.71E-03 3.71E-03 5.S0E-03 

n, marine 

Eutraphicatia 
kg P eq 2.41E-03 2.41E-03 3.76E-03 3.76E-03 1.77E-03 1.77E-03 2.77E-03 

n, freshwater 

Eutraphicatia 
mal N eq 3.06E-02 3.06E-02 4.78E-02 4.78E-02 3.76E-02 3.76E-02 5.88E-02 

n, terrestrial 

Human 

toxicity, CTUh 9.41E-09 9.41E-09 1.47E-08 1.47E-08 7.00E-08 7.00E-08 1.09E-07 

cancer 

Human 

toxicity, nan- CTUh 1.0SE-07 1.0SE-07 1.68E-07 1.68E-07 1.45E-07 1.45E-07 2.27E-07 

cancer 

Ionising 
kBq U-235 eq 1.SlE-01 1.SlE-01 2.36E-01 2.36E-01 1.79E-01 1.79E-01 2.S0E-01 

radiation 

Land use Pt 1.29E+0l 1.29E+01 2.01E+01 2.0lE+0l 1.65E+01 1.65E+0l 2.57E+01 

Ozane 
kg CFCll eq 3.94E-08 3.94E-08 6.16E-08 6.16E-08 3.0SE-08 3.0SE-08 4.76E-08 

depletion 

Phatachemic 

al ozone kg NMVOC eq 1.lOE-02 1.l0E-02 1.71E-02 1.71E-02 1.29E-02 1.29E-02 2.02E-02 

formation 

Resource 
MJ 2.07E+0l 2.07E+01 3.24E+01 3.24E+0l 4.91E+01 4.91E+0l 7.68E+01 

use, fossils 

Resource 

use, minerals kg Sb eq 6.91E-04 6.91E-04 1.0SE-03 1.0SE-03 1.SlE-04 1.SlE-04 2.36E-04 

and metals 

Water use m3 depriv. 5.16E-01 5.16E-01 8.06E-01 8.06E-01 1.16E+00 1.16E+00 1.81E+00 
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Table C.3: Cradle-to-grave environmental impacts of the transportation for different packaging alternatives 

TV delivery washing washing 
washing 

TV delivery TV delivery TV delivery machine 
Impact with machine machine 

Unit with EPS with EPP with molded delivery with 
category 

package package 
paperboard 

pulp package 
delivery with delivery with 

paperboard 
package EPS package EPP package 

packaqe 

Acidification mol H+ eq 2.93E-04 4.53E-04 4.88E-04 9.26E-04 9.79E-04 1.91E-03 2.94E-03 

Climate 
kg CO2 eq 6.37E-02 9.89E-02 1.06E-01 2.02E-01 2.13E-01 4.17E-01 6.41E-01 

change 

Ecatoxicity, 
CTUe 2.59E-01 4.00E-01 4.32E-01 8.20E-01 8.66E-01 1.69E+00 2.61E+00 

freshwater 

Particulate 
disease inc. 5.67E-09 8.84E-09 9.46E-09 1.79E-08 1.90E-08 3.73E-08 5.70E-08 

matter 

Eutrophicatio 
kg N eq 1.lSE-04 1.77E-04 1.92E-04 3.64E-04 3.84E-04 7.48E-04 1.16E-03 

n, marine 

Eutrophicatio 
kg P eq 4.74E-06 7.34E-06 7.91E-06 1.S0E-05 1.59E-05 3.l0E-05 4.77E-05 

n, freshwater 

Eutrophicatio 
mol N eq 1.25E-03 1.94E-03 2.09E-03 3.97E-03 4.19E-03 8.16E-03 1.26E-02 

n, terrestrial 

Human 
toxicity, CTUh 4.SlE-10 6.97E-10 7.52E-10 1.43E-09 1.SlE-09 2.94E-09 4.53E-09 
cancer 
Human 

toxicity, non- CTUh 6.26E-10 9.71E-10 1.04E-09 1.98E-09 2.l0E-09 4.l0E-09 6.30E-09 
cancer 
Ionising 

kBq U-235 eq 1.42E-03 2.19E-03 2.37E-03 4.49E-03 4.74E-03 9.24E-03 1.43E-02 
radiation 

Land use Pt 6.27E-01 9.86E-01 1.04E+00 1.98E+00 2.l0E+00 4.16E+00 6.30E+00 

Ozone 
kg CFCll eq 1.28E-09 1.98E-09 2.13E-09 4.04E-09 4.27E-09 8.37E-09 1.28E-08 

depletion 
Photochemic 

al ozone kg NMVOC eq 4.44E-04 6.87E-04 7.40E-04 1.40E-03 1.48E-03 2.90E-03 4.47E-03 
formation 
Resource 

MJ 9.08E-01 1.41E+00 1.51E+00 2.87E+00 3.04E+00 5.95E+00 9.14E+00 
use, fossils 
Resource 

use, minerals kg Sb eq 2.28E-07 3.52E-07 3.81E-07 7.23E-07 7.63E-07 1.49E-06 2.30E-06 
and metals 

Water use m3 depriv. 4.07E-03 6.33E-03 6.78E-03 1.29E-02 1.36E-02 2.67E-02 4.09E-02 
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Table C.4: Total cradle-to-grove environmental impacts of different packaging alternatives 

TV delivery washing washing 
washing 

TV delivery TV delivery TV delivery machine 
Impact with machine machine 

Unit with EPS with EPP with molded delivery with 
category 

package package 
paperboard 

pulp package 
delivery with delivery with 

paperboard 
package EPS package EPP package 

package 

Acidification mol H+ eq 2.35E-02 2.40E-02 3.46E-02 3.64E-02 3.26E-02 3.82E-02 5.30E-02 

Climate 
kg CO2 eq 2.38E+00 2.51E+00 3.03E+00 3.45E+00 5.73E+00 7.29E+00 8.94E+00 

change 

Ecatoxicity, 
CTUe 5.65E+01 6.21E+01 9.02E+01 9.36E+01 5.09E+01 7.53E+01 1.00E+02 

freshwater 

Particulate 
disease inc. 1.64E-07 1.74E-07 2.31E-07 2.51E-07 3.94E-07 4.74E-07 6.27E-07 

matter 

Eutrophicatio 
kg N eq 3.20E-03 3.38E-03 5.03E-03 5.71E-03 5.21E-03 6.62E-03 1.12E-02 

n, marine 

Eutrophicatio 
kg P eq 2.52E-03 2.63E-03 4.02E-03 4.25E-03 2.06E-03 2.66E-03 4.36E-03 

n, freshwater 

Eutrophicatio 
mol N eq 3.59E-02 3.S0E-02 5.49E-02 6.0SE-02 5.27E-02 6.77E-02 1.02E-01 

n, terrestrial 
Human 
toxicity, CTUh 1.01E-08 1.20E-08 1.68E-08 1.84E-08 7.21E-08 8.0SE-08 1.22E-07 
cancer 
Human 

toxicity, non- CTUh 1.10E-07 1.14E-07 1.75E-07 1.79E-07 1.52E-07 1.72E-07 2.65E-07 
cancer 
Ionising 

kBq U-235 eq 2.11E-01 2.19E-01 3.42E-01 4.45E-01 3.40E-01 4.52E-01 9.37E-01 
radiation 

Land use Pt 1.42E+01 1.62E+01 3.16E+01 5.03E+01 2.04E+01 3.00E+01 9.70E+01 

Ozone 
kg CFC11 eq 4.43E-08 5.33E-08 7.29E-08 8.00E-08 4.45E-08 8.66E-08 1.18E-07 

depletion 

Photochemic 
al ozone kg NMVOC eq 1.46E-02 1.64E-02 1.93E-02 2.11E-02 2.29E-02 3.47E-02 3.37E-02 

formation 

Resource 
MJ 3.46E+01 3.77E+01 4.0SE+01 4.70E+01 8.67E+01 1.17E+02 1.27E+02 

use, fossils 
Resource 

use, minerals kg Sb eq 6.91E-04 6.96E-04 1.08E-03 1.08E-03 1.52E-04 1.71E-04 2.47E-04 
and metals 

Water use m3 depriv. 9.22E-01 7.00E-01 9.70E-01 1.07E+00 2.24E+00 1.90E+00 2.84E+00 
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Appendix D 
Review Statement 

) TNO Restricted 

Committed to the Environment 

Review statement 
Study title Life Cycle Assessment (LCA) of different packaging solutions for white and 

brown l!Oods (Version 25 February 2025) 
LCA practitioner TNO (Pouva Samani) 
Commissioner EUMEPS and BASF 
Reviewed bv CE Delft (Martiin Broeren, Jan van de Pol) 
Review period Review period: October 2024 • February 2025 

Review statement: 27 February 2025 

The reviewers consider TNO's LCA on different packaging solutions for white and brown goods in line 
with the requirements of the ISO 14040:2006 and ISO 14044:2006 standards on life cycle assessment. 

Study overview 
The life cycle assessment (LCA) compares the environmental performance of several packaging 
solutions for white and brown goods. This is done for a scenario with high package return rates (for 
reuse or recycling), which is explicitly not intended to represent current practice. The assessment is 
intended to inform industrial decision-makers and technical exports on environmental benefits and 
drawbacks between packaging options to help decision making. Additionally, the study aims to help 
policymakers develop policies based on the results of the study. 

This comparison is made for the use of expanded polypropylene (EPP), expanded polystyrene (EPS), 
honeycomb paperboard and moulded pulp for delivery of a TV and washing machine. A scenario for 
reusable EPP packaging is compared with a scenario with a recycling scenario for the other single use 
packaging options. For both scenarios it is assumed that after the first 5 life cycles products were 
returned at a 70% rate for reuse or recycling. After the sixth life cycle conventional end of life 
pathways are considered. 

The study shows that the environmental performance of the studied alternatives depends strongly on 
various uncertain parameters, including the damage rate, the mass of the package, and modelling 
choices such as whether damaged products during transportation are taken into account. This means it 
is not straightforward to draw definitive conclusions between the different packaging materials and 
highlights the need for more robust data. 

Review process 
The critical review took place in several rounds and was based on ISO 14040-44 requirements. The main 
improvements made based on the critical review were: 

The scenarios with high reuse or recycling in the first life cycles were better introduced. 
Improved reproducibility as a result of more extensive LCI. 
Better reflection on data quality and the effect on the robustness of conclusions. 
Improved structure of the report. 

All comments and recommendations were addressed in the updated versions, resulting in a more 
transparent and complete LCA report. Note that the LCA modelling in LCA software was not included in 
this critical review. 
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) TNO Restricted 

Committed to the Environment 

Review statement 
The LCA on packaging material by TNO is well executed, the used method and outcomes are 
transparently and appropriately documented for the goal and intended audience of the study. The data 
used have a large degree of uncertainty. These uncertainties are qualitatively discussed throughout the 
report and quantitively in the sensitivity analysis. The uncertainties are also properly reflected in the 
overall conclusion. 

This study provides key insights into the contributing factors and influential parameters of the 
comparative performance of packaging solutions for white and brown goods for a variety of 
environmental impacts. Sensitivity analyses only reflects on climate change impacts. However, as the 
results of the sensitivity analysis are used to conclude that the results are highly uncertain, we 
understand this from a practical perspective. 

The LCA methodology has been followed adequately and modelling choices are explained sufficiently 
throughout the report, although the presentation of the modelling and underlying data can be 
streamlined. The reviewers therefore consider the LCA in line with the requirements of the ISO 
14040:2006 and ISO 14044:2006 standards on life cycle assessment. The modelling in LCA software was 
not checked as part of this critical review. However, based on the report the model can be reproduced 
and the reviewers have no reason to doubt its correctness. 

When interpreting the results, it is important to note that the study focuses on a scenario with very 
high package return rates, which is not representative of current practices. Future research can focus 
on increasing the robustness of data points/assumptions to enable stronger conclusions on the 
environmental superiority of one of the alternatives. In addition, it could be relevant to compare a 
business-as-usual scenario to the (currently modelled) high-reuse or recycling scenarios, as this could 
help the intended audience in decision-making. 
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