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Disclaimer
Anthesis Consulting Group Ltd has prepared this report for the sole use of the client and for the intended 
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Anthesis has exercised due and customary care in preparing this report but has not, save as specifically stated, 
independently verified information provided by others. No other warranty, express or implied, is made in 
relation to the contents of this report. The use of this report, or reliance on its content, by unauthorised third 
parties without written permission from Anthesis shall be at their own risk, and Anthesis accepts no duty of 
care to such third parties. Any recommendations, opinions or findings stated in this report are based on facts 
and circumstances as they existed at the time the report was prepared. Any changes in such facts and 
circumstances may adversely affect the recommendations, opinions or findings contained in this report. 
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Executive summary
Anthesis Consulting Group Limited has prepared this report for the sole use of Elopak and for the 
intended purposes as stated in the agreement between the Anthesis and Elopak under which this 
report was completed. The Life Cycle Assessment described in this summary has been conducted 
according to the requirements of BS EN ISO 14040:2006 and BS EN ISO 14044:2006. This published 
International Standard provides the globally agreed criteria for the quantification and reporting of 
a Life Cycle Assessment. 

Elopak commissioned Anthesis to conduct a comparative LCA of 3 detergent refill systems, one of 
which uses their D-PAKTM carton. The systems are as follows:

1. System 1: 1L PP detergent bottle refilled with 1L D-PAK carton.

2. System 2: 1L PP detergent bottle refilled with 1.8L LDPE pouch.

3. System 3: 1L PP detergent bottle refilled with 1L LDPE pouch.

This study employs a cradle-to-gate plus end-of-life system boundary to assess the environmental 
profiles associated with these stages in the life cycle of the products; this includes the acquisition 
of ingredients, acquisition of packaging, manufacturing of the finished packaging format, 
distribution to filling site, distribution of filled packaging to retail/distribution centre, transport to 
end-of-life, and end-of-life. The full set of impact categories in ReCiPe v1.08/ World (2016) (100 year 
Mid-point Hierarchical) were applied in this LCA.

According to ISO standard, a comparative assertion must be based on the function delivered by the 

This study considers the environmental profile of 
the 3 refill packaging systems outlined above, presenting the results for each separately. 

The results show that System 1 is estimated to have a lower environmental impact than System 2
across 11 impact categories, and a lower environmental impact than System 3 across 14 impact 
categories. Table 1 presents the percentage difference between the impact of System 1 compared 
to systems 2 and 3. A positive percentage denotes System 1 having a higher environmental impact. 

Table 1: Impact difference between System 1 and Systems 2 and 3 across all impact categories. Negative percentages 
signify a lower environmental impact result for System 1 compared to systems 2 or 3, and positive percentage signify 

higher environmental impact results compared to systems 2 or 3.

Impact category % difference between System 1 and 
System 2

% difference between System 1 and 
System 3

Global warming -24% -28%

Stratospheric ozone depletion 13% -1%

Ionizing radiation 6% 8%

Ozone formation, Human health 3% -2%

Fine particulate matter formation -19% -17%

Ozone formation, Terrestrial 
ecosystems 0% -4%

Terrestrial acidification -10% -10%
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Freshwater eutrophication -26% -31%

Marine eutrophication -21% -31%

Terrestrial ecotoxicity 14% 5%

Freshwater ecotoxicity -36% -40%

Marine ecotoxicity -32% -37%

Human carcinogenic toxicity -12% -13%

Human non-carcinogenic toxicity -35% -39%

Land use 575% 425%

Mineral resource scarcity -11% -12%

Fossil resource scarcity -38% -33%

Water consumption 3% 2%

Figure 1, Figure 2, Figure 3, and Figure 4 display results across refill systems for global warming, 
water consumption, land use, and fossil resource scarcity. Overall, it can be observed that across 
these impact categories, the main contributor across all refill systems s is the 
material acquisition phase.

The error bars represent the highest and lowest impact results for each refill system according to 
the sensitivity scenario results outlined in Section 4.4.2, excluding the results of the single use 
sensitivity scenario. The single use sensitivity scenario was excluded from the error bars as it 
represents a different packaging system to the refill systems outlined in the figures.

The results from Figure 1 show that in the baseline modelling of the refill systems, System 1 has the 
lowest global warming impact, with impacts 24-28% lower than the other two refill systems.
However, the error bars show that certain sensitivity scenarios could lead to System 2 having lower 
global warming impacts than System 1. Indeed, as discussed in Section 4.4.2.1, when the 1.8L LDPE 
Pouch has 100% recycled content, it directionally changes the results of this LCA. 

The results from Figure 2 show that all three refill systems have similar baseline water consumption 
impacts, with System 1 having 2-3% higher water consumption impacts than system 2 and 3. 
However, certain sensitivities according to the error bars lead to System 2 and 3 having lower water 
consumption impacts than System 1, namely recycled content variation in the LDPE pouches (see 
Section 4.4.2.1). One of the limitations of this impact category is an error in the wastewater 
treatment process in ecoinvent 3.10 which leads to an underestimation of the water consumption 
impacts (this is further explained in Section 4.5).

The results of Figure 3 show that System 1 has 425-575% higher land use impacts compared to 
System 2 and 3. Sensitivity analyses did not lead to directional changes in the comparison between 
the refill systems. The higher land use impacts of System 1 are due to the fibre-based raw material 
that is used to produce D-PAKTM cartons. 

The results of Figure 4 show that among the baseline impacts of the refill systems, System 1 has 33-
38% lower fossil resource scarcity impacts. However, the error bars show that there are sensitivity 



8

scenarios which lead to directional changes in the comparison between the refill scenarios. Indeed, 
the sensitivity scenario which leads to system 2 having 11% lower fossil resource scarcity impacts
than system 1 is a result of variation to 100% recycled
content. 

Figure 1: Global warming impact across packaging systems. System 1 refers to 1L PP detergent bottle refilled with 1L D-
PAK carton, System 2 refers to 1L PP detergent bottle refilled with 1.8L LDPE pouch, and System 3 refers to 1L PP 

detergent bottle refilled with 1L LDPE pouch.

Figure 2: Water consumption impact across packaging systems studied. System 1 refers to 1L PP detergent bottle refilled 
with 1L D-PAK carton, System 2 refers to 1L PP detergent bottle refilled with 1.8L LDPE pouch, and System 3 refers to 1L 

PP detergent bottle refilled with 1L LDPE pouch.
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Figure 3: Land use impact across packaging systems. System 1 refers to 1L PP detergent bottle refilled with 1L D-PAK
carton, System 2 refers to 1L PP detergent bottle refilled with 1.8L LDPE pouch, and System 3 refers to 1L PP detergent 

bottle refilled with 1L LDPE pouch.

Figure 4: Fossil resource scarcity across packaging systems. System 1 refers to 1L PP detergent bottle refilled with 1L D-
PAK carton, System 2 refers to 1L PP detergent bottle refilled with 1.8L LDPE pouch, and System 3 refers to 1L PP 

detergent bottle refilled.

This study is limited by the technological representativeness of unit processes selected to 
represent the ingredient production. Where unit processes were not available in standard LCI 
databases, custom and proxy unit processes were employed. The results of this study may be 
improved by collecting primary data from suppliers relating to the production of raw materials. 

Results from this LCA can be used to make comparative assertions between the studied products. 
Attention to detail and transparency is critical, particularly for comparative assertions. This study 
does not support comparison to other studies as system boundaries, functional units, and other 
key parameters and assumptions would not be consistent with this assessment. Life cycle 
assessment results are usually relative to specific products, and it is not possible to extrapolate 
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specific products, and it is not possible to extrapolate specific results to general statements about 
product categories.

This study has undergone critical review by a panel of independent reviewers to ensure 
conformance to the BS EN ISO 14040:2006 and BS EN ISO 14044:2006 standards. The review was 
completed by the following panel members:

Matt Fishwick

Frank Wellenreuther

Joris Simaitis
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General aspects
Life Cycle Assessment (LCA) is a method used to measure the environmental impacts of a product 
or process throughout its entire life cycle. LCA can be used to analyse and compare the 
environmental impacts of different scenarios. LCA results can be used to identify hotspots for 
impact reduction and inform innovation and provide solutions for reducing impacts across a range 
of environmental indicators. 

This LCA study was commissioned by Elopak and was conducted by Anthesis Group, an external 
sustainability consultancy. Elopak is a Norwegian company that produces cartons for both food and 
non-food liquids. In this LCA study Elopak want to explore the application of their 1L D-PAK carton 
for use in non-food (detergent) systems as a refill container to refill a 1L PP bottle. 

Elopak are keen to fully understand the environmental impacts of the use of the D-PAK as a refill 
pack in a non-food refill system. This study focuses on understanding the environmental impacts of 
the D-PAK carton as a refill pack and comparing these impacts to an equivalent refill system that 
uses an LDPE pouch as the refill pack. 

In this study Anthesis conducts a comparative LCA to understand how the environmental impacts 
of a refill system using a Elopak D-PAK carton compares to a refill system using an LDPE pouch 
product, and to use these results to communicate to customers and make claims on the carton refill 
system.

This LCA study aims to report the results and conclusions completely, accurately and without bias 
to the intended audience. The results, data, methods, assumptions, and limitations are transparent 
and are presented in sufficient detail to enable the reader to understand the complexities and 
trade-offs inherent in the study. This allows the results and interpretation to be used in a manner 
consistent with the goals of the study. 

An attributional approach was used in this LCA, following the design support context known as 
(JRC, 2010)

to decision support directly or indirectly related to inform the purchase of products that are already 
offered in the market, or to inform the design/development of products that are foreseen to 
entering the mar

The LCA study described in this report has been conducted according to the requirements of the BS 
EN ISO 14040:2006+A1:2020 and BS EN ISO 14044:2006+A1+A2:2020. Conformance to standards, 
aside from the ISO 14040:2006+A1:2020 and ISO 14044:2006+A1+A2:2020, is not being claimed. 

A critical panel review was undertaken at the end of the study.

This report contains some commercially sensitive information in the appendices. The appendices 
should only be accessed by Elopak, Anthesis (under NDA) and the review panel (under NDA and 
restricted to the period of the review). A third-party report will be made available and will comprise 
this report in its entirety except for primary data and any other information deemed to be 
commercially sensitive, which will be redacted.

1 Goal definition
1.1 Objectives of the study

This LCA was commissioned by Elopak with the goal to:

- Evaluate the environmental impact profiles of two different refill system options (refilling 
with plastic detergent bottle using a carton vs refilling with a pouch). 
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- Compare the environmental impact profiles of the refill systems, highlight the differences 
between the systems 

- Identify environmental impact hotspots in the 1L D-PAK carton and recommend possible 
opportunities for environmental impact reduction.

1.2 Intended application

The intended application of the study is to act as scientific support for environmental impact claims 
made about using the Elopak D-PAK carton for a non-food detergent application.

In addition to supporting environmental impact claims the results of the study will be used inform 
future redesign and manufacturing choices of the Elopak D-PAK carton.

1.3 Target audience

Internal and external stakeholders at Elopak are the target audience of this study. External 
stakeholders include consumers and business-to-business contacts, while internal stakeholders 
include the team at Elopak. 

1.4 Critical review

As an intended application of the study is to make public comparative assertions, a critical review 
was completed. 

A critical review by the following panel of experts was carried out:

Matt Fishwick

Matthew Fishwick is an environmental consultant at Fishwick Environmental Ltd. Matt has 17+ years 
of experience in life cycle assessment. Past clients include include 3M, Lonza, BP, , Honeywell, GSK, 
and Johnson & Johnson. He has PhD, MRes, MSc and BSc degrees in environmental chemistry and 
is a member of the Royal Society of Chemistry (MRSC).

Frank Wellenreuther

Frank Wellenreuther is a senior scientist at the Institute for Energy and Environmental Research. 
Frank is a specialist consultant with more than 15 years of experience in Life Cycle Assessment and 
related environmental footprinting. He is a senior scientist and theme leader at ifeu, the Institute 
for Energy and Environmental Research based in Germany. He specialises in the field of food and 
beverage packaging with a broad technical knowledge about paper and plastic based products.  He 
has led numerous ISO-compliant LCA projects and has also performed many critical reviews. Ifeu is 
an independent and not-for-profit scientific research and consultancy institute.

Joris Simaitis

Joris Simaitis is a PhD researcher at the University of Bath, developing advanced LCA methods of

experience in delivering and reviewing LCA in consumers goods, construction, and energy 
technologies.

1.5 Public disclosure

The results of this study are intended to support comparative assertions to be disclosed to the 
public.

2 Scope definition
2.1 System descriptions

The packaging formats that will be modelled in this LCA study are described in Table 2. 
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Table 2 The studied products and their variables.

Packaging Name Function in System Representative image of the
packaging format

1L D-PAK Carton
Refill packaging to contain 
detergent and be used to refill 
PP bottle

1.8L LDPE Pouch
Refill packaging to contain 
detergent and be used to refill 
PP bottle

1L LDPE Pouch
Refill packaging to contain 
detergent and be used to refill 
PP bottle

1L PP Bottle

Original packaging to be refilled
by either an LDPE pouch or a D-
PAK carton. Assumed to be 
refilled 10 times.

The different refill systems that are modelled and compared in this study are detailed Table 3
alongside the refill system name that is used throughout this report.
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Table 3: The refill system options that are compared in this report.

Refill System Name Descriptor

System 1 1L PP detergent bottle refilled with 10 1L D-
PAK cartons

System 2 1L PP detergent bottle refilled with 5.56 1.8L 
LDPE pouch

System 3 1L PP detergent bottle refilled with 10 1L LDPE 
pouch

In addition to the above refill systems compared in this report, in the sensitivity the use of these 
packaging formats as part of a single use system is also explored.

The data for the D-PAK carton consists of primary data provided by Elopak. The data for the PP 
bottle and the LDPE pouches were also provided by Elopak. 

Elopak gathered the data for the PP bottle and LDPE pouches using German based market research. 
A selection of bottles and pouches packaging formats available on the market were surveyed. This 
market research was conducted by Elopak in 2020. The packaging formats were analysed using 
microscopy, FTIR and DSC analysis to determine the plastic type and amount used in each packaging 
format. After this research was conducted the most likely pouch and bottle formats that were 
selected and proposed for the LCA study. The selected packaging formats were assumed to be 
options that would perform the same function as the 1L D-PAK carton in a refill system. It was also 
assumed that this German market research was representative of a general European market. The 
limitations of this are discussed in section 4.5.

This data was supplemented with secondary data and assumptions. 

A full list of assumptions and exclusions from the study is detailed in 2.7 and 2.8. Data tables are 
available in Appendix A.

2.2 System Function

The function of the packaging systems included in this study is to:

- Contain 11L of detergent product and protect it from damage, tampering or contamination.

- Communicate information to consumers (e.g. use instructions) via printed labels.

- Allow the customer to effectively use the detergent product that the packaging contains.

In addition to the above functions, the function of the packaging when it forms part of a refill system 
is:

- To allow a consumer to refill the original packaging 10 times.

2.3 Functional unit

The chosen functional unit (FU) of the study is defined as:

The packaging required to provide 11 litres of detergent to a customer

This functional unit was selected to be consistent with the function of the system being modelled 
as described in sections 2.1 and 2.2. This functional unit was selected to enable the main 
comparisons of this study are focused on the use of the packaging in a refill system while also 
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encompassing a scenario that is explored later in the report to understand the function of all 
packaging formats in a single use system.

2.4 Product System Boundaries

To ensure consistent, comparable results the system boundaries of for all the product systems are 
the same. 

The life cycle stages included in this study for all packaging formats can be defined as -to-
gate plus end of life and include:

1. Raw material extraction, processing, and production of individual packaging components
(caps, labels, bottles etc)

2. Transport to manufacturing sites.
3. Manufacturing of the finished packaging format
4. Transport of empty packaging to the detergent filling site
5. Transport of filled packaging to retail/distribution centre
6. Transport to end-of-life
7. End-of-life treatment of all packaging

The following life cycle stages are excluded from the study:

- All life cycle stages associated with the detergent product that the packaging formats are 
intended to contain. This includes the production of the detergent, the filling process to fill
the packaging with detergent and transport impacts associated with the detergent.

- All impacts associated with retail and use of the products, including retail impacts and 
transport to the final customer location.

- The impacts of tertiary packaging for all packaging formats 

Note: The Systems considered are assumed to function in a traditional retailer route rather than 
through online retailing, hence the inclusion of the transport to retail/distribution centre. 
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2.5 Product System Descriptions

2.5.1 Raw material extraction and production of packaging components

The raw material extraction and packaging component production phase includes the extraction 
and production of the raw materials and the production of the packaging components (e.g. caps, 
carton board). 

Table 4 outlines the mass of each component, plus the overall mass of each packaging format 
included in this study. 

Table 5 details the format and weight of the secondary packaging included in this study. The 
secondary packaging included is the primary packaging associated with the packaging formats after 
filling with detergent. 

An outline of the packaging components for each packaging format are given below the tables. 
More detail detailed on the assumptions and exclusions associated with the packaging formats are 
detailed in sections 2.7 and 2.8.

Table 4: The component mass and overall mass of the primary packaging formats included in this study. See Appendix A 
for more details.

Packaging Format Components Mass (g) Overall Packaging 
Mass (g)

1L D-PAK carton Cartonboard 23.02 30.8

Barrier materials (incl. PE, 
Metallocene PE, EVOH, and 
tie)

5.07

Ink 0.07

PE Cap & Closure 2.7

1L PP bottle PP Bottle 62.8 76.8

PP Cap & Closure 11.3

LDPE Label 2.6

Ink 0.07

1.8L LDPE pouch LDPE Pouch 25.7 29.4

HDPE Cap 3.6

Ink 0.07

1L LDPE pouch LDPE Pouch 16.4 20.1

HDPE Cap 3.6

Ink 0.07
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Table 5: The mass and format of the secondary packaging included in this study.

Primary Pack Format Secondary Packaging Name Mass (g/pack)

1L D-PAK carton Wraparound Cardboard Box 8.24

1L PP bottle 9.10

1.8L LDPE pouch 10.00

1L LDPE pouch 10.00

1L D-PAK carton

The raw materials and packaging components for the for the D-PAK carton are the liquid carton 
board, the resins that are used for coating and barrier layer which include a polyethylene layer, an 
EVOH layer, and a tie layer. There is also a PE cap which contains a blend of LDPE and HDPE. 
Information on the mass and composition of each component are primary data provided by Elopak.

1L PP bottle 

The raw materials and packaging components for the PP bottle are the PP granulates required to 
produce bottle, the PP granulates for the cap and the LDPE granulates for the label. The information 
on the material composition of the PP bottle components is based on primary data obtained from 
Elopak via an analysis of common detergent bottle formats placed on the market. No primary data 
was available on the production locations for the PP bottle, cap or label. Therefore, it was assumed 
that all components for the PP bottle are produced in Europe to align with the D-PAK component
production locations.

1.8L and 1L LDPE pouches

The raw materials and packaging components for the LDPE pouches are the LDPE granulates 
required to produce pouch itself and the HDPE granulates for the cap. The information on the 
material composition of the LDPE pouches was obtained from Elopak. As with the PP bottle, no 
primary data was available on the production locations for the LDPE pouch or cap. Therefore, it was 
assumed that all components for the LDPE pouches are produced in Europe to align with the D-
PAK component production locations.

Secondary Wraparound Cardboard Box

The raw materials associated with the secondary packaging for the filled packaging formats are 
corrugated cardboard that is formed into boxes. The details of the primary packaging for all 
packaging formats are based on primary data provided by Elopak. Elopak provided several different 
secondary packaging orientations, these are explored in the sensitivity section. Due to the 
differences in the shape and size of the D-PAK carton, the pouches and the bottles, different 
numbers of products sit within the secondary packaging. This changes the mass of secondary 
packaging allocated per product.
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2.5.2 Transport to the manufacturing site 

The transport to manufacturing site phase includes the impacts associated with transporting the 
packaging components and raw materials from the suppliers to the packaging production site. 

1L D-PAK carton

The final D-PAK carton is produced at the Terneuzen Elopak site in the Netherlands. The transport 
distances and locations for each of the carton components from supplier to Terneuzen are given in 
Table 6 and were based on primary data provided by Elopak.

Table 6:Transport distances and modes of D-PAK components from supplier to Elopak factory.

Component/material Supplier Location Distance to 
Terneuzen (km)

Mode of 
Transport

Liquid carton board Sweden 1650 Truck >32T EURO4

Resins & barrier layers used 
for coating

Netherlands 6 Truck >32T EURO4

PE Cap Germany 494 Truck >32T EURO4

1L PP bottle and 1.8L LDPE pouch 

As no primary data was available on the production locations for the PP bottle or the LDPE pouch,
the PEF guidance (European Commission, 2021) was used to estimate transport distances. The 
supplier to factor recommendations were selected to model transport from an EU based production 
location to the final manufacturing site. The assumed distances are detailed in Table 7.

Table 7: Assumed transport distances of components for PP bottle and LPDE pouches, taken from PEF guidance
(European Commission, 2021).

Transport Scenario Distance (km) Mode

Supplier to factory 130 Truck >32T EURO4

240 Freight Train

270 Ship (Barge)

2.5.3 Product manufacturing

This phase includes the impacts associated with any manufacturing impacts that occur at the 
manufacturing site for the empty packaging.

1L D-PAK carton

The coating and converting process of the carton are carried out in the Netherlands. The coating 
process involves the addition of resins and barrier layers - these include the PE layer, the EVOH layer 
and the tie layer. The converting process involves the printing and cutting activity. The main energy 
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sources for coating and converting are grid electricity natural gas, and propane. The data for the D-
PAK production process use primary production data supplied by Elopak.

1L PP bottle & 1.8L LDPE pouch 

As with the raw material and component production stage no information was available on the 
product manufacturing stage for the PP bottle or the LDPE pouch. For this reason, assumptions 
were made on the production processes for the final packaging. To maintain consistency with other 
assumptions it was assumed final product manufacture happens in Europe. Ecoinvent 3.10 was used 
to select appropriate manufacturing locations and process efficiencies. Table 8 details the assumed 
manufacturing processes for each of the final packaging components. Further detail on these 
assumptions is found in section 2.7. 

Table 8: Assumed production processes per component for the LPDE pouch and PP bottle.

Packaging Format Component Assumed Process

LDPE Pouch HPDE Cap Injection moulding| injection 
moulding | Cut-off, U, Ecoinvent 
3.10

LDPE Pouch Extrusion of plastic sheets and 
thermoforming, inline | extrusion of 
plastic sheets and thermoforming, 
inline | Cut-off, U, Ecoinvent 3.10

PP Bottle PP Bottle Blow moulding| blow moulding | 
Cut-off, U, Ecoinvent 3.10

PP Cap Injection moulding| injection 
moulding | Cut-off, U, Ecoinvent 
3.10

LDPE Label Extrusion of plastic sheets and 
thermoforming, inline | extrusion of 
plastic sheets and thermoforming, 
inline | Cut-off, U, Ecoinvent 3.10

2.5.4 Distribution and storage

The distribution and storage stage includes the transportation of the empty packaging to the 
detergent filling site, the transportation of the filled packaging to retail/distribution centre and the 
storage of the packaging at retail/distribution centre. 

No primary data was available on the transportation distance or destinations of the empty 
packaging from the packaging manufacturing site to the filling site for any of the packaging formats. 
Therefore, the PEF guidance (European Commission, 2021) was used to estimate distances and 
modes. For empty packaging transportation to the filling site the 
was selected.

Primary data was also unavailable for the transportation distance and destination of the packaging 
from the filling site to retail/distribution centre. Therefore, the PEF guidance was again used to 
estimate distances and modes. For filled packaging transportation to retail/distribution centre the 
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.
This PEF assumption is tested in the sensitivity section in section 4.4.2.

Note that all impacts associated with the detergent itself including the production of the detergent, 
the filling process, plus the weight of the detergent during distribution was not included in this 
study. In addition, it was assumed that there are no impacts from storage as detergent is stored at 
room temperature.

2.5.5 Waste Collection

This phase includes impacts associated with the collection and transport of the packaging at the 
end-of-life to the waste treatment locations. Transport distances of the packaging to end-of-life 
were estimated using an assumption provided by Eurostat (Eurostat, 2018) which was also used in 

. The assumptions are shown in in Table 9.

Table 9: Estimated transport distances to waste treatment processes as specified by Eurostat (Eurostat, 2018)

Waste Treatment Process Distance (km) Mode

Incineration 68.789 Truck >32T EURO4

Landfill 68.789

Recycling 68.789

2.5.6 End-of-life

This phase includes all the impact associated with the treatment of the primary and secondary
packaging.

It was assumed that each packaging format is treated using a combination of recycling, landfill, and 
incineration. The percentage of each packaging format vary and are detailed in Table 10. It is 
assumed that the remainder of all packaging not recycled is treated using landfill and incineration 
in a 24:76 split as detailed in EU statistics (European Commission, 2018).

Table 10: Assumed recycling rates for all packaging formats included in this study.

Packaging format Percentage Recycled Reference

D-PAK Carton 51% Taken from Alliance for 
Beverage Cartons and the 
Environment (ACE, 2021)

PP Bottle 63% Collection rate for household 
plastic bottles taken from 
Recoup (Recoup, 2022)

LDPE Pouch 6% Flexible packaging recycling 
rate taken from Wrap (Wrap, 
2020)
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Wraparound Flute (secondary 
packaging)

64% Packaging waste recycling 
taken from Eurostat (Eurostat, 
2021)
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2.7 Assumptions
Table 11: Details of the assumptions made in this project set out per life cycle stage.

Stage Assumption Source/Justification

General In the refill system the PP 
original packaging will be
refilled with detergent 10 
times using the D-PAK carton 
or the LDPE pouch before 
going to end-of-life

This assumption was based on 
discussion with the Elopak 
team.

General Pouches and bottle selected 
for the refill system were 
chosen based on German 
market research data and 
assumed to represent typical 
market packaging and do not 
correspond to actual 
packaging scenarios where a 
D-PAK carton may be picked 
over a pouch

The formats for the pouch and 
the bottle were selected by 
Elopak based on market 
research to identify the most 
likely packaging format that 
will form part of the refill 
system/that will be direct 
competitors to a D-PAK
carton refill system.

Raw material extraction, 
processing, and production of 
packaging components

It was assumed that the resin 
and barrier layer raw materials 
are all produced in the 
Netherlands for transport to 
the Elopak factory in the 
Netherlands.

Elopak purchase the resins 
and barriers from a supplier 
located in Terneuzen 

All packaging components for 
the LPDE pouch and PP bottle 
are produced in Europe.

Matches supply chain scenario 
of D-PAK Elopak.

Label for the PP bottle is LDPE Based on common packaging 
formats knowledge.

Ink consumption for the 
pouches and the bottle is 
assumed to be the same as the 
ink usage for the D-PAK
carton (see Section 2.5.2).
This was done to simplify the 
modelling for this component 
as it contributes 0.3% to the 
total global warming impact of 
the D-PAK carton. 
Additionally, the bottle is likely 
to use less ink than a carton so 

To maintain comparability of 
systems.
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using this approach would 
likely overestimate the impact 
contribution of ink on the 

Secondary packaging was 
assumed to be a carboard 
wraparound flute. This is 
added to the bottle, pouch,
and D-PAK carton after the 
detergent filling stage. The 
amount of secondary 
packaging used per pouch 
model is assumed to be the 
same due to lack of data.

Primary data and research 
from Elopak.

Transport to Manufacturing 
Site

Transport distances and 
modes of LDPE pouch and 
bottle components assumed 
to be:

From supplier to factory:

130km by >32T EURO4 truck

240km by freight train

270km by barge 

EU PEF guidance (European 
Commission, 2021)

Assumed transport mode for 
D-PAK components from 
supplier to Terneuzen factor is 
>32T EURO4 Truck

EU PEF guidance (European 
Commission, 2021)

Assumed that the transport
distance and transport type 
used for D-PAK ink is 
the same as for the resin PE 

manufacturing site (See 
section 2.5.2). 

Product Manufacturing Assumed manufacturing 
processes for LDPE pouch,
label, caps and bottle:

Caps: Injection moulding

Pouch: Extrusion & 
Thermoforming

Bottle: Blow Moulding

Taken from (Active Plastics, 
n.d.)
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Label: Extrusion and 
Thermoforming

Distribution & Storage Assumed transport mode and 
distances for transport of all 
packaging from the 
production location to the 
detergent filling site:

From supplier to factory:

130km by >32T EURO4 truck

240km by freight train

270km by barge 

EU PEF guidance (European 
Commission, 2021)

Assumed transport mode and 
distances for transport of all 
packaging from the 
production location to the 
detergent filling site:

Factory to retail/distribution 
centre. 100% intracontinental 
supply chain: 3500km by >32T 
truck

EU PEF guidance (European 
Commission, 2021)

Assumed that the detergent is 
stored at room temperature

N/A

Waste Collection Assumed waste collection and 
transport distances:

Incineration: 68.79 km >32T 
truck

Landfill: 68.79 km >32T truck

Recycling: 68.79 km >32T 
truck

Distances taken form Eurostat 
(Eurostat, 2021)

End-of-life treatment process D-PAK carton recycling rate: 
51%

Taken from Alliance for 
Beverage Cartons and the 
Environment (ACE, 2021)

PP Bottle recycling rate: 63% Collection rate for household 
plastic bottles taken from 
Recoup (Recoup, 2022)

LPDE pouch recycling rate: 6% Flexible packaging recycling 
rate taken from Wrap (Wrap, 
2020)
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Wraparound Flute (secondary 
packaging): 64%

Packaging waste recycling 
taken from Eurostat (Eurostat, 
2021)

2.8 Exclusions
Table 12: Details of the exclusions made in this study.

Exclusion Justification

Adhesive used to stick the label to the 
PP and HDPE bottles

Weight is less than 1% of the weight of the whole 
product therefore negligible impact assumed. 

Secondary and tertiary packaging for 
packaging components up to 
deterrent filling is assumed to have 
negligible impact and is excluded.

No information available on secondary and tertiary 
packaging of components but likely to contribute to less 
than 1% of the mass of the product.

Tertiary packaging for transportation 
of the filled packaging to distribution 
of retail is assumed negligible and is 
excluded

No information available on tertiary packaging of 
components but likely to contribute to less than 1% of 
the mass of the product. Tertiary packaging likely to be 
pallets which are reused and therefore have minimal 
effect on individual product impact.

Filling of the detergent packaging was 
excluded in this study

No information available on filling of packaging with 
detergent. It is likely that the detergent filling process will 
be immaterial to the overall packaging impacts, This has 
been discussed in the limitations section. 

Storage of packaging No information available on storage of packaging 
products, but likely to have negligible impact therefore 
excluded. 

The retail, transport between retail 
and use and use phases are excluded

No information was available on these life cycle stages. 
However, it is likely that these stages will have negligible 
contribute on the overall environmental impacts of the 
systems. In addition, from a comparative perspective 
these life cycle stages are likely to be very similar 
between the different packaging systems.

Waste produced at manufacturing 
sites during the production of studied 
products

No information available on waste incurred during the 
production of the studied products. It is assumed that 
the products would be part of large production runs, 
therefore set up manufacturing waste would be 
negligible when allocated per product produced. 

2.9 Time coverage

Unless stated otherwise, activity data were collected from the most recent data source available -
representing the calendar year 2023.
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2.10 Geographical coverage

The geographical boundary of this study is Europe. For the coating and production of the D-PAK
carton the factory is located in Terneuzen, Netherlands. 

To maintain this geography Netherlands (NL) factors were selected for the electricity required to 
produce the D-PAK carton. For all other processes related to the D-PAK carton NL factors were 
not available, so Europe factors (RER or Europe without Switzerland) were selected. If Europe 
factors were not available Global (GLO) factors were selected. 

For all other packaging formats modelled Europe factors (RER or Europe without Switzerland) were 
selected where possible. If Europe factors were not available Global (GLO) factors were selected.

2.11 Cut-off criteria and allocation

In the process of building an LCI it is typical to exclude items considered to have a negligible 
contribution to results. To do this in a consistent and robust manner there must be confidence that 
the exclusion is fair and reasonable. To this end, cut-off criteria are defined, which allow items to 
be neglected if they meet the criteria:

- Mass: if a flow is less than 1% of the mass of the product it may be neglected; 

- Energy: if a flow is less than 1% of the cumulative energy it may be neglected; 

- Environmental significance: if a flow is less than 1% of the key impact categories it may be 
excluded;

- The sum of excluded processes does not contribute more than 5% to any of the impact 
categories.

Specific details on known exclusions in this study are outlined in section 2.8.

If an item meets one of the criteria but is significant to one of the other criteria it may not be 
neglected. For example, if a substance is small in mass but is expected to have a notable contribution 
to the environmental results then it may not be excluded.

The system model: Allocation, cut-off by classification, was chosen for this study.

2.12 Multi-output allocation 

Allocation of Elopak site-level impacts during board production was carried out on a physical basis.
Data for the production and coating of the D-PAK carton was primary data provided by Elopak.
The data was provided on a site level basis and consisted of electricity, natural gas and propane use 
for coating and carton production process.

The site level data was assumed to be equally allocated between the total m2 of carton board both 
coated and produced into cartons. Therefore, the site level consumption was divided by the total 
m2 to calculate electricity, natural gas and propane used per m2 of carton board. This value was then 
multiplied by the m2 of the D-PAK carton to determine the electricity, natural gas and propane 
consumed by D-PAK carton for both the coating process and the carton production process.

This approach was deemed to be an acceptable approach to take as the Terneuzen site only 
produced cartons and no other products.

The allocation procedure for secondary data from ecoinvent 3.10 (cut-off) is outlined on the 
ecoinvent website (ecoinvent, 2024) and within the methodology documents for each process used. 
The processes used in this study are described in Appendix A.
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2.13 End-of-life allocation 

The methodological choices for allocation for reuse, recycling and recovery have been set according 
to the polluter pays principle (PPP). This means that the generator of the waste shall carry the full 

life cycle at which the waste is transported to 
a scrapyard or the gate of a waste processing plant (collection site). The subsequent user of the 
waste shall carry the environmental impact from the processing and refinement of the waste but 
not the environ

For recycled materials, the primary producer does not receive any credit for the supply of a 
recyclable product, and these are available burden-free to recycling processes. This means that 
recycled materials only bear the impacts of the recycling process.

For incinerated materials, the incineration is allocated completely to the treatment of waste and 
the burden is assigned to the waste producer. The heat or electricity produced from incineration 
comes burden-free.

The chosen end-of-life allocation method can have significant impacts on the overall results of an 
LCA. While the PPP method was applied to the baseline results this is not an argument that the PPP 
method is the best choice for an LCA study. All end-of-life allocation methods have advantages and 
disadvantages in the way that impact is allocated.

To explore the potential differences in end-of-life allocation choice within this study and to adhere 
with the requirements of ISO14040/44 of including an alternative end-of-life allocation method, the 
Circular Footprint Formula (CFF) has been applied as a sensitivity case. CFF results can be seen in 
section 4.4.2.3. The CFF, developed by the EU Commission, was chosen as the alternative allocation 
method for this study as, unlike the PPP, it assigns credits for the use of recycled materials, the 
production of recyclable materials according to relative supply and demand. It also gives credit for 
the production any heat or electricity via incineration with energy from waste.

2.14 Impact categories and impact assessment method

In LCA, the life cycle impact assessment (LCIA) stage is where characterisation factors are applied to 
LCI data to generate environmental impact results. There are several LCIA methods that can be 
chosen, all with slightly different characterisation factors (both in terms of coverage and values) and 
different underlying characterisation models used to generate these factors.

The ReCiPe v1.08/ World (2016) (100-year Mid-point Hierarchical) were used unaltered and as 
provided in this LCA to assess the environmental impacts. As such, the characterization models used 
for deriving each category indicator were considered appropriate to meet the main goal of this 
study (i.e., to compare environmental profiles of the carton refill system with the pouch refill 
system) as they were derived by a consensual LCIA method that is well used and internationally 
respected.

ReCiPe was developed by PRé Consultants, the University of Leiden (CML), Radboud University 
Nijmegen (RUN) and the National Institute for Public Health and the Environment in the Netherlands 
(RIVM). This method was chosen as it is the most common method used by LCA practitioners and 
covers a broad range of impact categories. It must be noted that this method does not consider the 
impact of marine litter or other losses to the environment, which is a particular concern for plastic 
bottles. In addition, this study excludes any impact from the long term storage of biogenic carbon 
in landfills for the carton.
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When applied to inventory data, the ReCiPe impact assessment method generates indicator scores 
- - -

given for each impact category in units specific to that category (e.g. kg CO2e), whereas at the end-
point stage, the potential damage to the environment estimated and units (e.g. species lost per 
year) are common to many impact categories (grouped as damage to ecosystems, damage to 
resources and damage to human health). For this study, the mid-point method was chosen as it 
reduces uncertainty in results compared to end-point results. The indicator results are calculated in 
accordance with the ReCiPe method and in line with the assumptions and exclusions outlined in this 
report.

Descriptions of the impact categories used in this study can be found in Appendix B.

2.15 Interpretation to be used

The outputs from the LCI and LCIA are interpreted in accordance with the goal and scope as 
outlined in this section. This results interpretation focuses on:

Identifying the environmental impact hotspots of the packaging systems included in this 
study
Comparing the environmental impacts of the different systems included in this study
Evaluating the limitations and completeness of the LCA
Drawing conclusions and recommendations from the results

3 Life cycle inventory assessment
3.1 Data collection procedure

1L D-PAK carton

In this study primary data was provided by Elopak and any gaps were supplemented using secondary 
data and assumptions.

The main sets of primary data collected were:

1. The carton product specifications, carton component suppliers, bill of materials and 
production utilities required for carton production,

2. The electricity, natural gas and propane used to both coat and produce cartons at the 
Elopak Terneuzen site,

3. The secondary packaging specifications, after the detergent filling stage, for the carton, 
LDPE pouch and PP bottle were provided by Elopak.

4. The primary packaging specifications for the PP bottle and LDPE pouch were primary data 
provided by Elopak calculated through direct measurements of packaging placed on 
market.

Details on the primary and secondary data used in modelling can be found in Appendix A.

3.1.1 Energy from combustible fuels

No energy data from combustible fuels required conversion in this LCA.

3.2 Sources of published data

3.2.1 ecoinvent v 3.10 (2023)

Studied unit processes were mapped to an activity or activities in the ecoinvent 3.10 Life Cycle 
Inventory (LCI) database. Where the unit process does not match an activity exactly the closest 
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available proxy is used. Secondary production data from ecoinvent was unit for all unit processes. 
Appendix A details the LCI data used in this study.

3.3 Data quality requirements and assessment

Here the data used to create the model is qualitatively assessed by its precision, completeness, 
consistency, and representativeness. 

The general data quality requirements and characteristics that needs to be addressed in this study 
are shown Table 13.

Table 13 - Data quality requirements based on ISO 14044

Aspect Description Requirement in this study

Time-related 
coverage

Desired age of data and the 
minimum length of time over 
which data should be 
collected

General data should represent the 
current situation of the date of study, or 
as close as possible. All data should be 
less than 10 years old.

Geographical 
coverage

Area from which data for unit 
processes should be 
collected

Data should be representative of the 
European marketplace.

Technology coverage Type of technology (specific 
or average mix)

Data should be representative of the 
technology used in Europe.

Completeness Assessment of whether all 
relevant input and output 
data are included for each 
data set.

Specific data will be benchmarked with 
literature data. Simple validation checks 
(e.g. mass or energy balances) will be 
performed.

Representativeness Degree to which the data set 
reflects the true population 
of interest

The data should fulfil the defined time-
related, geographical, and technological 
scope.

Precision Measure of the variability of 
the data values

Data that is as representative as possible 
will be used. A sensitivity analysis will be 
used to determine the influence of 
variability in key parameters on the 
study conclusions.

Reproducibility Assessment of the method 
and data, and whether an 
independent practitioner will 
be able to reproduce the 
results

Information about the method and data 
(reference source) should be provided.

Sources of the data Assessment of the data 
sources used.

Data will be derived from credible 
sources, and references will be 
provided.
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Uncertainty of the 
information

e.g. data, models, 
assumptions

A sensitivity and qualitative uncertainty 
analysis will be conducted.

To ensure the quality of data was sufficient, data quality checks were completed on key data 
parameters. Data quality checks were completed using data quality indicators (DQIs). 

Data quality indicators were applied to key data parameters to ensure that the data was fit for 
purpose. Key data parameters were assessed against a data quality matrix and assigned scores 
between 1 (best) and 5 (worst). The data quality matrix used in this study was adapted from 
Weidema et al. (2013). The full data quality assessment can be found in Appendix C.

3.3.1 Precision 

The datasets used in this study are based on primary measured data, calculated based on primary 
information sources, or from reliable secondary data sources. As such the precision of this study is 
deemed to be good.

3.3.2 Completeness

Each unit process was checked for mass balance and completeness of the life cycle inventory 
assessment. Only excluded unit processes are knowingly omitted from the study to meet the time 
and data limitations of this project.

3.3.3 Consistency

To ensure data consistency, all primary data was collected or calculated with the same level of 
detail, while all background data was sourced from the ecoinvent 3.10 database.

3.3.4 Representativeness

Temporal: All primary activity data was collected between 2021 and 2023. As the study intended 
the reference year 2023, temporal representativeness is high. Ecoinvent 3.10 published 2023 was 
used to model secondary production data, this was the latest version at the time of the study. While 
this provides good temporal representation for processes such as electricity mixes, the 
technological processes on which the factors are based provide relatively low temporal 
representativeness. Full details of the ecoinvent factors used is available in Appendix A.

Geographical: Where possible primary and secondary data was collected specific to the countries 
or regions under study. Proxy data sets are used for the distribution and end-of-life phases due to 
limited data available for the specific geographies available. Geographical representativeness is 
acceptable.

Technological: All primary and secondary data were modelled to be specific to the technologies or 
technology mixes under study. Where technology-specific data were unavailable, proxy data were 
used. Technological representativeness is acceptable.

4 Life cycle impact assessment & interpretation
This section provides the results from the impact assessment comparing the following refill systems:

1. System 1: 10 x 1L D-PAK cartons and 1x 1L PP Bottle
2. System 2: 5.6 x 1.8L LDPE Pouch and 1x 1L PP Bottle
3. System 3: 10 x 1L LDPE Pouch and 1x 1L PP Bottle

Highlighted in this section is any significant finding relevant to the goal and scope of this study.
The quality of the life cycle inventory data and results have been deemed sufficient to conduct this 
LCA in accordance with the goal and scope outlined in this study. 
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The system boundary and cut-off decisions have been reviewed to ensure the availability of LCI 
results are necessary to calculate the indicator results. The calculation was done by taking the input 
data described in Section 3.1 and multiplying them with the unit process values taken from the data 
sources described in Section 3.2.

Note that the reported impact categories represent potentials, therefore they are approximations 
of environmental impacts that could occur if the emissions would follow the underlying impact 
pathway and meet certain conditions in the receiving environment while doing so. The robustness 
of each impact category should also be considered when interpreting the results, see Section 2.14. 

The results relating to all impact assessment categories defined in Section 2.14 are presented here. 
A key focus of this study was the Global Warming, Water Consumption, Fossil Resource Scarcity, 
and Land use impact assessment categories. These impact categories were selected because they 
are key priorities for Elopak. Additionally, given the studied products are consumer products, these 
categories are likely to resonate more with consumers. Although these four impact categories were 
priorities for Elopak, interesting results across all impact categories were highlighted. 

The results of this LCA may be interpreted according to the goal and scope of the study:

- Generate accurate, reliable, and comparable environmental impact profiles for two 
different refill system options (refilling with plastic detergent bottle using a carton vs 
refilling with a pouch). 

- Compare the environmental impact profiles of the refill systems, highlight the differences 
between the systems 

- Quantify the potential environmental impact savings for customers of swapping to a refill 
system.

- Identify environmental impact hotspots in the 1L D-PAK carton and recommend possible 
opportunities for environmental impact reduction.

4.1 Absolute results

4.1.1 Comparison of packaging systems

Presented in Table 14 are the absolute environmental impacts for the three refill systems
considered in this study: 

System 1 1L PP detergent bottle refilled with 1L D-PAK carton, 
System 2: 1L PP detergent bottle refilled with 1.8L LDPE pouch,
System 3: 1L PP detergent bottle refilled with 1L LDPE pouch.
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Figure 7 and Figure 8 present the difference in environmental impact when using System 1
compared to Systems 2 and 3. A positive percentage denotes a higher environmental impact for 
System 1 compared to Systems 2 and 3.

As seen in Figure 9, System 1 has a higher land use impact compared to Systems 2 and 3; it has 
575% higher land use impact than System 2, and a 425% higher impact compared to System 3. 
Higher land use impacts are to be expected for fibre-based packaging products compared to fossil-
based plastic products due to the production of raw materials. Given how much higher the land use 
impact is for System 1, Figure 7 and Figure 8 show the percentage change between scenarios 
without the land use impact category, to show better granularity of the other impact categories.

In Figure 7 and Figure 8, we can observe that for global warming impacts, there is a 21% lower 
impact for System 1 compared to System 2, and a 26% lower impact for System 1 compared to
System 3.

For fossil resource scarcity impacts, there is a 24% lower impact compared to System 2, and a 28% 
lower impact compared to System 3. For water consumption, there is a 2-3% higher impact
compared to both Systems 2 and 3. 

On top of land use and water consumption impacts, the other impact categories where System 1
has a higher impact compared to the other two refill systems are ionising radiation and terrestrial 
ecotoxicity. Across these impact categories, System 1 has 5-14% higher impact. System 1 also has a 
higher impact compared to System 2 for stratospheric ozone depletion, ozone formation (human 
health), and ozone formation (terrestrial ecosystems). Across these impact categories, System 1 has 
0.4-13% higher impact compared to System 2. 

System 1 has a lower impact than Systems 2 and 3 across 9 impact categories, ranging from 10% to 
40% lower environmental impact. System 1 also has a lower impact that System 3 across an 
additional 3 impact categories, ranging from 1% to 4% lower environmental impact for those impact 
categories.  



38

Figure 7:The percentage difference in environmental impact when comparing the System 1 and System 2 (excluding land 
use). System 1: 10 D-PAK Cartons and 1 PP Bottle, System 2: 5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L 

LDPE Pouches and 1 PP Bottle

Figure 8: The percentage difference in environmental impact when comparing the System 1 and System 3 (excluding land 
use). System 1: 10 D-PAK Cartons and 1 PP Bottle, System 2: 5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L 

LDPE Pouches and 1 PP Bottle
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Figure 9: The percentage difference in land use impact when comparing the System 1 with Systems 2 and 3. System 1: 10 
D-PAK Cartons and 1 PP Bottle, System 2: 5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 

PP Bottle.
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Figure 10 shows the global warming impact per refill system by life cycle stage. Here we can observe 
that the material acquisition stage accounts for the largest share of the total impact, accounting for 
between 50% and 56%. The results show that System 1 has a lower global warming impact 
compared to System 2 and 3. This is driven by lower material acquisition and end-of-life impacts. 
The lower end-of-life impact of the System 1 is driven by the assumed 51% recycling rate of D-
PAK cartons (ACE, 2021), as opposed to the 6% of the LDPE pouches (Wrap, 2020). A more in-
depth analysis of the main contributors to each stage can be found in section 4.2, and a sensitivity 
analysis of the end-of-life allocation for the studied systems can be found in section 4.4.2.2. 

Figure 10: Global warming impacts across refill systems. System 1: 10 D-PAK Cartons and 1 PP Bottle, System 2: 5.56 
1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 PP Bottle.

Figure 11 shows the absolute water consumption impacts of the refill systems by life cycle stage. 
Here we observe that the water consumption impact is dominated by the material acquisition 
phase, accounting for between 92% and 94% of water consumption. Although System 1 has a higher
water consumption impact, the results show that there are similar levels of water consumption 
across the three systems. Hence, due to the uncertainty of this impact category (see Section 4.5), 
the higher result for System 1 is not significant. Additionally, as outlined in Section 4.5, an error in 
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Ecoinvent 3.10 in the wastewater treatment process further compounds this uncertainty in the 
water consumption results. 

Figure 12 shows the absolute land use impacts of the refill systems by life cycle stage. Here we 
observe that the land use impact is dominated by the material acquisition phase as well, accounting 
for between 87% and 97% of land use impacts. The results show that the D-PAK refill system has 
a 425% to 575% higher land use impact compared to the LDPE refill systems.

Figure 12: Land use impacts across refill scenarios. System 1: 10 D-PAK Cartons and 1 PP Bottle, System 2: 5.56 1.8L 
LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 PP Bottle.
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Figure 11: Water consumption impacts across refill scenarios. System 1 refers to 1L PP 
detergent bottle refilled with 1L D-PAK carton, System 2 refers to 1L PP detergent bottle 
refilled with 1.8L LDPE pouch, and System 3 refers to 1L PP detergent bottle refilled with 

1L LDPE pouch.
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Figure 13 shows the absolute fossil resource scarcity impacts of the refill systems by life cycle stage. 
Here we observe that the fossil resource scarcity impact is dominated by the material acquisition 
phase, accounting for between 87% and 95% of fossil resource scarcity impacts. 

Figure 13: Fossil resource scarcity impacts across refill scenarios. System 1: 10 D-PAK Cartons and 1 PP Bottle, System 
2: 5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 PP Bottle.

As seen in Figure 14, Figure 15, and Figure 16, the contribution of the PP bottle in each of the 
Systems is limited to between 5-36% of total system impacts. For System 1, the PP Bottle 
contributes the least to the land use impact category (5% of total), and the most to fossil resource 
scarcity (36% of total) and freshwater ecotoxicity (36% of total). For System 2, the PP Bottle 
contributes the least to the marine eutrophication impact category (17% of total) and the most to 
land use (36% of total). For System 3, the PP Bottle contributes the least to marine eutrophication 
(15% of total), and the most to ionising radiation (36% of total). 

Figure 14: The relative contributions of the packaging formats across the life cycle of System 1 across all impact 
assessment categories. System 1 refers to: 10 D-PAK Cartons and 1 PP Bottle
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Figure 15: The relative contributions of the packaging formats across the life cycle of System 2 across all impact 
assessment categories. System 1 refers to: 5.56 1.8L LDPE Pouches and 1 PP Bottle

Figure 16: The relative contributions of the packaging formats across the life cycle of System 1 across all impact 
assessment categories. System 1 refers to: 10 1L LDPE Pouches and 1 PP Bottle
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4.2 Hotspot analysis

Environmental hotspots enable understanding of the relative contributions of different processes 
to the overall environmental impacts. Figure 17 represents the relative contributions of different 
life cycle stages in the life cycle of System 1, Figure 18 presents the relative contributions System 3, 
and Figure 19 the relative contributions for System 2. Detailed results on process contributions can 
be found in Appendix F. 

The limitations of different impact categories are also discussed and should be considered when 
interpreting the results. These can be found in Section 4.5. 

For System 1, the largest contributor to all impact categories except for freshwater ecotoxicity and
terrestrial ecotoxicity is the material acquisition stage (see Figure 17). For System 3, the material 
acquisition stage is the largest contributor to 11 out of 16 impact categories (see Figure 17). For 
System 2, the material acquisition stage is the largest contributor to 12 out of 16 impact categories
(see Figure 18). 

As seen in Figure 10, Systems 2 and 3 have higher global warming impacts than System 1. Figure 18
and Figure 19 show that the global warming impacts are largely due to the material acquisition 
phase (50-55% of total) and the end-of-life phase (38-41% of total). The end-of-life impacts are due
to the incineration of LDPE at end-of-life, with incineration accounting for 31% of total impact for 
System 2, and 31% of the total impact for System 3. For System 1, the material acquisition phase 
contributes to 56% of the total life cycle impact, and the end-of-life phase contributes to 28% of the 
total life cycle impact. The incineration of waste plastic from both the D-PAK PE barrier and the PP 
Bottle used in this system account for 16% of the total global warming impacts. Impacts relating to 
the incineration of LDPE and PE in all 3 systems are driven by the incineration of fossil carbon 
content of the plastic which releases carbon dioxide and other greenhouse gases into the 
atmosphere.

System 1 has a marginally higher water consumption impact (2-3% higher impact) than the two 
pouch refill systems. For all systems, the material acquisition phase makes up most of the water 
consumption impacts (92-94% of total). For System 1, this is driven by the D-PAK packaging board 
(26% of total) and the LDPE used (21% of total). For System 2, the water consumption impacts are 
driven by the LDPE granulate process, accounting for 79% of total impact. For the System 3, the 
water consumption impacts are driven by the LDPE granulate process, accounting for 50% of total 
impact. It should be noted, however, that there is an elevated level of uncertainty relating to this 
impact category. This uncertainty is greater in regions of higher water scarcity and results from 
variability in actual water availability (due to uncertainty in precipitation). 

System 1 has higher land use impacts than the LDPE Pouch refill systems, with a 575% higher land 
use impact compared to System 1 and a 425% higher land use impact compared to System 3, driven 
by the material acquisition phase. This is driven by the land use impacts of the liquid packaging 
board process which makes up for 82% of total land use impacts for that scenario. The land use 
impacts for Systems 2 and 3 are mostly driven by the material acquisition phase, followed by the 
distribution phase. Within the material acquisition phase, the land use impacts can be traced back 
to the use of pulpwood in the making of the corrugate board used to package the LDPE pouches for 
distribution and retail.  

System 1 has a lower fossil resource scarcity impact than Systems 2 and 3. The main driver for 
impact for the System 1 is the material acquisition phase which contributes to 87% of total impact. 
This is largely due to the impact of hard coal and lignite used in ethylene production (27% of total) 
within the D-PAK carton and PP Bottle materials. For System 2, fossil resource scarcity 
impacts are linked to the extrusion of plastic sheets and thermoforming (41% of total) and the 
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production of polyethylene (25% of total). As for System 3, the extrusion of plastic sheets and 
thermoforming (33% of total) and the production of polyethylene (20% of total).

As seen in Figure 7 and Figure 8, System 1 also has higher impacts than Systems 2 and 3 for ionising 
radiation and terrestrial ecotoxicity. Within these two impact categories, the main impact 
contributor to the overall impact of System 1 is the material acquisition phase (54-96% of total). 
Within these impact categories, the main contributor to the overall impacts for Systems 2 and 3 is
material acquisition. Distribution impacts for Systems 2 and 3 in terms of terrestrial ecotoxicity are 
also significant due to break wear emissions from the lorries used in the distribution phase of the 
life cycle. Additionally, System 1 has higher impacts than System 2 for stratospheric ozone 
depletion, ozone formation (human health), and ozone formation (terrestrial ecosystems). Within 
these impact categories, the main impact driver for Systems 1 and 2 is the material acquisition phase
except for -of-life impacts. 

As seen in Figure 7 and Figure 8, System 1 has lower impacts than Systems 2 and 3 for fine 
particulate matter formation, terrestrial acidification, freshwater eutrophication, marine 
eutrophication, freshwater ecotoxicity, marine ecotoxicity, human carcinogenic toxicity, human 
non-carcinogenic toxicity, and mineral resource scarcity. Across these impact categories, the 
material acquisition phase continues to make up most of the total impact for System 1 (44-80% of 
total impact). For Systems 2 and 3, the material acquisition phase contributes to most of the impact
(48-88% of total impact) across these categories except for freshwater eutrophication, marine 
eutrophication, freshwater ecotoxicity, and marine ecotoxicity. For those impact categories, the 
end-of-life phase contributes to the majority of total impacts. Additionally, System 1 has lower 
impacts that System 3 for stratospheric ozone depletion, ozone formation (human health), and 
ozone formation (terrestrial ecosystems). 
by the material acquisition phase (48-70% of total impact). 

Figure 17: The relative contributions of processes in the life cycle of System 1 across all impact assessment categories.
System 1 refers to: 10 D-PAK Cartons and 1 PP Bottle. 
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Figure 18: The relative contributions of processes in the life cycle of System 3 across all impact assessment categories.
System 3: 10 1L LDPE Pouches and 1 PP Bottle.

Figure 19: The relative contributions of processes in the life cycle of System 2 across all impact assessment categories.
System 2: 5.56 1.8L LDPE Pouches and 1 PP Bottle.

Although the focus of this LCA is to compare the System 1 with the LDPE Pouch refill systems 
available to consumers, given Elopak has more control over the impact of its D-PAK carton it is 

As such, Elopak could make changes 
to their product according to the impact hotspots found; recommendations for impact reduction 
can be found in Section 4.6. Hotspots over the 16 impact categories for this product can be found 
in Figure 20.

As seen in that figure, for global warming impacts, the largest contributor is the materials acquisition 
phase, accounting for 53% of the total life cycle impact. This is driven by the impact of the liquid 
packaging board (10% of total) and the lining of the board (16% of total). The lining of the board has 
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a higher impact compared to the board itself; this is despite the lining weighing approx. 5g and the 
board weighing approx. 23g. The second largest life cycle stage impact is the end-of-life of the D-
PAK carton, contributing to over 32% of the total life cycle impact. This is largely due to the
proportion of D-PAK materials that are not recycled and are sent to landfilling and incineration. It 
should be noted that it was assumed that 51% of D-PAK cartons are recycled. This assumption is 
explored in the sensitivity section and is subject to limitations, see section 4.5. 

Figure 20 also shows that for the water consumption impact category, the largest contributor is the 
liquid packaging board (44% of total) followed by the lining (22% of total). Overall, the material 
acquisition phase accounts for 94% of total water consumption impacts. For land use, as expected, 
the material acquisition phase accounts for the largest share, 97%, of the total impact. This is driven 
by the land use from the production of liquid packaging board (94% of total). For fossil resource 
scarcity, the material acquisition phase makes up for 83% of total impact, with the largest impacts 
driven by the plastic lining of the carton (25% of total), the cap (21% of total), and the downstream 
distribution transport (17% of total). 



Contribution to total
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4.3 Interpretation 

Highlighted in this section is any significant finding relevant to the goal and scope of this study. 

Accurate and comparable environmental profiles were developed for the three different refill 
scenarios considered.

It can be concluded that from the environmental profiles of the refill scenarios in this study, that 
the System 1 has a lower environmental impact than Systems 2 and 3 across 11 impact categories 
including global warming (24-28% reduction in impact) and fossil resource scarcity (33-38% 
reduction in impact. System 1 also has a lower impact than system 3 across an additional 3 impact 
categories. 

For global warming, a significant difference between System 1 and Systems 2 and 3 is the end-of-
life impact. Indeed, though the material acquisition phase is marginally lower in System 1, the end-
of-life phase impacts Systems 2 and 3 lead to the largest difference in the results of the scenarios. 
In Section 4.4.2.2, the sensitivity of the results to the recycling rates of the studied products is 
explored. Across the water consumption and land use impact categories, the main impact 
contributor for all refill scenarios is the material acquisition phase. 

It is important to note that the System 1 has higher impacts in 7 impact categories compared to 
System 2, and higher impacts in 4 impact categories compared to System 3. This includes land use
impacts where System 1 has 425-575% higher impacts compared to systems 2 and 3. Impacts for 
land use are largely driven by the material acquisition phase with System 1 relies on fibre-based 
materials rather than fossil-based materials, it produces a higher land use impact than its LDPE 
pouch refill system alternatives. 

Please note that as stated in ISO 14044, LCA should not provide the sole basis of comparative 
assertion intended to be disclosed to the public of overall environmental superiority or equivalence, 
as additional information will be necessary to overcome some of the inherent limitations of LCA.
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4.4 Evaluation

4.4.1 Completeness

In the case where no data is available for a unit process, a comparison between two possible options 
may be performed. This comparison may show that the impact of the unit process is material or 
conclude that the difference between the studied products is not significant or not relevant for the 
given goal and scope. The basis of the completeness check is a checklist including all required 
inventory parameters, required life cycle stages and processes as well as the required impact 
category indicators.

Key X = data available, / = some data available, - = no data available, (P) Primary data, (S) - Secondary data

Table 15 - Summary of completeness check

Sub process D-PAK 
Carton 
System

LDPE Pouch 
System Complete? Comment

Packaging components

X (P,S) X (P,S) Y

Primary data obtained for 
D-PAK, bottle and pouch 
relating to weight of 
material used in packaging 
components. Secondary 
data emissions factors
used.

Packaging components 
transport to production 
site

X (P,S) X (S) Y

Primary data obtained for 
the D-PAK carton. 
Secondary assumptions 
used for the LPDE pouch
and the PP bottle.
Secondary data emissions 
factors used for both 
systems. Sensitivity 
carried out on the 
secondary data choices.

Packaging production 
process

X (P,S) X (S) Y

Primary data obtained for 
D-PAK production process. 
Secondary data 
assumptions used for
LDPE pouch and the PP 
bottle. Secondary data 
emissions factors used for 
both.

Packaging transport to 
filling site

X (S) X (S) Y

Secondary assumptions 
used from PEF to 
determine distances for 
both systems. Secondary 
data emissions factors 
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Sub process D-PAK 
Carton 
System

LDPE Pouch 
System Complete? Comment

used. Sensitivity carried 
out on the secondary data 
choices

Packaging transport to 
retail/distribution

X (S) X (S) Y

Secondary assumptions 
used from PEF to 
determine distances for 
both systems. Secondary 
data emissions factors 
used. Sensitivity carried 
out on the secondary data 
choices

Packaging transport to 
end-of-life treatment

X(S) X (S) Y

Secondary assumptions 
used from UK government 
data to determine 
distances for both 
systems. Secondary data 
emissions factors used.

Packaging end-of-life 
treatment processes

X (S) X (S) Y

Secondary assumptions 
used from various sources 
to determine treatment 
routes. Secondary data 
emissions factors used.
Sensitivity carried out on 
the secondary data 
choices

4.4.2 Sensitivity Analysis

Eight sensitivity analyses were explored in this study to test the validity of results and observations 
drawn from the baseline model. Table 16 outlines the sensitivity analyses conducted and the 
motivation behind the selection of each.

Table 16: Sensitivity analyses undertaken in this LCA.

Sensitivity Motivation Analysis

Variation in the percentage of 
recycled content included in 
the LDPE pouch

To determine if a change in the 
recycled content of the pouch 
affects the comparison to the 
carton system

50% and 100% recycled 
content were explored
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Sensitivity Motivation Analysis

Variation in the recycling rate 
of the carton, pouch and 
bottle

To test the assumptions of 
recycling rate for all packaging 
formats and understand if this 
impacts results. 

Carton recycling rates: 

Best case: 75%

Worst case: 35%

LDPE pouch recycling rates: 

Best case: 17% 
(Plastics Recyclers 
Europe, 2022)

Worst case: 0%, based 
on the fact flexible 
films are not widely 
recyclable across 
Europe and the UK. 

PP Bottle recycling rates: 

Worst base: 45% 
(Recoup, 2022)

Variation in the end-of-life 
allocation method. Utilisation 
of Circular Footprint Formula 
(CFF)

To determine how different 
end of life approaches affect 
the results

Using default values and 
method provided by the 
European Commission 
(European Commission & 
Sphera, 2020)

Variation in the estimated 
distribution distances 

To test the impact of the 
distribution distance 
assumptions taken from PEF

1200 km downstream 
transport from filling site to 
distribution centre/retail
using local supply chain 
assumption from PEF. 
(European Commission, 
2021)

Variation in pouch weight

To test if the specifications of 
the LPDE pouch impact overall 
results, considering that there 
are many formats of refill 
pouch on the market

See Appendix G for details

Variation in bottle material Guided by Elopak it was 
highlighted that PP is not the 
only material type likely for 
detergent bottles. To test if 
the specifications of the PP 
bottle impact overall results, 
considering that detergent 
may also come in other plastic 
bottles.

HDPE selected as an 
alternative material, same 
material was assumed for 
the cap and label. The 
weight assumed was 
68.02g based on the 
density of HDPE and the 
volume of the PP bottle. 
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Sensitivity Motivation Analysis

Variation in secondary 
packaging choice

Elopak supplied several 
different secondary packaging 
options, so these were 
explored to determine if 
secondary packaging changes 
impact results.

See Appendix H for details

Comparing bottle, pouch, and 
carton performance in single 
use systems.

To understand how the impact 
comparison may change if the 
packaging is used in a single 
use system, considering that 
some consumers may 
continue to stick with single 
use despite refill options being 
available

11 of each packaging formats 
were compared to simulate 
the function of the 
packaging operating in a 
single use system, while 
maintaining consistency 
with the functional unit of 
the study.



54

4.4.2.1 Pouch recycled content variability.

The results of the sensitivity analysis exploring the variation in the percentage of recycled content 
included in the LDPE pouch are shown in Figure 21. Here we can see that the variation in the 
recycled content of the LDPE used in the LDPE pouches result in lower overall impacts compared to 
their respective refill system baselines. For System 2, 50% recycled content reduces the global 
warming impact of the system by 34%, and 100% recycled content reduces the global warming 
impact of the system by 37%. For System 3, 50% recycled content reduces the global warming 
impact of the scenario by 5%, and 100% recycled content reduces the global warming impact of the 
scenario by 11%. Compared to the System 1 baseline, the global warming impact of System 3 
remains higher by at least 31%. However, baseline, the impact of System 2 
changes the direction of the results. With 50% recycled content, System 2 has a 13% smaller global 
warming impact than System 1, and with 100% recycled content the impact of System 2 is 17% 
smaller than System 1. From this sensitivity analysis, it is evident that the direction of the results is 
sensitive to the amount of recycled content considered in the LDPE pouch alternatives. 

Across other impact categories, when System 2 has 50% recycled content in the LDPE pouch its 
impacts change between -15% (water consumption) and 2% (marine eutrophication). When it has 
100% recycled content in the LDPE pouch, its impacts change between -31% (water consumption) 
and 5% (marine eutrophication). For System 3, the use of 50% recycled content in the LDPE pouch 
changes its impacts by -11% (water consumption) and 2% (marine eutrophication). The use of 100% 
recycled LDPE in System 3 changes impacts between -22% (water consumption) and 3% (marine 
eutrophication. 

Figure 21: Sensitivity analysis investigating the influence on climate change impacts of the studied refill systems under 
the sensitivity scenario exploring the variation in recycled content of the LDPE pouches. System 1: 10 D-PAK Cartons 

and 1 PP Bottle, System 2: 5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 PP Bottle.
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4.4.2.2 Recycling rate variability

The results of the sensitivity analysis exploring the impact of the variation in the recycling rates of 
the D-PAK carton, LDPE pouches, and PP bottle on the refill systems considered in this study can 
be seen in Figure 22. For System 1, the best-case end of life scenario leads to a decrease in global 
warming impact of 8%, and an increase of 21% with the worst-case scenario. For System 2, the best-
case end-of-life scenario leads to a decrease in global warming impact of 3%, and an increase of 5% 
with the worst-case scenario. For System 3, the best-case end of life scenario leads to a decrease in 
global warming impact of 4%, and an increase of 5% with the worst-case scenario.

Even in the best-case end-of-life scenario for System 3, the global warming impact is still 33% higher 
than the , however it is only 13% higher than -case 
scenario. In the best-case end-of-life scenario for System 2, the global warming impact is still 27% 
higher than , however it is only 8% higher than the -case 
end-of-life results. Overall, even using worst case end of life allocation assumptions for System 1
(i.e. where 0% of cartons get recycled), System 1 still has a lower impact than Systems 2 and 3. There 

directional change in the results for global warming impacts, this is also true for the water 
consumption, land use, and fossil resource scarcity impact categories (See Appendix D). 

Across other impact categories, the best-case end of life scenario for System 1 leads to reductions 
of <1% (for ionising radiation, land use, fossil resource scarcity, and water consumption) to 17% for 
freshwater eutrophication. The worst-case end of life scenario for System 1 leads to increased
environmental impacts of <1% (for ionising radiation and land use) to 42% for freshwater 
eutrophication. For System 2, the best-case end of life scenario leads to reductions of <1% (for 9
impact categories) to 7% for marine eutrophication. The worst-case end of life scenario for System 
2 leads to increased environmental impacts of <1% (for 9 impact categories) to 9% for marine
eutrophication. For System 3, the best-case end of life scenario leads to reductions of <1% (for 9 
impact categories) to 7% for marine eutrophication. The worst-case end of life scenario for System 
3 leads to increased environmental impacts of <1% (for 9 impact categories) to 9% for marine 
eutrophication. The impact categories most affected (with the biggest percentage change from the 
baseline values) by the end-of-life scenarios from the results of this study are freshwater 
eutrophication and marine eutrophication.

Figure 22: Sensitivity analysis investigating the influence on climate change impacts of the studied refill systems under 
the sensitivity scenario exploring the best-case and worst-case end of life allocations for the LDPE pouches, the D-PAK

carton, and the PP bottle. System 1: 10 D-PAK Cartons and 1 PP Bottle, System 2: 5.56 1.8L LDPE Pouches and 1 PP 
Bottle, System 3: 10 1L LDPE Pouches and 1 PP Bottle.
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4.4.2.3 Circular Footprint Formula (CFF)

The results of the sensitivity analysis exploring the variation in climate change impact using an 
alternative end-of-life allocation method, the Circular Footprint Formula, are shown in Figure 23. 

The results show that across the three systems the climate change impact is lower when utilising 
the CFF method (47%, 45% and 42% lower across systems 1 to 3)

The impacts across all three systems have a narrower range of results compared to the cut-off 
method used in the baseline with a range of 0.3 kgCO2e across all the systems when using the CFF 
compared to 0.5 kgCO2e when using cut-off.

Figure 20 also shows error bars that show the impact of changing the recycling rates to explore the 
impact of the best and worst recycling rates, the effects on baseline are described in 4.4.2.2. 

Figure 20 shows that if the worst-case recycling rates are realise for system 1 and the best rates are 
realised for systems 2 and 3 then overall impact of the systems falls to within 0.1 kgCO2e of each 
other.
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Figure 23: Sensitivity analysis investigating the influence on climate change impacts of undertaking 
an alternative end-of-life allocation method. System 1 refers to 1L PP detergent bottle refilled with 

1L D-PAK carton, System 2 refers to 1L PP detergent bottle refilled with 1.8L LDPE pouch, and 
System 3 refers to 1L PP detergent bottle refilled with 1L LDPE pouch.
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4.4.2.4 Distribution distance variation

The results of the sensitivity analysis exploring the impact of the variation in the downstream 
transport of the refill scenarios considered in this study can be seen in Figure 24. Here we can see 
that the variation in the downstream transport of System 1 leads to a decrease in impact of 6%. For 
System 3, there is a 3% decrease in impact, but its impact compared to 
is 43% higher. For System 2, there is a 2% decrease in impact, but its impact compared to System 

baseline results is 59% higher.  

Across other impact categories, the variation in the downstream transport of System 1 leads to 
reductions in impact between 1% and 25% (for terrestrial ecotoxicity). For System 2, the change 
leads to a reduction in impact between <1% and 18% (for terrestrial ecotoxicity). For System 3, the 
change leads to a reduction between <1% and 21% (for terrestrial ecotoxicity). The impact 
categories most affected by the variation in downstream transportation are terrestrial ecotoxicity, 
ozone formation human health, and ozone formation terrestrial ecosystems.

Figure 24: Sensitivity analysis investigating the influence on fossil resource scarcity impacts of the studied refill systems 
under the sensitivity scenario exploring a decrease in downstream transport distance for the three refill systems 

considered. System 1: 10 D-PAK Cartons and 1 PP Bottle, System 2: 5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 
10 1L LDPE Pouches and 1 PP Bottle.
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4.4.2.5 Pouch weight variation 

The results of the sensitivity analysis exploring the impact of the variation in pouch weight of the 
LDPE Pouch refill systems considered in this study can be seen in Figure 25. Here we can see that 
the impact of System 3 increases by 32% using the weight variance derived from the 0.5L LDPE 
pouch and decreases by 0.18% using the weight variance derived from the 0.6L LDPE pouch. 
Compared to the baseline System 1 results, the impact System 3 is 38-82% higher. We also see that 
the impact of System 2 increases by 57% using the weight variance derived from the 0.5L LDPE 
pouch and increases by 13% using the weight variance derived from the 0.6L LDPE pouch. Compared 
to the baseline System 1 results, the impact of System 2 is 49-106% higher. Hence, the variation in 
weight does not directionally affect the results of the LCA study. This is also true across the water 
consumption, land use, and fossil resource scarcity impact categories (See Appendix D). 

Across other impact categories, the variation in the pouch weight for System 2 increases impacts 
between 21% (land use) and 61% (marine eutrophication) for the 0.5L pouch scenario and increases 
impacts between 5% (land use) and 14% (marine eutrophication) for the 0.6L pouch scenario. As 
for the variation in the pouch weight for System 3, it increases impacts between 8% (land use) and 
38% (marine eutrophication) for the 0.5L pouch scenario, and changes impacts between -4% (fossil 
resource scarcity) and 2% (marine eutrophication) for the 0.6L pouch scenario.

Figure 25: Sensitivity analysis investigating the global warming impacts of the studied refill systems under the sensitivity 
scenario exploring variation in the pouch weights for the 1L and 1.8L LDPE Pouch refill scenarios. System 1: 10 D-PAK

Cartons and 1 PP Bottle, System 2: 5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 PP 
Bottle.

0.0 0.5 1.0 1.5 2.0 2.5 3.0

System 1

System 2

System 3

global warming, kg CO2 eq

Baseline value Weight variance (0.6L) Weight variance (0.5L)
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4.4.2.6 PP bottle material variation

The results of the sensitivity analysis exploring the impact of the variation in the
in this study can be seen in Figure 26. For this 

sensitivity analysis, a HDPE bottle was considered, keeping the same assumptions around the 
amount of material required, and the composition and weight of the other bottle components (e.g. 
cap, label, and ink). For System 1
2.3% increase in global warming impact. For both Systems 2 and 3
material leads to an increase in global warming impact of 1.7-1.8%. 
significant directional change in results from a change in bottle material to HDPE; results could differ 
for a change to a PET bottle. This is also true for the land use, water consumption, and fossil resource 
scarcity impact categories. 

Figure 26: Sensitivity analysis investigating the global warming impacts of the studied refill systems under the sensitivity 
scenario exploring variation in the material of the bottle being refilled. System 1: 10 D-PAK Cartons and 1 PP Bottle, 

System 2: 5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 PP Bottle.

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

System 1

System 2

System 3

global warming, kg CO2 eq

Baseline value Use of HDPE Bottle



60

4.4.2.7 Secondary packaging variation

The results of the sensitivity analysis exploring the impact of the variation in secondary 
packaging can be seen in Figure 27. Four packaging options are available for the D-PAKTM cartons: 

Option 1: 2x3 Wrap around B-flute, 8.24 g per D-PAKTM carton
Option 2: 2x3 Wrap around E-flue, 7.92 g per D-PAKTM carton
Option 3: 2x4 Wrap around B-flute, 12.12 g per D-PAKTM carton
Option 4: 2x4 Wrap around E-flue, 10.30 g per D-PAKTM carton

The baseline scenario of the D-PAKTM carton uses secondary packaging option 1 (see Appendix H for 
more details). 

As seen in this figure, there is a 0.4% decrease in impact when option 2 is selected instead of the 
baseline packaging option. There is an increase of 2.4% with option 4 and an increase of 4.5% with 
option 3. It is worth noting that even with option 4, the baseline impacts of Systems 3 and 2 
(respectively 1.74 kg CO2e and 1.69 kg CO2e) are still higher. Therefore, a variation in the secondary 
packaging options available for System 1 does not directionally affect the results of the comparative 
LCA. 

Across other impact categories, option 2 -1% and 0%, 

impacts by between 2% and 4%.

Figure 27: Sensitivity analysis investigating the global warming impacts of D-PAK refill system under the sensitivity 
scenario exploring variation in secondary packaging options.
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4.4.2.8 Packaging function in a single use scenario

The results of the sensitivity analysis exploring the global warming impacts of a single use system 
instead of a refill system can be seen in Figure 28. As seen in this figure, overall, a single use system 
(i.e. a system where consumers continue to stick with single use despite refill options being 
available), leads to a decrease in overall impact. For System 1, a single use system leads to a 22.5% 
decrease in impact, for System 2 this is a decrease of 15.6%, and for System 3 this is a decrease of 
14.0%. Across these single use scenarios, System 1 using only D-PAK cartons has the lowest global 
warming impact, 16% lower than the single use system and 7% lower than 
single use systems. The single use PP Bottle has the highest impact, 224% higher than the single use 
System 1 and 318% higher than the baseline System 1 refill system. 

Figure 29 shows the impact of the sensitivity analysis exploring the land use impacts of a single use 
system instead of a refill system. In this figure, the System 1 single use scenario has the highest 
impact compared to the refill system and the other product systems considered. 

Across other impact categories, for System 1, a single use system changes impacts by between -
30% (fossil resource scarcity) and 4% (land use). For System 2, a single use system changes impacts 
by between -24% (land use) and -3% (marine eutrophication). For System 3, a single use system 
changes impacts by between -30% (ionising radiation) and -7% (marine eutrophication).

Figure 28: Sensitivity analysis investigating the global warming impacts of a single use system compared to the refill 
system being considered in this study. For the refill systems: System 1: 10 D-PAK Cartons and 1 PP Bottle, System 2: 
5.56 1.8L LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 PP Bottle. For the single use systems: 

System 1 refers to 11 1L D-PAK cartons used, System 2 refers to 6.1 1.8L LDPE pouches, and System 3 refers to 11 1L 
LDPE Pouches. 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
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System 2

System 3
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Figure 29: Sensitivity analysis investigating the land use impacts of a single use system compared to the refill system 
being considered in this study. For the refill systems: System 1: 10 D-PAK Cartons and 1 PP Bottle, System 2: 5.56 1.8L 

LDPE Pouches and 1 PP Bottle, System 3: 10 1L LDPE Pouches and 1 PP Bottle. For the single use systems: System 1 refers 
to 11 1L D-PAK cartons used, System 2 refers to 6.1 1.8L LDPE pouches, and System 3 refers to 11 1L LDPE Pouches.
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4.4.3 Uncertainty analysis

The selected data, allocation, assumptions, and impact assessment methodologies all introduce 
inherent uncertainty into the model results. The completeness and consistency of the data to meet 
the requirements of the goal and scope have been assessed iteratively whilst undertaking this study 
and the data quality assessment has been used to document this analysis. A typical way to explore 
uncertainty of the chosen data could be Monte Carlo analysis, however this requires detailed 
probability information for the data points in the study, which was not available. Some of the 
uncertainties discussed in this section have been explored in the sensitivity analyses in section 4.4.2

There is broad uncertainty in this study relating to both the LDPE pouch and the PP bottle, as the 
packaging formats were selected based on a market analysis of common bottle and pouch formats 
for detergent refill systems. There are several options on the market for both bottles and pouches 
that consumers could choose from in selecting detergent packaging. Attempts were made in the 
sensitivity analysis section of this study to understand if variation in these packaging formats could 
impact the overall conclusions of the comparison between System 1 and the LDPE pouch refill 
systems.

Additional uncertainty in this study stems from consumer behaviour surrounding refill systems. It is 
not certain that consumers buying the D-PAK carton, the pouch or the bottle will adhere to the 
recommended refill structure. Consumers may use all packaging formats as single use options or 
may refill more or less times than the assumed 10 refills in this study.

Furthermore, some of the results show marginal differences between System 1 and Systems 2 and 
3. This is true for the water consumption impact, where System 1 has 2-3% higher impact, and 
across terrestrial ecotoxicity (5-14% difference), ozone formation human health (2-3%), ozone 
formation terrestrial ecosystems (-4-0.4%), ionizing radiation (6-8%), and stratospheric ozone 
depletion (1-13%). 

Among the impact categories considered in this study, it is important to note that there is a variation 
in confidence level of these indicators. High confidence impact categories include global warming, 
stratospheric ozone depletion, and fine particulate matter formation.  Several medium confidence 
impact categories are included in this study. There is some level of uncertainty associated with 
ionising radiation; this is mainly related to the fact that many nuclear power stations are situated 
on the coast and use marine water in their reactors, however all emissions to water (except 
freshwater) are 
remaining freshwater emissions. This impact category also excludes emissions to the lower and 
upper troposphere. The marine eutrophication impact category also presents some limitations. For 
instance, emissions to water (seawater, freshwater) are unspecified, and several elements such as 
iron (which affects phytoplankton productivity) and nitrogen emitted to rivers are not considered 
in this method.
Several impact indicators are low confidence indicators. For human carcinogenic and non-
carcinogenic toxicity, there is a high level of uncertainty mainly associated with the limited number 
of characterised substances. High levels of uncertainty are also present for freshwater ecotoxicity
which is currently only represented by toxic effects on aquatic freshwater species in the water 
column. Impacts on other ecosystems, including sediments, are not reflected in current general 
practice. Characterised inorganics only comprise of a few metals, and other inorganics are not 
reflected in this indicator. Human toxicity (carcinogenic and non-carcinogenic) also presents 
significant uncertainty as the characterised inorganics comprise of a few metals, and other 
inorganics are not available. 

These key uncertainties in this study should be carefully considered when interpreting and reporting 
the study results.
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4.5 Limitations, representativeness, consistency, and reproducibility

A consistent approach has been applied to all packaging formats and systems included in this study. 
Primary data has been used where possible and available. Where data was not available, in the 
manufacturing processes of the pouch and bottle formats, assumptions have been made using 
reliable sources and packaging expertise. Where data was not available for any of the packaging 
formats, for example in the transportation distances the EU PEF guidance has been used. A 
consistent system boundary and allocation approach has been applied to all products included in 
the study. 

This report sets out the scope, methodology, inventory data and assumptions used to estimate the 
environmental footprints of each product in such a way that an LCA practitioner could reproduce 
the results.

To align with the requirements set out in the ISO14040/44 guidance the following limitations have 
been identified:

The end-of-life allocation method selected has a significant impact on the climate change 
impact of the systems, with all systems showing lower impact when utilising CFF. The range 
of impact range between the systems is narrowed in range when using CFF. The inclusion 
of recycling rate variability further reduces this range. This shows that results and 
conclusions that can be reached from the results are very dependent on LCA allocation 
choice.
The manufacturing processes for the LPDE pouch format and the PP bottle format were 
assumed based on secondary data and matched to ecoinvent factors. Primary recorded 
data on the production processes for each of these formats could improve result accuracy.
The LDPE pouch and PP bottle data on the volume, composition, mass and secondary 
packaging were selected by Elopak based on a market analysis of the most likely packaging 
format that would be a competitive to the D-PAK carton. The conclusions drawn from this 
assumption were analysed via sensitivity scenarios to understand how results may change
the overall. However, these comparisons are theoretical and as such the conclusions may 
not be representative of all packaging markets. The market research completed to identify 
the LDPE and PP formats focused on German markets, with the assumption that these 
formats could be applied to a general European market. These assumptions are limited as 
packaging formats in terms of volume, mass and composition may differ across markets
and from consumer to consumer.
In this model ecoinvent 3.10 was used. During this project, a few issues relating to water 
consumption were identified which have not yet been reported by Ecoinvent. The errors in 
water consumption mainly relate to wastewater treatment processes. In this model some 
of these wastewater treatment processes are part of background data in the factors 
selected. As such, there is a degree of uncertainty in the water use results. In addition to 
this, it is generally acknowledged that there may be a limited level of confidence in water 
use, fossil resource, and land use indicators compared to other impact categories.
In place of any other data, it was assumed that the ink consumption for the LDPE, PP and 
HDPE packaging formats was equivalent to the ink usage on the D-PAK carton. Therefore, 
the ink grammage is considered the same across all packaging formats, this is unlikely to be 
the case.
In place of any primary information on downstream distribution (from packaging site to 
filling and from filling site to distribution to retail) the EU PEF guidance was used. The actual 
distance each packaging format may travel between sites may differ depending on the 
location of the detergent filling site and the market. Therefore, the results relating to 
transport are limited by this assumption. In addition, it is possible transportation impacts of 
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packaging may be impacted by different loss, failure or wastage rates between the different 
packaging formats either during transportation to distribution or retail or during the 
customer use phase.
The exclusion of the filling and sealing from the boundaries of this LCA are a limitation in 
the comparison made between the packaging formats. Variations in impact from product 
waste during filling, manufacturing impact, and sanitising impacts may occur between the 
studied products due to their shape or filling process. Statistics on both LDPE pouches and 
the cartons are variable depending on geography and source of the statistic. As such, the 
conclusions draw on the comparison to end-of-life are limited by inconsistent data 
availability.
End-of-life transportation distances used in this study are based on average distances waste 
travels in the UK as waste distribution information is not available for Europe. This may limit 
the end-of-life transportation distance results as distances travelled by waste in Europe may 
differ to that of the UK.
The assumed number of refills for the refill system selected by Elopak based on internal 
discussion. In reality refill systems will see variation in the number of refills achieved, this 
will affect the comparator results. No data was available on the range of refills that could 
be achieved
The results show marginal differences between System 1 and Systems 2 and 3 across 
various impact categories which limits the extent to which one system can be said to have 
lower environmental impacts than another. As discussed in Section 4.4.3, marginal 
differences can be found for water consumption (2-3% difference), terrestrial ecotoxicity 
(5-14% difference), ozone formation human health (2-3% difference), ozone formation 
terrestrial ecosystems (-4-0.4% difference), ionizing radiation (6-8% difference), and 
stratospheric ozone depletion (1-13% difference). 

More generally, the results within this report are limited by:

The scope, boundaries and reference period defined within this assessment (e.g. cradle-to-
gate plus end of life system boundary);
The secondary data used for the product systems;
The data quality defined within this assessment (see Appendix C); and
The assumptions defined within this assessment (see Section 2.7)

A life cycle assessment should not be used as the sole decision making tool for assessing the 
sustainability of a product.

4.6 Conclusions and recommendations 

The LCA study presented in this report generated environmental profiles of the cradle-to-gate plus 
end-of-life of the three following refill systems: 1) 10 D-PAK cartons and a PP Bottle, 2) 5.56 1.8L 
LDPE Pouches and a PP Bottle, 3) 10 1L LDPE Pouches and a PP Bottle.

The conclusions of this report are specific to the products examined. The environmental impacts 
can only be stated within the boundaries and assumptions of this model.

The following conclusions can be drawn from this study: 
System 1 estimated to have a lower environmental impact across 11 impact categories 
compared System 2, and a lower environmental impact across 14 impact categories 
compared to System 3. 

o The global warming impact of System 1 is estimated to be 28% lower when 
compared to System 3, and 24% lower when compared to System 2 based on the 
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methodology employed in this study. It is important to note that the 
methodological choices and the recycled content in Systems 2 and 3 play a large 
role in the directional conclusions of this study as shown in the Sensitivity analyses 
in section 4.4.2. 

o The water consumption impact of System 1 is estimated to be 2% higher when 
compared to System 3, and 3% lower when compared to System 2. Limitations to 
this conclusion can be found in Section 4.5.

o The fossil resource scarcity impact of System 1 is estimated to be 33% lower when 
compared to System 3, and 38% lower when compared to System 2.

o The land use impact of System 1 is estimated to be 425% higher when compared 
to System 3, and 575% higher when compared to System 2.

Despite the findings that System 1 has the lowest environmental impacts across 11 impact 
categories compared to system 2 and 14 impact categories compared to system 3, the 
sensitivity exploration in this study showed some variation in the results 
results:

o The estimated global warming impact varies between 1.21 and 1.56 kgCO2e under 
different sensitivity scenarios explored in this study. 

o The estimated water consumption varies between 0.009 and 0.010 m3 under 
different sensitivity scenarios explored in this study.

o The estimated fossil resource scarcity varies between 0.037 and 0.042 kg oil eq. 
under different sensitivity scenarios explored in this study.

o The estimated land use impact varies between 0.450 and 0.474 m2a crop eq. under 
different sensitivity scenarios explored in this study.

o In particular, the specifications of the comparative pouch plus the end-of-life 
treatment assumptions and allocation method have the largest impact on the 
results. This indicates that, while the carton may have lower environmental impact 
compared to a pouch system this conclusion is sensitive specific nature of the 
comparison. 

A sensitivity analysis on end-of-life allocation method showed that climate change impacts 
of all the systems are very dependent on allocation choice. This uncertainty means that it 
is likely that any conclusions around the relative performance of the different packaging 
systems are closely linked to LCA methodology choices.
Building on the variation that can be seen when exploring the sensitivity of the results there
are some aspects of this study that could be improved by including more primary data.

o The main aspect of this study where primary data would improve the robustness of 
the conclusions is to include more primary data on the LDPE pouch. 

o In addition, this study could be improved by including a more specific pouch 
comparison that is a known comparator to System 1. However, a lack of primary 
data on pouch vs carton refill systems made this difficult to do. To mitigate this lack 
of primary data efforts were made to include and explore as much variation in the 
pouch format as possible to understand if and how conclusions may change.

It should be noted that the entire detergent life cycle is excluded from this study. Regardless 
of the packaging choice it is possible that the detergent production process, filling process 
and transportation distance of empty and full packaging between the detergent production 
site will have a significant impact on the life cycle impacts of all the systems explored here. 
Results may be impacted by different loss, failure or wastage rates between the different 
packaging formats either during transportation to distribution or retail or during the 
customer use phase.
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Based on the findings from the study Anthesis have made the following recommendations have 
been made: 

The largest contributor to System 1 is the impact of raw materials extraction. Anthesis 
recommend that Elopak explore methods for reducing impact during these stages by 
exploring options to:

o Reduce the amount of material used in the cartons; for example, by reducing the 
weight of the carton board used in the D-PAK carton and reducing the thickness 
of the PE layer on the carton board.

o It should be noted that any material reductions should carefully consider how the 
integrity of the packaging is affected. If material reduction leads to increased 
product loss this is likely to negate any impact reductions made from removing the 
material. 

o Explore alternatives barriers to LDPE plastic lining such as coatings that maintain 

life.

Anthesis also recommends that Elopak continue to monitor the end-of-life routes available 
and recycling process applicable to the D-PAK carton. In addition, Elopak should take
action in improving collection, sorting and waste processing infrastructure in markets 
where there are known challenges. This recommendation is driven by uncertainty in both 
availability of collection and coverage of carton recycling processes across Europe.
Additionally, we would recommend that Elopak collaborate with the wider value chain to 
understand and mitigate any unintended consequences upstream or downstream of the D-
PAKTM carton. This could include taking action in improving collection, sorting, and waste 
processing infrastructure in markets where there are known challenges. 
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This critical review assessed a comparative environmental life cycle 
assessment (LCA) of an Elopak D-PAK™ carton refill system and a pouch refill 
system. Anthesis carried out the study for Elopak in accordance with the 
international standards on LCA: ISO 14040:2006 and ISO 14044:2006. Details 
of this LCA study are provided below: 
 

• Title of study: “Comparative Life Cycle Assessment: D-PAK™ Carton 
refill system vs pouch refill system”. 

• Commissioner of the study: Elopak. 
• Practitioner of the study: Rebecca Furlong and Anais Beninger 

(Anthesis). 
• Version of the report which the review statement belongs: Sept24 
• File name: “Elopak_non_food_ISO_report_for_review_round 1_shared 

wreviewers_Sept24.docx”. 
• Assurance type: third party assurance via critical review. 

 
As the commissioner of this LCA may provide headline results to customers, 
ISO 14040/44 requires that a critical peer review is carried out by a panel of 
interested parties. An accompanying review was therefore undertaken by the 
following reviewers based on ISO 14044:2020 Section 6.3. All reviewers were 
external and independent of the LCA project. 
 

• Matthew Fishwick – Environmental Consultant at Fishwick 
Environmental Ltd – Matt has 17+ years of experience in life cycle 
assessment. Past clients in include 3M, Lonza, BP, ABF, PepsiCo, 
Honeywell, Jotun, GSK, and Johnson & Johnson. He has PhD, MRes, 
MSc and BSc degrees in environmental chemistry and is a member of 
the Royal Society of Chemistry (MRSC). 

• Frank Wellenreuther – Senior Scientist at the Institute for Energy and 
Environmental Research – Frank is a specialist consultant with more 
than 15 years of experience in Life Cycle Assessment and related 
environmental footprinting. He is a senior scientist and theme leader at 
ifeu, the Institute for Energy and Environmental Research based in 
Germany. He specialises in the field of food and beverage packaging 
with a broad technical knowledge about paper and plastic based 
products.  He has led numerous ISO-compliant LCA projects and has 
also performed many critical reviews. Ifeu is an independent and not-for-
profit scientific research and consultancy institute. 

• Joris Simaitis – PhD researcher at the University of Bath – developing 
advanced LCA methods of transport technologies. He is an accredited 
LCA practitioner (PIEMA, REnvP) with over 5 years experience in 
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delivering and reviewing LCA in consumers goods, construction, and 
energy technologies. 

 
Details of the review are provided in this critical review statement, which has 
been prepared in accordance with ISO-TS 14071:2016 and ISO 14044:2006.  
 
The critical review process ensured that: 

• The methods used to carry out the LCA are consistent with ISO 
14040/44; 

• The methods used to carry out the LCA are scientifically and 
technically valid; 

• The data used are appropriate and reasonable in relation to the goal of 
the study; 

• The interpretations reflect the limitations identified and the goal of the 
study; and 

• The study report is transparent and consistent. 
 
The critical review process involved a detailed review of the LCA report by all 
panel members for conformance with ISO 14040/44. The review was 
undertaken at the end of the study. The reviewers used a peer review template 
to log their comments, based on the example given in ISO-TS 14071. These 
comments were discussed between reviewers before being sent to and 
discussed with Anthesis. Responses to these comments were sent back to the 
panel of reviewers along with an updated version of the LCA report to check. 
The reviewers proceeded to check that they were satisfied with the responses 
or requested final changes.  
 
The reviewers were provided with a detailed LCA report, details of individual 
datasets, and calculations. Having re-read the final report and responses to 
final comments, the reviewers are confident that this study is in conformance 
with ISO 14040:2006 and ISO 14044:2006. 
 
Table 1 (ISO conformance comments) and 
 (general comments) comprise the critical review report, with comments from 
the reviewers and responses from Anthesis. 
 
Yours sincerely, 
  

 
 

  

Matthew Fishwick  Frank Wellenreuther Joris Simaitis 
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Table 1 – Log of ISO 14044:2020 conformance review comments and responses 
 

Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

Goal and 
scope            

LCA studies shall include the goal and scope 
definition, inventory analysis, impact assessment 
and interpretation of results. 

4.1 Yes - - Yes 

LCI studies shall include definition of the goal and 
scope, inventory analysis and interpretation of 
results. The requirements and recommendations 
of this International Standard, with the exception 
of those provisions regarding impact assessment, 
also apply to life cycle inventory studies. 

4.1 Yes - - Yes 

An LCI study alone shall not be used for 
comparisons intended to be used in comparative 
assertions intended to be disclosed to the public. 

4.1 Yes - - Yes 

Goal and scope shall be clearly defined and shall 
be consistent with the intended application. 

4.2.1 Yes - - Yes 

In defining the goal of the study, items listed in 
4.2.2 shall be stated: 
⎯ the intended application; 
⎯ the reasons for carrying out the study; 
⎯ the intended audience, i.e. to whom the results 
of the study are intended to be communicated; 
⎯ whether the results are intended to be used in 
comparative assertions intended to be disclosed 
to the public. 

4.2.2 No "The goal is defined well and contains 
the necessary information. However, I 
identify two issues and risks that I 
would like solved: 
 
1) References to ""accuracy"" and 
""reliability"" of the LCA which I don't 
think are appropriate statements and 
could be misleading.  The reason being 
is that although primary data used may 
be accurate/reliable, there are also 
many assumptions in the study and 
reliance on many secondary data for 
emissions factors etc. - this is standard 
for ISO-compliant LCA of course, but 
the reality is that environmental impact 
profiles are estimates. Moreover, there 
is not a focus on accuracy with any 
uncertainty assessments other than a 
sensitivity analysis. Hence, I think this 
should rephrased along the lines of 

Wording has been changed: 
- The words accurate and 
reliable have been removed and 
replaced with the word evaluate  
- The second statement has 
been removed completely 

Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

“Evaluate/assess/estimate and 
compare…” with broader terminology. 
 
2) There optimism bias in a statement 
surrounding communicating benefits to 
customers. This objective incentivises 
that trade-offs may be omitted and 
could risk misleading claims to 
customers. From an LCA point of view, 
I would like to see the objective either 
removed or amended to include trade-
offs and become impartial." 

The definition of the scope shall consider and 
clearly define a list of items detailed in section 
4.2.3.1 of ISO 14044: 
⎯ the product system to be studied; 
⎯ the functions of the product system or, in the 
case of comparative studies, the systems; 
⎯ the functional unit; 
⎯ the system boundary; 
⎯ allocation procedures; 
⎯ LCIA methodology and types of impacts; 
⎯ interpretation to be used; 
⎯ data requirements; 
⎯ assumptions; 
⎯ value choices and optional elements; 
⎯ limitations; 
⎯ data quality requirements; 
⎯ type of critical review, if any; 
⎯ type and format of the report required for the 
study. 

4.2.3.1 No There is inconsistency in the boundary 
description: in some cases "cradle to 
gate plus end-of-life" and in others 
"cradle-to-grave". 
 
Interpretation to be used not provided 
in G&S section. 

Boundary description has been 
changed to cradle-to-gate plus 
end-of-life across the report 
 
Added section 2.15 to describe 
interpretation 

Yes 

The scope shall define whether a critical review is 
necessary and if so what type of review and who 
would conduct it, and their level of expertise. 

4.2.3.8 No Level of expertise not provided - we 
can each add a one liner. 

Please add to section 1.4 Yes 

Functional 
unit            

The scope of an LCA shall clearly specify the 
functions (performance characteristics) of the 
system being studied. 

4.2.3.2 No See FW general comments if 10L is 
the right choice here. 
 
Should the function be to contain 11 L, 
to include the first PP bottle? 

References to the functional unit 
have been improved throughout 
the report. The functional unit is 
and always has been 11L. 

Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

The functional unit shall be consistent with the 
goal and scope of the study. 

4.2.3.2 Yes - - Yes 

The functional unit shall be clearly defined and 
measurable and clearly specify the functions of 
the system being studied and reference flow shall 
be defined. 

4.2.3.2 Yes - - Yes 

Comparisons between systems shall be made on 
the basis of the same function(s), quantified by 
the same functional unit(s) in the form of their 
reference flows. If additional functions of any of 
the systems are not taken into account in the 
comparison of functional units, then these 
omissions shall be explained and documented. 
As an alternative, systems associated with the 
delivery of this function may be added to the 
boundary of the other system to make the 
systems more comparable. In these cases, the 
processes selected shall be explained and 
documented. 

4.2.3.2 Yes - - Yes 

System 
boundary           

The system boundary determines which unit 
processes shall be included in the LCA. The 
system boundary shall be consistent with the goal 
of the study and criteria used to establish it shall 
be explained. 

4.2.3.3.1 No There is inconsistency in the boundary 
description: in some cases "cradle to 
gate plus end-of-life" and in others 
"cradle-to-grave". Filling and tertiary 
packaging are not listed as exclusions 
to the boundary. 

See H7 
Added in filling & tertiary 
packaging exclusion 

Yes 

Decisions shall be made regarding which unit 
processes to include in the study and the level of 
detail to which these unit processes shall be 
studied. 

4.2.3.3.1 Yes - - Yes 

Any decisions to omit life cycle stages, 
processes, inputs or outputs shall be clearly 
stated, and the reasons and implications for their 
omission shall be explained. 

4.2.3.3.1 No The decisions to omit the detergent, 
filling, retail, use, customer transport, 
tertiary packaging have not been 
discussed or justified. For the latter 
four they could probably be based on 
them being similar/identical for each 
product system and immaterial. For the 
detergent and filling, I could see there 
being differences, which would be 

A row has been added to table 
12 discussion the exclusion of 
retail, use and customer 
transport.  
There is already a row in table 
12 discussion tertiary packaging 
exclusion 
A row has been added to table 
12 to highlight the exclusion of 
the detergent filling process. We 

Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

good to explain and possibly test in a 
sensitivity. 

agree that this would be good to 
include but there is no 
information available on the 
filling process as these detergent 
packaging systems are still in 
development. This has been 
added as a limitation to the study 
in section 4.5. 

Decisions shall also be made regarding which 
inputs and outputs shall be included and the level 
of detail of the LCA shall be clearly stated. 

4.2.3.3.1 Yes - - Yes 

Energy inputs and outputs shall be treated as any 
other input or output to an LCA. The various types 
of energy inputs and outputs shall include inputs 
and outputs relevant for the production and 
delivery of fuels, feedstock energy and process 
energy used within the system being modelled. 

4.2.3.3.2 Yes - - Yes 

Where study intended for comparative assertions 
is disclosed to a third party a sensitivity analysis 
shall be performed. 

4.2.3.3.3 Yes - - Yes 

The cut-off criteria for initial inclusion of inputs 
and outputs and the assumptions on which the 
cut-off criteria are established shall be clearly 
described. The effect on the outcome of the study 
of the cut-off criteria selected shall also be 
assessed and described in the final report. Where 
the study is intended to be used in comparative 
assertions intended to be disclosed to the public, 
the final sensitivity analysis of the inputs and 
outputs data shall include the mass, energy and 
environmental significance criteria so that all 
inputs that cumulatively contribute more than a 
defined amount (e.g. percentage) to the total are 
included in the study. 

4.2.3.3.3 No "The cut-off criteria is defined but I 
think needs some minor adjustment 
and slight evidencing. 
 
Strictly speaking, cut-off criteria 
shouldn't rely on what is or is not 
""anticipated"" since mass and energy 
%'s should be determined, and 
environmental significance should be 
confirmed or sensitivity tested to 
validate cut off. Please could the 
writing be slightly amended. 
 
Justification for Table 12 makes sense 
but it may be good to add that if these 
were included, they would perhaps be 
the same for all the systems and not 
directly related to goal of the study, 

Have updated the wording in 
section 2.11 
See H15 for response re table 12 

Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

similar justification for excluding the 
detergent etc." 

Methodology and 
impact 
categories           

Impact categories, category indicators and 
characterisation models shall be defined and shall 
be in line with the goal. 

4.2.3.4 Yes - - Yes 

It shall be determined which impact categories, 
category indicators and characterization models 
are included within the LCA study. The selection 
of impact categories, category indicators and 
characterization models used in the LCIA 
methodology shall be consistent with the goal of 
the study and considered as described in 4.4.2.2.  

4.2.3.4 Yes - - Yes 

Impact categories, category indicators and 
characterisation models shall be referenced. 

4.4.2.2.1 Yes - - Yes 

Data quality     Data quality requirements shall be specified to 
enable the goal and scope of LCA to be met and 
shall be characterized by both quantitative and 
qualitative aspects. Where a study is intended to 
be used in comparative assertions intended to be 
disclosed to the public, the data quality 
requirements stated in a) to j) in 4.2.3.6.2 shall be 
addressed. 

4.2.3.6.1 
and 
4.2.3.6.2 

Yes - - Yes 

Where data is missing it shall be documented and 
explained. 

4.2.3.6.3 Yes - - Yes 

In a comparative study, the equivalence of the 
systems being compared shall be evaluated 
before interpreting the results. Consequently, the 
scope of the study shall be defined in such a way 
that the systems can be compared. Systems shall 
be compared using the same functional unit and 
equivalent methodological considerations, such 
as performance, system boundary, data quality, 
allocation procedures, decision rules on 
evaluating inputs, and outputs and impact 
assessment. Any differences between systems 
regarding these parameters shall be identified 

4.2.3.7 Yes - - Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

and reported. If the study is intended to be used 
for a comparative assertion intended to be 
disclosed to the public, interested parties shall 
conduct this evaluation as a critical review. 

Methodological 
framework             

A life cycle impact assessment shall be 
performed for studies intended to be used in 
comparative assertions intended to be disclosed 
to the public. 

  Yes - - Yes 

Data collection   Qualitative and quantitative data shall be 
collected for each unit process included in the 
boundary. 

4.3.2.1 Yes - - Yes 

When data have been collected from public 
sources, the source shall be referenced. For 
those data that may be significant for the 
conclusions of the study, details about the 
relevant data collection process, the time when 
data have been collected, and further information 
about data quality indicators shall be referenced. 
If such data do not meet the data quality 
requirements, this shall be stated. 

4.3.2.1 Yes - - Yes 

Individual data shall be further detailed to satisfy 
the goal of the study. 

4.3.2.3 Yes - - Yes 

A description of each unit process shall be 
recorded. 

4.3.2.1 Yes - - Yes 

A validity check shall be performed during 
collection to check it meets data quality 
requirements. 

4.3.3.2 Yes - - Yes 

Calculating data All calculation procedures shall be explicitly 
documented and assumptions made clearly 
stated and explained. 

4.3.3.1 Yes - - Yes 

When determining the elementary flows 
associated with production, the actual production 
mix should be used whenever possible, in order 
to reflect the various types of resources that are 
consumed. As an example, for the production and 
delivery of electricity, account shall be taken of 
the electricity mix, the efficiencies of fuel 

4.3.3.1 Yes - - Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

combustion, conversion, transmission and 
distribution losses. 
Where energy from combustible fuels is 
calculated, it shall be reported whether the higher 
heating value or lower heating value was used. 

4.3.3.1 No Not explicitly documented. It may be 
that conversions were not required. 

Added in a section 3.1.1 no 
conversions were required. 

Yes 

An appropriate flow shall be determined for each 
unit process and quantitative input and output 
data shall be calculated for each. 

4.3.3.3 Yes - - Yes 

Where inputs and outputs of the system need to 
be aggregated, the level of aggregation shall be 
consistent with the study. 

4.3.3.3 Yes - - Yes 

Refining the 
system 
boundary      

Decisions regarding the refining of the system 
boundary shall be based on results of a sensitivity 
analysis to determine significance of data to be 
included/excluded. The initial system boundary 
shall be revised, as appropriate, in accordance 
with the cut-off criteria established in the definition 
of the scope. The results of this refining process 
and the sensitivity analysis shall be documented. 

4.3.3.4 Yes - - Yes 

Allocation         The inputs and outputs shall be allocated to the 
different products according to clearly stated 
procedures that shall be documented and 
explained together with the allocation procedure. 

4.3.4.1 No Allocation procedure do not reference 
the approach used for secondary data. 
A ink to the ecoinvent website can just 
be provided here and 
acknowledgement that there is 
consistency with the current study.  

Added a comment to section 
2.12 

Yes 

The sum of the allocated inputs and outputs of a 
unit process shall be equal to inputs and outputs 
of unit process before allocation. 

4.3.4.1 Yes - - Yes 

Whenever several alternative allocation 
procedures seem applicable, a sensitivity analysis 
shall be conducted. 

4.3.4.1 Yes - - Yes 

Allocation shall be dealt with by using the 
following methods, in order of preference: 
- By dividing the process into sub-processes and 
collecting data on each of these 
- System expansion 

4.3.4.2 Yes - - Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

- Allocation according to physical properties 
- Economic allocation 

Some outputs may be partly co-products and 
partly waste. In such cases, it is necessary to 
identify the ratio between co-products and waste 
since the inputs and outputs shall be allocated to 
the co-products part only. 

4.3.4.2 Yes - - Yes 

Allocation procedures shall apply uniformly to 
similar inputs and outputs. For example, if 
allocation is made to usable products (e.g. 
intermediate or discarded products) leaving the 
system, then the allocation procedure shall be 
similar to the allocation procedure used for such 
products entering the system. 

4.3.4.2 Yes - - Yes 

Changes in the inherent properties of materials 
shall be taken into account. In addition, 
particularly for the recovery processes between 
the original and subsequent product system, the 
system boundary shall be identified and 
explained, ensuring that the allocation principles 
are observed as described in 4.3.4.2. 
 
However, in these situations, additional 
elaboration is needed for the following reasons: 
⎯ reuse and recycling (as well as composting, 
energy recovery and other processes that can be 
assimilated to reuse/recycling) may imply that the 
inputs and outputs associated with unit processes 
for extraction and processing of raw materials and 
final disposal of products are to be shared by 
more than one product system; 
⎯ reuse and recycling may change the inherent 
properties of materials in subsequent use; 
⎯ specific care should be taken when defining 
system boundary with regard to recovery 
processes. 

4.3.4.3 Yes - - Yes 

Impact 
Assessment          

The LCIA phase shall be coordinated with other 
phases of the LCA to take into account the 
following possible omissions and sources of 

4.4.1 Yes - - Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

uncertainty: 
- Whether the quality of the LCI data and results 
is sufficient to conduct the LCIA in accordance 
with the study goal and scope definition; 
- Whether the system boundary and data cut-off 
decisions have been sufficiently reviewed to 
ensure the availability of LCI results necessary to 
calculate indicator results for the LCIA; 
- Whether the environmental relevance of the 
LCIA results is decreased due to the LCI 
functional unit calculation, system wide 
averaging, aggregation and allocation. 
LCIA shall include selection of impact categories, 
category indicators and characterization models; 
assignment of LCI results to the selected impact 
categories (classification); and calculation of 
category indicator results (characterization). 

4.4.2.1 Yes - - Yes 

Whenever impact categories, category indicators 
and characterization models are selected in an 
LCA, the related information and sources shall be 
referenced. 

4.4.2.2.1 Yes - - Yes 

Accurate and descriptive names shall be provided 
for the impact categories and category indicators. 

4.4.2.2.1 No Descriptions and reference to ReCiPe 
v1.08/ World (2016) (Mid-point 
Hierarchical) is provided, however, I 
think it should slightly edited to include 
the "100-year" time scale that the 
midpoint categories account for. 

Descriptions have been updated 
throughout 

Yes 

The selection of impact categories, category 
indicators and characterization models shall be 
both justified and consistent with the goal and 
scope of the LCA. 

4.4.2.2.1 No Many impact categories are assessed 
which is good, however with the 
following line "A key focus of this study 
was the Global Warming, Water 
Consumption, Fossil Resource 
Scarcity, and Land use impact 
assessment categories." I'd like see 
some justification for why these 
categories are of the main concern. 

A sentence has been added to 
highlight these are priority impact 
categories of Elopak  

Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

The selection of impact categories shall reflect a 
comprehensive set of environmental issues 
related to the product system being studied, 
taking the goal and scope into consideration 

4.4.2.2.1 No Same comment as a above; perhaps it 
may be useful for a short background / 
justification for why the categories 
above may be the important for these 
products and consumer goods sector. 

Comment added to section 4 Yes 

The environmental mechanism and 
characterization model that relate the LCI results 
to the category indicator and provide a basis for 
characterization factors shall be described. 

4.4.2.2.1 Yes - - Yes 

The appropriateness of the characterization 
model used for deriving the category indicator in 
the context of the goal and scope of the study 
shall be described. 

4.4.2.2.1 Yes - - Yes 

LCI results other than mass and energy flow data 
included in an LCA (e.g. land use) shall be 
identified and their relationship to corresponding 
category indicators shall be determined. 

4.4.2.2.1 Yes - - Yes 

Comparative 
LCAs          

An LCIA that is intended to be used in 
comparative assertions intended to be disclosed 
to the public shall employ a sufficiently 
comprehensive set of category indicators. 
Comparison shall be conducted category 
indicator by category indicator. 

4.4.5 Yes - - Yes 

The method of calculating indicator results shall 
be identified and documented, including the 
value-choices and assumptions used. 

4.4.2.4 Yes - - Yes 

The application and use of normalization, 
grouping and weighting methods shall be 
consistent with the goal and scope of the LCA 
and it shall be fully transparent. All methods and 
calculations used shall be documented to provide 
transparency. 

4.4.3.1 Yes - - Yes 

The LCA shall not provide the sole basis of 
comparative assertion. 

4.4.5 Yes - - Yes 

Category indicators, as a minimum shall be 
scientifically and technically valid and 
environmentally relevant. 

4.4.5 Yes - - Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

An analysis of results for sensitivity and 
uncertainty shall be conducted for studies 
intended to be used in comparative assertions 
intended to be disclosed to the public. 

4.4.5 Yes - - Yes 

Weighting, shall not be used in comparative LCAs 
intended to be disclosed to the public. 

4.4.5 Yes - - Yes 

Interpretation          The results shall be interpreted according to the 
goal and scope of the study and interpretation 
shall include a sensitivity check. 

4.5.1.1 No Using the CFF in Fig 20 for end-of-life 
modelling seems to have a significant 
influence in outcomes; System 1 is no 
longer a clear winner and probably 
within a margin of error with System 2. 
This a significant finding and probably 
needs some discussion in why the 
Polluter Pays is the baseline method 
used instead of CFF, discussing 
advantages/disadvantages/applications 
of the methods. Also, x-axis label for 
Fig 20 needed. 

Errors were found in the CFF 
calculation from version 1 - this 
has now be updated and all 
graphs updated. 
Discussion has been added in 
2.13 around the choice of EoL 
method.  
Discussion has been added in 
section 4.5 to highlight the 
limitation of EoL choice 
Discussion has been added to 
section 4.6 to highlight that 
conclusions are dependent on 
EoL 

Yes 

Appropriateness of the definitions of system 
functions, system boundary and functional unit as 
well as limitations identified by data quality 
assessment and sensitivity analysis shall also be 
considered in the interpretation. 

4.5.1.2 Yes - - Yes 

Documentation of data quality assessment and 
sensitivity analysis, conclusions and any 
recommendations shall be checked. 

4.5.1.2 Yes - - Yes 

Evaluation          An evaluation shall be undertaken in accordance 
with the goal and scope of the study. The 
following techniques shall be considered: 
- Completeness check 
- Sensitivity check 
- Consistency check 

4.5.3.1 Yes - - Yes 

The findings from the preceding phases (LCI, 
LCIA) shall be assembled and structured together 
with information on data quality. 

4.5.2.3 Yes - - Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

When an LCA is intended to be used in 
comparative assertions intended to be disclosed 
to the public, the evaluation element shall include 
interpretative statements based on detailed 
sensitivity analyses. When the results from the 
preceding phases (LCI, LCIA) have been found to 
meet the demands of the goal and scope of the 
study, the significance of these results shall then 
be determined. All relevant results available at the 
time shall be gathered and consolidated for 
further analysis, including  information on data 
quality. 

4.5.2.3 
and 
4.5.3.3 

Yes - - Yes 

The objective of the completeness check is to 
ensure that all relevant information and data 
needed for the interpretation are available and 
complete. If any relevant information is missing or 
incomplete, the necessity of such information for 
satisfying the goal and scope of the LCA shall be 
considered. This finding and its justification shall 
be recorded. 

4.5.3.2 Yes - - Yes 

The sensitivity check shall include the results of 
the sensitivity analysis and uncertainty analysis, if 
performed in the preceding phases (LCI, LCIA). 
 
In a sensitivity check, consideration shall be given 
to 
⎯ the issues predetermined by the goal and scope 
of the study, 
⎯ the results from all other phases of the study, 
and 
⎯ expert judgements and previous experiences. 
 
When an LCA is intended to be used in 
comparative assertions intended to be disclosed 
to the public, the evaluation element shall include 
interpretative statements based on detailed 
sensitivity analyses. 

4.5.3.3 Yes - - Yes 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

If relevant to the LCA or LCI study the following 
questions shall be addressed. 
- Are differences in data quality along a product 
system life cycle and between different product 
systems consistent with the goal and scope of the 
study 
- Have regional and/or temporal differences, if 
any, been consistently applied? 
- Have allocation rules and the system boundary 
been consistently applied to all product systems? 
- Have the elements of impact assessment been 
consistently applied? 

4.5.3.4 Yes - - Yes 

Conclusions Conclusions shall be drawn from the study. 
Recommendations shall be based on the final 
conclusions of the study, and shall reflect a 
logical and reasonable consequence of the 
conclusions. 

4.5.4 No The conclusion regarding recycled 
content in cartons is not drawn from 
the study. 

This conclusion has been 
removed 

Yes 

Reporting          The results and conclusions of the LCA shall be 
completely and accurately reported without bias 
to the intended audience. 

5.1.1 No Same comment on 4.2.2. goal and 
scope definition relating to optimism 
bias/accuracy. 

See H6 Yes 

The type and format of the report shall be defined 
in the scope phase of the study. 

5.1.1 Yes - - Yes 

The results, data, methods, assumptions and 
limitations shall be transparent and presented in 
sufficient detail to allow the reader to comprehend 
the complexities and trade-offs inherent in the 
LCA. The report shall also allow the results and 
interpretation to be used in a manner consistent 
with the goals of the study. 

5.1.1 Yes - - Yes 

When results of the LCA are to be communicated 
to any third party (i.e. interested party other than 
the commissioner or the practitioner of the study), 
regardless of the form of communication, a third-
party report shall be prepared. The third-party 
report can be based on study documentation that 
contains confidential information that may not be 
included in the third-party report. 

5.2 Yes - - Yes 



	 17 

Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

The third-party report constitutes a reference 
document, and shall be made available to any 
third party to whom the communication is made. 

5.2 Yes - - Yes 

The third-party report shall cover the aspects 
listed in 5.2 and 5.3. 

5.2 and 
5.3 

Yes - - Yes 

Critical 
Review          

The critical review shall ensure that the methods 
used to carry out the LCA are consistent with the 
ISO14044 standard, scientifically and technically 
valid, data is appropriate and reasonable, 
interpretations reflect limitations and study is 
transparent and consistent. 

6.1 Yes - - Yes 

The scope and type of critical review desired shall 
be defined in the scope phase of an LCA, and the 
decision on the type of critical review shall be 
recorded. 

6.1 Yes - - Yes 

A panel of interested parties shall conduct critical 
reviews of LCAs being disclosed to the public. 

6.1 Yes - - Yes 

A critical review may be carried out by an internal 
or external expert. In such a case, an expert 
independent of the LCA shall perform the review. 

6.1 Yes - - Yes 

For LCIA, the expertise of reviewers in the 
scientific disciplines relevant to the important 
impact categories of the study, in addition to other 
expertise and interest, shall be considered. 

6.3 Yes - - Yes 

A review statement and review panel report, as 
well as comments of the expert and any 
responses to recommendations made by the 
reviewer or by the panel, shall be included in the 
LCA report. 

6.3 No Please add critical review report as 
appendix, when available. 

  Yes 

Additional requirements of ISO 14071 shall be 
followed for the review panel report. 

ISO 
14071 

Yes - - Yes 

2017 and 2020 
amendments 

All footprint methodologies and footprint studies 
shall be prepared in accordance with Annex C. 

4.1 TBD - - TBD 
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Category ISO 14044 Requirement ISO 
14044 
clause 
number 

Conforms 
to ISO 
requirement 
(Yes or No) 
at 
beginning 
of review 

Reviewer comment Practitioner of the LCA study 
response 

Conforms 
to ISO 
requirement 
(Yes or No) 
at end of 
review 

If any footprint information is not communicated to 
third parties, the requirements of 5.1.1 shall 
apply. 

(5) Annex 
C.2 

TBD - - TBD 

If any footprint information is intended to be 
communicated to third parties, a third-party report 
in accordance with 5.1.2 and 5.2 c) shall be 
prepared and shall become the footprint study 
report, regardless of the chosen footprint 
communication. This third-party report shall serve 
as an input for the development of any footprint 
communication formats that might have to fulfil 
additional requirements in accordance with the 
relevant International Standards on environmental 
labels and declarations developed by ISO/TC 
207/SC 3. 

(5) Annex 
C.2 

TBD - - TBD 

Footprints shall be named in a way that 
accurately reflects the area of concern or reflects 
the potential environmental impacts assessed. 
Where an area of concern has only been partially 
assessed, an alternative name descriptive of the 
narrower scope shall be applied. 

(5) Annex 
C.2 

TBD - - TBD 

The report of the footprint quantification shall 
document the limitations with regard to selected 
environmental impact categories in a transparent 
manner. 

(5) Annex 
C.2 

TBD - - TBD 

Footprints shall not be used in comparative 
assertions intended to be disclosed to the public. 

(5) Annex 
C.2 

TBD - - TBD 

When an organization decides to use a footprint 
study report as a basis of a footprint 
communication, this footprint study report shall be 
publicly available in accordance with 5.2. 

(6) Annex 
C.3 

TBD - - TBD 

When a critical review is performed, it shall be in 
accordance with Clause 6 or ISO/TS 14071. 

(6) Annex 
C.3 

TBD - - TBD 
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Table 2 – Log of general review comments and responses 
 

Page number of 
comment 

Priority Reviewer comment Practitioner of the LCA study response Reviewer response 

28 High Data source for secondary packaging is EI 3.91. This is not the latest 
version (most recent 3.10). Of course it is the nature of any LCA 
study to strictly be valid only for the covered time scope which lies 
before the publication of EI 3.10. Data will be updated all the time 
and normally this does not mean that an LCA study is automatically 
outdated. The situation here is special somehow, as the with the 
latest EI update to 3.10 most plastics data haven been updated a 
well. And due an underestimation of methane emissions at the 
sourcing of oil and gas in the past, the new datasets show huge 
differences in GWP emission factors to the ones from 3.91 (which 
are quite old in any case). E.g. LDPE now shows 28.6 % higher 
GWP100 emissions than before. (PP is 26.6% higher). I think this 
might be a good reason to consider updating the plastics data for 
this study. Even though that means extra effort and time, Elopak 
might benefit from such an update, as the higher emissions will 
probably affect the pouches' GWP results more than those of the 
cartons.  
EI3.10 was made available in late 2023 which is currently given as 
the time scope of this study. 
If not updated (or additional Sensitivity) it could be argued that a 
study comparing packaging products containing different polymers 
could be outdated the date it is published. 

The LCA study has been updated to 3.10. All graphs, findings, 
conclusions etc have been updated to reflect this change. 

Comment closed. 

51 High The application of the CFF shows, that the GWP benefits of system 
1 is closely related to the choice of allocation. This is not sufficiently 
recognized in the conclusions section. The sensitivity shows that 
there isn't a clear advantage of system 1.  
The slightly lower result is too small in light of the uncertainties 
discussed to be significant. 
The polluter pays approach is not the ideal choice for the base 
scenarios in my view. It should be explained why you would think so. 

Errors were found in the CFF calculation from version 1 - this 
has now be updated and all graphs updated. 
Discussion has been added in 2.13 around the choice of EoL 
method.  
Discussion has been added in section 4.5 to highlight the 
limitation of EoL choice 
Discussion has been added to section 4.6 to highlight that 
conclusions are dependent on EoL 

Comment closed. 

60 High "The global warming impact of System 1 is estimated to be 26% 
lower when compared to System 3, and 21% lower when compared 
to System 2." 
This sentence disregards the results of the sensitivity regarding the 
EOL allocation. But that sensitivity shows that the GWP results are 
dominated by a methodological choice and not by the actual 
packaging products. 

Added: It is important to note that the methodological choices 
and the recycled content in Systems 2 and 3 play a large role in 
the directional conclusions of this study as shown in the 
Sensitivity analyses in section 4.4.2.  

Comment closed. 

60 High Although the impact variations due to the sensitivities are discussed 
in the following abstract it is not made clear, that the difference 
between system 1 and the others is greatly affected by this. 

See E4 Comment closed. 
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Page number of 
comment 

Priority Reviewer comment Practitioner of the LCA study response Reviewer response 

67 High "Liquid packaging board {RER}| market for liquid packaging board | 
Cut-off, S" with time period "2011-2022" 
This is not the correct dataset in EI 3.91 to model the production of 
LPB. Please use: "liquid packaging board production (RER)" which 
has a reference time of 2018. This dataset has been first published 
by ACE. This update leads to lower GWP emissions (amongst 
others) than the dataset from 2011 and has been available in EI 3.91 
already.  
Elopak was involved via ACE in the decision to update these data 
and would probably like to see the improvements of their suppliers 
between 2011 and 2018. 

Factor selection was checked - according to the ecoinvent 
description the factor was created in 2023 with a time period of 
2018-2023 

Comment closed. 
Market dataset has 
been updated with the 
new production data by 
ecoinvent 

67 High "Polyethylene, low density, granulate {RER}| polyethylene 
production, low density, granulate | Cut-off, U" 
As mentioned above, these data include very old gas and oil 
prechains. Consider using the polymer datasets form EI 3.10, as 
they show huge (>25%) differences. 

See E2 Comment closed. 

49 High Figure 18: Why is there a large impact reduction going to 50% 
recycled content, but a small reduction going from 50% to 100% 
recycled content? Could you give a bit more clarification on this? 

Error was found in the Excel lookup - this has now been fixed 
and results updated 

Comment closed. 

54 High I think the HDPE/PP sensitivity may need to be revised since it 
seems the same dimensions are assumed for the products - yet 
HDPE is higher density, so it would require more mass for the same 
dimensions. Could you clarify this? 

Updated calculations in section 4.4.2.6 Comment closed. 

13 High Can more details be provided on how analysis was carried out on 
the PP bottle and pouch to derive mass and composition? E.g. were 
a selection of PP bottles and pouches used for detergent available 
on the market collected, analysed for materials type and weighed? 
How representative of Europe was the sample? Where material 
analysed or assumed? How were they averaged? Can these data be 
provided for the individual products in the appendix? For the pouch, 
is LDPE the most used material, could multi-layer be more suitable 
for liquids, is a coating needed? 

We have expanded the section describing how Elopak 
completed the market research and selected the packaging 
formats on page 13. The limitations have been expanded to 
further to cover the limitations of the market research process. 
The market research data will be shared with the reviewers. 

Comment closed. 

Section 4.4.2. High Can commentary be provide on sensitivity analysis results for other 
impact categories? 

Commentary has been added to each sensitivity. Comment closed. 

Appendix A High Manufacturer data from Elopak not provided in LCI. Added to Table 17 Comment closed. 
Appendix A High Is "Liquid packaging board {RER}| market for liquid packaging board 

| Cut-off, S" the best available data for the board? From previous 
Elopak studies I know that sometimes suppliers can provide their 
LCA data / results? 

Elopak requested we use the liquid packaging board factor. In 
previous Elopak studies supplier data was used in place of the 
ecoinvent factor. After the most recent factor update this 
supplier data is now included in the factor. 

Comment closed. 

6 Medium What is the reasoning behind the 1 L reusable container? Would it 
not be bigger? In particular in reference to the 1.8 L refill - is the 
remainder stored with in the refill until needed? 

See E10. Comment closed. 

13 Medium The function of the packaging system is set at 10 L detergent. In the 
table above it seems to me that the packaging system is not only the 

Functional unit consistency has been updated throughout the 
study 

Comment closed. 
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Page number of 
comment 

Priority Reviewer comment Practitioner of the LCA study response Reviewer response 

refill pack, but includes also the PP bottle. Or maybe it even reads 
that it is only the PP bottle (being refilled). Please clarify what the 
packaging system is.  

14 Medium Filling process is excluded. I could imagine the filling process differs 
between filling a pouch and a carton. Did you check process data for 
the filling process? 

A row has been added to table 12 to highlight the exclusion of 
the detergent filling process. We agree that this would be good 
to include but there is no information available on the filling 
process as these detergent packaging systems are still in 
development. This has been added as a limitation to the study 
in section 4.5. 

Comment closed. 

14 Medium Tertiary packaging seems to be excluded as well. Please mention it 
here and given an explanation why. It is probably not the same for all 
packaging systems due to the different shape and size of the pack 
and their secondary packaging. 

Added to page 14 
 
Update: Tertiary exclusion basis was lack of data and 
assumption of low impact…there is no additional reason for 
exclusion on top of this. 

Comment closed. 

19 Medium The waste collection data refers to UK, yet the geographical scope of 
the study is Europe. Please explain why UK data is used or seen as 
appropriate. In addition, please define what countries are included in 
Europe e.g. EU27, EU27 + UK, Switzerland, Norway, etc 

The waste transportation distance was updated to 68.789 km 
taken from 'market for waste plastic mixture' NL, source for 
distance was Eurostat 2018. Original number was 6.8789 tkm 
for 1kg of plastic waste.  

Comment closed. 

22 Medium Is the assumption of 10 refills based on actual data? If not, a 
sensitivity analysis with another number of refills might be needed. 

We do not think a sensitivity on number of refills will add value 
to the results, as the selection of 10 refills was already an 
assumption dictated by Elopak. We have added this as a 
limitation 

Comment closed. 

22 Medium The choice of Dutch resins is okay as the Netherlands supplier is the 
most common supplier. But this means at least a certain share 
comes form other suppliers, yet the transport distance in Table 6 is 
given as 6 km. This seems to underestimate the real distance. 

Elopak data was checked - there is only one supplier of resins.  Comment closed. 

24 Medium Again waste collection is from UK. Seems to refer to UK as well.  See E18 Comment closed. 
30 Medium "A key focus of this study was the Global Warming, Water 

Consumption, Fossil Resource Scarcity, and Land use impact 
assessment categories. " 
What is the reason for focussing on these four? And what does it 
mean for the overall conclusions of this study? 

Comment added to section 4 Comment closed. 

50 Medium The effects of different recycling rates would most likely be much 
higher with a different eol allocation applied. It would be more 
interesting to combine the sensitivities on recycling rate with that on 
eol allocation (CFF).  

Have added error bars to CFF Fig 25 to show variation in 
recycling rate 

Comment closed. 

68 Medium "Electricity, high voltage {NL}| market for electricity, high voltage | 
Cut-off, U" 
EI 3.10 has data for 2020 (instead of 2014 in EI 3.91). I understand 
that EI 3.10 wasn't available at the start of the study. But as 
especially the Dutch electricity mix underwent a significant change to 
more renewable energy sources the newer dataset shows ~20% 
lower GWP100 impacts than the dataset used for this study. In my 
view it is ok to stick to the old one, as you usually can't keep up with 

See E2 Comment closed. 
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Page number of 
comment 

Priority Reviewer comment Practitioner of the LCA study response Reviewer response 

all data updates in the course of a study. But as there have been 
other issues highlighted regarding data (LPB, plastics) you might 
consider updating generally to 3.10 in case you consider making 
these changes regarding the other datasets anyway? 

27 Medium A general explanation on how biogenic carbon has been addressed 
should be added. 
 
There is also the sentence "Furthermore, the impact of biogenic 
carbon in landfills for the carton has not been examined in this study" 
- what does this mean? Does this mean the carbon storage in the 
carton at landfill has not be included? 

Added to section 2.14 
 
Update: if OK with the peer review panel we will leave sentence 
as is to avoid further back and forth bu noting requirement to be 
more specific in future studies. 

Comment closed. 

31 Medium In Table 14, some rows contain a highlighted green cell to represent 
the lowest impact score. However, this is not done for some rows. 
For example, Terrestrial ecotoxicity seems to show significant 
differences between the systems. Could this be clarified, perhaps in 
the figure caption? 

Formatting and description updated Comment closed. 

39 Medium "The end-of-life impacts are due to the incineration of LDPE at end-
of-life, with incineration accounting for 30% of total impact for 
System 2, and 34% of the total impact for System 3.  For System 1, 
the material acquisition phase contributes to 55% of the total life 
cycle impact, and the end-of-life phase contributes to 29% of the 
total life cycle impact.  The incineration of waste plastic from both the 
D-PAK™ PE barrier and the PP Bottle used in this system account 
for 16% of the total global warming impacts. " - I think there's room 
for a sentence or two in providing little more depth to what is 
responsible for the incineration/end-of-life impacts. Similar 
comment for the passage below, I think this would help give the 
hotspot analysis a little more insight as right now its relatively 
surface level. "For the System 3, the water consumption impacts 
are driven by the LDPE granulate process, accounting for 47% of 
total impact. " 

A comment has been added clarifying where the impacts stem 
from 

Comment closed. 

6 Medium Can justification be provided on why 11 L was chosen as the 
functional unit? Does this represent a year of use? How was this 
derived? 

See E10 and E19 Comment closed. 

1 Medium The study title is quite generic. Can the LCA be read across to other 
non-food refill systems or should the title just say detergent? 

Have changed non-food to detergent Comment closed. 

12 Medium Can more details be provided on the packaging specification be 
included to Table 2? Some photos of the packaging systems would 
be really useful. 

Photos have been added Comment closed. 

12 Medium Can the assumed lifetime / number of refills for the PP bottle be 
provided in Table 2? 

Added to table 3 Comment closed. 

13 Medium Can the functional unit specify the detergent is purchased through 
the retailer route and also specific the geographic location? 

Expanded section 2.4 The functional unit has 
not been updated, but 
these details are 
present in section 2.4 
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Page number of 
comment 

Priority Reviewer comment Practitioner of the LCA study response Reviewer response 

and other parts of the 
report. Comment 
closed. 

Section 4 Medium A break down of results showing the contribution of the reusable PP 
bottle would be useful. 

Added Figures 14-16 Comment closed. 

Table 15 Medium It is unclear exactly how data for the PP bottle and pouch were 
collected, but they are described as primary in Table 15 - is his 
correct? 

See E10 Comment closed. 

Section 4.4.2. Medium There are some editorial issues in the sensitivity analysis section 
e.g. the order of product systems is sometimes 2, 3, 1 in the figures, 
there are no units in Figure 15, and the text referencing results 
without saying which impact category the sensitivity refers to. 

Amended Comment closed. 

Figure 24 Medium Can Figure 24 be shown in relation to the other product systems. Amended Comment closed. 
15 Low In Table 4 one component of the 1L D-PAK™ carton  is listed as 

"Carton (including ink)". The word carton could be misinterpreted as 
being just paperboard (and ink). Later on it is explained that the 
carton sleeve also includes PE, but it would be better to list the 
respective shares in the table. At least mention the PE just like the 
ink and refer to Appendix A in the abstract below the table. 

Wording has been updated Comment closed. 

19 Low The split between landfill and incineration refers to 2018. Eurostat 
provides data with a reference year of 2021. Please check for 
differences. 

Source has been updated dropping from 24% in 2018 to 23% in 
2022  

Comment closed. 

34 Low Uncertainty is discussed in sections 4.4.3 and 4.5. The last sentence 
of 4.4.3 reads: "These key uncertainties in this study should be 
carefully considered when interpreting and reporting the study 
results."  In the final conclusions (interpretation) it is referred to these 
sections. For the reporting (tables on pages 31-34) uncertainty is not 
mentioned. Reader stend to look at result graphs and tables first, 
sometimes not reading the interpretation and conclusions. Please 
consider marking results for water and other categories, where 
differences are very small. 

Where results are marginal we have highlighted this in the text. 
Figures 7 & 8 show % differences and all graphs show absolute 
values. 

Comment closed. 

54 Low A HDPE bottle would probably be heavier than a PP bottle with the 
same volume. 

See E9 Comment closed. 

61 Low "Elopak could also consider incorporating more recycled content into 
their D-PAK™ carton. For example, by exploring the inclusion of 
recycled fibres in carton board." 
This recommendation is based on the assumption, that recycled 
fibres in LPB would lead to lower emissions or resource demands. 
This has no basis in the study, as the sensitivity on recycled content 
only looked at the pouches and should therefore be removed. 

This has been removed Comment closed. 
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Page number of 
comment 

Priority Reviewer comment Practitioner of the LCA study response Reviewer response 

72 Low "Waste paperboard {CH}| treatment of waste paperboard, municipal 
incineration | Cut-off, U" 
This dataset seems to be used for the landfilling of paperboard from 
secondary packaging as well as for the primary carton. A lower 
degradation rate for Elopaks cartons (paper between layer of PE)  
should be assumed than for unprotected paperboard.  

Factor selection and model configuration has been doubled 
checked and is correct - the paperboard factor only applies to 
the carton not the secondary packaging 
 
Update: plastic waste treatment factor was missing from the list 
of factors used. Waste treated was allocated by mass of plastic 
(liner and cap) and carton board in the carton. 

Comment closed. 

14 Low Yes discussing exclusion of life cycle stages, it may be worth stating 
more explicitly that these stages are not actually relevant to the goal 
that is being assessed, and since the detergent would be same for 
all packaging, this is not relevant to the goals. 

We think adding this would take away from the fact these 
exclusions have been highlighted as a limitation.  

Comment closed. 

20 Low The process maps and system boundaries look great. A potential 
improvement may be to define what is in the foreground/background 
systems so that it is clearer to see where primary and secondary 
data is collected. 

This info is given in Appendix A Comment closed. 

58 Low This is a small point which I don't think will change outcomes of 
results, but perhaps discuss a bit more surrounding "Europe" as a 
geographical region. There is substantial variation within Europe and 
potential suppliers, and it would be interesting to discuss the best- 
and worst-case scenarios within European suppliers (e.g. whether its 
very large/small transport distances, varying electricity mixes if 
applicable for production etc).  

Limitation added to section 4.5 Comment closed. 

Table 8, 17, 18, 
19 etc 

Low Not essential, but placing the secondary data reference next to the 
activity data reference in tables would improve transparently.  

Added names of unit processes used in ecoinvent to table 8, 
but table 18 summarises all secondary data and sources.  

Comment closed. 

23 Low Error in cross-ref. Added reference Comment closed. 
23 Low For "Assumed that the transport distance and transport type used for 

D-PAK™ carton’s ink is the same as for the resin PE component’s 
transport to manufacturing site " assumption, can the justification be 
given. 

Based on Elopak dataset we feel this is reasonable assumption 
to make, especially as the results contribution is so small 

Comment closed. 

Table 12 Low Why are some cells shaded? Amended Comment closed. 

 


