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1 Goal and scope 66 

1.1 Background and objectives 67 

As one of the world’s leading suppliers, Tetra Pak® provides complete processing and carton packaging systems 68 

and machines for beverages, dairy products and food. Currently, the range of packaging systems comprises eleven 69 

alternatives, e.g. Tetra Brik®, Tetra Rex®, Tetra Top® (Tetra Pak 2021). Tetra Pak® is part of the Tetra Laval Group, 70 

which was formed in January 1993. The three industry groups Tetra Pak, DeLaval and Sidel are currently included 71 

in the group.  72 

An integral part of Tetra Pak’s business strategy and activities is the systematic work on the efficient use of 73 

resources and energy. The 2020 environmental targets of Tetra Pak focus on the use of sustainable materials to 74 

continuously improve the entire value chain and the increase of recycling to further reduce the impact on the 75 

environment. All paperboard sourced by Tetra Pak comes from wood from Forest Stewardship Council™ (FSC™)-76 

certified forests and other controlled sources. Tetra Pak supports the sustainable production of sugarcane by 77 

purchasing Bonsucro certified plant-based plastic. For more details please visit www.bonsucro.com. 78 

Tetra Pak has recently finalised LCA studies for several packaging formats including plant-based polymers 79 

alternatives in several European markets. In this study one beverage packaging format of Tetra Pak, PET bottles 80 

with recycled content (rPET) and bottles made of plant-based polyethylene furanoate (PEF) are examined in the 81 

segment JNSD Family Pack (ambient) on the Dutch market. All relevant packaging formats analysed are selected 82 

by Tetra Pak. 83 

The main objectives of this study are: 84 

(1) to compare the environmental performance of Tetra Pak’s beverage carton system with rPET bottles on 85 
the Dutch market. 86 

(2) to compare the environmental performance of Tetra Pak’s beverage carton system with PEF bottles on 87 
the Dutch market. 88 

(3) to assess the impact of the deposit system and the associated higher collection rate on the compared 89 
packaging systems.  90 

 91 

This assessment is done following the rules of life cycle assessment according to the international standards ISO 92 

14040/14044. 93 

 94 

The examined beverage carton system in the segment JNSD Family Pack (ambient) on the Dutch market is: 95 

- Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers (1000 mL) 96 
 97 

The examined competing beverage packaging systems the segment JNSD Family Pack (ambient) on the Dutch 98 

market are: 99 

- 50% rPET bottle (1000 mL) 100 

- 65% rPET bottle (1000 mL) 101 

- PEF bottle (1000 mL) 102 

 103 

Further information on the selection of competing packaging systems can be found in section 2.1. 104 

http://www.bonsucro.com/
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 105 

Organisation of the study 106 

This study was commissioned by Tetra Pak in 2025. It is being conducted by the Institute for Energy and 107 

Environmental Research Heidelberg gGmbH (ifeu). 108 

The members of the project panel are: 109 

• Tetra Pak: Maren Fuhrich, Magdalena Psuja 110 

• ifeu: Samuel Mahami, Saskia Grünwasser, Frank Wellenreuther, Andrea Drescher 111 

 112 

The modelling of the Life Cycle Assessment was done with the software Umberto 5.5. 113 

 114 

Use of the study and target audience 115 

The comparative results of this study are intended to be used by the commissioner (Tetra Pak) to support 116 

comparative assertions. Further, they shall serve for information purposes of Tetra Pak’s customers, e.g. fillers and 117 

retail customers. The study and/or its results are therefore intended to be publicly disclosed.  118 

 119 

This full LCA is consistent with the ISO standards on LCA (ISO 14040 2006; ISO 14044: 2006). Therefore, a critical 120 

review process is undertaken by an independent panel of three LCA experts.  121 

The members of the independent panel are: 122 

• Prof. Dr. Guido Sonnemann (chair), as freelancer, The Life Cycle Group CyVi, France  123 

• Dr. Alex Hetherington, 3Keel Group Ltd., UK  124 

• Meis Uijttewaal, CE Delft, the Netherlands 125 

 126 

Additional to the critical review panel no other interested parties were involved in the study. 127 

 128 

Functional unit 129 

The function examined in this LCA study is the packaging of ambient beverages for retail. The functional unit (FU) 130 

for this study is the provision of 1000 L of product at the point of sale in the Netherlands. The packaging of the 131 

beverages is provided for the required shelf life of the product.  132 

The shelf life of all packaging systems is longer than required for the usual consumption period. Therefore, the 133 

function regarding beverage safety stays the same for all examined packaging solutions. 134 

The primary packages examined are technically equivalent regarding the mechanical protection of the packaged 135 

beverage during transport, the storage at the point-of-sale and the use phase as described in the following section. 136 

The reference flow of the product system assessed here, refers to the actual filled volume of the containers and 137 

includes all packaging elements, e.g. beverage carton and the transport packaging (corrugated trays and shrink 138 

film, pallets), which are necessary for the packaging, filling and delivery of 1000 L beverage. 139 
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1.2 System boundaries 140 

The study is designed as a ‘cradle-to-grave’ LCA without the use phase, in other words, it includes the extraction 141 

and production of raw materials, converting processes, all transports and the final disposal or recycling of the 142 

packaging system. 143 

In general, the study covers the following steps: 144 

• Production, converting, recycling and final disposal of the primary base materials used in the primary packaging 145 

elements from the studied systems including closures, straws (if existent) and labels. 146 

• Production, converting, recycling and final disposal of primary packaging elements and related transports. 147 

• Production, recycling, and final disposal of transport packaging (stretch film, pallets, cardboard trays). 148 

• Production and disposal of process chemicals, as far as not excluded by the cut-off criteria (see end of this 149 

section). 150 

• Transports of packaging material from producers to converters and fillers. 151 

• Filling processes, which are fully assigned to the packaging system. 152 

• Transport from fillers to potential central warehouses and final distribution to the point of sale. 153 

• Material losses in all converting and recycling processes of packaging elements 154 

• Material losses in raw material production as applied in aggregated datasets 155 

 156 

Not included are: 157 

• The production and disposal of the infrastructure (machines, transport media, roads, etc.) and their 158 

maintenance (spare parts, heating of production halls) as their impact is considered negligible. To determine if 159 

infrastructure can be excluded the authors apply two criteria: Capital goods should be included if the costs of 160 

maintenance and depreciation are a substantial part of the product (Heijungs 1992) and if environmental hot 161 

spots within the supply chain can be identified (Frischknecht et al. 2007). Both criteria are considered to assess 162 

relevant information on the supply chain from producers and retailers. An inclusion of capital goods might also 163 

lead to data asymmetries as data on infrastructure is not available for many production data sets.  164 

• Production of beverage and transport to fillers as no relevant differences between the systems under 165 

examination are to be expected. 166 

• Distribution of beverage from the filler to the point-of-sale (distribution of packages is included) as the same 167 

amount of beverage is transported for all regarded packaging systems (see transport allocation in section 1.4.1).  168 

• Environmental effects from accidents like breakages during transportation as from a methodological point, 169 

accidents are not considered in this LCA. 170 

• Losses of beverage at different points in the supply and consumption chain which might occur for instance in 171 

the filling process, during handling and storage, etc. as they are considered to be roughly the same for all 172 

examined packaging systems. Significant differences in the amount of lost beverage between the assessed 173 

packaging systems might be conceivable only if non-intended uses or product treatments are considered as for 174 

example in regard to different breakability of packages or potentially different amount of residues left in an 175 

emptied package due to the design of the package/closure. Further possible losses are directly related to the 176 

handling of the consumer in the use phase, which is not part of this study as handling behaviours are very 177 

different and difficult to assess. Some data about beverage losses in households is available, these losses though 178 
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cannot be allocated to the different beverage packaging systems. Further, no data is available for losses at the 179 

point of sale. Therefore, possible beverage loss differences are not quantifiable. In consequence, a sensitivity 180 

analysis regarding beverage losses would be highly speculative and is not part of this study. This is indeed not 181 

only true for the availability of reliable data, but also uncertainties in inventory modelling methodology of 182 

regular and accidental processes and the allocation of potential beverage waste treatment aspects. 183 

• Activities at the points of sale, as no relevant differences between the systems under examination are to be 184 

expected. 185 

• Transport of filled packages from the point of sale to the consumer as no relevant differences between the 186 

systems under examination are to be expected and the implementation would be highly speculative as no 187 

reliable data is available. Further beverages are mostly bought by consumers among other goods, an allocation 188 

of the transport to the beverage packaging would also be highly speculative. 189 

• Use phase of packages at the consumers as no relevant differences between the systems under examination are 190 

to be expected (for example in regard to cleaning before disposal or chilling at home) and the implementation 191 

would be highly speculative as no reliable data is available.  192 

The following simplified flow charts shall illustrate the system boundaries considered for the packaging systems 193 

beverage cartons (Figure 1), PET bottles (Figure 2) and PEF bottles (Figure 3). For more details regarding 194 

specifications of the packaging systems see section 2.2. In case recycled material is used as recycled content in a 195 

closed loop, the flow charts show a connection between the recycling process and the material supply phase. 196 

Specific percentages of end-of-life streams are shown in section 2.3. As there are no refillable packaging systems 197 

established on the Dutch market for the packaging of ambient beverage, only single use packaging systems are 198 

included in this study. 199 

 200 

  201 

Figure 1: System boundaries of beverage cartons 202 
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 203 

Figure 2: System boundaries of rPET bottles 204 

 205 

Figure 3: System boundaries of PEF bottles 206 



ifeu Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market       11 

 
 207 

For recycling and recovery routes the system boundary is set at the point where a secondary product (energy or 208 

recycled material) is obtained. The secondary products can replace primary energy generation processes and virgin 209 

materials, respectively. This effect is accounted for in the life cycle assessment by attributing credits for secondary 210 

products. These credits are calculated based on the environmental burdens of the corresponding primary energy 211 

generation process or material. The final disposal of those recycled materials undergoing another life cycle in a 212 

subsequent system is included in this study. Thus, all recycled materials finally end up in MSWI or landfills, 213 

depending on the municipal solid waste stream of the regarded country, which are the Netherlands in most cases 214 

regarded in this study (PET bottles, PEF bottles, transport packaging). As there is a landfill ban for municipal waste 215 

in the Netherlands (EEA 2025), no landfill shares are considered in the Netherlands. In case of beverage cartons 216 

from the Dutch market, these are exported for recycling to various countries (DE, FR, IT and ES). The final disposal 217 

of the recycled fibres is modelled depending on the municipal solid waste stream of the country in which the 218 

recycling takes place. . 219 

Packaging systems which are not collected and recycled are sent to incineration plants (thermal recovery).      220 

Cut-off criteria 221 

In order to ensure the symmetry of the packaging systems to be examined and in order to maintain the study 222 

within a feasible scope, a limitation on the detail in system modelling is necessary. So-called cut-off criteria are 223 

used for that purpose. According to ISO standard (ISO 14044: 2006), cut-off criteria shall consider mass, energy or 224 

environmental significance. Regarding mass-related cut-off, prechains from preceding systems with an input 225 

material share of less than 1% of the total mass input of a considered process were excluded from the present 226 

study. However, total cut-off is not to surpass 5% of input materials as referred to the FU.  227 

Based on the mass-related cut-off the amount of printing ink used for the surface of beverage cartons and labels 228 

of the bottles was excluded in this study. The mass of ink used per packaging never exceeds 1% of the total mass 229 

of the primary packaging for any beverage carton examined in this study. Due to the fact that the printed surface 230 

of the labels on the bottles is smaller than the surface of a beverage carton, the authors of the study assume, that 231 

the printing ink used for the labels will not exceed 1% of the total mass of the primary packaging as well. 232 

Environmental relevance of ink in beverage packaging systems is low. Ruttenborg (2017) included ink in a LCA of 233 

beverage cartons. The contribution of ink to Climate Change is less than 0.2%. According to Tetra Pak, inks are not 234 

in direct food contact. However, the requirements on inks are that they need to fulfil food safety requirements. 235 

This is also valid for all base materials included in the packages. From the toxicological point of view therefore no 236 

relevance is to be expected.  237 

1.3 Data gathering and data quality 238 

The datasets used in this study are described in section 3. The general requirements and characteristics regarding 239 

data gathering and data quality are summarised in the following paragraphs.  240 

Geographic scope 241 

The production of the beverage carton, rPET bottles and PEF bottles in this LCA study takes place in specific 242 

countries as stated in Table 1. The distribution and disposal of the packaging systems takes place in the specific 243 

regarded market of this LCA study, which are the Netherlands. Country-specific data for the market is generated 244 

by using European process data as a proxy combined with the local electricity mix of the Netherlands. A certain 245 

share of the raw material production for packaging systems takes place in specific countries. For these, country- 246 
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 247 

 248 

specific data is used (liquid packaging board (LPB)). In cases in which only aggregated datasets are available 249 

European average1 data are used. Table 1 lists the geographic scopes of the applied data in the considered market.  250 

  251 

Table 1: Geographic scope of applied process data and electricity prechains // packaging systems on the NL 252 
market 253 

 
 beverage cartons rPET bottles PEF bottles 

R
aw

 m
at

e
ri

al
 

e
xt

ra
ct

io
n

 /
 c

u
lt

iv
at

io
n

 
fo

r 

 

LPB Northern Europe - - 

polymers Global Global Global 

plant-based 
polymers 

BR  Europe 

aluminium Global - - 

corrugated 
cardbaord 

n/a n/a n/a 

M
at

e
ri

al
s 

 

 

LPB SE, FI - - 

polymers Europe1 Europe1 Europe1 

plant-based 
polymers 

BR - Europe2 

aluminium EU27+33 - - 

corrugated 
cardbaord 

Europe4 Europe3 Europe3 

C
o

n
ve

rt
in

g  bodies DE5 LU5 BE5 

closures EU27+35 FR5 FR5 

En
d

 o
f 

Li
fe

  

 

 NL, ES, FR, IT, DE NL NL 

1 based on several plants in Europe (EcoInvent 3.10). 254 
2 based on literature (see section 3.1.6) 255 
3 EU27+3 (Norway, Switzerland, Iceland), (EAA 2013), (EAA 2018). The applied dataset is only available as aggregated European 256 
dataset.  257 
4 based on several plants in Europe (FEFCO and Cepi Container Board 2024). 258 
5 European process data combined with electricity prechains of EU27+3, Germany, France, Luxembourg and Belgium.  259 
 260 

 261 

 262 

 
 

1 European data includes UK data before leaving the EU 
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Time scope 263 

The packaging specifications listed in section 2 as well as the market situation for the choice of beverage packaging 264 

systems refers to 2025. Therefore, the reference time for the study is 2025.  265 

The applied data is referring to the period between 2005 and 2025 (see Table 13 in section 3). Exceptions are the 266 

data for PA6 (1999). In this and other cases in which old data is used no newer data was available. In these cases, 267 

the data has been checked for its representativeness (see for example the choice of dataset for PA6 described in 268 

section 3.1.7. If possible, always the most up to date pre-chains are used (for example electricity production for 269 

beverage carton converting). Particularly with regard to data on end-of-life processes of the packages examined, 270 

the most current available information is used to correctly represent the recent changes in this area. The datasets 271 

for transportation, energy generation and waste treatment processes are taken from ifeu’s internal database in 272 

the most recent version (2023). The data for plastic production originates from the EcoInvent 3.10 database 273 

published on EcoInvent (2023) and refer to different years, depending on material and year of publication. 274 

More detailed information on the applied life cycle inventory data sets can be found in section 3. 275 

Technical reference 276 

The process technology underlying the datasets used in the study reflects process configurations as well as 277 

technical and environmental levels which are typical for process operations in the reference period. 278 

Completeness 279 

In general, the data collection and data implementation for the ifeu internal database takes place in four phases: 280 

In phase one, to understand the processes like filling, converting or plastics production, they are analysed based 281 

on available literature, discussions with the respective stakeholders or the production sites are directly visited. In 282 

this phase, the relevant flows of following flow types are identified: reference product, co-products, intermediate 283 

inputs, raw inputs, (material, energy, and water), waste to treatment (solid and hazardous and liquid), emissions 284 

to air (GHGs, Criteria Air Pollutants, Toxics + Other and Water), emissions to water (Nutrients and Toxics + Other), 285 

and emissions to soil (Nutrients and Toxics + Other). In phase 2, the respective companies provide data on the 286 

identified inputs (e.g., amount of raw materials, energy, or water) and main output products (e.g. emissions to air 287 

and water). In phase 3, a completeness check regarding all possible used impact and inventory categories are 288 

carried out based on information from phase 1. Based on this, additional relevant data are collected, concerning 289 

emissions to air and water, amounts of waste, and transport information. In phase 4, an additional completeness 290 

check is carried out, where the LCIA results of the implemented data are cross checked with available LCIA results 291 

(e.g., previous data, data from other geographic regions, similar processes). Missing information on land-use, water 292 

use, and toxicity are discussed in section 1.5 in the respective sections.  293 

  294 
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 295 

Consistency 296 

All data intended to be used are considered to be consistent for the described goal and scope regarding: applied 297 

data, data accuracy, technology coverage, time-related coverage and geographical coverage (see section 3 for 298 

further details). 299 

 300 

Sources of data 301 

Process data for base material production and converting were either collected in cooperation with the industry 302 

or taken from literature and the ifeu database. Ifeu’s internal database includes data either collected in 303 

cooperation with industry or is based on literature. The database is continuously updated. Background processes 304 

such as energy generation, transportation, MSWI and landfill were taken from the most recent version of it. All 305 

data sources are summarised in Table 13 and described in Section 3. 306 

Summary of data quality 307 

The quality of the data applied is summarized with data quality indicators as described in (Weidema et al. 2013). 308 

Table 2 describes the indicators with their potential scores. Table 3 summarizes the data quality by scoring the 309 

data for the most relevant processes in the study. 310 
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Table 2: Pedigree matrix used to assess the quality of data (Weidema et al. 2013) 311 

Indicator 
score 

1 2 3 4 5 

reliability 

Verified1 data 
based on 
measurements2 

Verified data partly 
based on 
assumptions 
or non-verified data 
based on 
measurement 

Non-verified data 
partly based on 
qualified estimates 

Qualified estimate 
(e.g. by industrial 
expert) 

Non-qualified 
estimate 

completeness 

Representative 
data from all sites 
relevant 
for the market 
considered, over an  
adequate period to 
even 
out normal 
fluctuations 

Representative 
data from >50% of 
the sites relevant 
for the market 
considered, over an 
adequate period to 
even out normal 
fluctuations 

Representative 
data from only 
some sites (<<50%) 
relevant for the 
market considered 
or >50% of sites but 
from shorter 
periods 

Representative 
data from only one 
site relevant for the 
market considered 
or some sites but 
from shorter 
period 

Representativeness 
unknown or data 
from a small 
number of 
sites and from 
shorter 
periods 

temporal 
correlation 

Less than 3 years of 
difference to the 
time period of the 
dataset 

Less than 6 years of 
difference to the 
time period of the 
dataset 

Less than 10 years 
of difference to the 
time period of the 
dataset 

Less than 15 years 
of difference to the 
time period of the 
dataset 

Age of data 
unknown 
or more than 15 
years of difference 
to the time period 
of the dataset 

geographical 
correlation 

Data from area 
under study 

Average data from 
larger area in which 
the area under 
study is included 

Data from area 
with similar 
production 
conditions 

Data from area 
with slightly similar 
production 
condition 

Data from 
unknown or 
distinctly different 
area (North 
America in- 
stead of Middle 
East, OECD-Europe 
instead of Russia) 

further 
technological 
correlation 

Data from 
enterprises, 
processes and 
materials under 
study 

Data from 
processes 
and materials 
under study (i.e. 
identical 
technology) but 
from different 
enterprises 

Data from 
processes and 
materials under 
study but from 
different 
technology 

Data on related 
processes or 
materials 

Data on related 
processes on 
laboratory scale or 
from different 
technology 

 312 

 
 

1 Verification may take place in several ways, e.g. by on-site checking, by recalculation, through mass balances or cross-checks 
with other sources 
2 ncludes calculated data (e.g. emissions calculated from inputs to an activity), when the basis for calculation is measurements 
(e.g. measured inputs). If the calculation is based partly on assumptions, the score would be 2 or 3 
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Table 3: Summary of data quality with data quality indicators 313 
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LPB 1 1 3 2 1 

fossil polymers 1 1 4/11, 2 2 1 

plant-based PE 1 1 4 1 1 

plant-based PEF 2 3 4 2 2 

aluminium foil 1 1 2 2 1 

corrugated 
cardbaord 

1 1 2 2 1 

C
o

n
ve

rt
in

g 

 

PET bodies 2 2 3 2 2 

PEF bodies 2 2 3 2 4 

beverage carton 
sleeves 

1 1 1 1 1 
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plastic bottles 2 2 3 2 2 

beverage cartons 1 1 1 1 1 

En
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PET bottle 
recycling 

1 2 5 2 1 

PEF bottle 
recycling 

1 2 5 2 4 

Beverage carton 
recycling 

1 3 5 2 1 

MSWI 1 1 3 1 1 

B
ac

k-

gr
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d
at

a electricity 1 1 2 1 1 

transports 1 1 3 1 1 
     1 score 4 refers to final polymerization process, score 1 for raw material extraction  314 
   2 except PA 6, see section 3.1.7  315 

 316 

Precision and uncertainty 317 

For studies to be used in comparative assertions and intended to be disclosed to the public, ISO 14044 asks for an 318 

analysis of results for sensitivity and uncertainty. Uncertainties of datasets and chosen parameters are often 319 

difficult to determine by mathematically sound statistical methods. Hence, for the calculation of probability 320 

distributions of LCA results, statistical methods are usually not applicable or of limited validity. To define the 321 

significance of differences of results, an estimated significance threshold of 10 % is chosen as pragmatic approach. 322 

This is recommended by practitioners of LCA studies comparing different product systems (Detzel et al. 2016; 323 

Kupfer et al. 2017). This means differences ≤ 10 % are considered as insignificant. 324 



ifeu Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market       17 

 

1.4 Methodological aspects 325 

1.4.1 Allocation 326 

Allocation refers to “partitioning the input or output flows of a process or a product system between the product 327 

system under study and one or more other product systems” (ISO 14044: 2006 definition 3.17). This definition 328 

comprises the partitioning of flows regarding re-use and recycling, particularly open loop recycling. 329 

In the present study, a distinction is made between process-related and system-related allocation, the former 330 

referring to allocation procedures in the context of multi-input and multi-output processes and the latter referring 331 

to allocation procedures in the context of open loop recycling.  332 

Both approaches are further explained in the subsequent sections.  333 

Process-related allocation 334 

For process-related allocations, a distinction is made between multi-input and multi-output processes. 335 

Multi-input processes 336 

Multi-input processes occur especially in the area of waste treatment. Relevant processes are modelled in such a 337 

way that the partial material and energy flows due to waste treatment of the used packaging materials can be 338 

apportioned in a causal way. The modelling of packaging materials that have become waste after use and are 339 

disposed in a waste incineration plant is a typical example of multi-input allocation. The allocation for e.g. emissions 340 

arising from such multi-input processes has been carried out according to physical and/or chemical cause-341 

relationships (e.g. mass, heating value (for example in MSWI), stoichiometry, etc.). 342 

Multi-output processes 343 

For data sets prepared by the authors of this study, the allocation of the outputs from coupled processes is generally 344 

carried out via the mass as this is usual practice. Physical causality is also the preferred method after system 345 

expansion according to (ISO 14040 2006; ISO 14044 2006). If different allocation criteria are used, they are 346 

documented in the description of the data in case they are of special importance for the individual data sets. For 347 

literature data, different allocation criteria are also documented in the description of the data or reference is made 348 

to the data source. 349 

Transport processes 350 

An allocation between the packaging and contents was carried out for the transportation of the filled packages to 351 

the point-of-sale. Only the share in environmental burdens related to transport, which is assigned to the 352 

package, has been accounted for in this study. That means the burdens related directly to the beverage is 353 

excluded. The allocation between package and filling goods is based on mass criterion. This allocation is applied 354 

as the FU of the study defines a fixed amount of beverage through all scenarios. Impacts related to transporting 355 

the beverage itself would be the same in all scenarios. Thus, they don’t need to be included in this comparative 356 

study of beverage packaging systems. 357 

 358 
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System-related allocation 359 

System-related allocation is applied in this study regarding open loop recycling and recovery processes. Recycling 360 

refers to material recycling, whereas recovery refers to thermal recovery for example in MSWI with energy 361 

recovery or cement kilns. System-related allocation is applied to both recycling, and recovery in the end of life of 362 

the assessed system and processes regarding the use of recycled materials by the assessed system. System-related 363 

allocation is not applied regarding disposal processes like landfills with minor energy recovery possibilities. Figure 364 

4 illustrates the general allocation approach used for uncoupled systems and systems which are coupled through 365 

recycling. In Figure 4 (upper diagram) in both, ‘system A’ and ‘system B’, a virgin material (e.g., polymer) is 366 

produced, converted into a product which is used and finally disposed. A virgin material in this case is to be 367 

understood as a material without recycled content. A different situation is shown in the lower diagram of Figure 4. 368 

Here product A is recovered after use and supplied as a raw material to ‘system B’ avoiding thus the environmental 369 

burdens related to the production (‘MP-B’) of the virgin materials, e.g., polymer and the disposal of product A (‘Dis-370 

A’). In order to do the allocation consistently, besides the virgin material production (‘MP-A’) already mentioned 371 

above and the disposal of product B (’Dis-B’), also the recovery process ‘Rec’ has to be taken into consideration.  372 
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 373 

Figure 4:  Additional system benefit/burden through recycling (schematic flow chart)1 374 

If the system boundaries of the LCA are such that only one product system is examined it is necessary to decide 375 

how the possible environmental benefits and burdens of the material recovery and recycling and the benefits and 376 

burdens of the use of recycled materials shall be allocated (i.e. accounted) to the assessed system. In LCA practice, 377 

 
 

1 boxes with dashed lines are avoided processes 
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several allocation methods are found. There is one important premise to be complied with by any allocation 378 

method chosen: the mass balance of all inputs and outputs of ‘system A’ and ‘system B’ after allocation must be 379 

the same as the inputs and outputs calculated for the sum of ‘systems A and B’ before allocation is performed. 380 

System allocation approaches used in this study 381 

The approach chosen for system-related allocation is illustrated in Figure 5 and Figure 6. Both diagrams show two 382 

example product systems, referred to as product ‘system A’ and ‘product system B’. ‘System A’ shall represent 383 

systems under study in this LCA in the case if material is provided for recycling or recovery. ‘System B’ shall 384 

represent systems under study in this LCA in the case recycled materials are used.  385 

 386 

Figure 5: Principles of 50% allocation (schematic flow chart)1 387 

Allocation with the 50% method (Figure 5) 388 

In this method, benefits and burdens of ‘MP-A’, ‘Rec-A’ and ‘Dis-B’ are equally shared between ‘system A’ and 389 

‘system B’ (50:50 method). Thus, ‘system A’, from its viewpoint, receives a 50% credit for avoided primary material 390 

production and is assigned with 50% of the burden or benefit from waste treatment (Dis-B). If recycled material is 391 

used in the assessed system, the perspective of ‘system B’ applies. Also in this case benefits and burdens of ‘MP-392 

A’, ‘Rec-A’ and ‘Dis-B’ are equally shared between ‘system A’ and ‘system B’. The benefits and burdens of ‘MP-B’ 393 

and ‘Dis-A’ are avoided in this method and thus neither charged to ‘system A’ nor to ‘system B’. The allocation 394 

treatment described for material recovery is also valid for energy recovery. 395 

Example 1 (‘system A’), virgin beverage carton, which is recycled or thermally recovered after its use: All burdens 396 

from recycling and recovery processes are shared between the regarded beverage carton system and the following 397 

system (use of secondary material or energy production). Also the benefits from replacing virgin materials or grid 398 

 
 

1 boxes with dashed lines are avoided processes 
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energy are shared between the regarded system and the following systems. For energy recovery, electricity or heat 399 

energy of the target market are credited.   400 

Example 2 (‘system B’), PET bottle containing recycled PET (rPET): All burdens from recycling of the used rPET are 401 

shared between the regarded rPET bottle system and the preceding system. Also the benefits from replacing virgin 402 

materials are shared between the regarded system and the preceding system. 403 

The 50% method has often been discussed in the context of open loop recycling, see (Fava et al. 1991; Frischknecht 404 

1998; Kim et al. 1997; Klöpffer 1996). According to (Klöpffer 2007), this rule is furthermore commonly accepted as 405 

a “fair” split between two coupled systems. 406 

The approach of sharing the burdens and benefit from both, providing material for recycling and recovery, as well 407 

as using recycled material, follows the goal of encouraging the increase in recyclability as well as the use of recycled 408 

material. These goals are also in line with those of several packaging waste directives and laws as for the EU Single 409 

Use Plastic Directive (Directive (EU) 2019/904 EC), which specific targets includes incorporating 25% of recycled 410 

plastic in PET beverage bottles from 2025, and 30% in all plastic beverage bottles from 2030, the European 411 

Packaging and Packaging Waste Directive (EU 2018) or the German packaging law (Verpackungsgesetz - VerpackG 412 

2021) Extended, according to the EU ‘Proposal for a regulation on packaging waste’, from 2040, single use plastic 413 

beverage bottles shall contain a minimum of 65 % recycled content (European Commission 2022). 414 

The 50:50 method has been used in numerous LCAs carried out by ifeu and is also an often recommended standard 415 

approach, for example by the German and French environmental agencies (ADEME 2022; UBA 2000, 2016). 416 

 417 

Figure 6: Principles of 100% allocation (schematic flow chart) 1 418 

 
 

1 boxes with dashed lines are avoided processes 
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Allocation with the 100% method (Figure 6) 419 

In this method, the principal rule is applied that ‘system A’ gets all benefits for displacing the virgin material and 420 

the involved production process ‘MP-B’. At the same time, all burdens for producing the secondary raw material 421 

via ‘Rec-A’ are assigned to ‘system A’. The same is valid for thermal recovery. All benefits and burdens for displacing 422 

energy production are allocated to ‘system A’. In addition, also the burdens that are generated by waste treatment 423 

of ‘product B’ in ‘Dis-B’ is charged to ‘system A’, whereas the waste treatment of ‘product A’ is avoided and thus 424 

charged neither to ‘system A’ nor to ‘system B’. 425 

If recycled material is used in the assessed system, the perspective of ‘system B’ applies. The burdens associated 426 

with the production process ‘MP-A’ are then allocated to ‘System B’ (otherwise the mass balance rule would be 427 

violated). However, ‘system B’ is not charged with burdens related to ‘Rec’ as the burdens are already accounted 428 

for in ‘system A’. At the same time, ‘Dis-B’ is not charged to ‘system B’ (again a requirement of the mass balance 429 

rule), as it is already assigned to ‘system A’.  430 

Example 1 (‘system A’), virgin beverage carton which is recycled or thermally recovered after its use: All burdens 431 

from recycling and recovery processes are allocated to the regarded beverage carton system. Also the benefits 432 

from replacing virgin materials or grid energy are fully allocated to the regarded system.  433 

Example 2 (‘system B’), PET bottle containing recycled PET (rPET): All burdens from recycling of the used rPET are 434 

allocated to the preceding system. Also the benefits from replacing virgin materials are allocated to the preceding 435 

system. 436 

The application of the allocation 100% is considered as a conservative approach from the view of the beverage 437 

carton. It means that a comparatively unfavourable case for the beverage cartons is chosen. For example, the PET 438 

and PEF bottles benefit more from accounting of 100% material credits due to the much higher burdens of their 439 

avoided primary material production, compared to the production of LPB. The allocation factor of 100% is expected 440 

to lead to higher benefits for PET and PEF bottles. 441 

This approach is also in line with earlier LCA studies done for Tetra Pak. 442 

Following the ISO standard’s recommendation on subjective choices, the 50% and 100% allocation methods are 443 

applied equally in this study. Conclusions in terms of comparing results between packaging systems are only drawn 444 

if they apply to both allocation methods.  445 

 446 

General notes regarding Figure 4 to Figure 6 447 

The diagrams are intended to support a general understanding of the allocation process and for that reason they are 448 

strongly simplified. The diagrams serve 449 

• to illustrate the difference between the 50% allocation method and the 100% allocation method 450 

• to show which processes are allocated: 451 

‒ primary material production 452 

‒ recycling and recovery processes 453 

‒ waste treatment of final residues 454 

However, within the study the actual situation is modelled based on certain key parameters, for example the actual 455 

recycling flow and the actual recycling efficiency (Table 12) as well as the actual substituted material including 456 

different substitution factors. 457 
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The allocation of final waste treatment is consistent with UBA LCA methodology established in studies (UBA 2000, 458 

2016) and additionally this approach – beyond the UBA methodology – is also in accordance with (ISO 14044: 2006).  459 

 460 

For simplification some aspects are not explicitly documented in the mentioned diagrams, among them the following: 461 

• Material losses occur in both ‘systems A and B’ but are not shown in the diagrams. These losses are of course 462 

taken into account in the calculations; their disposal is included within the respective systems. 463 

• Hence, not all material flows from ‘system A’ are passed on to ‘system B’, as the simplified material flow 464 

diagrams may imply. Consequently, only the effectively recycled and recovered material’s life cycle steps are 465 

allocated between ‘systems A and B’. 466 

• The diagrams do not show the individual process steps relevant for the waste material flow out of ‘packaging 467 

system A’, which is sorted as residual waste, including the respective final waste treatment. 468 

• For simplification, a substitution factor of 1 underlies the diagrams. However, in the real calculations smaller 469 

values are used where appropriate. For example, if a material’s properties after recycling are different from 470 

those of the primary material it replaces, this translates to a loss in material quality. A substitution factor < 1 471 

accounts for such effects. For further details regarding substitution factors please see the following section. 472 

 473 

 474 

Application of allocation rules 475 

The allocation factors have been applied on a mass basis (i.e. the environmental burdens of the recycling process 476 

are charged with the total burdens multiplied by the allocation factor) and where appropriate have been combined 477 

with substitution factors. The substitution factor indicates what amount of the secondary material substitutes for 478 

a certain amount of primary material. For example, a substitution factor of 0.9 means that 1 kg of recycled 479 

(secondary) material replaces 0.9 kg of primary material and receives a corresponding credit. With this, a 480 

substitution factor < 1 also accounts for so-called ‘down-cycling’ effects, which describe a recycling process in 481 

which waste materials are converted into new materials of lesser quality.  482 

The substitution factors used in the current LCA study to calculate the credits for recycled materials provided for 483 

consecutive (down-stream) uses are based on a report by the European Commission (Nessi et al. 2021). The 484 

substitution factor for PET from bottles is 1.0 as recycling from bottle to bottle is possible. Recycled granulate from 485 

PET bottles containing PA as barrier material has a lower quality than granulate from PET bottles without PA. 486 

Therefore, the substitution factor for recycled PET from PET bottles containing PA is reduced from 1.0 to 0.9 487 

(corresponding to the substitution factor for non-SSP recycling stated in (Nessi et al. 2021). The substitution factors 488 

apply to the secondary materials after the recycling processes with their production losses (see section 3.9). 489 

• Paper fibres 490 

- from LPB (carton-based primary packaging): 1.0 491 

- in cardboard trays (secondary packaging): 1.0 492 

• LDPE film: 0.75 493 

• PEF in bottles (bottle-to-bottle recycling): 1.0 494 

• PET in bottles containing PA (bottle-to-bottle recycling): 0.9 495 

• HDPE: 0.9 496 

  497 
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1.4.2 Biogenic carbon 498 

Renewable materials like paper fibres originate from renewable biomass that absorbs carbon from the air. The 499 

growth of biomass reduces the amount of CO2 in the atmosphere. In this study, the fixation of CO2 by the plants is 500 

referred as CO2 uptake and the (re-)emission of CO2 at the material’s end of life is referred as biogenic CO2. 501 

Application and allocation 502 

At the impact assessment level, it must be decided how to model and calculate the uptake and emissions of biogenic 503 

CO2. In the present study, the non-fossil CO2 has been included at two points in the model, its uptake during the 504 

plant growth phase attributed with negative GWP values and the corresponding re-emissions at end of life with 505 

positive ones. In this study biogenic CO2 is treated in the same way as other resources and emissions and is 506 

therefore subject to the same allocation rules as other resources and emissions. According to packaging waste 507 

directives and laws as for example the European Packaging and Packaging Waste Directive (EU 2018), the German 508 

packaging law (Verpackungsgesetz - VerpackG 2021) or the ‘Proposal for a regulation on packaging waste’ 509 

(European Commission 2022), the following practices in packaging production shall be promoted:   510 

• Use of recycled content in packaging systems 511 

• Recyclability of packaging systems 512 

• Use of renewable resources in packaging systems 513 

 514 

In the view of the authors, it is important that the environmental benefits of all of these practices are made visible 515 

in the results of LCA. 516 

The first two practices are considered by the choice of the allocation factor 50% for system-related allocation as 517 

one of the two allocation approaches equally applied in this study.  As described in section 1.4.1 the application of 518 

the allocation 50% shows benefits for the use of recycled content in packaging systems as well as their recycling.  519 

In order to not restrain the recyclability of packaging systems and in order to also promote the use of renewable 520 

resources a convention in this study is made, that implies that the CO2 uptake is not considered in credited materials 521 

or energy.  522 

The application of the CO2 uptake in credits would reduce the CO2 uptake of assessed packaging systems containing 523 

biogenic materials by the amount of CO2 which has been absorbed from the atmosphere by the substituted 524 

processes. The selection of substituted processes is based on the current market situation within the addressed 525 

geographic scope. Regarding energy credits from the incineration of biogenic materials, the substituted processes 526 

are the production of electrical and thermal energy. These to a high extent fossil-based processes do absorb 527 

negligibly small amounts of biogenic CO2. Therefore, almost no CO2 uptake would be attributed to the substituted 528 

processes. The benefit of the CO2 uptake of the assessed packaging systems containing biogenic materials would 529 

not be reduced. 530 

On the other hand, if packaging systems containing biogenic materials are materially recycled, and if the substituted 531 

processes for the material credits are the production of other primary biogenic materials, the absorption of CO2 532 

from the atmosphere would be substituted. Therefore, the benefits of the CO2 uptake of assessed packaging 533 

systems would be reduced by the CO2 uptake of the substituted processes. 534 

Using the example of mainly biogenic materials like liquid packaging board, the application of the CO2 uptake in 535 

credits would deter from recycling efforts of packaging containing biogenic materials as incineration instead of 536 

recycling would lead to lower LCA results for ‘Climate Change’.  537 
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The authors of this study acknowledge that with the application of this convention only the producers of products 538 

containing primary biogenic materials benefit. This is considered appropriate as these producers are responsible 539 

for sourcing renewable materials in the first place. Producers of products which merely contain biogenic materials 540 

sourced from recycling processes would not be benefited. As no primary packaging which contain recycled biogenic 541 

materials are analysed in this study, this approach of not considering CO2 uptake in credits is seen suitable within 542 

this study. Incineration plants that burn used packaging for energy recovery also do not get a benefit for incinerating 543 

plant-based materials. This is considered appropriate, because in contrast to the producer of the packaging, the 544 

operator running an incineration plant does not deliberately choose plant-based materials for incineration. This 545 

convention does also comply with ISO 14040/14044 as the mass balance of all inputs and outputs regarding 546 

biogenic CO2 of ‘system A’ and ‘system B’ together stays the same. 547 

As described in section 1.4.1 system-related allocation is applied in this study for thermal recovery processes like 548 

MSWI with energy recovery and incineration in cement kilns. Therefore system-related allocation applies for the 549 

emissions of biogenic CO2 from thermal recovery of biogenic materials. In case of allocation 50%, half of the 550 

biogenic CO2 emissions are attributed to the examined system and half of the biogenic CO2 emissions are attributed 551 

to the following system, for example the MSWI plants with thermal recovery.  552 

Together with the full CO2 uptake for the assessed system and the non-consideration of the CO2 uptake in credits 553 

the mass balance of all biogenic carbon is the same after and before allocation following ISO 14040 and 14044. 554 

Regarding the LCA results for ‘Climate Change’, packaging systems containing biogenic materials benefit if the 555 

system-related allocation 50% is applied for recovery processes. When applying the allocation 50% approach the 556 

benefit regarding the LCA results for ‘Climate Change’ of packaging systems containing biogenic materials can 557 

promote the increase of use of biogenic materials in packaging system.  558 

In case of applying allocation 100% for recovery processes all of the biogenic CO2 emissions are attributed to the 559 

assessed system. Therefore, in this case, the additional benefit for ‘Climate Change’ results—typically granted to 560 

packaging systems with primary biogenic materials by allocating only 50% of the biogenic CO₂ emissions—is no 561 

longer applied. 562 

As these decisions and conventions applied in this study are partly based on political reasons, it is especially 563 

important to consider the results of the 100% allocation approach equally alongside those of the 50% allocation 564 

approach. All conclusions in this study will always be based on the outcomes of both assessments, the 50% 565 

allocation and 100% allocation approach. 566 

If renewable materials end up in landfills (depending on the landfill-incineration split of the specific country), they 567 

are not completely biodegraded. This effect leads to undegraded paper-board material remaining in landfills. A 568 

small fraction of biogenic carbon remains undegraded known as carbon storage, resulting in an imbalance 569 

between the biogenic carbon inputs and outputs of the system. This difference can affect the outcome of LCAs. 570 

However, the effective storage of substances in landfill represents an assumption of real-world conditions and is 571 

therefore a feature of the LCA model. 572 

  573 
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1.5 Life Cycle Impact Assessment 574 

The environmental impact assessment is intended to increase the understanding of the potential environmental 575 

impacts for a product system throughout the whole life cycle (ISO 14040 2006; ISO 14044: 2006).  576 

To assess the environmental performance of the examined packaging systems, a set of environmental impact 577 

categories is used. Related information as well as references of applied models is provided below. In this study, 578 

midpoint categories are applied. Midpoint indicators represent potential primary environmental impacts and are 579 

located between emission and potential harmful effect. This means that the potential damage caused by the 580 

substances is not taken into account. 581 

The selection of the impact categories is based on the current practice in LCA. Also important is the applicability of 582 

a characterisation model with the least possible uncertainties and the completeness and availability of the 583 

inventory data. This choice is similar to that of the UBA approach (UBA 2016), which is fully consistent with the 584 

requirements of (ISO 14040 2006; ISO 14044: 2006). However, it is nearly impossible to carry out an assessment in 585 

such a high level of detail, that all environmental issues are covered. A broad examination of as many 586 

environmental issues as possible is highly dependent on the quality of the available inventory datasets and of the 587 

scientific acceptance of the certain assessment methods. ISO 14044: 2006 recommends that: “the impact 588 

categories, category indicators and characterisation models should be internationally accepted, i.e., based on an 589 

international agreement or approved by a competent international body”. As there are almost no truly 590 

international (i.e. global) agreements or bodies beyond ISO or IPCC that endorse specific environmental impact 591 

categories in LCA practice, categories, indicators and characterisation models which are widely used are considered 592 

to fulfil this recommendation. All the impact categories, category indicators and characterisation models used in 593 

this study are widely used internationally and are endorsed by internationally accepted bodies like EPA, IPCC, UBA, 594 

WMO or CARB (California Air Resources Board).  595 

The LCA framework in this study addresses potential environmental impacts calculated based on generic spatial 596 

independent inventory data with global supply chains. Therefore, the characterisation models and associated 597 

factors are intended to support Life Cycle Impact Assessment on a global level for each impact category. 598 

The description of the different impact categories and their indicators is based on the terminology by (ISO 14044: 599 

2006). It must be noted; that the LCIA results are relative expressions and do not predict impacts on category 600 

endpoints, the exceeding of thresholds, safety margins or risks. All the applied methodologies for impact 601 

assessment can be considered to be internationally accepted. 602 

The selected impact categories and additional inventory categories to be assessed and presented in this study are 603 

listed and briefly addressed below. 604 

Additionally, the chapter is further describing categories are excluded and the reasoning for exclusion. 605 

1.5.1 Impact categories 606 

This section provides a description of the impact categories, applied as a mixed methodology.  607 

Climate change  608 

Climate Change addresses the impact of anthropogenic emissions on the radiative forcing of the atmosphere. 609 

Greenhouse gas emissions enhance the radiative forcing, resulting in an increase of the earth’s temperature. The 610 

characterisation factors applied here are based on the category indicator Global Warming Potential (GWP) for a 611 

100-year time horizon (IPCC 2021). 612 
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Land use change is not considered in this study as no land use change can be identified regarding the LPB 613 

production, and no robust data on land use change is available for the two other plant-based materials (see 614 

sections 3.1.4, 3.1.6 and 3.2). 615 

In reference to the functional unit (FU), the category indicator results, GWP results, are expressed as kg CO2-eq/FU. 616 

The applied method is (IPCC 2021). 617 

Acidification 618 

Acidification affects aquatic and terrestrial ecosystems by changing the acid-basic-equilibrium through the input of 619 

acidifying substances. The acidification potential expressed as SO2-equivalents according to (Heijungs 1992) is 620 

applied here as category indicator.  621 

The characterisation model by (Heijungs 1992) is chosen as the LCA framework addresses potential environmental 622 

impacts calculated based on generic spatial independent global inventory data. The method is based on the 623 

potential capacity of the pollutant to form hydrogen ions. The results of this indicator, therefore, represent the 624 

maximum acidification potential per substance without an undervaluation of potential impacts. 625 

The method by (Heijungs 1992) is, in contrast to methods using European dispersion models, applicable for 626 

emissions outside Europe. Even though this study focusses on the European market on the product level, many 627 

processes especially the sourcing of resources (f.e. oil and coal) take place outside Europe and therefore need a 628 

global scope. The authors of the method using accumulated exceedance note that “the current situation does not 629 

allow one to use these advanced characterisation methods, such as the AE method, outside of Europe due to a lack 630 

of suitable atmospheric dispersion models and/or measures of ecosystem sensitivity” (Posch et al. 2008).  631 

The unit for Acidification is kg SO2-eq/FU. 632 

The applied method is (Heijungs 1992). 633 

Photochemical-Oxidant Formation 634 

Photochemical-Oxidant Formation is the photochemical creation of reactive substances (mainly ozone), which 635 

affect human health and ecosystems. This ground-level ozone is formed in the atmosphere by nitrogen oxides and 636 

volatile organic compounds in the presence of sunlight.  637 

In this study, ‘Maximum Incremental Reactivity‘ (MIR) developed in the US by William P. L. Carter is applied as 638 

category indicator for the impact category photochemical oxidant formation. MIRs expressed as [kg O3-639 

eq/emission i are used in several reactivity-based VOC (Volatile Organic Compounds) regulations by the California 640 

Air Resources Board (Air Resources Board 2000). The approach of William P. L. Carter includes characterisation 641 

factors for individual VOC, unspecified VOC and Nitrogen oxides (NOx). The ‘Nitrogen-Maximum Incremental 642 

Reactivity‘ (NMIR) for NOx is introduced for the first time in 2008 (Carter 2008). The MIRs and NMIRs are calculated 643 

based on scenarios where ozone formation has maximum sensitivities either to VOC or NOx inputs. The factors 644 

applied in this study were published by Carter (2010). According to Carter (2008), “MIR values may also be 645 

appropriate to quantify relative ozone impacts of VOCs for life cycle assessment analyses as well, particularly if the 646 

objective is to assess the maximum adverse impacts of the emissions of the compounds involved.” The results 647 

reflect the potential where VOC or NOx reductions are the most effective for reducing ozone. 648 

The MIR concept seems to be the most appropriate characterisation model for LCIA based on generic spatial 649 

independent global inventory data and combines following needs:  650 
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• Provision of characterisation factors for more than 1100 individual VOC, VOC mixtures, nitrogen oxides and 651 

nitrogen dioxides 652 

• Consistent modelling of potential impacts for VOC and NOx 653 

• Considering of the maximum formation potential by inclusion of most supporting background concentrations of 654 

the gas mixture and climatic conditions. This is in accordance with the precautionary principle. 655 

 656 

Characterisation factors proposed by (Guinée 2002) and (Goedkoop et al. 2013) are based on European conditions 657 

regarding background concentrations and climate conditions. The usage of this characterisation factors could lead 658 

to an underestimation of the photo-oxidant formation potential in regions with e.g. a high solar radiation. 659 

The unit for photochemical oxidant formation is kg O3-eq/FU. 660 

The applied method is (Carter, 2010) 661 

Ozone depletion 662 

This impact category addresses the anthropogenic impact on the earth’s atmosphere, which leads to the 663 

decomposition of naturally present ozone molecules, thus disturbing the molecular equilibrium in the 664 

stratosphere. The underlying chemical reactions are very slow processes and the actual impact, often referred to 665 

in a simplified way as the ‘ozone hole’, takes place only with considerable delay of several years after emission. 666 

The consequence of this disequilibrium is that an increased amount of UV-B radiation reaches the earth’s surface, 667 

where it can cause damage to certain natural resources or human health. In this study, the Ozone Depletion 668 

compiled by the World Meteorological Organisation (WMO 2011, 2019) is used as category indicator.  669 

While the exact impact of nitrous oxide (N2O) on Ozone depletion is less precisely known than that of halogenated 670 

substances, its ability to deplete stratospheric ozone has been recognized since 1970. Consequently, reducing N2O 671 

emissions would also reduce climate forcing. However, other methodological approaches, such as CML (2016) and 672 

EF 3.1 (2022) do not account N2O in their LCIA methods. In contrast, this study includes N2O emissions into its 673 

analysis, utilizing the category indicator of 0.017 (Ravishankara et al. 2009; WMO 2011), which is also consistent 674 

within the range specified in WMO (2022).In reference to the functional unit, the unit for Ozone depletion is kg R-675 

11-eq/FU. 676 

The applied method is  (WMO 2011, 2019) 677 

Eutrophication 678 

Eutrophication means the excessive supply of nutrients and can apply to both surface waters and soils. As these 679 

two different media are affected in very different ways, a distinction is made between water-eutrophication and 680 

soil-eutrophication: 681 

1. Terrestrial Eutrophication (i.e., eutrophication of soils by atmospheric emissions) 682 

2. Aquatic Eutrophication (i.e., eutrophication of water bodies by effluent releases) 683 

Nitrogen- and phosphorus-containing compounds are among the most eutrophying elements. The eutrophication 684 

of surface waters also causes oxygen-depletion. A measure of the possible perturbation of the oxygen levels is 685 

given by the Chemical Oxygen Demand (COD). In order to quantify the magnitude of this undesired supply of 686 

nutrients and oxygen depletion substances and to cover their overall potential of secondary effects, the 687 

eutrophication potential according to (Guinée 2002; Heijungs 1992), covering COD, was chosen as an impact 688 

indicator.  689 
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The environmental impacts regarding eutrophication and oxygen depletion are therefore addressed by the 690 

following impact categories: 691 

Terrestrial Eutrophication (including eutrophication of oligotrophic systems) 692 

Category indicator: Terrestrial eutrophication 693 

Characterisation factors: EPi (kg PO43--e/kg emissioni) based on (Guinée 2002; Heijungs 1992) 694 

Emissions to compartment: Emissions to air 695 

Aquatic Eutrophication 696 

Category indicator: Aquatic eutrophication 697 

Characterisation factors: EPi (kg PO43--e/kg emissioni) based on (Guinée 2002; Heijungs 1992) 698 
Emissions to compartment: Emissions to water 699 

The unit for both types of eutrophication is kg PO4-eq/FU. 700 

The applied method is (Guinée 2002; Heijungs 1992) 701 

Particulate Matter 702 

The category covers effects of fine particulates with an aerodynamic diameter of less than 2.5 µm (PM 2.5) emitted 703 

directly (primary particles) or formed from precursors as NOx and SO2 (secondary particles). Epidemiological 704 

studies have shown a correlation between the exposure to particulate matter and the mortality from respiratory 705 

diseases as well as a weakening of the immune system. Following an approach of (de Leeuw 2002), the category 706 

indicator aerosol formation potential (AFP) is applied. Within the characterisation model, secondary fine 707 

particulates are quantified and aggregated with primary fine particulates as PM2.5 equivalents. This approach 708 

addresses the potential impacts on human health and nature independent of the population density.  709 

The characterisation models suggested by Goedkoop et al. (2013) and (JRC 2011) calculate intake fractions based 710 

on population densities. This means that emissions transported to rural areas are weighted lower than transported 711 

to urban areas. These approaches contradict the idea that all humans independent of their residence should be 712 

protected against potential impacts. Therefore, not the intake potential, but the formation potential is applied for 713 

the impact category particulate matter.  714 

In reference to the functional unit, the unit for particulate matter is kg PM 2.5-eq/FU. 715 

The applied method is (de Leeuw 2002) 716 

The following Table 4:  summarises some examples of elementary flows and their classification to the impact 717 

categories included in the study and described before.  718 

 719 

 720 

 721 

 722 

 723 

 724 

 725 
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Table 4: Examples of elementary flows and their classification to emission related impact categories 726 

 727 

1.5.2 Additional categories at the inventory level 728 

This section provides a description of the inventory categories. Inventory level categories differ from impact 729 

categories to the extent that no characterisation step using characterisation factors is used for assessment. 730 

Primary energy   731 

The Total Primary Energy and the Non-renewable Primary Energy serve primarily as a source of information 732 

regarding the energy intensity of a system.  733 

Total primary energy (Cumulative Energy Demand, total)   734 

The Total Primary Energy is a parameter to quantify the primary energy consumption of a system. It is calculated 735 

by adding the energy content of all used fossil fuels, nuclear and renewable energy (including biomass). This 736 

category is described in (VDI 1997) and has not been changed considerably since then. It is a measure for the overall 737 

energy efficiency of a system, regardless the type of energy resource which is used.  738 

The unit for Total Primary Energy is MJ/FU. 739 

Non-renewable primary energy (Cumulative Energy Demand, non-renewable)  740 

The category Non-renewable Primary Energy considers the primary energy consumption based on non-renewable, 741 

i.e. fossil and nuclear energy sources.  742 

The unit for Non-renewable Primary Energy is MJ/FU. 743 

  744 
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Table 5: Examples of elementary flows and their classification to inventory level categories 745 

Categories at 
inventory level 

 Elementary flow examples Unit 

Total Primary 
Energy 

Non-renewable primary 
energy 

hard 
coal 

brown 
coal 

crude oil 
natural 
gas 

uranium 
ore 

MJ 
Renewable primary 
energy 

hydro 
energy 

solar  
energy 

biomass 
wind 
energy 

 

 746 

1.5.3 Categories not considered 747 

 748 

Human and Eco Toxicity (excl. Particulate Matter) 749 

There are various models for the life cycle assessment of human and eco toxicity. However, LCA results on toxicity 750 

are often unreliable, mainly due to incomplete inventories, and also due to incomplete impact assessment methods 751 

and uncertainties in the characterisation factors. None of the available models is clearly better than the others, 752 

although there is a slight preference for the model USEtox. USEtox is a consensus-based model developed under 753 

the United Nations Environment Program (UNEP) and the Society for Environmental Toxicology and Chemistry’s 754 

(SETAC) Life Cycle Initiative. It provides midpoint and endpoint characterization factors for human toxicological and 755 

freshwater ecotoxicological impacts of chemical emissions in life cycle assessment. The REACH database, a EU 756 

regulatory framework for Registration, Evaluation, Authorisation and Restriction of Chemicals, contains substance 757 

properties and is used to generate input data and to calculate final substance characterisation factors with the 758 

USEtox® 2.1 model (Saouter et al. 2020). 759 

Even though the development of the USEtox model is ongoing, with continuous efforts to enhance its accuracy, 760 

applicability, and scientific foundation (Andreasi Bassi et al. 2023), the robustness of the impact category has not 761 

yet reached a satisfactory level. Therefore, no assessment of human and eco toxicity is included in this study. 762 

 763 

Use of nature 764 

Land use could have large impacts on the natural environment, such as decrease in biodiversity due to direct loss 765 

of natural area or indirect impacts like area fragmentation and impacts on the life support function of the 766 

biosphere, such as raw materials providing or climate regulation. It can be especially relevant when examining 767 

products based on agriculture or forestry compared to products with other base and/or main materials. 768 

The available data does not state information regarding the specific ecoregions and forest management types. 769 

Therefore, it is not possible to produce robust results that allow comparative assessments by applying an 770 

assessment methodology. Therefore, no assessment of the use of nature is included in this study. 771 

 772 

Water scarcity 773 

Due to the growing water demand, increased water scarcity in many areas and degradation of water quality, water 774 

as a scarce natural resource has become increasingly central to the global debate on sustainable development. 775 
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Due to the lack of mandatory information, for example regarding the region of water use in the applied data sets, 776 

water scarcity footprint cannot be examined on an LCIA level within this study. Some of the qualitative aspects are 777 

considered in this report in the impact category "Aquatic Eutrophication". 778 

Abiotic resources 779 

ADP is one possible assessment method for the abiotic resources' category. As described above, water and land 780 

use cannot be included in the study. In the author’s opinion, abiotic resources should not be included for the 781 

following two reasons:  782 

(1) Without analysing the categories use of nature and water scarcity, it is not possible to show an 783 

overall picture of the resources. 784 

(2) With the abiotic resources category, exactly the resource category whose results look unfavourable 785 

for the competing packaging systems would be examined. 786 

 787 
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2 Packaging systems and scenarios 788 

In general terms, packaging systems can be defined based on the primary, secondary and tertiary packaging 789 

elements they are made up of. The composition of each of these individual packaging elements and their 790 

components’ masses depend strongly on the function they are designed to fulfil, i.e. on requirements of the filler 791 

and retailer as well as the distribution of the packaged product to the point-of-sale. The main function of the 792 

examined primary packaging is the packaging and protection of beverage. The packaging protects the filled 793 

products’ freshness, flavours, and nutritional qualities during transportation, whilst on sale and at home. All 794 

examined packaging systems are considered to achieve this. 795 

All packaging systems examined in this study are presented in the following sections (2.1 & 2.2), including the 796 

applied end-of-life options (section 2.3). Section 2.4 provides information on all assessed scenarios. 797 

2.1 Names of beverage cartons, selection and comparison overview of 798 

packaging systems 799 

The focus of this study are the beverage cartons produced by Tetra Pak for which this study aims to provide 800 

knowledge of their strengths and weaknesses regarding environmental aspects. The beverage cartons are 801 

compared with corresponding competing packaging systems. 802 

2.1.1 Names of beverage cartons 803 

Table 6 presents the complete names of the beverage carton used in the main text of the report and the 804 

corresponding abbreviated names applied in tables and figures. 805 

Table 6: List of names of beverage carton used in this study 806 

Complete name used in the report  
(in the main text) 

Abbreviated name used in the report  
(in tables and figures) 

Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-

based polymers 
TBA 1000 E LW30 plant-based PE 

 807 

2.1.2 Reason for selection 808 

The choice of beverage cartons has been made by Tetra Pak based on market relevance. The carton selected is the 809 

main competitor to the regarded rPET and PEF bottles for JNSD on the Dutch market. The local marketing team of 810 

Tetra Pak has very detailed knowledge of the regarded market based on communication with their customers and 811 

Dutch retailers and on statistical market data purchased from data providers like NielsenIQ, GfK and Euromonitor. 812 

Main criterion for choosing a specific packaging was the market share within the respective segment. Usually, the 813 

products of the brands with the highest market share were chosen. As the importance of the packaging for Tetra 814 

Pak's existing or targeted customers was also a selection criterion, in some cases not the packaging with the highest 815 

market share, but another packaging with a very high market share of one of these customers was selected. 816 

Therefore, the chosen alternative packaging system is typical on the Dutch market but do not represent the entire 817 

market in the sense that every available alternative option is examined. This means that this study does not support 818 
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claims for the best option to pack a certain product in the specific market but aims to present comparative LCA 819 

environmental impact results for Tetra Pak’s beverage cartons and their main competitors. Details regarding the 820 

chosen packaging systems and their reason for selection are shown in Table 7  821 

Table 7: Selection and reason of competing packaging systems in segment JNSD, Family Pack (ambient) 822 

 

Segment 
Geographic 
scope 

 

Competing 
packaging 
system 

 

Reason for selection 

JNSD Family Pack 
(ambient) 

NL 

50% rPET bottle 
1000 mL 

The PET bottle is the main competitor in the JNSD ambient 
segment in the Netherlands. The rPET share is typically 50%. 
In order to consider also the target for recycled content of 
the European regulation1, the same bottle is also considered 
with 65% rPET. 

65% rPET bottle 
1000 mL 

PEF bottle  
1000 mL 

Retailers on the Dutch market are introducing PEF bottles. 
The PEF bottle considered is being introduced in the 1000 
mL JNSD segment. 

2.1.3 Comparison overview of packaging systems 823 

The following Table 8 shows which beverage cartons are compared with the selected competing systems. The 824 

number of packages required for the functional unit is also listed. Similar volume sizes will be compared. 825 

 826 

Table 8: List of Tetra Pak beverage cartons in segment JNSD, Family Pack (ambient) and corresponding 827 
competing packaging systems in the Netherlands 828 

Carton based 
packaging systems 

ambient 

 

Reference 
flow 

(systems /  
1000 L) 

Geographic 
scope 

Competing 
packaging 
systems 

ambient 

 

Reference 
flow 

(systems /  
1000 L) 

Geographic 
scope 

TBA 1000E LW30 
plant-based PE 
1000 mL   

1000 NL 

50% rPET bottle 
1000 mL  

1000 NL 

65% rPET bottle 
1000 mL  

1000 NL 

PEF bottle  
1000 mL  

1000 NL 

 829 

  830 

 
 

1 (Regulation (EU) 2025/40 of the European Parliament and of the Council of 19 December 2024 on packaging and packaging waste, 
amending Regulation (EU) 2019/1020 and Directive (EU) 2019/904, and repealing Directive 94/62/EC 2024) 
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2.2 Packaging specifications  831 

Specifications of beverage carton packaging systems are listed in   832 
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Table 9 were provided by Tetra Pak. In Tetra Pak’s internal database typical specifications of all primary packages 833 

sold are registered. The specifications of individual packages of one single carton system may vary to a small 834 

degree over different production batches or production sites. To get the final specifications per beverage carton 835 

type the exact specifications of different batches were averaged taking into consideration the production 836 

volumes of each production batch. For confidentially, in case of the polymers used in the beverage carton 837 

systems, no differentiations to specific polymers are shown in the tables. The calculations are calculated with the 838 

specific shares of each polymer used. These are disclosed to the critical review panel.  839 

In case of primary packaging of beverage cartons, no materials with recycled content are used. Although aluminium 840 

is a widely recycled material, aluminium foil with the very low thickness required for beverage cartons is currently 841 

not available with a recycled content. 842 

Data on secondary and tertiary packaging for beverage cartons was also provided by Tetra Pak from its internal 843 

packaging system model. The data is periodically updated, and the most recent data of 2020-2025 is used in this 844 

LCA. 845 

Specifications of the competing packaging types that have been identified as relevant in the examined segments 846 

are listed in Table 10. They were provided by the customer of Tetra Pak. In case of the primary packaging of PET 847 

bottle the specifications of primary packaging were additionally determined by ifeu in 2025 based on three samples 848 

collected by Tetra Pak on the Dutch market. As no significant differences were observed, this can be considered a 849 

representative sample. The samples were assessed by ifeu regarding the type of materials and their quantified 850 

weights. Specifications were determined by weighing the separate parts of the packaging systems. Materials were 851 

classified by the declaration on the packaging parts. As the PEF bottle is not yet on the market no samples were 852 

able to be analysed. Specifications of the PEF bottle were provided by the customer of Tetra Pak. Specifications of 853 

secondary and tertiary packaging systems were provided by the customer of Tetra Pak and checked and 854 

supplemented with standard ifeu internal data in case of stretch film per pallet and cardboard layers.  855 

Based on the specifications provided by the customer of Tetra Pak, the PET bottle has currently a recycled PET 856 

content of 50%. Additionally a PET bottle with the same specifications but a recycled content of 65% is calculated 857 

in order to represent the goal of recycled in content for single-use plastic bottles in 2040 based on the European 858 

regulation (Regulation (EU) 2025/40 of the European Parliament and of the Council of 19 December 2024 on 859 

packaging and packaging waste, amending Regulation (EU) 2019/1020 and Directive (EU) 2019/904, and repealing 860 

Directive 94/62/EC 2024) 861 

These specifications are used to calculate the base scenarios for all packaging systems.  862 

2.2.1 Specifications of beverage carton systems 863 

  864 
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Table 9: Packaging specifications for assessed carton systems for the packaging of JNSD, Family Pack (ambient) 865 

Specification Unit Packaging system 

  

TBA 1000 E LW30 plant-based PE  

volume  mL 1000 

geographic Scope - NL 

ambient 
   

primary packaging (sum)1 g 32.02 

primary packaging (per FU) g/FU 32020 

composite material (sleeve) g 29.3 

- liquid packaging board g 22.2 

- fossil-based polymer g 4.1 

- plant-based polymer g 1.6 

- virgin aluminium g 1.4 

closure2 g 2.72 

- plant-based polymer g 2.7 

- fossil-based polymer g - 

- alu lid g 0.02 

secondary packaging (sum)3 g 176 

secondary packaging (per FU) g/FU 17600 

- corr. cardboard tray g 176 

- stretch film per tray g - 

tertiary packaging (sum)4 g 32250 

tertiary packaging (per FU) g/FU 31618 

- pallet g 30000.0 

number of use cycles - 25 

- cardboard layer (per pallet) g 1750.0 

- number of cardboard layers - 5 

- stretch film (per pallet) (LDPE) g 500.0 

pallet configuration   

Prim. packaging per sec. packaging pc 12 

sec. packaging per layer pc 17 

layers per pallet  pc 5 

prim. packaging per pallet pc 1020 

 866 

 
 

1 per primary packaging unit 
2 Note: a small proportion of the closures contains titanium dioxide 
3 per secondary packaging unit 
4 per tertiary packaging unit (pallet) 
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2.2.2 Specifications of alternative packaging systems 867 

 868 

Table 10: Packaging specifications for assessed alternative systems in the segment JNSD, Family Pack (ambient) 869 

 JNSD Family Pack (ambient)  

Specification Unit Packaging system 

  
50% rPET bottle 65% rPET bottle PEF bottle 

volume  mL 1000 1000 1000 

geographic Scope - NL NL NL 

clear / opaque - clear clear clear 

ambient 
     

primary packaging (sum)1 g 33.40 33.40 27.40 

primary packaging (per FU) g/FU 34400 34400 27400 

bottle g 29.79 29.79 23.80 

- PET g 28.30 28.30 - 

- PEF g   23.80 

- PA6 g 1.49 1.49 - 

rPET g 14.15 18.40 - 

rPET % 50 65 - 

label g 0.84 0.84 0.84 

- PP g 0.84 0.84 0.84 

closure2 g 2.77 2.77 2.77 

- HDPE g 2.77 2.77 2.77 

secondary packaging (sum)3 g 10.56 10.56 10.56 

secondary packaging (per FU) g/FU 1760 1760 1760 

- stretch film per tray g 10.56 10.56 10.56 

tertiary packaging (sum)4 g 30250.0 30250.0 30250.0 

tertiary packaging (per FU) g/FU 33611 33611 33611 

- pallet g 28000.0 28000.0 28000.0 

number of use cycles - 25 25 25 

- cardboard layer (per pallet) g 1750.0 1750.0 1750.0 

- number of cardboard layers - 5 5 5 

- stretch film (per pallet) 
(LDPE) 

g 500.0 500.0 500.0 

  870 

 
 

1 per primary packaging unit 
2 Note: a small proportion of the closures contains titanium dioxide 
3 per secondary packaging unit 
4 per tertiary packaging unit (pallet) 
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pallet configuration     

prim. packaging per sec. 
packaging 

pc 6 6 6 

sec. packaging per layer pc 30 30 30 

layers per pallet  pc 5 5 5 

prim. packaging per pallet pc 900 900 900 

2.3 End-of-life 871 

For each packaging system assessed in the study, scenarios are modelled and calculated using country-specific 872 

recycling rates for post-consumer packaging. Additionally, a distinction is made between domestic recycling and 873 

recycling abroad (export for recycling). The applied recycling quotas and recycling locations are derived from 874 

published data. Material recycling quotas represent the actual amount of recycled material leaving a material 875 

recycling process. The recycling rate therefore includes losses in sorting and recycling processes. The remaining 876 

post-consumer packaging waste is modelled and calculated based on the country-specific split between landfilling 877 

and incineration (MSWI) in the Netherlands.  878 

Due to the similar structure of PEF and PET, up to 5% of PEF can be incorporated into the PET recycling streams 879 

(PETplanet 2024; SpecialChem 2021). Therefore PEF bottles in this study are treated as PET bottles in the end-of-880 

life. 881 

 882 

Recycling locations of beverage cartons 883 

Beverage cartons on the Dutch market are exported to Germany, France, Italy and Spain for recycling. 884 

Recycling locations of PET / PEF bottles 885 

The PET bottles on the Dutch market are assumed to be recycled domestically (ICIS 2024). 886 

 887 

Table 11 presents the country-specific disposal split for the Netherlands, indicating the shares of waste managed 888 

via the Municipal Solid Waste Incineration (MSWI) rate and the landfill rate. Table 12 lists various packaging types 889 

and provides the respective material recycling or recovery rates for each type. To determine the specific disposal 890 

routes (MSWI share and landfill share) for each packaging type, the following methodological approach is applied: 891 

 892 

For each packaging type, the share that is not recycled is calculated by subtracting the recycling rate (C) from 100%. 893 

𝑁𝑜𝑛 − 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑠ℎ𝑎𝑟𝑒 = 100% − 𝐶 894 

The remaining share is then split between MSWI and landfill according to the proportions specified in Table 16. 895 

The MSWI share is calculated by multiplying the non-recycled share by the MSWI rate (A) and dividing by 100: 896 

𝑀𝑆𝑊𝐼 𝑠ℎ𝑎𝑟𝑒 =
(100% − 𝐶) × 𝐴

100
 897 

 898 
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Similarly, the landfill share is calculated using the landfill rate (B): 899 

 900 

𝑙𝑎𝑛𝑑𝑓𝑖𝑙𝑙 𝑠ℎ𝑎𝑟𝑒 =
(100% − 𝐶) × 𝐵

100
 901 

The sum of the recycling rate, MSWI share, and landfill share for each packaging type equals 100%. 902 

 903 

 904 

Example calculation: PET / PEF bottles 905 

To illustrate the calculation, the example of the PET bottle is used: 906 

• Recycling rate (C): 60% 907 

• Non-recycled share: 100% - 60% = 40% 908 

• MSWI rate (A, from Table 11): 100% 909 

• Landfill rate (B, from Table 11): 0% 910 

 911 

Calculation of the MSWIl share of  PET bottles: 912 

 913 

𝑀𝑆𝑊𝐼 𝑠ℎ𝑎𝑟𝑒 =
(100% − 60%) × 100

100
= 40% 914 

 915 

The landfill share can be calculated analogously using the corresponding rate. 916 

 917 

Table 11: Applied end of life disposal split in the Netherlands and 918 
countries for final treatment of recycled beverage cartons 919 

 
market 

 
MSWI rate 

(A) 

 
landfill rate 

(B) 

the Netherlands 
 

100% 0% 

(EEA 2025) 

2025 

mix 
(France, Germany, 

Italy, Spain) 

57% 43% 

(eurostat 2025) 

2021 

 920 

  921 
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Table 12: Applied end of life quotas for beverage cartons and competing packaging systems in the Netherlands 922 

 
Packaging system 

 
Material recycling/recovery 

& reference & ref. year 
(C) 

 
MSWI share 

Calculation → ((100-C) x A)/100 

 
Landfill share 

Calculation → ((100-C) x B)/100 

Beverage carton 
46%1 

(verpact 2025a), 2024 
54% 0% 

PET / PEF bottle 
(base scenario) 

60%2 
(verpact 2025a), 2024 

40% 0% 

PET / PEF bottle 
(sensitivity scenario) 

65%3 
(verpact 2025a), 2024 

35% 0% 

 923 

The following flow charts illustrate the applied end-of-life models of beverage cartons, PET and PEF bottles for the 924 

Dutch market. The applied percentages are based on the end-of-life quotas in Table 12. For the sorting process 925 

typical efficiencies from the internal ifeu database are applied (90% for beverage cartons and non-deposit PET/PEF 926 

bottle collection) and 99% for deposit PET/PEF bottle collection) 927 

  928 

 
 

1 Recycling rate refers to the output of recycled material. 46% includes also shares of PolyAl recycling. In this study only the fibre content is recycled. 
(see section  3.9). Therefore, the output recycling rate applied in the study refers only to the fibres and is with 41% (verpact 2025b) slightly lower 
than the published recycling rate of 46%. 
2 Recycling rate refers to the output of recycled material. It is based on the collection rate of 77% published by (verpact 2025). The recycling rate of 
60% includes losses in sorting and recycling processes. 
3 Recycling rate refers to the output of recycled material. It is based on the collection rate of 83% published by (verpact 2025). The recycling rate of 
65% includes losses in sorting and recycling processes. 
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 929 

Figure 7: Applied end-of-life quotas for beverage cartons in the Netherlands 930 
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 931 

Figure 8: Applied end-of-life quotas for PET/PEF bottles in the Netherlands (base scenario) 932 

 933 

Figure 9: Applied end-of-life quotas for PET/PEF bottles in the Netherlands (sensitivity scenario) 934 
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2.4 Scenarios 935 

 936 

2.4.1 Base scenarios 937 

For each of the studied packaging systems a scenario for the Dutch market is defined, which is intended to reflect 938 

the most realistic situation under the described scope. Following the ISO standard’s recommendation, a variation 939 

of the allocation procedure shall be conducted. Therefore, two scenarios to be considered equally regarding the 940 

open-loop allocation are calculated for each packaging system: 941 

• with a system allocation factor of 50 %  942 

• with a system allocation factor of 100 % 943 

 944 

2.4.2 Sensitivity scenarios 945 

Additional sensitivity scenarios are calculated regarding: 946 

• the recycled PET content of the rPET bottles. Besides the considered recycled PET contents of 50% and 65% a 947 

sensitivity analysis is calculated for the rPET bottle with a recycled PET content of 100%. On a technical basis this 948 

is possible and 100% rPET bottles exist. In the perspective of LCA, 100% rPET bottles are seen critically as not all 949 

material can be sourced from closed loop bottle to bottle material (due to recycling rates lower than 100% and 950 

losses in the recycling process). The additional sourced rPET open loop material can therefore not be used in 951 

other applications with recycled PET contents, leading to no real environmental benefit considering the whole 952 

circularity of PET.  953 

• the collection rate of PET and PEF bottles. In the base scenarios the PET and PEF bottles are modelled with a 954 

non-deposit collection. A collection rate of 77% is applied (verpact 2025). This refers to the current collection 955 

status of plastic beverage bottles in the Netherlands being a mix of collection through a deposit system and 956 

through a collection of mixed packaging waste without deposit, as currently only a portion of JNSD packaging is 957 

part of the deposit refund system (verpact 2025). As no PET bottle specific collection rate with no share of 958 

deposit collection is available the applied collection rate of 77% in the base scenarios is a conservative approach 959 

in the perspective of the beverage cartons. As a sensitivity the collection rate of 83% representing plastic 960 

beverage bottles collected exclusively with the deposit refund system (verpact 2025) is added for all rPET and 961 

PEF bottles. 962 
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3 Life cycle inventory 963 

Data on processes for packaging material production and converting were either collected in cooperation with the 964 

industry or taken from literature and the ifeu database. Concerning background processes (energy generation, 965 

transportation as well as waste treatment and recycling), the most recent version of ifeu’s internal, continuously 966 

updated database was used. Table 13 gives an overview of important datasets applied in the current study. Primary 967 

data collected in 2025 for example for filling processes are not extrapolated for the end of the year as the data are 968 

based on machine consumption. All data used meet the general requirements and characteristics regarding data 969 

gathering and data quality as summarised in section 1.3. 970 

 971 

Table 13: Overview on inventory/process datasets used in the current study 972 

 

Material / process 

 

Source 
Reference year/ 

period 
Collected data 

Intermediate goods    

Fossil PP EcoInvent 3.10, (11/2024) 2011-2024 secondary 

Fossil LDPE EcoInvent 3.10, (11/2024) 2011-2024 secondary 

Fossil HDPE EcoInvent 3.10, (11/2024) 2011-2024 secondary 

Plant-based PE Braskem 2018 2015 secondary 

Fossil PET EcoInvent 3.10, (11/2024) 2015-2024 secondary 

Plant-based PEF 
Eerhart et al. 2012, EcoInvent 3.10, 
(11/2024) 

2012-2024 secondary 

Fossil PA PlasticsEurope 2005 1999 secondary 

Aluminium (primary) European Aluminium 2025 2023 secondary 

Aluminium foil European Aluminium 2025 2022 secondary 

Corrugated cardboard FEFCO and Cepi Container Board 2024 2022 secondary 

Liquid packaging board 
ifeu data, obtained from ACE (ACE and ifeu 
2020) 

2018 secondary 

Production    

Beverage carton converting Tetra Pak 2025 2023 primary 

PET preform production Ifeu database 2019 primary 

Filling    

Filling of beverage cartons Data provided by Tetra Pak 2025 primary 

Filling plastic bottles 
Ifeu database, SBM is included in data for 
PET bottles 

2019 primary 

Recovery    

Beverage carton recycling 
ifeu database, based on data from various 
European recycling plants 

2004 primary 
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Material / process 

 

Source 
Reference year/ 

period 
Collected data 

PET bottle 

ifeu database, data collected from different 
recyclers in 

Germany and Europe 

2009 primary 

Background data    

Electricity production  
ifeu database, based on statistics and 
power plant models 

2021 secondary 

Municipal waste incineration  
ifeu database, based on statistics and 
incineration plant models 

2016-2021 secondary 

Thermal recovery in cement kilns 
ifeu database, German cement industry 
association (VDZ) 

2006 primary 

Truck transport 
ifeu database, based on statistics and 
transport models, emission factors based 
on HBEFA 4.1 (INFRAS 2017). 

2017 secondary 

Rail transport EcoTransIT World 2016 2016 secondary 

Sea ship transport EcoTransIT World 2016 2016 secondary 

 973 

 974 

 975 

3.1 Plastics 976 

The following plastics are used within the packaging systems under study: 977 

• Polypropylene (PP)  978 

• Low density polyethylene (LDPE)  979 

• High density polyethylene (HDPE) 980 

• Plant-based polyethylene (LDPE and HDPE) 981 

• Polyethylene terephthalate (PET) 982 

• Plant-based polyethylene furanoate (PEF) 983 

• Polyamide 6 (PA6) 984 

 985 

3.1.1 Polypropylene (PP) 986 

Polypropylene (PP) is produced by catalytic polymerisation of propylene into long-chained polypropylene. The two 987 

important processing methods are low pressure precipitation polymerisation and gas phase polymerisation. In a 988 

subsequent processing stage the polymer powder is converted to granulate using an extruder.  989 

The present LCA study utilises data published by EcoInvent (2023). The dataset covers the production of PP from 990 

cradle to the polymer factory gate. The polymerisation data refer to the 2011 time period and were acquired from 991 

a total of 35 polymerisation plants producing. The total PP production in Europe (EU27+2) in 2011/2012 was 992 

8,500,000 tonnes. The EcoInvent data set hence represented 77% of PP production in Europe.  993 

 994 
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3.1.2 Low density polyethylene (LDPE) 995 

Low density polyethylene (LDPE) is manufactured in a high-pressure process and contains a high number of long 996 

side chains. The present LCA study uses the data published by EcoInvent (2023). 997 

The data set covers the production of LDPE granulates from the extraction of the raw materials from the natural 998 

environment, including processes associated with this. The data refer to the 2011 time period. Data were acquired 999 

from a total of 22 participating polymerisation units. The data set represent 72% of LDPE production in Europe 1000 

(EU27+2). 1001 

3.1.3 High Density Polyethylene (HDPE) 1002 

High density polyethylene (HDPE) is produced by a variety of low pressure methods and has fewer side-chains than 1003 

LDPE. The present LCA study uses the data published by EcoInvent (2023).  1004 

The data set covers the production of HDPE-granulate from the extraction of the raw materials from the natural 1005 

environment, including processes associated with this. The data refer to the 2011 time period and were acquired 1006 

from a total of 21 participating polymerisation units. The data set represented 68% of HDPE production in Europe 1007 

(EU27+2). 1008 

3.1.4 Plant-based polyethylene 1009 

All packaging systems analysed in this study, which contain plant-based polyethylene (PE) are beverage carton 1010 

systems. The plant-based PE used by Tetra Pak in the assessed beverage carton systems is supplied by Braskem in 1011 

Brazil. The PE is produced from ethanol derived from sugar cane. The plant-based PE has the same characteristics 1012 

as fossil-based PE. Therefore, the same end of life applies to plant-based PE and fossil-based PE. The plant-based 1013 

PE in this study shall not be mistaken with biodegradable plastics. This study uses two LCA datasets provided by 1014 

Braskem, one for plant-based HDPE and one for plant-based LDPE (Braskem 2018). In order to address co-products 1015 

for produced bioelectricity in the plant-based PE production, the Braskem LCA datasets used in this study use the 1016 

approach of economical allocation instead of substitution of energy production. The allocation approach complies 1017 

with previous studies regarding plant-based and fossil HDPE (Murphy 2013).  Credits for land use change have been 1018 

excluded from the datasets as underlying assumptions and models are not known. 1019 

3.1.5 Polyethylene terephthalate (PET) 1020 

Polyethylene terephthalate (PET) is produced by direct esterification and melt polycondensation of purified 1021 

terephthalic acid (PTA) and ethylene glycol. The model underlying this LCA study uses data published by EcoInvent 1022 

(2023) with a reference year of 2015, that represents the production in European PET plants. Data for foreground 1023 

processes of PTA production are taken from the PTA eco-profile (CPME 2016) which is based on primary data from 1024 

five European PTA producers covering 79% of the PTA production in Europe. The foreground process of ethylene 1025 

glycol production is taken from the Eco-profile of steam cracker products (PlasticsEurope 2012). For PET production 1026 

data from 12 production lines at 10 production sites in Belgium, Germany, Lithuania (2 lines), the Netherlands, 1027 

Portugal, Spain (4 lines) and United Kingdom (2 lines) supplied data with an overall PTA volume of 2.9 million tonnes 1028 

– this represents 85% of the European production volume (3.4 million tonnes). 1029 

3.1.6 Plant-based polyethylene furanoate (PEF) 1030 

Plant-based polyethylene furanoate (PEF) is produced by the polymerization of plant-based monoethylene glycol 1031 

(MEG) and plant-based 2,5-Furandicarboxylic acid (FDCA). The model underlying this LCA study is based on Eerhart 1032 

et al. (2012). Process data in terms of input/ouput data not stated in Eerhart et al. (2012) originate from confidential 1033 
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data from previous LCA projects. This European model based on corn does not include land use change. The only 1034 

available corn dataset that includes impacts from land use change is only available for Hungary. As the land use 1035 

change in that dataset is very low, the authors prefer a European average dataset over a dataset for a specific 1036 

country. Prechain data for the processes were taken from Ecoinvent 3.10.  1037 

3.1.7 Polyamide 6 (PA6) 1038 

Polyamide 6 is manufactured from the precursors benzene and hydroxylamine. The present LCA study uses the 1039 

ecoprofile published on the website of Plastics Europe (data last calculated March 2005) and referring to the year 1040 

1999 (PlasticsEurope 2005). A more recent dataset is available provided by PlasticsEurope. However in this dataset 1041 

ammonium sulphate is seen as a by-product of the PA6 production process of the PA6 pre-product caprolactam. 1042 

The dataset uses a substitution approach to account for ammonium sulphate. As basically all ammonium sulphate 1043 

on the market is derived from the PA6 production, in the view of the authors it is not valid to substitute a separate 1044 

ammonium sulphate production process. Even within the PlasticsEurope methodology this approach is only 1045 

allowed, “…if there is a dominant, identifiable production path for the displaced product” (PlasticsEurope 2019). 1046 

Unfortunately, no dataset applying another approach apart from the substitution approach is available. The applied 1047 

dataset in this study shows very high N2O emissions. Based on a more recent confidential PA dataset, N2O emissions 1048 

in present PA6 production are significantly lower. Since the N2O emissions of the PA6 dataset are the main driver 1049 

in the impact category ‘Ozone depletion’, results for ‘Ozone depletion’ involving packaging systems containing PA6 1050 

should be treated with caution.  1051 

3.2 Production of liquid packaging board (LPB) 1052 

The production of liquid packaging board (LPB) was modelled using data gathered from all board producers in 1053 

Sweden and Finland. It covers data from four different production sites where more than 95% of European LPB is 1054 

produced. The reference year of these data is 2018. It is the most recent available and also published in the 1055 

EcoInvent 3.10 database. 1056 

The four datasets based on similar productions volumes were combined to one average. They cover all process 1057 

steps including pulping, bleaching and board manufacture. They were combined with data sets for the process 1058 

chemicals used from ifeu´s database and Ecoinvent 3.6 including a forestry model to calculate inventories for this 1059 

sub-system. Energy required is supplied by electricity as well as by renewable on-site energy production by 1060 

incineration of wood and bark. The specific energy sources were taken into account. 1061 

For the forestry area listed in this dataset no land use change has to be considered as greenhouse gas emissions or 1062 

removals from land use change from forest to forest do not apply. Further no data are available to prove that land 1063 

use change from non-forest to forest plantations has taken place in the last rotation periods, no greenhouse gas 1064 

removals associated with land use change are ac-counted for the production of LPB. 1065 
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3.3 Production of primary material for aluminium bars and foils 1066 

The data set for primary aluminium covers the manufacture of aluminium ingots starting from bauxite extraction, 1067 

via aluminium oxide manufacture and on to the manufacture of the final aluminium bars. This includes the 1068 

manufacture of the anodes and the electrolysis. The data set is based on information acquired by the European 1069 

Aluminium (EA) covering the year 2021. The data are covering primary aluminium used in Europe consisting of 52% 1070 

European aluminium data and 48% IAI data developed by the International Aluminium Institute (IAI) for imported 1071 

aluminium. After data was collected for 2021 due to the global energy crisis some plants decreased their 1072 

production or were idled. Also the electricity mix for the aluminium production changed. (European Aluminium 1073 

2025). 1074 

Therefore a dataset was compiled by (European Aluminium 2025) which was adjusted to reflect the electricity mix 1075 

used by the plants still operating in 2023. This dataset is used in this study. 1076 

The data set for aluminium foil (5-200 µm) is based on data acquired by the European Aluminium together with 1077 

European Aluminium Foil Association (EAFA) covering the year 2022. For aluminium foils, this represents more 1078 

than 80% of the total production in Europe including Turkey. Aluminium foil for the packages examined in this 1079 

study is assumed to be sourced in Europe. According to EA (EAA 2013), the foil production is modelled with 70% of 1080 

the production done through hot rolling and 30% through continuous casting.  1081 

3.4 Manufacture of cardboard trays 1082 

For the manufacture of corrugated cardboard packaging the data sets published by FEFCO (FEFCO and Cepi 1083 

Container Board 2024) were used. More specifically, the data sets for the manufacture of ‘Kraftliners’ 1084 

(predominantly based on primary fibres), ‘Testliners’ and ‘Wellenstoff’ (both based on recycled fibres) as well as 1085 

for corrugated cardboard packaging were used. The data sets represent weighted average values from European 1086 

locations recorded in the FEFCO data set. They refer to the year 2022. All corrugated cardboard trays are assumed 1087 

to be sourced from European production.  1088 

In order to ensure stability, a fraction of fresh fibres is often used for the corrugated cardboard trays. According to 1089 

(FEFCO and Cepi Container Board 2024) this fraction on average is 12% in Europe. Due to a lack of more specific 1090 

information this split was also used for this study. 1091 

3.5 Converting 1092 

3.5.1 Converting of beverage cartons  1093 

The manufacture of composite board was modelled using European average converting data from Tetra Pak that 1094 

refer to the year 2023. The converting process covers the lamination of LPB with LDPE and aluminium including, 1095 

cutting, and packing of the composite material. The examined Tetra Pak beverage cartons are produced in Europe. 1096 

The packaging materials used for shipping of carton sleeves to fillers are included in the model as well as the 1097 

transportation of the package material. 1098 

Process data provided by Tetra Pak were then coupled with required prechains, such as process heat, electricity, 1099 

and inventory data for transport packaging used for shipping the coated composite board to the filler. 1100 

3.5.2 PET and PEF preform and bottle production 1101 

The production of PET bottles is usually split into two different processes: the production of preforms from PET 1102 

granulate, including drying of granulate, and the stretch-blow-moulding (SBM) of the actual bottles. While energy 1103 

consumption of the preform production strongly correlates with preform weight one of the major factors 1104 

influencing energy consumption of SBM is the volume of the produced bottles. Data for the SBM and preform 1105 

production were provided by Tetra Pak and crosschecked with the internal ifeu database. The process data is 1106 
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coupled with the required prechain of the Dutch electricity mix in order to adjust the process data to the production 1107 

in the Netherlands. 1108 

For PEF bottles the same data is applied as for PET bottles. 1109 

3.6 Filling 1110 

Filling processes are similar for beverage cartons and alternative packaging systems regarding material and energy 1111 

flows. The respective data for beverage cartons were provided by Tetra Pak in 2025 (ref. year 2025) distinguishing 1112 

between the consumption of electric and thermal energy as well as of water and air demand. Those were cross-1113 

checked by ifeu with data collected for earlier studies.  1114 

The data for the filling of plastic bottles was provided by Tetra Pak and crosschecked with the internal ifeu 1115 

database. For PEF bottles the same data is applied as for PET bottles. 1116 

3.7 Transport settings 1117 

Table 14 provides an overview of the transport settings (distances and modes) applied for packaging materials. 1118 

Data were obtained from Tetra Pak and several producers of raw materials. Where no such data were available, 1119 

expert judgements were made, e.g. through exchanges with representatives of the logistic sector and suppliers. 1120 

The converting locations of the converted carton rolls are in various European countries. 1121 

  1122 
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Table 14: Transport distances and means of transports 1123 

   

Packaging element 
Distance of material producer to 
converter 

Distance of converter to filler (km) 

Fossil PE competitors 500 kma 
 

  

Fossil PE beverage cartons 1100 kmb 
 

  

Plant-based PE beverage cartons 10800 kmb 
 

  

520 kmb 
 

  

120 kmb 
 

  

PET 500 kma 
 

  

PA 500 kma 
 

  

Aluminium 500 kma 
 

  

Aluminium foil 920 kmb 
 

  

1510 kmb 
 

  

Paperboard for composite board 130 kmb 
 

  

300 kmb 
 

  

1480 kmb 
 

  

Paper for corrugated  

cardboard for trays and layers 

320 kmc 
 

  

614 kmc 
 

  

553 kmc 
 

  

Wood for pallets 500 kma 
 

  

LDPE stretch film 500 km (material production site = converter)a 
 

Trays   500 kma 
 

Pallets   100 kma 
 

Converted carton rolls   300 kmb 

 
PET bottles   375 kmd 

 
PEF bottles   175 kme 

 
a ifeu assumption (500km for raw material transport within Europe) 1124 
b Tetra Pak data based on supplier data 1125 
c(FEFCO and Cepi Container Board 2024) 1126 
d distance converting in Luxembourg to filling in Bodegraven, NL 1127 
e distance converting in Belgium to filling in Bodegraven, NL 1128 
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3.8 Distribution of filled packs from filler to point of sale 1129 

Table 15 shows the applied distribution distances in this study. They are based on information from Dutch JNSD 1130 

producers. Distribution centres are the places where the products are temporarily stored and then distributed to 1131 

the different point of sales (i.e. supermarkets). The same distribution model is applied for all packages. 1132 

It is assumed, that not the full return distance is driven with an empty load, as lorries and trains load other goods 1133 

(outside the system boundaries of this study) for at least part of their journey. As these other goods usually cannot 1134 

be loaded at the final point of the beverage packaging delivery it is assumed that a certain part of the return trip is 1135 

made without any load and so has to be allocated to the distribution system. No primary data is available on 1136 

average empty return distances. It was assumed that lorries have an empty return trip with 30 % of the distance 1137 

of the fully loaded trip. The estimation is based on expert judgement from ifeu’s department for mobility and 1138 

transport.  1139 

 1140 

Table 15: Distribution distances in km for the Netherlands 1141 

 1142 

 

 
Distribution distance 

 

Distribution Step 1 Distribution step 2 

 

market 

Filler → 

distribution centre 

(delivery) 

Distribution centre 

→ filler 

(return trip)  

Distribution centre 

→ POS 

(delivery) 

POS → distribution 

centre 

(return trip) 

Netherlands 125 km 37.5 km 75 km 22.5 km 

 1143 

  1144 
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3.9 Recovery and recycling 1145 

Beverage cartons 1146 

Beverage cartons which are collected and sorted are subsequently sent to a paper recycling facility for fibre 1147 

recovery. Paper is separated from plastic and aluminium layers with an efficiency of 98%. The secondary fibre 1148 

material is used e.g. as a raw material for cardboard. As the LPB fibres consist of 87% pulp, only this share is 1149 

substituting virgin pulp production. A substitution factor 1.0 is applied.  1150 

 1151 

On the Dutch market, beverage cartons are exported for recycling to Germany, France, Italy and Spain. The process 1152 

data is coupled with the required prechain of the electricity mixes of Germany, France, Italy and Spain with equal 1153 

shares. 1154 

 1155 

After this recycling process, an aluminium/polyethylene (PolyAl) compound is left over. The individual materials of 1156 

this PolyAl compound are difficult to separate thus they have been used mainly in cement kilns as substitute fuel. 1157 

In recent years, technologies to recycle these PolyAl compounds have been further developed and applied in a 1158 

small scale in different recycling plants. The actual share of these compounds undergoing a material recycling is 1159 

not disclosed. Also, no inventory data for these recycling processes are yet available. However, as the creation of 1160 

an inventory dataset is currently ongoing, there might be more details for modelling those processes in the future. 1161 

For these reasons, in the current study it is still assumed, that a share of 50% of the remaining rejects furthermore 1162 

undergoes a thermal treatment in cement kilns and 50% undergoes the country-specific landfill-incineration split 1163 

and will therefore not obtain material credits. This can be seen as a conservative approach from the perspective of 1164 

the beverage cartons. 1165 

 1166 

 1167 

Plastic bottles 1168 

Plastic bottles which are collected and sorted are usually followed by a regranulation process. Ultimately the 1169 

different plastics are separated by density (PET, PE, PP). They are shredded to flakes, other plastic components are 1170 

separated and the flakes are washed before further use as a raw material. The data used in the current study is 1171 

based on ifeu’s internal database based on data from various recycling plants. Based on experimental results of 1172 

(Welle et al. 2012) PA mixed into the PET recycling stream does not negatively affect the bottle-to-bottle recycling 1173 

with analysed PA shares up to 0.1% in the PET recycling stream. On the Dutch market most PET bottles are filled 1174 

with water or carbonated drinks whose bottles don’t contain PA. Therefore the PA from PET bottles filled with juice 1175 

is not expected to exceed 0.1% in the total PET recycling stream. Therefore PET bottles containing PA are 1176 

considered as being bottle-to-bottle recycled in this study which is a conservative approach in the perspective of 1177 

the beverage cartons. As the regarded PET bottles contain rPET, the share of rPET is modelled as closed loop 1178 

recycling as much as the recycled material can provide. Additionly recycled material is modelled as open loop 1179 

recycling. 1180 

Due to the similar structure of PEF and PET, up to 5% of PEF can be incorporated into the PET recycling streams 1181 

(PETplanet 2024; SpecialChem 2021). Therefore, PEF bottles in this study are treated as PET bottles in the end-of-1182 

life. Until now the regarded PEF bottle is not yet on the Dutch market, therefore a share of PEF higher of 5% in the 1183 

PET recycling stream is not expected in the near future. It is important to understand, however, that, if more used 1184 

PEF bottles enter the waste stream (thus reaching more than 5%), they will have to be sorted out from the PET 1185 

recycling route. This will lead to a 0% recycling rate for PEF bottles until a separate PEF recycling route can be 1186 

installed.  The regarded PEF bottle does not contain recycled content, therefore all recycled material is modelled 1187 

as open loop recycling. 1188 
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3.10 Background data 1189 

3.10.1 Transport processes  1190 

Truck transport 1191 

The dataset used is based on standard emission data that were collated, validated, extrapolated and evaluated 1192 

for the Austrian, German, French, Norwegian, Swedish and Swiss Environment Agencies in the ‘Handbook Emission 1193 

Factors for Road Transport’ (HBEFA) (Notter et al. 2019). The ‘Handbook’ is a database application giving, as a 1194 

result, the transport distance related fuel consumption and the emissions differentiated into truck size classes 1195 

and road categories. Data are based on average fleet compositions within several truck size classes. The weighted 1196 

average of HBEFA data was computed from EURO norms 0 to VI. Data in this study refer to lorries with a loading 1197 

capacity of 23 tonnes.  The emission factors used in this study refer to the year 2017.  1198 

Based on the above-mentioned parameters – truck size class and road category – the fuel consumption and 1199 

emissions as a function of the transport load and distance were determined (tonne km). Wherever cooling during 1200 

transport is required, additional fuel consumption is modelled accordingly based on data from ifeu’s internal 1201 

database. This estimation is based on expert judgement from ifeu’s department for mobility and transport. The 1202 

average capacity utilization of 50% combines load factors and empty trip factors based on (EcoTransIT World 2016) 1203 

and communication with the logistics sector. 1204 

Ship transport 1205 

The data used for the present study represent freight transport with an overseas container ship (10.5 t/TEU1) and 1206 

an utilisation capacity of 70% (EcoTransIT World 2016). Energy use is based on an average fleet composition of this 1207 

ship category with data taken from (EcoTransIT World 2016). The Ecological Transport Information Tool 1208 

(EcoTransIT) calculates environmental impacts of any freight transport. Emission factors and fuel consumption 1209 

have been applied for direct emissions (tank-to-wheel) based on (EcoTransIT World 2016). For the consideration 1210 

of well-to-tank emissions data were taken from ifeu’s internal database. 1211 

Rail transport 1212 

The data used for rail transport for the present study also is based on data from (EcoTransIT World 2016). Emission 1213 

factors and fuel consumption have been applied for direct emissions based on (EcoTransIT World 2016). The 1214 

needed electricity is modelled with the electricity mix of the country the train is operating in (see also section 1215 

3.10.2). 1216 

3.10.2 Electricity generation 1217 

Modelling of electricity generation is particularly relevant for the production of base materials as well as for 1218 

converting, filling processes and recycling processes. Electric power supply is modelled using country specific grid 1219 

electricity mixes, since the environmental burdens of power production varies strongly depending on the electricity 1220 

generation technology. The country-specific electricity mixes are obtained from a master network for grid power 1221 

modelling maintained and annually updated at ifeu as described in (Fehrenbach et al. 2016). It is based on national 1222 

electricity mix data by the International Energy Agency (IEA)2. The market specific electricity mix (IT), reference 1223 

year 2021 is applied as a prechain for most processes (see Table 1 and section 3). This the most up to date data 1224 

available at the time the study is conducted. The applied shares of energy sources to the related market are given 1225 

 
 

1 Twenty-foot Equivalent Unit 
2 http://www.iea.org/statistics/ 
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in Table 16. Data for future electricity mixes are only available as expert estimation. As this attributional LCA is 1226 

aiming to provide robust results for comparison of products to customers of Tetra Pak, no scenarios with future 1227 

electricity mixes are included. 1228 

 1229 

Table 16: Share of energy source to specific energy mix, reference year 2021. 1230 

  
 

Geographic scope 

  EU 27+3 NL BE FR DE IT LU ES 

En
e

rg
y 

so
u

rc
e

 

Hard coal 5.6% 11.4% 0.0% 0.9% 9.4% 4.7% 0.0% 1.7% 

Brown coal 6.6% 0.0% 0.0% 0.0% 18.9% 0.0% 0.0% 0.0% 

Fuel oil 1.2% 0.0% 0.0% 1.0% 0.8% 2.1% 0.0% 3.5% 

Natural gas 21.0% 50.1% 25.1% 6.5% 16.1% 51.5% 14.1% 27.0% 

Nuclear 
energy 

23.2% 
3.1% 50.3% 68.2% 12.1% 0.0% 0.0% 20.5% 

Hydropower, 
wind, solar & 
geothermal 

35.6% 25.3% 18.8% 21.2% 33.2% 34.6% 50.4% 44.5% 

 

 
 

Hydropower  44.9% 0.3% 2.3% 52.8% 10.5% 46.8% 17.3% 11.2% 

Wind power 39.4% 60.9% 66.4% 33.0% 62.1% 21.7% 52.6% 23.2% 

Solar energy 14.7% 38.9% 31.3% 14.1% 27.2% 25.7% 30.1% 10.1% 

Geothermal 
energy 

0.4% 
0.0% 0.0% 0.1% 0.1% 5.8% 0.0% 0.0% 

Biomass 
energy 

5.0% 6.8% 3.6% 1.3% 7.7% 5.5% 26.7% 2.1% 

Waste 1.5% 3.3% 2.1% 0.8% 1.7% 1.6% 8.7% 0.6% 

3.10.3 Municipal waste incineration 1231 

The electrical and thermal efficiencies of the municipal solid waste incineration plants (MSWI) are shown in Table 1232 

17. 1233 

Table 17: Electrical and thermal efficiencies of the incineration plants for the Netherlands and countries for final 1234 
treatment of recycled beverage cartons. 1235 

Market Electrical efficiency Thermal efficiency Reference period Source 

Netherlands 18% 31% 
2016 

 
(Stichting Nationale 

Milieudatabase 2022) 

mix 

(France, Germany, 
Italy, Spain) 

16% 17% 2019-2021 (Equanimator Ltd 2023) 

 1236 
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The efficiencies are used as parameters for the incineration model, which assumes a technical standard (especially 1237 

regarding flue gas cleaning) that complies with the requirements given by the EU incineration directive (EU 2018). 1238 

It is assumed that the electrical energy generated in MSWI plants substitute the market specific grid electricity and 1239 

that the thermal energy recovered in MSWI plants serves as process heat. The exported heat is assumed to 1240 

substitute heat from natural gas and oil. The applied shares are 72% natural gas and 28% oil (CE Delft and Prognos 1241 

2021).  1242 

 1243 

3.10.4 Thermal recovery in cement kilns 1244 

The process data for thermal recovery in cement kilns refer to the year 2006 and are taken from ifeu’s database. 1245 

The respective dataset is based on information provided by the German Cement Works Association (VDZ) and is 1246 

considered to be representative for the thermal recovery in cement kilns in any country. The applied process data 1247 

cover emissions from the treatment in the clinker burning process. Parameters are restricted to those which 1248 

change compared to the use of primary fuels. The output cement clinker is a function of the energy potential of 1249 

the fuel and considers the demand of base material. According to VDZ (2021), cement plants have thermal 1250 

efficiencies of 70%-80%.The primarily substitution of hard coal in cement kilns was confirmed by the economic, 1251 

technical and scientific association for the German cement industry (VDZ e.V.) (VDZ 2019). However, in this study 1252 

it is assumed that the cement kiln is only a suitable substitute for high-efficiency thermal recovery, and therefore 1253 

heat energy is credited. 1254 
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4 Base results  1255 

In this section, the results of the examined packaging systems for the Dutch market are presented separately for 1256 

the different categories in graphic form.  1257 

Numerical values and figures 1258 

The following individual life cycle elements are shown in sectoral (stacked) bar charts. Life cycle steps that only 1259 

include the production of primary packaging are referred to as cradle to gate. The remaining life cycle steps, which 1260 

also include transport packaging, filling, distribution, and the end of life as well as the associated credits and the 1261 

CO2 uptake are referred to as gate to grave. Net results are referred to as cradle to grave. 1262 

 1263 

Cradle to gate: 1264 

• Production and transport of liquid packaging board (LPB) 1265 

• Production and transport of plastics and additives for Tetra Pak beverage cartons (plastics for sleeve) 1266 

• Production and transport of aluminium & converting to foil for beverage cartons (aluminium foil) 1267 

• Production and transport of PET and PEF (including additives, e.g., PA,) for bodies of PET and PEF (PEF / PET for 1268 

bottle) 1269 

• Converting processes of cartons, PET bottles and PEF bottles (converting) 1270 

• Production, converting and transport of closures & labels and their base materials (closure & label) 1271 

 1272 

Gate to grave: 1273 

• Production of secondary and tertiary packaging: wooden pallets, LDPE shrink film and corrugated cardboard 1274 

trays (transport packaging) 1275 

• Filling process including packaging handling (filling) 1276 

• Retail of the packages from filler to the point-of-sale (distribution) 1277 

• Collection, sorting, recovery and disposal processes (recovery & disposal) 1278 

• Biogenic CO2 emissions from incineration and landfilling of plant-based and renewable materials (biogenic CO2 1279 

(recovery & disposal)) 1280 

Secondary products (recycled materials and recovered energy) are obtained through recovery processes of used 1281 

packaging materials, e.g., recycled fibres from cartons may replace primary fibres. It is assumed, that those 1282 

secondary materials are used by a subsequent system. In order to consider this effect in the LCA, the environmental 1283 

impacts of the packaging system under investigation are reduced by means of credits based on the environmental 1284 

burdens of the substituted material. Following the ISO standard’s recommendation on subjective choices, the 50% 1285 

and 100% allocation factor methods are used for the recycling and recovery as well as crediting procedure to verify 1286 

the influence of the allocation method on the final results. (see section 1.4). For each segment the results are 1287 

shown for the allocation factor 50% and allocation factor 100%.  1288 

The negative impacts are shown in form of separate bars in the LCA results graphs. They are broken down into: 1289 
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• Credits for energy recovery (replacing e.g., grid electricity, hard coal) (credits energy) 1290 

• Credits for material recycling (credits material) 1291 

• Uptake of atmospheric CO2 during the plant growth phase (CO2 uptake) 1292 

The LCA results are relative expressions and do not predict impacts on category endpoints, the exceeding of 1293 

thresholds, safety margins or risks. Therefore, the category indicator results represent potential environmental 1294 

impacts per functional unit. 1295 

 1296 

Each impact category graph includes three bars per packaging system under investigation, which illustrate (from 1297 

left to right): 1298 

• Sectoral results of the packaging system itself (first stacked bar with positive values) 1299 

• Credits given for secondary products leaving the system and CO2 uptake (second stacked bar with negative 1300 

values) 1301 

Cradle to grave: 1302 

• Net results as results of the subtraction of credits from overall environmental burdens (grey bar, net results) 1303 

All category results refer to the primary and transport packaging material flows required for the delivery of 1000 L 1304 

beverage to the point of sale including the end-of-life of the packaging systems.  1305 

 1306 

A note on significance: For studies intended to be used in comparative assertions intended to be disclosed to the 1307 

public ISO 14044 asks for an analysis of results for sensitivity and uncertainty. It’s often not possible to determine 1308 

uncertainties of datasets and chosen parameters by mathematically sound statistical methods. Hence, for the 1309 

calculation of probability distributions of LCA results, statistical methods are usually not applicable or of limited 1310 

validity. To define the significance of differences of results an estimated significance threshold of 10% is chosen. 1311 

This can be considered a common practice for LCA studies comparing different product systems. This means 1312 

differences ≤ 10% are considered as insignificant. 1313 

4.1 JNSD Family Pack (ambient) 1314 

In this section, the results of the examined packaging systems for the Dutch market in the segment JNSD Family 1315 

Pack (ambient) are presented. 1316 

 1317 
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4.1.1 Allocation factor 50% of JNSD Family Pack (ambient) 1318 

 1319 

Figure 10: Indicator results of segment JNSD Family Pack (ambient), allocation factor 50% (Part 1/5) 1320 
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 1321 

Figure 11: Indicator results of segment JNSD Family Pack (ambient), allocation factor 50% (Part 2/5) 1322 
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 1323 

Figure 12: Indicator results of segment JNSD Family Pack (ambient), allocation factor 50% (Part 3/5) 1324 
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 1325 

Figure 13: Indicator results of segment JNSD Family Pack (ambient), allocation factor 50% (Part 4/5) 1326 
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 1327 

Figure 14: Indicator results of segment JNSD Family Pack (ambient), allocation factor 50% (Part 5/5) 1328 
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Table 18: Category indicator results of segment JNSD Family Pack (ambient) - burdens, credits and net results per 1329 
FU of 1000 L, allocation factor 50% (All figures are rounded to two decimal places.) 1330 

 1331 

 1332 

 1333 

TBA LW 30

plant based PE

1000 mL

PEF bottle

1000 mL

50% rPET bottle

1000 mL

65% rPET bottle

1000 mL

burdens 89.84 136.20 134.13 118.97

biogenic CO2 23.98 24.58 1.29 1.29

credits -20.02 -45.15 -16.25 -16.24

CO2 uptake -54.24 -49.15 -2.58 -2.58

net results (∑) 39.56 66.47 116.59 101.44

burdens 0.36 0.90 0.37 0.32

credits -0.04 -0.12 -0.03 -0.03

net results (∑) 0.32 0.78 0.34 0.29

burdens 4.74 12.46 4.37 3.80

credits -0.56 -1.37 -0.40 -0.40

net results (∑) 4.18 11.09 3.97 3.41

burdens 0.22 0.70 0.53 0.41

credits -0.02 -0.13 -0.01 -0.01

net results (∑) 0.20 0.57 0.52 0.40

burdens 38.86 143.54 35.82 31.23

credits -4.26 -8.63 -2.50 -2.50

net results (∑) 34.60 134.90 33.32 28.73

burdens 59.25 157.03 23.26 20.72

credits -5.11 -6.49 -2.11 -2.11

net results (∑) 54.14 150.53 21.15 18.60

burdens 0.36 0.93 0.34 0.29

credits -0.04 -0.11 -0.03 -0.03

net results (∑) 0.32 0.82 0.31 0.27

burdens 1.30 2.31 2.39 2.07

credits -0.32 -0.97 -0.32 -0.32

net results (∑) 0.98 1.34 2.07 1.75

burdens 2.54 3.95 2.79 2.46

credits -0.57 -1.03 -0.35 -0.35

net results (∑) 1.97 2.91 2.45 2.12

NL

allocation factor 50 %

Climate change

[kg CO2-eq / 1000 L]

Acidification

[g SO2-eq / 1000 L]

Photochemical oxidant 

formation

[g O3-eq / 1000 L]

Ozone depletion

[g R-11-eq / 1000 L]

Terrestrial eutrophication

[g PO4-eq / 1000 L]

Aquatic eutrophication

[g PO4-eq / 1000 L]

Particulate matter

[g PM 2.5- eq / 1000 L]

Non-renewable primary 

energy

[GJ / 1000 L]

Total primary energy

[GJ / 1000 L]
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4.1.2 Allocation factor 100% of JNSD Family Pack (ambient) 1334 

 1335 

Figure 15: Indicator results of segment JNSD Family Pack (ambient), allocation factor 100% (Part 1/5) 1336 
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 1337 

Figure 16: Indicator results of segment JNSD Family Pack (ambient), allocation factor 100% (Part 2/5) 1338 
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 1339 

Figure 17: Indicator results of segment JNSD Family Pack (ambient), allocation factor 100% (Part 3/5) 1340 
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 1341 

Figure 18: Indicator results of segment JNSD Family Pack (ambient), allocation factor 100% (Part 4/5) 1342 
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 1343 

Figure 19: Indicator results of segment JNSD Family Pack (ambient), allocation factor 100% (Part 5/5) 1344 
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Table 19: Category indicator results of segment JNSD Family Pack (ambient) burdens, credits and net results per 1345 
FU of 1000 L, allocation factor 100% (All figures are rounded to two decimal places.) 1346 

  1347 

 1348 

TBA LW 30

plant based PE

1000 mL

PEF bottle

1000 mL

50% rPET bottle

1000 mL

65% rPET bottle

1000 mL

burdens 107.71 148.52 156.09 142.06

biogenic CO2 47.96 49.15 2.58 2.58

credits -40.06 -90.36 -32.56 -32.55

CO2 uptake -54.24 -49.15 -2.58 -2.58

net results (∑) 61.37 58.15 123.54 109.52

burdens 0.38 0.92 0.38 0.33

credits -0.08 -0.24 -0.06 -0.06

net results (∑) 0.30 0.68 0.32 0.27

burdens 5.03 12.84 4.56 4.04

credits -1.11 -2.74 -0.80 -0.80

net results (∑) 3.91 10.10 3.76 3.25

burdens 0.22 0.70 0.53 0.42

credits -0.04 -0.25 -0.02 -0.02

net results (∑) 0.19 0.45 0.51 0.40

burdens 41.25 146.60 37.45 33.13

credits -8.53 -17.27 -5.01 -5.01

net results (∑) 32.72 129.32 32.44 28.11

burdens 59.96 157.67 23.31 20.93

credits -10.23 -12.99 -4.23 -4.23

net results (∑) 49.74 144.68 19.08 16.70

burdens 0.38 0.95 0.35 0.31

credits -0.08 -0.22 -0.05 -0.05

net results (∑) 0.30 0.73 0.30 0.25

burdens 1.33 2.36 2.40 2.10

credits -0.64 -1.94 -0.64 -0.64

net results (∑) 0.69 0.42 1.76 1.47

burdens 2.57 4.01 2.80 2.50

credits -1.13 -2.07 -0.70 -0.70

net results (∑) 1.43 1.94 2.10 1.80

NL

allocation factor 100 %

Climate change

[kg CO2-eq / 1000 L]

Acidification

[g SO2-eq / 1000 L]

Photochemical oxidant 

formation

[g O3-eq / 1000 L]

Ozone depletion

[g R-11-eq / 1000 L]

Terrestrial eutrophication

[g PO4-eq / 1000 L]

Aquatic eutrophication

[g PO4-eq / 1000 L]

Particulate matter

[g PM 2.5- eq / 1000 L]

Non-renewable primary 

energy

[GJ / 1000 L]

Total primary energy

[GJ / 1000 L]
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4.1.3 Description and interpretation 1349 

The following three subsections describe the results of the life cycle steps for beverage cartons and rPET and PEF 1350 

bottles. 1351 

4.1.3.1 Beverage cartons (specifications see section 2.2.1 ) 1352 

The LPB shows considerable contributions in the results of ‘Acidification’, ‘Photochemical oxidant formation’, 1353 

‘Terrestrial eutrophication’, ‘Aquatic eutrophication’, ‘Particulate matter’, ‘Non-renewable primary energy’ and 1354 

‘Total primary energy’. 1355 

The production of the paper-based materials generates emissions that cause contributions to both ‘Aquatic 1356 

eutrophication’ and ‘Terrestrial eutrophication’, the latter to a lesser extent. Approximately half of the aquatic 1357 

eutrophication potential is caused by the high Chemical Oxygen Demand (COD). As the production of LPB causes 1358 

high contributions of organic compounds into the surface water an overabundance of oxygen-consuming reactions 1359 

takes place which therefore may lead to oxygen shortage in the water. In the terrestrial eutrophication potential 1360 

nitrogen oxides are determined as main contributor. For the separation of the cellulose needed for paper 1361 

production from the ligneous wood fibres, the so called ‘Kraft process’ is applied, in which sodium hydroxide and 1362 

sodium sulphide are used. This leads to additional emissions of SO2, thus contributing significantly to the acidifying 1363 

potential. The required energy for paper production mainly originates from recovered process internal residues 1364 

(hemicellulose and lignin dissolved in black liquor). Therefore, the required process energy is mainly generated 1365 

from renewable sources. This and the additional electricity reflect the results for the categories ‘Total primary 1366 

energy’ and ‘Non-renewable primary energy’. 1367 

The production of plastics for sleeve as well as of closure & label show burdens in all categories. Large shares of 1368 

environmental burdens are shown in the categories ‘Ozone depletion’, ‘Acidification’, ‘Photochemical oxidant 1369 

formation’, ‘Terrestrial eutrophication’, ‘Aquatic eutrophication’ and ‘Particulate matter’ deriving from agricultural 1370 

and bagasse combustion processes in the plant-based PE production. 1371 

The production of aluminium foil for the sleeves of the ambient beverage cartons with aluminium foil barrier shows 1372 

burdens in most impact categories. High shares of burdens are shown in the impact categories ‘Acidification’, 1373 

‘Terrestrial eutrophication’ and ‘Particulate matter’. These result from SO2 and NOx emissions from the aluminium 1374 

production. 1375 

Thermal energy and electricity are the main inputs for the life cycle steps converting and filling. The contributions 1376 

for the examined beverage cartons are small in all categories. 1377 

The transport packaging contributes to all examined categories. The results are dominated by the production of 1378 

corrugated cardboard boxes. The paper production plays a major role in most impact and inventory categories. 1379 

The pallet and the stretch film production play a minor role. 1380 

The life cycle step distribution shows small burdens in all impact categories for all carton systems. 1381 

The end-of-life phase recovery & disposal is clearly most relevant in the impact category ‘Climate change’, however 1382 

the emissions also visibly contribute to ‘Acidification', ‘Photochemical oxidant formation’, ‘Terrestrial 1383 

eutrophication’, and ‘Particulate matter’. A share of the greenhouse gases is related to energy generation required 1384 

in the respective processes. Material recycling processes are commonly run on electricity; thus, this end-of-life 1385 

treatment contributes directly to the result values for the impact on ‘Climate change’. When the packaging 1386 

materials are used as fuel in cement kilns or incinerated in MSWI facilities, this also leads to GHG emissions. Due 1387 

to the final disposal of the fibres recycled in countries with landfill shares a significant share of ‘Climate change’ 1388 
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impacts derive from the degradation process of fibres on landfills, where the contained carbon is partially emitted 1389 

as methane. These impacts from methane play a larger role than the benefits from carbon storage due to non-1390 

degraded biogenic material. The contributions to the impact categories ‘Acidification’ and ‘Terrestrial 1391 

eutrophication’ are mainly caused by NO2 emissions from incineration plants.  1392 

Biogenic CO2 (recovery & disposal) describes separately all regenerative CO2 emissions from recovery and disposal 1393 

processes. In case of beverage cartons, these derive mainly from the incineration of paper as well as from landfills. 1394 

Together with the fossil-based CO2 emissions of the life cycle step ‘recycling & disposal’ they represent the total 1395 

CO2 emissions from the packaging’s end-of-life. Due to the energy recovery at incineration plants system-related 1396 

allocation is applied. 1397 

The energy credits arise from substituted grid electricity and heat produced in incineration plants, where energy 1398 

recovery takes place and from substituted heat from the use of polymer/aluminium rejects from beverage cartons 1399 

as fuel in cement kilns.  1400 

Material credits are only given for material that is effectively recycled. The majority is received by the recycling of 1401 

paper. The paper production causes high waterborne emissions, especially due to the transformation of raw wood 1402 

to paper fibres. Therefore, the post-consumer recycling of paper fibres from LPB avoids this determining process 1403 

step (as secondary paper fibres substitute for primary fibres), which leads to material credits. 1404 

The uptake of CO2 by the trees harvested for the production of paperboard plays a significant role in the impact 1405 

category ‘Climate change’. The carbon uptake refers to the conversion process of carbon dioxide to organic 1406 

compounds by trees. The assimilated carbon is then used to produce energy and to build body structures. However, 1407 

the carbon uptake in this context describes only the amount of carbon which is stored in the product under study.  1408 

Burdens from recycling and recovery including biogenic CO2 as well as credits are affected by the choice of 1409 

allocation factor 50% or 100%. In case of allocation factor 100%, these are fully allocated to the beverage carton, 1410 

in case of allocation factor 50%, only 50% of these burdens are allocated to the beverage carton. As the CO2 uptake 1411 

(mainly from LPB production) is not included in the credits, ‘Climate change’ results are lower with allocation factor 1412 

50% (see section 1.4.2.) 1413 

 1414 

4.1.3.2 PET bottles (specifications see section 2.2.2) 1415 

In the examined PET bottle, the biggest part of the environmental burdens are caused by the production of base 1416 

materials of the bottle (PET for body and closure & label). These base materials originate from fossil resources 1417 

(crude oil). Furthermore, the production processes are associated with a high energy demand, with fossil fuels 1418 

being the main energy source for these processes. Therefore, the results of the plastic bottles show an increased 1419 

consumption of ‘Non-renewable primary energy’ and ‘Total primary energy’ as well as high burdens in ‘Particulate 1420 

matter’, ‘Acidification’, ‘Photochemical oxidant formation’ and ‘Terrestrial eutrophication’. Main contributor to the 1421 

‘Aquatic eutrophication’ is the extraction of crude oil. Half of the emissions are caused by the COD and phosphate 1422 

emissions. Additionally, for PET bottles, the PET production causes very high contributions to the ‘Ozone depletion’. 1423 

The high share originates from methyl bromide, which inevitably occurs during the production of pure terephthalic 1424 

acid (PTA). Even higher contributions to the ‘Ozone depletion’ are caused by the production of PA6, deriving from 1425 

the production of the intermediate product caprolactam, which is not necessary for the production of other 1426 

polymers see (section 3.1.7). The examined PET bottle includes PA6 as additive.  1427 

Thermal energy and electricity are the main inputs for the life cycle steps converting. The contributions for the 1428 

examined PET bottles are high in all categories. 1429 
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Thermal energy and electricity are the main inputs for the life cycle steps filling. Depending on the country-specific 1430 

energy mix of the filling country (NL) the contributions for the examined PET bottles are minor in all categories 1431 

except ‘Aquatic eutrophication’ with high shares. 1432 

The transport packaging contributes to almost all examined categories. The results are dominated by the 1433 

production of LDPE film. 1434 

The life cycle step distribution shows small burdens in all categories. 1435 

The impact of the PET bottle’s ‘recycling & disposal’ life cycle step is most noticeable regarding ‘Climate Change’. 1436 

The incineration of plastic bottles in MSWIs causes high shares of greenhouse gas emissions. Additionally, smaller 1437 

shares of environmental burdens are caused by the electricity used for sorting and recycling processes. 1438 

Energy credits of PET bottles originate from substituted grid electricity and heat produced in MSWI plants, where 1439 

energy recovery takes place. 1440 

The material credits originate mainly from the substitution of virgin PET. Therefore, the credits show small avoided 1441 

burdens of the virgin PET production in all categories. As the regarded PET bottles contain 50% and 65% rPET, most 1442 

of the recycled material resulting from 60% PET recycling rate is recycled in a closed loop. Material credits are only 1443 

shown for the remaining open loop material. The usage of closed loop material is considered in the life cycle step 1444 

PET for body. 1445 

Small amounts of CO2 uptake and corresponding Biogenic CO2 (recovery & disposal) emissions are caused by the 1446 

biogenic material in secondary and tertiary packaging. 1447 

Burdens from open-loop recycling and recovery including biogenic CO2 as well as credits are affected by the choice 1448 

of allocation factor 50% or 100%. In case of allocation factor 100%, these are fully allocated to the PET bottle, in 1449 

case of allocation factor 50%, only 50% of these burdens are allocated to the PET bottle.  1450 

 1451 

4.1.3.3 PEF bottles (specifications see section 2.2.2) 1452 

In the examined PEF bottle, the biggest part of the environmental burdens are caused by the production of base 1453 

materials of the bottle (PEF for body). PEF originates from plant-based resources (corn). In most of the regarded 1454 

categories PEF production dominates the results in all impact categories resulting from burdens from agriculture 1455 

activities as well as from production processes.   1456 

Thermal energy and electricity are the main inputs for the life cycle steps converting. The contributions for the 1457 

examined PEF bottles are small in all impacts categories. In case of ‘Non-renewable primary energy’ and ‘Total 1458 

primary energy’ higher shares can be seen. 1459 

Thermal energy and electricity are the main inputs for the life cycle steps filling. The contributions for the examined 1460 

PEF bottles are small in all categories. 1461 

The transport packaging contributes to small shares in all examined categories. The results are dominated by the 1462 

production of LDPE film. 1463 

The life cycle step distribution shows small burdens in all categories. 1464 

The impact of the PEF bottle’s ‘recycling & disposal’ life cycle step is most noticeable regarding ‘Climate Change’. 1465 

The incineration of plastic bottles in MSWIs causes high shares of greenhouse gas emissions. Additionally, , smaller 1466 

shares of environmental burdens are caused by the electricity used for sorting and recycling processes.  1467 
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Biogenic CO2 (recovery & disposal) describes separately all regenerative CO2 emissions from recovery and disposal 1468 

processes. In case of the PEF bottle, these derive mainly from the incineration of PEF. Together with the fossil-1469 

based CO2 emissions of the life cycle step ‘recycling & disposal’ they represent the total CO2 emissions from the 1470 

packaging’s end-of-life. Due to the energy recovery at incineration plants system-related allocation is applied. 1471 

Energy credits of PEF bottles originate from substituted grid electricity and heat produced in MSWI plants, where 1472 

energy recovery takes place. 1473 

The material credits originate mainly from the substitution of virgin PET as up to 5% of PEF can be incorporated 1474 

into the PET recycling streams due to the similar structure of PEF and PET (PETplanet 2024; SpecialChem 2021).  1475 

Therefore, the credits show the considerable avoided burdens of the virgin PET production in all categories. As the 1476 

regarded PEF bottles contains no recycled PET, all of the recycled material resulting from 60% recycling rate is 1477 

recycled in an open loop resulting in material credits. 1478 

The uptake of CO2 by the corn plants harvested for the production of corn plays a significant role in the impact 1479 

category ‘Climate change’. The carbon uptake refers to the conversion process of carbon dioxide to organic 1480 

compounds by corn plants. The assimilated carbon is then used to produce energy and to build body structures. 1481 

However, the carbon uptake in this context describes only the amount of carbon which is stored in the product 1482 

under study.  1483 

Burdens from open-loop recycling and recovery including biogenic CO2 as well as credits are affected by the choice 1484 

of allocation factor 50% or 100%. In case of allocation factor 100%, these are fully allocated to the PEF bottle, in 1485 

case of allocation factor 50%, only 50% of these burdens are allocated to the PEF bottle. As the CO2 uptake (mainly 1486 

from PEF production) is not included in the credits, ‘Climate change’ results are lower with allocation factor 50% 1487 

(see section 1.4.2.) 1488 

 1489 

4.1.4 Comparison between systems 1490 

The net result comparison of the beverage cartons and alternative packaging solutions is illustrated by figures that 1491 

include the comparison between two packaging systems. The percentage is based on the net results of each 1492 

compared packaging system. Both scenarios, scenario AF 50% and scenario AF 100%, are equally used for the 1493 

comparison between the systems.  1494 

The following figures show the difference between two compared packaging systems. The colors green and blue 1495 

illustrate the distinction between lower (green) and higher (blue) net results in the respective categories. The 1496 

packaging system in the upper part of the figure is the ‘reference’, which is being compared with the packaging 1497 

system in the lower part of the figure. Blue bar charts mean that the packaging system in the upper part of the 1498 

figure has higher impacts, green bar charts mean that the packaging system in the upper part of the figure has 1499 

lower impacts. 1500 

Percentages lower than 10% are considered as insignificant differences and therefore marked in a grey box. This 1501 

can be considered a common practice for LCA studies comparing different product systems (Kupfer et al. 2017). 1502 

The classification of the differences into lower/higher or insignificant is based on the significance which is described 1503 

in section 1.3.  1504 

The scale is capped at 100% due to graphical limitations in representing higher values. A 100% difference indicates 1505 

a substantial disparity. However, it should not be interpreted as an absolute threshold. The actual difference may 1506 

exceed this displayed maximum. 1507 
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Please note: As described in section 3.1.7, this study utilizes an older dataset for PA6, with very high N2O emissions. 1508 

According to a more recent confidential PA dataset, N2O emissions in present PA6 production are significantly 1509 

lower. Since the N2O emissions in the PA6 dataset are the main driver in the impact category ‘Ozone depletion’, 1510 

comparative results for ‘Ozone depletion’ involving packaging systems containing PA6 are not considered reliable. 1511 

In this section, the rPET bottles contain PA6. Therefore, results for ‘Ozone depletion’ are excluded from 1512 

comparisons involving the rPET bottles. 1513 

The percentages in Figure 20 to Figure 22 show the difference of net results of the beverage carton and the 1514 

competing packaging systems in the JNSD Family Pack (ambient) segment: 1515 

- Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers with PEF bottle (1000 mL) 1516 

 1517 

- Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers with 50% rPET bottle (1000 mL) 1518 

 1519 

- Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers with 65% rPET bottle (1000 mL) 1520 

 1521 
 1522 

 1523 
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 1524 

Figure 20: Comparison of net results Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers 1525 
with PEF bottle (1000 mL); allocation factor 50% and 100% 1526 

In both scenarios (allocation factor 50% and 100%), the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-1527 

based polymers shows lower net results than PEF bottle 1000 ml in the impact categories ‘Ozone depletion’, 1528 

‘Photochemical oxidant formation’, ‘Particulate matter’, ‘Acidification’, ‘Terrestrial eutrophication’, ‘Aquatic 1529 

eutrophication’ and in the inventory category ‘Total primary energy’.  1530 

In the scenario allocation factor 50% the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers 1531 

shows lower net results than PEF bottle 1000 ml in the impact category ‘Climate change’ and in the inventory 1532 

category ‘Non-renewable primary energy’. 1533 



ifeu Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market       77 

 

In the scenario allocation factor 100% the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based 1534 

polymers shows higher net results than PEF bottle 1000 ml in the inventory category ‘Non-renewable primary 1535 

energy’. 1536 

In the scenario allocation factor 100% no significant differences are measured in the inventory category ‘Non-1537 

renewable primary energy’. 1538 

 1539 

Figure 21: Comparison of net results Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers 1540 
with 50% rPET bottle (1000 mL); allocation factor 50% and 100% 1541 
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In both scenarios (allocation factor 50% and 100%), the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-1542 

based polymers shows lower net results than 50% rPET bottle 1000 ml in the category ‘Climate change’ and in the 1543 

inventory categories ‘Total primary energy’ and ‘Non-renewable primary energy’.  1544 

In both scenarios (allocation factor 50% and 100%), the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-1545 

based polymers measures higher net results than 50% rPET bottle 1000 ml in the category ‘Aquatic eutrophication’. 1546 

In both scenarios (allocation factor 50% and 100%) no significant differences are measured in the impact categories 1547 

‘Photochemical oxidant formation’, ‘Particulate matter’, ‘Acidification’, ‘Terrestrial eutrophication’. 1548 

 1549 

Figure 22: Comparison of net results Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers 1550 
with 65% rPET bottle (1000 mL); allocation factor 50% and 100% 1551 
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In both scenarios (allocation factor 50% and 100%), the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-1552 

based polymers shows lower net results than 65% rPET bottle 1000 ml in the category ‘Climate change’ and in the 1553 

inventory category ‘Non-renewable primary energy’.  1554 

In both scenarios (allocation factor 50% and 100%), the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-1555 

based polymers measures higher net results than 65% rPET bottle 1000 ml in the categories ‘Photochemical 1556 

oxidant formation’, ‘Particulate matter’, ‘Terrestrial eutrophication’, and ‘Aquatic eutrophication’. 1557 

In the scenario allocation factor 50% the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers 1558 

shows higher net results than PEF bottle 1000 ml in the impact category ‘Acidification’. 1559 

In the scenario allocation factor 100% the Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based 1560 

polymers shows lower net results than PEF bottle 1000 ml in the inventory category ‘Total primary energy’. 1561 

In the scenario allocation factor 50% no significant differences are measured in the inventory category Total 1562 

primary energy’. 1563 

In the scenario allocation factor 100% no significant differences are measured in the impact category ‘Acidification’. 1564 
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5 Results of the sensitivity analysis of 1565 

recycled content 1566 

In this section the results of the examined beverage cartons and alternative packaging solutions are presented 1567 

separately for the different categories in graphic form. In Figure 23 to Figure 30 the results for the recycled content 1568 

sensitivity scenarios are shown for all impact categories. PET bottles in the base scenarios are modelled with 50% 1569 

and 65% recycled PET content. As PET bottles can be produced with up to 100% recycled content, sensitivity 1570 

scenarios are calculated with additional 100% recycled PET content. In these analyses, the allocation factor applied 1571 

for open-loop-recycling is 50% and 100%. The net results of the scenario variants are presented in the following 1572 

bar charts and shortly described. Additionally, in Table 20 and Table 21 the numerical results of the sensitivity 1573 

scenarios are presented. 1574 

The constant lines in the figures indicate the significance thresholds of the alternative packaging systems in 1575 

comparison to the beverage carton (+10% in blue and −10% in green), making it immediately visible from the graph 1576 

whether significant differences to the beverage carton exist or not. Percentages lower than 10% are considered as 1577 

insignificant differences. This can be considered a common practice for LCA studies comparing different product 1578 

systems (Kupfer et al. 2017). The classification of the differences into lower/higher or insignificant is based on the 1579 

significance which is described in section 1.3. 1580 

Please note: As described in section 3.1.7, this study utilizes an older dataset for PA6, with very high N2O emissions. 1581 

According to a more recent confidential PA dataset, N2O emissions in present PA6 production are significantly 1582 

lower. Since the N2O emissions in the PA6 dataset are the main driver in the impact category ‘Ozone depletion’, 1583 

comparative results for ‘Ozone depletion’ involving packaging systems containing PA6 are not considered reliable. 1584 

In this section, the rPET bottles contain PA6. Therefore, results for ‘Ozone depletion’ are excluded from 1585 

comparisons involving the rPET bottles. 1586 

  1587 
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5.1 Sensitivity scenarios recycled content – bar charts and description 1588 

 1589 

 1590 

Figure 23: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Climate change results for 1591 
rPET sensitivity scenario, allocation factor 50% an 100% 1592 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Climate change’ 1593 

between the beverage carton and the PET bottle stay the same with increased recycled content from 50% rPET to 1594 

100% rPET and from 65% rPET to 100% rPET.  1595 
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 1596 

 1597 

Figure 24: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Acidification results for rPET 1598 
sensitivity scenario, allocation factor 50% an 100% 1599 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Acidification’ 1600 

between the beverage carton and the PET bottle change from insignificant differences to higher net results for 1601 

the beverage carton with increased recycled content from 50% rPET to 100%. 1602 

In the scenario allocation factor 50% the qualitative comparative results for ‘Acidification’ between the beverage 1603 

carton and the PET bottle stay the same with increased recycled content from 65% rPET to 100% rPET. 1604 
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In the scenario allocation factor 100% the qualitative comparative results for ‘Acidification’ between the 1605 

beverage carton and the PET bottle change from insignificant differences to higher net results for the beverage 1606 

carton with increased recycled content from 65% rPET to 100% rPET. 1607 

  1608 
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 1609 

 1610 

Figure 25: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Photochemical oxidant 1611 
formation results for rPET sensitivity scenario, allocation factor 50% an 100% 1612 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Photochemical 1613 

oxidant formation’ between the beverage carton and the PET bottle change from insignificant differences to 1614 

higher net results for the beverage carton with increased recycled content from 50% rPET to 100% rPET.  1615 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Photochemical 1616 

oxidant formation’ between the beverage carton and the PET bottle stay the same with increased recycled 1617 

content from 65% rPET to 100% rPET.  1618 

  1619 
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 1620 

 1621 

Figure 26: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Terrestrial eutrophication 1622 
results for rPET sensitivity scenario, allocation factor 50% an 100% 1623 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Terrestrial 1624 

eutrophication’ between the beverage carton and the PET bottle change from insignificant differences to higher 1625 

net results for the beverage carton with increased recycled content from 50% rPET to 100% rPET. 1626 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Terrestrial 1627 

eutrophication’ between the beverage carton and the PET bottle stay the same with increased recycled content 1628 

from 65% rPET to 100% rPET.  1629 
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 1630 

 1631 

Figure 27: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Aquatic eutrophication 1632 
results for rPET sensitivity scenario, allocation factor 50% an 100% 1633 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Aquatic 1634 

eutrophication’ between the beverage carton and the PET bottle stay the same with increased recycled content 1635 

from 50% rPET to 100% rPET and from 65% rPET to 100% rPET.  1636 
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 1637 

 1638 

Figure 28: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Particulate matter results 1639 
for rPET sensitivity scenario, allocation factor 50% an 100% 1640 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Particulate matter’ 1641 

between the beverage carton and the PET bottle change from insignificant differences to higher net results for 1642 

the beverage carton with increased recycled content from 50% rPET to 100% rPET.  1643 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Particulate matter’ 1644 

between the beverage carton and the PET bottle stay the same with increased recycled content from 65% rPET to 1645 

100% rPET.  1646 
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 1647 

 1648 

Figure 29: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Non-renewable primary 1649 
energy results for rPET sensitivity scenario, allocation factor 50% an 100% 1650 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Non-renewable 1651 

primary energy’ between the beverage carton and the PET bottle stay the same with increased recycled content 1652 

from 50% rPET to 100% rPET and from 65% rPET to 100% rPET.  1653 
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 1654 

 1655 

Figure 30: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Total renewable primary 1656 
energy results for rPET sensitivity scenario, allocation factor 50% an 100% 1657 

In the scenario allocation factor 50% the qualitative comparative results between the beverage carton and the 1658 

PET bottle change from lower net results to higher net results for the beverage carton with increased recycled 1659 

content from 50% rPET to 100% rPET and change from insignificant differences higher net results with increased 1660 

recycled content from 65% rPET to 100% rPET. 1661 

 1662 
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In the scenario allocation factor 100% the qualitative comparative results between the beverage carton and the 1663 

PET bottle stay the same with increased recycled content from 50% rPET to 100% rPET and from 65% rPET to 1664 

100% rPET.  1665 

 1666 

Table 20: Net results of recycled content sensitivity scenarios: burdens, credits and net results per FU of 1000 L, 1667 
allocation factor 50% (All figures are rounded to two decimal places.) 1668 

   1669 

 1670 

  1671 

TBA LW 30

plant based PE

1000 mL

50% rPET bottle

1000 mL

65% rPET bottle

1000 mL

100% rPET bottle

1000 mL

burdens 89.84 134.13 118.97 98.62

biogenic CO2 23.98 1.29 1.29 1.29

credits -20.02 -16.25 -16.24 -16.23

CO2 uptake -54.24 -2.58 -2.58 -2.58

net results (∑) 39.56 116.59 101.44 81.10

burdens 0.36 0.37 0.32 0.25

credits -0.04 -0.03 -0.03 -0.03

net results (∑) 0.32 0.34 0.29 0.22

burdens 4.74 4.37 3.80 3.03

credits -0.56 -0.40 -0.40 -0.40

net results (∑) 4.18 3.97 3.41 2.63

burdens 0.22 0.53 0.41 0.21

credits -0.02 -0.01 -0.01 -0.01

net results (∑) 0.20 0.52 0.40 0.20

burdens 38.86 35.82 31.23 23.91

credits -4.26 -2.50 -2.50 -2.50

net results (∑) 34.60 33.32 28.73 21.41

burdens 59.25 23.26 20.72 17.20

credits -5.11 -2.11 -2.11 -2.11

net results (∑) 54.14 21.15 18.60 15.09

burdens 0.36 0.34 0.29 0.23

credits -0.04 -0.03 -0.03 -0.03

net results (∑) 0.32 0.31 0.27 0.20

burdens 1.30 2.39 2.07 1.68

credits -0.32 -0.32 -0.32 -0.32

net results (∑) 0.98 2.07 1.75 1.36

burdens 2.54 2.79 2.46 2.06

credits -0.57 -0.35 -0.35 -0.35

net results (∑) 1.97 2.45 2.12 1.71

NL

allocation factor 50 %

Climate change

[kg CO2-equivalents]

Acidification

[g SO2-equivalents]

Photochemical oxidant 

formation

[g O3-equivalents]

Ozone depletion

[g R-11-equivalents]

Terrestrial eutrophication

[g PO4-equivalents]

Aquatic eutrophication

[g PO4-equivalents]

Particulate matter

[g PM 2.5- equivalents]

Non-renewable primary 

energy

[GJ]

Total primary energy

[GJ]
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Table 21: Net results of recycled content sensitivity scenarios: burdens, credits and net results per FU of 1000 L, 1672 
allocation factor 100% (All figures are rounded to two decimal places.) 1673 

   1674 

 1675 

TBA LW 30

plant based PE

1000 mL

50% rPET bottle

1000 mL

65% rPET bottle

1000 mL

100% rPET bottle

1000 mL

burdens 107.71 156.09 142.06 136.01

biogenic CO2 47.96 2.58 2.58 2.58

credits -40.06 -32.56 -32.55 -32.52

CO2 uptake -54.24 -2.58 -2.58 -2.58

net results (∑) 61.37 123.54 109.52 103.49

burdens 0.38 0.38 0.33 0.31

credits -0.08 -0.06 -0.06 -0.06

net results (∑) 0.30 0.32 0.27 0.25

burdens 5.03 4.56 4.04 3.82

credits -1.11 -0.80 -0.80 -0.80

net results (∑) 3.91 3.76 3.25 3.02

burdens 0.22 0.53 0.42 0.29

credits -0.04 -0.02 -0.02 -0.02

net results (∑) 0.19 0.51 0.40 0.27

burdens 41.25 37.45 33.13 29.17

credits -8.53 -5.01 -5.01 -5.01

net results (∑) 32.72 32.44 28.11 24.16

burdens 59.96 23.31 20.93 19.54

credits -10.23 -4.23 -4.23 -4.23

net results (∑) 49.74 19.08 16.70 15.31

burdens 0.38 0.35 0.31 0.29

credits -0.08 -0.05 -0.05 -0.05

net results (∑) 0.30 0.30 0.25 0.24

burdens 1.33 2.40 2.10 2.07

credits -0.64 -0.64 -0.64 -0.64

net results (∑) 0.69 1.76 1.47 1.43

burdens 2.57 2.80 2.50 2.47

credits -1.13 -0.70 -0.70 -0.70

net results (∑) 1.43 2.10 1.80 1.77

NL

allocation factor 100 %

Climate change

[kg CO2-equivalents]

Acidification

[g SO2-equivalents]

Photochemical oxidant 

formation

[g O3-equivalents]

Ozone depletion

[g R-11-equivalents]

Terrestrial eutrophication

[g PO4-equivalents]

Aquatic eutrophication

[g PO4-equivalents]

Particulate matter

[g PM 2.5- equivalents]

Non-renewable primary 

energy

[GJ]

Total primary energy

[GJ]
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6 Results of the sensitivity analysis of 1676 

collection rate 1677 

In this section the results of the examined beverage cartons and alternative packaging solutions are presented 1678 

separately for the different categories in graphic form. In Figure 23 to Figure 30 the results for the sensitivity 1679 

scenarios regarding the collection rate are shown for all impact categories. PET and PEF bottles in the base 1680 

scenarios are modelled with 77% collection rate. This refers to the current collection status of plastic beverage 1681 

bottles in the Netherlands being a mix of collection through a deposit system and through a collection of mixed 1682 

packaging waste without deposit, as currently only a portion of JNSD packaging is part of the deposit refund system 1683 

(verpact 2025). As a sensitivity the collection rate of 83% representing plastic beverage bottles collected exclusively 1684 

with the deposit refund system (verpact 2025) is added for all rPET and PEF bottles. In these analyses, the allocation 1685 

factor applied for open-loop-recycling is 50% and 100%. The net results of the scenario variants are presented in 1686 

the following bar charts and shortly described. Additionally, in Table 22 and Table 23 the numerical results of the 1687 

sensitivity scenarios are presented. 1688 

The constant lines in the figures indicate the significance thresholds of the alternative packaging systems in 1689 

comparison to the beverage carton (+10% in blue and −10% in green), making it immediately visible from the graph 1690 

whether significant differences to the beverage carton exist or not. Percentages lower than 10% are considered as 1691 

insignificant differences. This can be considered a common practice for LCA studies comparing different product 1692 

systems (Kupfer et al. 2017). The classification of the differences into lower/higher or insignificant is based on the 1693 

significance which is described in section 1.3. 1694 

Please note: As described in section 3.1.7, this study utilizes an older dataset for PA6, with very high N2O emissions. 1695 

According to a more recent confidential PA dataset, N2O emissions in present PA6 production are significantly 1696 

lower. Since the N2O emissions in the PA6 dataset are the main driver in the impact category ‘Ozone depletion’, 1697 

comparative results for ‘Ozone depletion’ involving packaging systems containing PA6 are not considered reliable. 1698 

In this section, the rPET bottles contain PA6. Therefore, results for ‘Ozone depletion’ are excluded from 1699 

comparisons involving the rPET bottles. 1700 

  1701 
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6.1 Sensitivity scenarios collection rate – bar charts and description 1702 

 1703 

 1704 

Figure 31: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Climate change results for 1705 
collection rate sensitivity scenario, allocation factor 50% an 100% 1706 

In the scenario allocation factor 50% the qualitative comparative results for ‘Climate change’ between the 1707 

beverage carton and the PEF bottle stay the same with increased collection rate from 77% to 83% (only deposit 1708 

system). 1709 
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In the scenario allocation factor 100% the qualitative comparative results for ‘Climate change’between the 1710 

beverage carton and the PEF bottle change from insignificant differences to higher net results for the beverage 1711 

carton with increased collection rate from 77% to 83% (only deposit system). 1712 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Climate 1713 

change’between the beverage carton and the 50% rPET stay the same with increased collection rate from 77% to 1714 

83% (only deposit system). 1715 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Climate 1716 

change’between the beverage carton and the 65% rPET stay the same with increased collection rate from 77% to 1717 

83% (only deposit system). 1718 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Climate 1719 

change’between the beverage carton and the 100% rPET stay the same with increased collection rate from 77% 1720 

to 83% (only deposit system). 1721 
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  1722 

 1723 

Figure 32: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Acidification results for 1724 
collection rate sensitivity scenario, allocation factor 50% an 100% 1725 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Acidification’between 1726 

the beverage carton and the PEF bottle stay the same with increased collection rate from 77% to 83% (only 1727 

deposit system). 1728 

In the scenario allocation factor 50% the qualitative comparative results for ‘Acidification’ between the beverage 1729 

carton and the 50% rPET stay the same with increased collection rate from 77% to 83% (only deposit system). 1730 
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In the scenario allocation factor 100% the qualitative comparative results for ‘Acidification’ between the 1731 

beverage carton and the 50% rPET change from insignificant differences to higher net results with increased 1732 

collection rate from 77% to 83% (only deposit system). 1733 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Acidification’ 1734 

between the beverage carton and the 65% rPET stay the same with increased collection rate from 77% to 83% 1735 

(only deposit system). 1736 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Acidification’ 1737 

between the beverage carton and the 100% rPET stay the same with increased collection rate from 77% to 83% 1738 

(only deposit system). 1739 

  1740 
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 1741 

 1742 

Figure 33: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Photochemical oxidant 1743 
formation results for collection rate sensitivity scenario, allocation factor 50% an 100% 1744 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Photochemical 1745 

oxidant formation’ between the beverage carton and the PEF bottle stay the same with increased collection rate 1746 

from 77% to 83% (only deposit system). 1747 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Photochemical 1748 

oxidant formation’ between the beverage carton and the 50% rPET change from insignificant differences to 1749 

higher net results for the beverage carton with increased collection rate from 77% to 83% (only deposit system). 1750 
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In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Photochemical 1751 

oxidant formation’ between the beverage carton and the 65% rPET stay the same with increased collection rate 1752 

from 77% to 83% (only deposit system). 1753 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Photochemical 1754 

oxidant formation’ between the beverage carton and the 100% rPET stay the same with increased collection rate 1755 

from 77% to 83% (only deposit system). 1756 

  1757 
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 1758 

 1759 

Figure 34: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Ozone depletion results for 1760 
collection rate sensitivity scenario, allocation factor 50% an 100% 1761 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Ozone depletion’ 1762 

between the beverage carton and the PEF bottle stay the same with increased collection rate from 77% to 83% 1763 

(only deposit system). 1764 

 1765 
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 1766 

 1767 

Figure 35: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Terrestrial eutrophication 1768 
results for collection rate sensitivity scenario, allocation factor 50% an 100% 1769 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Terrestrial 1770 

eutrophication‘ between the beverage carton and the PEF bottle stay the same with increased collection rate 1771 

from 77% to 83% (only deposit system). 1772 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Terrestrial 1773 

eutrophication‘ between the beverage carton and the 50% rPET change from insignificant differences to higher 1774 

net results for the beverage carton with increased collection rate from 77% to 83% (only deposit system). 1775 
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In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Terrestrial 1776 

eutrophication‘ between the beverage carton and the 65% rPET stay the same with increased collection rate 1777 

from 77% to 83% (only deposit system). 1778 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Terrestrial 1779 

eutrophication‘ between the beverage carton and the 100% rPET stay the same with increased collection rate 1780 

from 77% to 83% (only deposit system). 1781 

  1782 
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 1783 

 1784 

Figure 36: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Aquatic eutrophication 1785 
results for collection rate sensitivity scenario, allocation factor 50% an 100% 1786 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Aquatic 1787 

eutrophication’ between the beverage carton and the PEF bottle stay the same with increased collection rate 1788 

from 77% to 83% (only deposit system). 1789 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Aquatic 1790 

eutrophication’ between the beverage carton and the 50% rPET stay the same with increased collection rate 1791 

from 77% to 83% (only deposit system). 1792 
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In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Aquatic 1793 

eutrophication’ between the beverage carton and the 65% rPET stay the same with increased collection rate 1794 

from 77% to 83% (only deposit system). 1795 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Aquatic 1796 

eutrophication’ between the beverage carton and the 100% rPET stay the same with increased collection rate 1797 

from 77% to 83% (only deposit system). 1798 

  1799 



104  Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market ifeu 

 

 

 1800 

 1801 

Figure 37: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Particulate matter results 1802 
for collection rate sensitivity scenario, allocation factor 50% an 100% 1803 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Particulate matter‘ 1804 

between the beverage carton and the PEF bottle stay the same with increased collection rate from 77% to 83% 1805 

(only deposit system). 1806 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Particulate matter‘ 1807 

between the beverage carton and the 50% rPET change from insignificant differences to higher net results for the 1808 

beverage carton with increased collection rate from 77% to 83% (only deposit system). 1809 
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In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Particulate matter‘ 1810 

between the beverage carton and the 65% rPET stay the same with increased collection rate from 77% to 83% 1811 

(only deposit system). 1812 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Particulate matter‘ 1813 

between the beverage carton and the 100% rPET stay the same with increased collection rate from 77% to 83% 1814 

(only deposit system). 1815 

  1816 
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 1817 

 1818 

Figure 38: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Non-renewable primary 1819 
energy results for collection rate sensitivity scenario, allocation factor 50% an 100% 1820 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Non-renewable 1821 

primary energy’ between the beverage carton and the PEF bottle stay the same with increased collection rate 1822 

from 77% to 83% (only deposit system). 1823 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Non-renewable 1824 

primary energy’ between the beverage carton and the 50% rPET stay the same with increased collection rate 1825 

from 77% to 83% (only deposit system). 1826 
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In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Non-renewable 1827 

primary energy’ between the beverage carton and the 65% rPET stay the same with increased collection rate 1828 

from 77% to 83% (only deposit system). 1829 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Non-renewable 1830 

primary energy’ between the beverage carton and the 100% rPET stay the same with increased collection rate 1831 

from 77% to 83% (only deposit system). 1832 

  1833 
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 1834 

 1835 

Figure 39: Tetra Brik® Aseptic 1000 Edge LightWing™ 30 with plant-based polymers: Total primary energy results 1836 
for collection rate sensitivity scenario, allocation factor 50% an 100% 1837 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Total primary energy’ 1838 

between the beverage carton and the PEF bottle stay the same with increased collection rate from 77% to 83% 1839 

(only deposit system). 1840 

In both scenarios (allocation factor 50% and 100%), the qualitative comparative results for ‘Total primary energy’ 1841 

between the beverage carton and the 50% rPET change from lower net results to insignificant differences with 1842 

increased collection rate from 77% to 83% (only deposit system). 1843 
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In the scenario allocation factor 50% the qualitative comparative results for ‘Total primary energy’ between the 1844 

beverage carton and the 65% rPET stay the same with increased collection rate from 77% to 83% (only deposit 1845 

system). 1846 

In the scenario allocation factor 100% the qualitative comparative results for ‘Total primary energy’ between the 1847 

beverage carton and the 65% rPET change from lower net results to insignificant differences with increased 1848 

collection rate from 77% to 83% (only deposit system). 1849 

In the scenario allocation factor 50% the qualitative comparative results for ‘Total primary energy’ between the 1850 

beverage carton and the 100% rPET stay the same with increased collection rate from 77% to 83% (only deposit 1851 

system). 1852 

In the scenario allocation factor 100% the qualitative comparative results for ‘Total primary energy’ between the 1853 

beverage carton and the 100% rPET change from lower net results to insignificant differences with increased 1854 

collection rate from 77% to 83% (only deposit system). 1855 

  1856 
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Table 22: Net results of collection rate sensitivity scenarios: burdens, credits and net results per FU of 1000 L, 1857 
allocation factor 50% (All figures are rounded to two decimal places.) 1858 

 1859 

   1860 

TBA LW 30

plant based PE

1000 mL

PEF bottle

1000 mL

PEF bottle

1000 mL

deposit system

50% rPET bottle

1000 mL

50% rPET bottle

1000 mL

deposit system

65% rPET bottle

1000 mL

65% rPET bottle

1000 mL

deposit system

100% rPET bottle

1000 mL

100% rPET bottle

1000 mL

deposit system

burdens 89.84 136.20 136.54 134.13 136.10 118.97 116.11 98.62 89.16

biogenic CO2 23.98 24.58 24.58 1.29 1.29 1.29 1.29 1.29 1.29

credits -20.02 -45.15 -49.73 -16.25 -28.23 -16.24 -19.77 -16.23 -14.81

CO2 uptake -54.24 -49.15 -49.15 -2.58 -2.58 -2.58 -2.58 -2.58 -2.58

net results (∑) 39.56 66.47 62.24 116.59 106.58 101.44 95.04 81.10 73.06

burdens 0.36 0.90 0.90 0.37 0.37 0.32 0.31 0.25 0.22

credits -0.04 -0.12 -0.14 -0.03 -0.07 -0.03 -0.04 -0.03 -0.03

net results (∑) 0.32 0.78 0.76 0.34 0.30 0.29 0.27 0.22 0.20

burdens 4.74 12.46 12.44 4.37 4.31 3.80 3.69 3.03 2.74

credits -0.56 -1.37 -1.54 -0.40 -0.81 -0.40 -0.54 -0.40 -0.37

net results (∑) 4.18 11.09 10.90 3.97 3.50 3.41 3.15 2.63 2.36

burdens 0.22 0.70 0.70 0.53 0.52 0.41 0.40 0.21 0.18

credits -0.02 -0.13 -0.15 -0.01 -0.06 -0.01 -0.03 -0.01 -0.01

net results (∑) 0.20 0.57 0.55 0.52 0.46 0.40 0.37 0.20 0.17

burdens 38.86 143.54 143.39 35.82 35.42 31.23 30.38 23.91 21.95

credits -4.26 -8.63 -9.68 -2.50 -5.09 -2.50 -3.34 -2.50 -2.32

net results (∑) 34.60 134.90 133.72 33.32 30.33 28.73 27.04 21.41 19.63

burdens 59.25 157.03 157.19 23.26 23.26 20.72 20.66 17.20 16.50

credits -5.11 -6.49 -7.19 -2.11 -3.93 -2.11 -2.66 -2.11 -1.91

net results (∑) 54.14 150.53 150.00 21.15 19.33 18.60 18.00 15.09 14.59

burdens 0.36 0.93 0.93 0.34 0.34 0.29 0.29 0.23 0.21

credits -0.04 -0.11 -0.12 -0.03 -0.06 -0.03 -0.04 -0.03 -0.03

net results (∑) 0.32 0.82 0.80 0.31 0.28 0.27 0.25 0.20 0.18

burdens 1.30 2.31 2.32 2.39 2.37 2.07 2.03 1.68 1.54

credits -0.32 -0.97 -1.08 -0.32 -0.60 -0.32 -0.41 -0.32 -0.30

net results (∑) 0.98 1.34 1.23 2.07 1.78 1.75 1.62 1.36 1.24

burdens 2.54 3.95 3.96 2.79 2.77 2.46 2.43 2.06 1.92

credits -0.57 -1.03 -1.15 -0.35 -0.64 -0.35 -0.44 -0.35 -0.33

net results (∑) 1.97 2.91 2.81 2.45 2.14 2.12 1.98 1.71 1.59

NL

allocation factor 50 %

Climate change

[kg CO2-equivalents]

Acidification

[g SO2-equivalents]

Photochemical oxidant 

formation

[g O3-equivalents]

Ozone depletion

[g R-11-equivalents]

Terrestrial eutrophication

[g PO4-equivalents]

Aquatic eutrophication

[g PO4-equivalents]

Particulate matter

[g PM 2.5- equivalents]

Non-renewable primary 

energy

[GJ]

Total primary energy

[GJ]



ifeu Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market       111 

 

Table 23: Net results of collection rate sensitivity scenarios: burdens, credits and net results per FU of 1000 L, 1861 
allocation factor 100% (All figures are rounded to two decimal places.) 1862 

 1863 

 1864 

  1865 

 1866 

TBA LW 30

plant based PE

1000 mL

PEF bottle

1000 mL

PEF bottle

1000 mL

deposit system

50% rPET bottle

1000 mL

50% rPET bottle

1000 mL

deposit system

65% rPET bottle

1000 mL

65% rPET bottle

1000 mL

deposit system

100% rPET bottle

1000 mL

100% rPET bottle

1000 mL

deposit system

burdens 107.71 148.52 149.42 156.09 163.04 142.06 137.77 136.01 118.44

biogenic CO2 47.96 49.15 49.15 2.58 2.58 2.58 2.58 2.58 2.58

credits -40.06 -90.36 -99.52 -32.56 -56.52 -32.55 -39.60 -32.52 -29.68

CO2 uptake -54.24 -49.15 -49.15 -2.58 -2.58 -2.58 -2.58 -2.58 -2.58

net results (∑) 61.37 58.15 49.90 123.54 106.52 109.52 98.17 103.49 88.76

burdens 0.38 0.92 0.92 0.38 0.38 0.33 0.32 0.31 0.27

credits -0.08 -0.24 -0.27 -0.06 -0.14 -0.06 -0.08 -0.06 -0.05

net results (∑) 0.30 0.68 0.65 0.32 0.25 0.27 0.24 0.25 0.22

burdens 5.03 12.84 12.83 4.56 4.58 4.04 3.89 3.82 3.32

credits -1.11 -2.74 -3.08 -0.80 -1.63 -0.80 -1.07 -0.80 -0.75

net results (∑) 3.91 10.10 9.76 3.76 2.95 3.25 2.82 3.02 2.57

burdens 0.22 0.70 0.70 0.53 0.53 0.42 0.40 0.29 0.24

credits -0.04 -0.25 -0.29 -0.02 -0.12 -0.02 -0.06 -0.02 -0.02

net results (∑) 0.19 0.45 0.41 0.51 0.41 0.40 0.35 0.27 0.22

burdens 41.25 146.60 146.59 37.45 37.63 33.13 32.09 29.17 25.88

credits -8.53 -17.27 -19.36 -5.01 -10.19 -5.01 -6.69 -5.01 -4.64

net results (∑) 32.72 129.32 127.22 32.44 27.44 28.11 25.40 24.16 21.24

burdens 59.96 157.67 157.95 23.31 23.59 20.93 20.81 19.54 18.14

credits -10.23 -12.99 -14.39 -4.23 -7.86 -4.23 -5.32 -4.23 -3.83

net results (∑) 49.74 144.68 143.56 19.08 15.73 16.70 15.49 15.31 14.31

burdens 0.38 0.95 0.95 0.35 0.35 0.31 0.30 0.29 0.25

credits -0.08 -0.22 -0.25 -0.05 -0.12 -0.05 -0.08 -0.05 -0.05

net results (∑) 0.30 0.73 0.70 0.30 0.23 0.25 0.22 0.24 0.20

burdens 1.33 2.36 2.38 2.40 2.40 2.10 2.05 2.07 1.81

credits -0.64 -1.94 -2.17 -0.64 -1.19 -0.64 -0.82 -0.64 -0.60

net results (∑) 0.69 0.42 0.21 1.76 1.20 1.47 1.23 1.43 1.21

burdens 2.57 4.01 4.03 2.80 2.81 2.50 2.44 2.47 2.20

credits -1.13 -2.07 -2.30 -0.70 -1.28 -0.70 -0.89 -0.70 -0.65

net results (∑) 1.43 1.94 1.73 2.10 1.53 1.80 1.56 1.77 1.55

Total primary energy

[GJ]

NL

allocation factor 100 %

Climate change

[kg CO2-equivalents]

Acidification

[g SO2-equivalents]

Photochemical oxidant 

formation

[g O3-equivalents]

Ozone depletion

[g R-11-equivalents]

Terrestrial eutrophication

[g PO4-equivalents]

Aquatic eutrophication

[g PO4-equivalents]

Particulate matter

[g PM 2.5- equivalents]

Non-renewable primary 

energy

[GJ]
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7 Conclusions 1867 

In this section, conclusions are drawn from the results presented and described in the previous sections, taking 1868 

into account the limitations outlined in section 8. This means the results and conclusions are only valid for the 1869 

regarded scenarios, for example. the application of most currently available electricity mixes. The conclusions 1870 

consider the results of both respective sets of base results, meaning the results of the 50% allocation scenarios and 1871 

the 100% allocation scenarios are taken into account to the same degree. A conclusion regarding lower or higher 1872 

net results is only drawn if the same conclusion applies for allocation 50% and 100%. Results of the sensitivity 1873 

analysis regarding recycled PET content and PET/PEF bottle collection rate with only deposit system are also 1874 

considered. 1875 

The results are valid only for the exact packaging systems, which have been chosen by Tetra Pak taking into account 1876 

the customers’ preferences. Even though this selection is based on market data it does not represent the whole 1877 

Dutch market. 1878 

The beverage carton systems analysed in this study show different environmental performances compared to the 1879 

different competing packaging systems depending on their packaging specifications. 1880 

The following applies to the comparison of the beverage carton with the PEF bottle: 1881 

• The beverage carton shows lower net results compared to the PEF bottle considering the base scenarios and 1882 

the collection rate sensitivity scenarios in the categories ‘Ozone depletion’, ‘Photochemical oxidant formation’, 1883 

‘Particulate matter’, ‘Acidification’, ‘Terrestrial eutrophication’, ‘Aquatic eutrophication’ and ‘Total primary 1884 

energy’. 1885 

• No conclusions regarding lower or higher net results  can be drawn in the categories 'Climate change' and ‘Non-1886 

renewable primary energy’. 1887 

 1888 

The following applies to the comparison of the beverage carton with the 50% rPET bottle: 1889 

• The beverage carton shows lower net results compared to the 50% rPET bottle considering the base scenarios 1890 

and the collection rate sensitivity scenarios in the categories 'Climate change' and ‘Non-renewable primary 1891 

energy’. 1892 

• The beverage carton shows higher net results compared to the 50% rPET bottle considering the base scenarios 1893 

and the collection rate sensitivity scenarios in the category 'Aquatic eutrophication'. 1894 

• No conclusions regarding lower or higher net results a can be drawn in the categories ‘Photochemical oxidant 1895 

formation’, ‘Particulate matter’, ‘Acidification’, ‘Terrestrial eutrophication, and ‘Total primary energy’. 1896 

 1897 

The following applies to the comparison of the beverage carton with the 65% rPET bottle: 1898 

• The beverage carton shows lower net results compared to the 65% rPET bottle considering the base scenarios 1899 

and the collection rate sensitivity scenarios in the categories 'Climate change' and ‘Non-renewable primary 1900 

energy’. 1901 
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• The beverage carton shows higher net results compared to the 65% rPET bottle considering the base scenarios 1902 

and the collection rate sensitivity scenarios in the categories ‘Photochemical oxidant formation’, ‘Terrestrial 1903 

eutrophication’, 'Aquatic eutrophication' and ‘Particulate matter’. 1904 

• No conclusions regarding lower or higher net results a can be drawn in the categories ‘Acidification’ and ‘Total 1905 

primary energy’. 1906 

 1907 

The following applies to the comparison of the beverage carton with the 100% rPET bottle: 1908 

• The beverage carton shows lower net results compared to the 100% rPET bottle considering the collection rate 1909 

sensitivity scenarios in the categories 'Climate change' and ‘Non-renewable primary energy’. 1910 

• The beverage carton shows higher net results compared to the 100% rPET bottle considering the collection rate 1911 

sensitivity scenarios in the categories ‘Acidification’, ‘Photochemical oxidant formation’, ‘Terrestrial 1912 

eutrophication’, 'Aquatic eutrophication' and ‘Particulate matter’. 1913 

• No conclusions regarding lower or higher net results a can be drawn in the category ‘Total primary energy’. 1914 

 1915 

While the individual comparative results vary with the regarded categories it can be noted though that regarding 1916 

‘Climate change’ the beverage carton shows lower impacts than every respective rPET bottle scenario. The more 1917 

renewable materials are used (either carton or plant-based polymers), the lower is the ‘Climate change’ impact of 1918 

a pack assessed. On the other hand, the usage of plant-based polymers leads to higher impacts in categories like 1919 

‘Ozone depletion’, ‘Acidification’, ‘Aquatic eutrophication’ and ‘Terrestrial eutrophication’ mainly due to the field 1920 

emissions of N2O from the use of nitrogen fertilisers on agriculture fields. Bagasse combustion in case of plant-1921 

based PE and humin combustion in case of PEF contributes to categories like ‘Photochemical oxidant formation’ 1922 

and ‘Particulate matter’. Humin combustion in case of PEF contributes additionally to ‘Terrestrial eutrophication’. 1923 

Compared to the PEF bottle in which PEF is a plant-based plastic the beverage carton shows insignificant 1924 

differences regarding ‘Climate change’ as both materials benefit from they plant-based materials. Especially in case 1925 

of allocation factor 100% the PEF bottle benefits from high material credits being treated like a PET bottle in the 1926 

end of life. As the PEF bottle contains higher amounts of plant-based plastic based on agricultural sources than the 1927 

beverage carton the PEF bottle shows higher impacts in categories like ‘Ozone depletion’, ‘Acidification’, ‘Aquatic 1928 

eutrophication’ and ‘Terrestrial eutrophication’ resulting from field emissions and ‘Photochemical oxidant 1929 

formation’ and ‘Particulate matter’ resulting from bagasse or humin combustion. 1930 

 1931 
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8 Limitations 1932 

The results of the base scenarios and analysed packaging systems and the respective comparisons between 1933 

packaging systems are valid within the framework conditions described in sections 1 and 2. The following 1934 

limitations must be taken into account however. 1935 

Limitations arising from the selection of market segments:  1936 

The results are valid only for the filled product in the specific segment. Even though carton packaging systems and 1937 

assessed competing packaging systems are common in other market segments, other filling products create 1938 

different requirements towards their packaging and thus certain characteristics may differ strongly, e.g. barrier 1939 

functions. 1940 

Limitations concerning selection of packaging systems:  1941 

The results are valid only for the exact packaging systems, which have been chosen by Tetra Pak taking into account 1942 

the customers’ preferences. Even though this selection is based on market data it does not represent the whole 1943 

Dutch market. 1944 

Limitations concerning packaging system specifications:  1945 

The results are valid only for the examined packaging systems as defined by the specific system parameters, since 1946 

any alternation of the latter may potentially change the overall environmental profile. 1947 

The filling volume and weight of a certain type of packaging can vary considerably for all packaging types that were 1948 

studied. The volume of each selected packaging system chosen for this study represents the predominant 1949 

packaging size on the market. It is not possible to transfer the results of this study to packages with other filling 1950 

volumes or weight specifications. 1951 

Each packaging system is defined by multiple system parameters, which may potentially alter the overall 1952 

environmental profile. All packaging specifications of the carton packaging systems were provided by Tetra Pak® 1953 

and are to represent the typical packaging systems used in the analysed market segment. These data have been 1954 

cross-checked by ifeu. 1955 

To some extent, there may be a certain variation of design (i.e. specifications) within a specific packaging system. 1956 

Packaging specifications different from the ones used in this study cannot be compared directly with the results of 1957 

this study. 1958 

Limitations concerning the chosen environmental impact potentials and applied assessment methods:  1959 

The selection of the environmental categories applied in this study covers impact categories and assessment 1960 

methods considered by the authors to be the most appropriate to assess the potential environmental impacts of 1961 

the product system studied. It should be noted that the use of different impact assessment methods could lead to 1962 

other results concerning the environmental ranking of packaging systems. The results are valid only for the specific 1963 

characterisation model used for the step from inventory data to impact assessment. 1964 

Limitations concerning the analysed impact categories:  1965 

The results are valid only for the environmental impact categories, which were examined. They are relative 1966 

expressions and do not predict impacts on category endpoints, the exceeding of thresholds, safety margins or risks. 1967 

This means that the potential damage caused by the substances is not taken into account. In this study, bio-sourced 1968 

products were examined. It is important to note that these materials are often associated with specific 1969 
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environmental impacts, particularly concerning land use and water use. However, these impacts were not analysed 1970 

in the present study due to the limitations outlined in section 1.5. 1971 

Limitation concerning the exclusion of impact categories: 1972 

The environmental impact of plastic littering, particularly marine pollution, was not examined in this study. 1973 

Although robust methodologies for quantifying these impacts in life cycle assessments are currently lacking, this 1974 

issue remains a critical consideration for comprehensive environmental evaluations. Future research should aim 1975 

to develop and incorporate standardized methods for assessing littering impacts to provide a more holistic 1976 

understanding of the overall environmental performance of plastic products. Furthermore, this study did not assess 1977 

the environmental impact of land use, abiotic resources and water scarcity. The assessment of these categories 1978 

was omitted due to insufficiently reliable data or evaluation methods. However, since the potential impacts related 1979 

to land use, resources, and water are highly relevant for the analysed product systems, their inclusion may be 1980 

considered in the future as methods and data become available. 1981 

Limitations concerning conventions:  1982 

Conventions are required to take biogenic carbon into account in calculations. The results of the allocation factor 1983 

50% scenarios in this study are only valid for the conventions explained and justified in detail in section 1.4.2.  They 1984 

don’t pose a relevant limitation for the 100% allocation factor scenarios and therefore also not for the conclusions 1985 

of the study. 1986 

Limitations concerning geographic boundaries:  1987 

The results are valid only for the indicated geographic scope and cannot be assumed to be valid in geographic 1988 

regions other than the Netherlands, even for the same packaging systems. 1989 

This applies particularly for the end-of-life settings as the mix of waste treatment routes (recycling and incineration) 1990 

and specific technologies used within these routes may differ, e.g., in other countries.  1991 

Limitations concerning the reference period:  1992 

The results are valid only for the indicated time scope and the adequateness of the data chosen to the reference 1993 

period and cannot be assumed to be valid for (the same) packaging systems at a different point in time. No future 1994 

scenarios, for example regarding potential future electricity mixes have been considered. 1995 

Limitations concerning allocation:  1996 

The results are only valid for the applied allocation approaches in this study. Allocation approaches other than 1997 

those used in this study can lead to different results. 1998 

Limitations concerning data:  1999 

The results are valid only for the data used and described in this report: To the knowledge of the authors, the data 2000 

mentioned in section 3 represents the best most appropriate data available for the purpose of this study. These 2001 

data are based on figures provided by the commissioner, data and information from ifeu’s internal database, and 2002 

assumptions. However, it has to be noted that the age and quality of certain datasets, such as the electricity, PA6 2003 

and  bio-PE, which play a relevant role on overall results, present some limitations on the representativeness of 2004 

the data.  2005 

While the practical scope for addressing these limitations remains restricted, even small changes in the datasets 2006 

stated above could affect the results and conclusions. 2007 

Limitations concerning uncertainty: 2008 

Data uncertainties of applied data sets are often unknown, therefore no quantitative uncertainty analysis was 2009 

carried out, and a general significance threshold of 10% was applied (Detzel et al. 2016). For all packaging systems, 2010 
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the same methodological choices were applied concerning allocation rules, system boundaries and the calculation 2011 

of environmental categories.  2012 
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9 Recommendations 2013 

Based on the LCA results, the limitations listed in section 8 and the methodological choices including the selection 2014 

of impact categories the authors develop the following recommendations: 2015 

• Since the environmental results of the Tetra Pak beverage carton are significantly influenced by the production 2016 

of its main component, the sleeve, measures to ensure the same functionality by using less material would be 2017 

recommended. 2018 

• From an environmental viewpoint no general recommendation for one type of packaging can be given that is 2019 

valid for all segments.  2020 

• Only if there is a strong focus on climate change mitigation, the beverage carton can be recommended over all 2021 

regarded rPET bottles as the packaging of choice for the packaging of JNSD on the Dutch market. In any case the 2022 

consequences for the environmental performance in other impact categories should never be disregarded 2023 

completely. 2024 

• The use of PEF bottles carries the risk that, should the share of PEF bottles rise to such an extent that they 2025 

constitute more than 5% of the total of PET and PEF bottles combined, they can no longer be recycled within 2026 

the PET recycling infrastructure. If that happens, recycling credits will get lost and the net results of most impact 2027 

categories including climate change of PEF bottles will likely become much higher. It is therefore recommended 2028 

to bear this in mind when considering using PEF bottles on the Dutch market.  2029 

• It is recommended to the industries and related associations in general to provide more comprehensive process 2030 

inventory data, especially for production processes to reduce the level of data asymmetries that could lead to 2031 

misinterpreted results. This is required to allow recently developed methods such as assessment methods for 2032 

water consumption and UseTox to be successfully applicable. 2033 

 2034 

 2035 

 2036 



118  Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market ifeu 

 

 

10  References 2037 

ACE; ifeu (2020): LCI dataset for Liquid Packaging Board (LPB) production - Reference year 2018. created by ifeu 2038 
(Institute for Energy and Environmental Research). 2039 

ADEME (2022): Cadre de Référence - ACV comparatives entre différentes solutions d’emballages. Version 01. 2040 
Air Resources Board (2000): Final Program Environmental Impact Report Suggested Control Measure for 2041 

Architectural Coatings. California Environmental Protection Agency. 2042 
Andreasi Bassi, S.; Biganzoli, F.; Ferrara, N.; Amadei, A.; Valente, A.; Sala, S.; Ardente, F. (2023): Updated 2043 

characterisation and normalisation factors for the environmental footprint 3.1 method. Publications 2044 
Office, LU. 2045 

Braskem (2018): LCA datasets for bio-based HDPE and LDPE (economical allocation). 2046 
Carter, W. P. L. (2008): Estimation of the Maximum Ozone Impacts of Oxides of Nitrogen. p. 7. 2047 
Carter, W. P. L. (2010): Development of the SAPRC-07 chemical mechanism and updated ozone reactivity scales. 2048 

Report to the California Air Resources Board, Center for Environmental Research and Technology College 2049 
of Engineering University of California Riverside, California. p. 396. 2050 
https://intra.engr.ucr.edu/~carter/SAPRC/saprc07.pdf (11.03.2020). 2051 

CE Delft; Prognos (2021): CO2 reduction potential in European  waste management. 2052 
CML (2016): CML-IA Characterisation Factors. Database CML-IA, Institute of Environmental Sciences. In: Leiden 2053 

University. https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-2054 
characterisation-factors. (08.03.2022). 2055 

CPME (2016): Eco-profile and Environmental Product Declaration of the PET Manufacturers in Europe - Purified 2056 
Terephthalic Acid (PTA). 2057 

Detzel, A.; Kauertz, B.; Grahl, D. B.; Heinisch, J. (2016): Prüfung und Aktualisierung der Ökobilanzen für 2058 
Getränkeverpackungen. Institut für Energie- und Umweltforschung, INTEGRAHL Industrielle Ökologie, 2059 
Gesellschaft für Verpackungsmarktfoschung, Heidelberg, Heidekamp, Mainz. p. 492. 2060 

Directive (EU) 2019/904 EC (2019): Directive (EU) 2019/904 of the European Parliament and of the Council of 5 2061 
June 2019 on the reduction of the impact of certain plastic products on the environment. https://eur-2062 
lex.europa.eu/eli/dir/2019/904/oj. (02.02.2023). 2063 

EAA (2013): Environmental Profile Report for the European Aluminium Industry - Life-Cycle inventory data for 2064 
aluminium production and transformation processes in Europe. European Aluminium Association. 2065 

EAA (2018): Environmental Profile Report for the European Aluminium Industry - Life-Cycle inventory data for 2066 
aluminium production and transformation processes in Europe. European Aluminium Association. 2067 

EcoInvent (2023): EcoInvent Life Cycle Inventory (LCI) database - Version 3.10. 2068 
https://ecoquery.ecoinvent.org/3.10/cutoff/search. (03.04.2024). 2069 

EcoTransIT World (2016): Ecological Transport Information Tool for Worldwide Transports- Methodology and 2070 
Data Update. EcoTransIT World Initiative (EWI), Bern, Hannover, Heidelberg. 2071 

EEA (2025): Waste management country profile with a focus on municipal and packaging waste - Netherlands. 2072 
European Environment Agency. 2073 

Eerhart, A. J. J. E.; Faaij, A. P. C.; Patel, M. K. (2012): Replacing fossil based PET with biobased PEF; process 2074 
analysis, energy and GHG balance. In: Energy & Environmental Science. Vol. 5, No. 4, p. 6407. 2075 

EF 3.1 (2022): Environmental Footprint reference packages. 2076 
Equanimator Ltd (2023): Debunking Efficient Recovery. The Performance of EU Incineration Facilities. p. 29. 2077 
EU (2018): Directive (EU) 2018/852 of the European Parliament and of the Council of 30 May 2018 amending 2078 

Directive 94/62/EC on packaging and packaging waste. https://eur-lex.europa.eu/eli/dir/2018/852/oj. 2079 
(08.03.2022). 2080 

European Aluminium (2025): EENVIRONMENTAL PROFILE REPORT FOR THE EUROPEAN ALUMINIUM INDUSTRY 2081 
Life Cycle Inventory (LCI) data for aluminium production and transformation processes in Europe - Full 2082 
report - Version 2.0. 2083 

European Commission (2022): Regulation of the European Parliament and of the Council on packaging and 2084 
packaging waste, amending Regulation (EU) 2019/1020 and Directive (EU) 2019/904, and repealing 2085 
Directive 94/62/EC. 2086 



ifeu Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market       119 

 

eurostat (2025): Municipal waste by waste management operations. 2087 
https://ec.europa.eu/eurostat/databrowser/view/env_wasmun/default/table?lang=en. (18.05.2021). 2088 

Fava, J. A.; SETAC (Society); SETAC Foundation for Environmental Education (1991): A Technical Framework for 2089 
Life-cycle Assessments. Society of Environmental Toxicology and Chemistry, Vermont. 2090 

FEFCO; Cepi Container Board (2024): EUROPEAN DATABASE FOR CORRUGATED BOARD LIFE CYCLE STUDIES 2023. 2091 
Fédération Européenne des Fabricantes de Papiers pour Ondulé (FEFCO) and Cepi Container Board, 2092 
Brussels. 2093 

Fehrenbach, H.; Lauwigi, C.; Liebich, A.; Ludmann, S. (2016): Documentation for the UMBERTO based ifeu 2094 
electricity model. ifeu gGmbH, Heidelberg. p. 31. 2095 

Frischknecht, R. (1998): Life cycle inventory analysis for decision-making: Scope-Dependent Inventory System 2096 
Models and Context-Specific Joint Product Allocation. In: The International Journal of Life Cycle 2097 
Assessment. Vol. 3, No. 2, p. 67–67. 2098 

Frischknecht, R.; Althaus, H.-J.; Bauer, C.; Doka, G.; Heck, T.; Jungbluth, N.; Kellenberger, D.; Nemecek, T. (2007): 2099 
The Environmental Relevance of Capital Goods in Life Cycle Assessments of Products and Services. p. 11. 2100 

Goedkoop, M.; Heijungs, R.; Huijbregts, M. (2013): ReCiPE 2008: A life cycle impact assessment method which 2101 
comprises harmonised category indicators at the midpoint and the endpoint level. Characterisation No. 2102 
First edition, p. 134. 2103 

Guinée, J. B. (2002): Handbook on Life Cycle Assessment. Operational Guide to the ISO Standards. Kluwer 2104 
Academic Publishers, Netherlands. 2105 

Heijungs, R. (Ed.) (1992): Environmental life cycle assessment of products. Centre of Environmental Science, 2106 
Leiden. 2107 

ICIS (2024): PET MARKET IN EUROPE: STATE OF PLAY V3. Production, Collection & Recycling Data 2022. p. 31. 2108 
INFRAS (2017): HBEFA. Handbuch Emissionsfaktoren des Straßenverkehrs. 2109 
IPCC (2021): Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth 2110 

Assessment Report of the Intergovernmental Panel on Climate Change. Masson-Delmotte, V., P. Zhai, A. 2111 
Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, 2112 
E. Lonnoy, J.B.R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R. Yu and B. Zhou (eds.). Cambridge 2113 
University Press. In Press. IPCC. 2114 

ISO 14040 (2006): International Standard ISO 14040 Environmental management — Life cycle assessment — 2115 
Principles and framework. 2116 

ISO 14044 (2006): Environmental management — Life cycle assessment — Requirements and guidelines (ISO 2117 
14044:2006 + Amd 1:2017 + Amd 2:2020). 2118 

ISO 14044: (2006): International Standard ISO 14044 Environmental management — Life cycle assessment — 2119 
Requirements and guidelines. 2120 

JRC (2011): International reference life cycle data system (ILCD) handbook :general guide for life cycle 2121 
assessment: provisions and action steps. Publications Office, LU. 2122 

Kim, S.; Hwang, T.; Lee, K. M. (1997): Allocation for cascade recycling system. In: The International Journal of Life 2123 
Cycle Assessment. Vol. 2, No. 4, p. 217. 2124 

Klöpffer, W. (1996): Allocation rule for open-loop recycling in life cycle assessment. In: The International Journal 2125 
of Life Cycle Assessment. Vol. 1, No. 1, p. 27–31. 2126 

Klöpffer, W. (2007): Personal communication. 2127 
Kupfer, T.; Baitz, M.; Colodel, C. M.; Kokborg, M.; Schöll, S.; Rudolf, M.; Thellier, L.; Gonzales, M.; Schuller, O.; 2128 

Hengstler, J.; Stoffregen, A.; Köhler, A.; Thylmann, D. (2017): GaBi Database & Modelling Principles. 2129 
thinkstep AG, Germany. 2130 

de Leeuw, F. A. A. M. (2002): A set of emission indicators for long-range transboundary air pollution. In: 2131 
Environmental Science & Policy. Vol. 5, No. 2, p. 135–145. 2132 

Murphy, R. (2013): Cradle-to-Gate Life Cycle Assessment (LCA) of Braskem bio-polyethylene resin. 2133 
Nessi, S.; Sinkko, T.; Bulgheroni, C.; Garcia-Gutierrez, P.; Giuntoli, J.; Konti, A.; Sanye-Mengual, E.; Tonini, D.; Pant, 2134 

R.; Marelli, L.; Ardente, F. (2021): Life cycle assessment (LCA) of alternative feedstocks for plastics 2135 
production. Part 1: The plastics LCA method / Nessi S., Sinkko T., Bulgheroni C., Garcia-Gutierrez P., 2136 
Giuntoli J., Konti A., Sanye-Mengual E., Tonini D., Pant R., Marelli L., Ardente F. EUR Publications Office of 2137 
the European Union, Luxembourg. 2138 

Notter, B.; Keller, M.; Althaus, H.-J.; Cox, B.; Knörr, W.; Heidt, C.; Biemann, K.; Räder, D.; Jamet, M. (2019): HBEFA 2139 
4.1 Development Report. INFRAS, Bern. 2140 

PETplanet (2024): PEF, polyester material of the future. https://petpla.net/2024/09/25/pef-polyester-material-2141 
of-the-future/. 2142 



120  Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market ifeu 

 

 

PlasticsEurope (2005): Eco-profiles of the European Plastics Industry – Nylon6 (PA6). PlasticsEurope, Brussels. 2143 
PlasticsEurope (2012): Ethylene, Propylene, Butadiene, Pyrolysis Gasoline, Ethylene Oxide (EO), Ethylene Glycols 2144 

(MEG, DEG, TEG). Eco-profiles and Environmental Product Declarations of the European Plastics 2145 
Manufacturers. PlasticsEurope. 2146 

PlasticsEurope (2017): Polyethylene Terephthalate (PET) (Bottle Grade) CPME. Eco-profiles and Environmental 2147 
Product Declarations of the European Plastics Manufacturers. PlasticsEurope. 2148 

PlasticsEurope (2019): Eco-profiles program and methodology  PlasticsEurope Version 3.0. PlasticsEurope. 2149 
https://www.plasticseurope.org/download_file/view/715/183. 2150 

Posch, M.; Seppälä, J.; Hettelingh, J.-P.; Johansson, M. (2008): The role of atmospheric dispersion models and 2151 
ecosystem sensitivity in the determination of characterisation factors for acidifying and eutrophying 2152 
emissions in LCIA. In: ResearchGate. 2153 

Ravishankara, A. R.; Daniel, J. S.; Portmann, R. W. (2009): Nitrous Oxide (N2 O): The Dominant Ozone-Depleting 2154 
Substance Emitted in the 21st Century. In: Science. Vol. 326, No. 5949, p. 123–125. 2155 

Regulation (EU) 2025/40 of the European Parliament and of the Council of 19 December 2024 on packaging and 2156 
packaging waste, amending Regulation (EU) 2019/1020 and Directive (EU) 2019/904, and repealing 2157 
Directive 94/62/EC (2024): . 2158 

Saouter, E.; Biganzoli, F.; Ceriani, L.; Versteeg, D.; Crenna, E.; Zampori, L.; Sala, S.; Pant, R. (2020): Environmental 2159 
footprint: update of life cycle impact assessment methods - ecotoxicity freshwater, human toxicity 2160 
cancer, and non-cancer. EUR Publications Office of the European Union, Luxembourg. 2161 

SpecialChem (2021): Polyethylene Furanoate (PEF) as a Renewable Bioplastic. 2162 
https://www.specialchem.com/plastics/guide/polyethylene-furanoate-pef-bioplastic. (16.10.2025). 2163 

Stichting Nationale Milieudatabase (2022): Bepalingsmethode Milieuprestatie Bouwwerken. 2164 
Tetra Pak (2021): Carton packages for food and beverages. https://www.tetrapak.com/packaging. 2165 
Tetra Pak (2025): Beverage carton converting. 2166 
UBA (2000): Ökobilanz für Getränkeverpackungen II. Hauptteil. Umweltbundesamt, Berlin. 2167 
UBA (2016): Prüfung und Aktualisierung der Ökobilanzen für Getränkeverpackungen. UBA. p. 492. 2168 
VDI (1997): VDI 4600: Kumulierter Energieaufwand (Cumulative Energy Demand). VDI-Gesellschaft 2169 

Energietechnik Richtlinienausschuß Kumulierter Energieaufwand, Düsseldorf. 2170 
VDZ (2019): Economic, technical and scientific association for the German cement industry. 2171 
VDZ (2021): Zementindustrie im Überblick. VDZ. 2172 
Verpackungsgesetz - VerpackG (2021): Gesetz über das Inverkehrbringen, die Rücknahme und die hochwertige 2173 

Verwertung von Verpackungen (Verpackungsgesetz VerpackG). p. 39. 2174 
verpact (2025a): Verpact Publieksverslag 2024. 2175 
verpact (2025b): Question regarding beverage carton recycling rate3. 2176 
Weidema, B. P.; Bauer, C.; Hischier, R.; Nemecek, T.; Reinhard, J.; Wernet, G.; Vadenbo, C. O.; Mutel, C. (2013): 2177 

Overview and methodology - Data quality guideline for the ecoinvent database version 3. Swiss Centre 2178 
for Life Cycle Inventories. 2179 

Welle, F.; Bayer, F.; Franz, R. (2012): Quantification of the Sorption Behavior of Polyethylene Terephthalate 2180 
Polymer versus PET/PA Polymer Blends towards Organic Compounds. In: Packaging Technology and 2181 
Science. Vol. 25, No. 6, p. 341–349. 2182 

WMO (2011): Scientific Assessment of Ozone Depletion: 2010, Global Ozone Research and Monitoring Project–2183 
Report No. 52, 516 pp. World Meteorological Organization, Geneva, Switzerland. 2184 

WMO (2019): Scientific assessment of ozone depletion: 2018. 2185 
WMO (Ed.) (2022): Scientific Assessment of Ozone Depletion: 2022, GAW Report No. 278. Geneva, Switzerland. 2186 
 2187 

 2188 



Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market 

Critical Review by Guido Sonnemann (chairman), Meis Uijttewaal, Alex Hetherington 11/12/2025                          page 1 of 6 

General 

 

 

Critical Review Statement according to ISO 14040 and 14044 

 

of the study 

 

 Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET 
and PEF bottles on the Dutch market 

 
 
 
 
 

 

 

Conducted by  
IFEU - Institut für Energie- und Umweltforschung Heidelberg gGmbH (the “Practitioner”) 

 
 
 

Performed for  
Tetra Pak® (the “Commissioner”) 

 

 

by 

Guido Sonnemann (chairman) 
Meis Uijttewaal 

Alex Hetherington 

 

 

  11/12/2025 

 
 

  



Comparative Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market 

Critical Review by Guido Sonnemann (chairman), Meis Uijttewaal, Alex Hetherington 11/12/2025                          page 2 of 6 

General 

  

1. Procedural Aspects of the Critical Review 

This Critical Review (CR) was commissioned by Tetra Pak® (commissioner) via Magdalena Psuja, 
Sustainability Transformation Manager, and Maren Fuhrich, Marketing Manager, Tetra Pak B.V., The 
Netherlands, in August 2025. The Life Cycle Assessment (LCA) study was conducted by Samuel Mahami, 
Saskia Grünwasser, Andrea Drescher and Frank Wellenreuther from IFEU - Institut für Energie- und 
Umweltforschung Heidelberg gGmbH, Germany (practitioner). The review process included three 
rounds of commenting. In the last round this critical review statement was prepared since no further 
comments remained to be considered.  

The first draft report was submitted on 29 October 2025. Initial comments by the Panel were discussed 
among the CR Panel members online on 11 November 2025. Afterwards the Panel chair sent to IFEU 
and Tetra Pak the first round of comments, which were discussed in a video-conference on 25 
November 2025. During the conference call the comments were elaborated by the Panel members 
and discussed with the practitioner IFEU and the commissioner Tetra Pak in detail. 

The review Panel received a second draft report of the study on 3 December 2025. The Panel sent 
further comments back on 5 December 2025, which were discussed with IFEU and Tetra Pak in a 
second video-conference on 8 December 2025. On 9 December 2025 IFEU delivered a revised final 
report with the consideration of the second-round comments. The modifications made were reviewed 
again by the Panel. The Panel accepted the replies to the remaining comments and this information 
together with a critical review statement was sent back to IFEU on 11 December 2025.  IFEU and Tetra 
Pak agreed on the statement without further comments.  

Formally this critical review is a review by “interested parties” (Panel method) according to ISO 14040 
section 7.3.3 [2] and ISO 14044 section 4.2.3.7 and 6.3 [3] because the study includes comparative 
assertions of competing packaging systems and is intended to be disclosed to third parties. Despite 
this title, however, the inclusion of further representatives of "interested parties" is optional and was 
not explicitly intended in this study. The review panel is neutral with regard to and independent from 
any commercial interests of the commissioner. The Panel was not aware of issues relevant to other 
interested parties, as it was outside the scope of the present project to invite governmental or non-
governmental organisations or other interested parties, e.g. competitors or consumers.  

The reviewers emphasise the open and constructive atmosphere of the project. All requested data, 
including those referring to IFEU’s internal database and those confidential to Tetra Pak, were 
presented to the reviewers. Related issues of data quality were discussed openly. All comments of the 
Panel have been treated by the practitioner with sufficient detail in the final report. The resulting 
critical review statement represents the consensus between the reviewers.  

The present CR statement is delivered to Tetra Pak. The CR Panel cannot be held responsible of the 
use of its work by any third party and not for a potential misuse in communication done by the 
commissioner itself. The conclusions of the CR Panel cover the full report from the study “Comparative 
Life Cycle Assessment of Tetra Pak® beverage carton with rPET and PEF bottles on the Dutch market” 
– Final report in the version of 9 December 2025 – and no other report, extract or publication which 
may eventually be undertaken. The CR Panel conclusions are given regarding the current state of the 
art and the information received. The conclusions expressed by the Panel are specific to the context 
and content of the present study only and shall not be generalised any further. 
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General 

2. General Comments  

Tetra Pak has recently finalised LCA studies for several packaging formats including plant-based 
polymers alternatives in several European markets. This study compares one beverage packaging 
format of Tetra Pak, PET bottles with recycled content (rPET) and bottles made of plant-based 
polyethylene furanoate (PEF) in the segment Juice, Nectars and Still Drinks (JNSD) Family Pack 
(ambient) on the Dutch market. 

The review was performed according to ISO/TS 14071 (2014): Environmental management – Life cycle 
assessment - Critical review processes and reviewer competencies: Additional requirements and 
guidelines to ISO 14044 (2006). The goal of the review was:  

• To validate the functional unit, reference flows and system boundaries as well as allocation 
and calculation rules chosen for the study, 

• To oversee if the life cycle impact assessment indicators and additional environmental 
information used are appropriate for the product, 

• To verify if data, literature sources and review quality are appropriate in relation to the goal of 
the study, 

• To assess if the interpretations reflect the limitations identified and the goal of the study, 
• To check the study with regard to transparency, and  
• To analyse the overall consistency of the study and to evaluate if the LCA descriptions and 

analysis of improvement potentials are scientifically and technically valid. 

The analysis and the verification of the software model used and the individual datasets are outside 
the scope of this review. 

Based on the intensive review process, we have agreed with the commissioner and practitioner that 
we have a few specific comments that we will highlight in this statement. 

3. Specific Comments  

3.1  Consistency of the methods with ISO 14040 and 14044  

As indicated before, in this study on beverage packaging format of Tetra Pak, PET bottles with recycled 
content (rPET) and bottles made of plant-based polyethylene furanoate (PEF) are examined in the 
segment JNSD Family Pack (ambient) on the Dutch market. All relevant packaging formats analysed 
have been selected by Tetra Pak. The main objectives of this study are: 

(1) to compare the environmental performance of Tetra Pak’s beverage carton system with rPET 
bottles on the Dutch market, 
(2) to compare the environmental performance of Tetra Pak’s beverage carton system with PEF bottles 
on the Dutch market, and 
(3) to assess the impact of the deposit system and the associated higher collection rate on the 
compared packaging systems. 

The functional unit is meaningfully defined for packaging of beverages and the system boundaries of 
the examined packaging systems are reasonably defined and presented transparently. 

ISO 14040 and ISO 14044 include no obligation to consider any specific impact categories, but the 
choice of impact categories must be substantiated, meaningful and support the goal and scope of the 
study. The choice is reasonable against the backdrop of the goal, well explained and critically discussed. 

In order to check the influence of the allocation method on the results, two base scenarios were 
examined (50:50 and 100:0) and discussed transparently and critically in the interpretation, taking into 
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account the limitations of allocation in general. The two allocation methods examined were not 
referred to as the "base method" and "sensitivity analysis" to emphasise that no method is "truer" 
than another and, thus, is prioritised. The Panel welcomes the equal treatment of the two allocation 
methods examined, as this approach underlines that any choice of an allocation method can only be 
interpreted within the given framework. The practitioner has clearly specified that they prefer this 
approach to the Circular Footprint Formula proposed by the European Commission. The results 
obtained with the allocation methods are presented in a transparent manner. 

3.2 Scientific and technical validity of the methods used  

The methods used represent the scientific and technical state-of-the-art for such analyses. Three 
aspects are highlighted below: 

The selection of the impact categories considered, and the characterisation models used in the study 
follow essentially the specifications in [UBA 2016], which are compatible with ISO 14040 (2006) and 
14044 (2006). Due to methodological uncertainties of the currently available indicator models for 
mapping the impacts of resource consumption, the study does not cover land use and water use, which 
however are especially relevant for biobased products, but presents the total primary energy and non-
renewable at inventory level, and the Panel accepts this choice by the practitioner.  

The handling of biogenic carbon in product systems containing plant-based materials requires utmost 
attention to avoid misinterpretations: 

• The study treats the CO2 uptake due to photosynthesis during the growth phase of the plants as 
negative CO2 value and if CO2 is emitted at the end of the life cycle a positive value is assigned. 
This approach allows for more transparency than the general assumption that biogenic CO2 is 
neutral – or not considered - during its life cycle. 

• Particular difficulties of interpretation arise when biogenic CO2 has to be allocated in a cradle-to- 
grave system considering open-loop-recycling. In the study, two equally applied allocation 
approaches are analysed: 50:50 allocation and 100:0 allocation. The preconditions and 
implications of both allocation methods are presented transparently and comprehensibly in a 
separate chapter. However, it should be mentioned here, that with a 50:50 allocation (open loop 
recycling) only half of the CO2 uptake is released at the end of life, because the allocation factor 
is not applied for the CO2 uptake. This is done, because the authors consider it as fair that the 
party that originally and consciously brings the renewable material to the market should get the 
benefit. As this is a subjective choice also the 100:0 allocation is included, in which this convention 
does not play a role. 

• It is extremely important that the results of the Global Warming Potential (GWP) with 
consideration of plant-based materials are only communicated in the context of the 
methodological framework. In order to prevent misinterpretations, the Panel expressly points out 
that readers of the study shall carefully consider the respective statements of the study. The 
reviewers would like to explicitly point out that with the selected consideration of biogenic 
resources in the product in combination with incineration with energy recovery at the end of the 
life a negative net result can come out in the carbon footprint. Provided that sufficient biogenic 
material is used, it can fully compensate for the process related GHG emissions. This effect is even 
boosted with a 50:50 allocation and the consideration of CO2 uptake. Whether this approach is 
suitable for comparing a product made from biogenic raw materials with a product made from 
fossil raw materials could not be conclusively assessed during the review process. 
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3.3 Appropriateness of data in relation to the goal of the study 

As is normal practice for Critical Reviews, it was not possible to check the correctness of all items of 
primary and other data, and the whole background datasets belonging largely to IFEU’s internal 
database, but the data used in the study were reviewed for appropriateness and plausibility. The use 
of the Umberto® 5.5 software facilitates an appropriate modelling of the systems investigated. The 
reviewers appreciate that an effort was made to evaluate the data quality with the Pedigree matrix 
approach and conclude that the data used are appropriate and reasonable in relation to the goal of 
the study.  

3.4 Assessment of interpretation referring to limitations and goal of the study  

The interpretation is integrated into the presentation of the results and their discussion, which is very 
useful for traceability due to the number of packaging systems examined. For each product examined, 
the Life Cycle Inventory and Life Cycle Impact Assessment results of the packaging systems considered 
are carefully and clearly evaluated with reference to the documented result data. This is done for both 
allocation procedures examined. However, no sensitivity analysis for different electricity mixes was 
included.  

The conclusions, limitations and recommendations, which are respectively presented in separate 
chapters, are comprehensibly derived and transparently discussed based on the presented evaluation 
of the results without any over-interpretation. The Panel appreciates in particular the detailed 
discussion of the limitations in a separate chapter, which very clearly points out once again that the 
results of an LCA apply exclusively to the selected framework conditions and cannot be transferred 
from one framework to another. The impact assessment of plastics littering might for example be 
considered in the future once a method becomes available that addresses this issue in a robust way. 

In order to avoid that LCA results are misinterpreted by the public, it is of central importance that a 
clear distinction is made between an environmental statement and the significance of a numerical 
value as a result of the application of a characterisation model in the LCA. The study addresses this 
aspect and thus integrates the greatest possible transparency.  

The reviewers conclude that the interpretations reflect the limitations identified and the goal of the 
study.  

3.5 Transparency and consistency of study report  

The study is intended to be communicated to third parties. The report meets the requirements of ISO 
14044 (clause 5.2) for third-party reports.  

The study is transparently structured. Inconsistencies in the report could not be identified. The line of 
argument is transparent and comprehensible.  

The reviewers conclude that the report is transparent and consistent.  

4 Conclusion 

To conclude we can state, that it is usually not easy to perform an LCA based on somehow limited 
industry data obtained from different sites and estimated data of the products compared, but as far 
as we can say, this study is well done. Thus, we can confirm that the LCA study is performed in a 
professional and scientifically sound way, compliant with ISO 14040 (2006): Environmental 
Management - Life Cycle Assessment - Principles and Framework and ISO 14044 (2006): Environmental 
Management - Life Cycle Assessment - Requirements and Guidelines.  
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