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Executive summary  
During the year 2010, three generic espresso capsules compatible with the Nespresso 
machines were launched in France and Switzerland, and therefore becoming a competitor to 
Nespresso’s own capsule. Nestlé Nespresso, wondering about the advantages and 
disadvantages of these products in terms of environmental impacts, has commissioned 
Quantis to analyse and compare the environmental profile of these four products, using the 
life cycle assessment (LCA) methodology, in conformity with the requirements of the 
international standards ISO 14040 and 14044.  

Goal and scope 
The main goal is to compare the four products to be able to answer customer questions 
such as: Which solution is the most environmentally friendly among the Nespresso Espresso 
and the alternative Espresso? What happens if I throw my capsule to the “trash”? What 
about if I recycle my capsule or throw it into the green wastes bin?  
The study compares packaging systems with specific designs and not materials. 

Products and system boundaries 
The functional unit considered for this study is To provide a 40 ml cup of espresso coffee 
prepared in a Nespresso machine in a business-to-consumer (B2C) environment (at 
home) for a Swiss and French market. The Nespresso product is made of an aluminium 
capsule, a portion of a sleeve and of a tertiary packaging. The generic product 1 is made of 
a polypropylene, aluminium and polyethylene capsule, a surpackaging, a portion of a sleeve 
and of a tertiary packaging. The generic product 2 is made of a polypropylene and PET 
capsule, a surpackaging, a portion of a sleeve and of a tertiary packaging. The generic 
product 3 product is made of a bioplastic capsule (mix of polylactic acid and starch), a 
portion of an overwrap, a portion of a sleeve and of a tertiary packaging. The analysis 
includes the coffee supply, the packaging, the production center, the distribution, the use 
and the end-of-life stages.  

Table 0-1: Packaging systems studied. PP: polypropylene, PE: polyethylene, PET: polyethylene 
terephthalate, LDPE: low-density polyethylene, PLA: polylactic acid, SBB: solid bleached board, CB: 

corrugated board. 

 Nespresso Generic product 1 Generic product 2 Generic product 3 

Capsule 

Aluminium capsule  
Aluminium 
membrane  

Coating  
Total mass: ~1.1 

g/capsule 

PP capsule  
Aluminium –PE 

membrane 
Total mass: ~1.5 

g/capsule 

PP capsule  
PET membrane 
Total mass: ~1.7 

g/capsule 

Bioplastic capsule 
made of a mix of 
PLA and starch 
Paper filter and 

laminate membrane 
Total mass: ~4.4 

g/capsule 
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Overwrap  

Surpackaging for 
one capsule in PE-
aluminium – PET 

laminate 
Total mass: ~1.6 

g/capsule 

Surpackaging for 
one capsule in PE 
– aluminium – PET 

laminate 
Total mass: ~0.9 

g/capsule 

Overwrap for 10 
capsules in PP and 

PET, paper label 
and cardboard 

insert 
Total mass: ~0.3 

g/capsule 

“Sleeve” 
Sleeve for 10 

capsules in SBB 
Total mass: ~1.6 

g/capsule 

Sleeve for 12 
surpackagings in 

SBB 
Total mass: ~3.7 

g/capsule 

Sleeve for 10 
surpackagings in 

SBB 
Total mass: ~2.8 

g/capsule 

Sleeve for one 
overwrap in SBB 
Total mass: ~2.3 

g/capsule 

Tertiary 
packaging 

Box for several 
sleeves in CB, LDPE 

film and pallet 
Total mass: ~0.8 

g/capsule 

Box for several 
sleeves in CB, 
LDPE film and 

pallet 
Total mass: ~3.3 

g/capsule 

Box for several 
sleeves in CB, 
LDPE film and 

pallet 
Total mass: ~1.8 

g/capsule 

Box for several 
sleeves in CB, 

LDPE film and pallet 
Total mass: ~1.0 

g/capsule 

Various end-of-life scenarios have been studied as well as a comprehensive range of 
environmental indicators. The executive summary focuses on the greenhouse gases 
emissions , which is the most common indicator reported; results for other indicators are 
available in the full report. 

Results 

Overall results to deliver a cup of coffee 
Figure 0-1 shows the overall results for Swiss and French scenarios, for one cup of 
espresso grouping the scenarios into two categories of “behaviors”: whether the capsule is 
disposed into the “trash” (aka household waste, left group) or into the “valorization bin” (right 
group). Note that the Direct Fuel Substitution (DFS, incineration with high energy recovery, 
e.g. in a cement plant) end-of-life route modeled for the generic product is an hypothetical 
scenario, as this end-of-life route does not exist at the moment in Switzerland and France. 
Remind that the generic product 3 Espresso capsule is made of a mix of PLA and starch 
bioplastics with uncertainties on the ratio, therefore the net impacts lie between the results 
for these two types of bioplastics. 
Here, only Nespresso Espresso and generic product 1 are shown for the Swiss market, as 
the generic product 2 and 3 are not sold in Switzerland. The generic product 1 is also not 
shown for the French market as it is not sold in France. In the main report, all capsules are 
shown for all markets to show future possibilities. 
The most impacting life cycle stages regarding greenhouse gases (GHG) emissions are the 
use stage, the coffee production, and the packaging production and disposal. An eco-design 
process should consider improvement potentials on these three life cycle stages in priority 
but also on the other life cycle stages. The packaging improvement is only one aspect in the 
eco-design process.  
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It appears that the espresso made with a Nespresso Espresso capsule has the lowest 
greenhouse gases emissions impacts within both behavioral groups (within “trash” or within 
valorization scenarios).  
When thrown into the “trash”, the Nespresso Espresso capsule shows up being the best 
choice, followed by the generic product 2 Espresso and finally the generic product 3 
Espresso. Within a Swiss context, a generic product 1 capsule thrown into the “trash” has 
higher impacts than a Nespresso capsule thrown into the “trash”.  
The best scenario among all is the Nespresso Espresso sent to recycling, followed by a 
similar impact of the Nespresso Espresso to “trash” and anaerobic digestion of the generic 
product 3 Espresso capsule. It has to be noticed that if a direct fuel substitution (DFS, 
incineration with high energy recovery) route was created for the generic product 2 Espresso 
capsules, it would become a solution with similar impact as that of Nespresso Espresso 
recycling.  
Note that the generic product 3 Espresso capsule is made of a mix of PLA and starch 
bioplastics, therefore the net impacts lie between the results for these two types of plastics.  
The worst alternative among French scenarios is the generic product 3 Espresso capsule 
made of starch thrown into the “trash”, due, among others, to methane emissions from the 
starch degradation in landfills. Among Swiss scenarios, the generic product 1 capsule 
thrown into the “trash” or potentially valorized in DFS has higher impacts than both the 
Nespresso capsule recycled and thrown into the “trash”.  
Other environmental impacts have been tested: resource consumption and impacts on 
human health show the same conclusions as greenhouse gases emissions. The impacts on 
ecosystem quality show that there are no significant differences between Nespresso 
Espresso and the generic product 2 Espresso systems, but both having slightly lower 
ecosystem quality impacts than the generic product 1 and 3 systems. Because of 
uncertainties, no conclusions can be drawn about water use. 

Focus on packaging 
Figure 0-2 shows that if only the packaging production and its end-of-life are considered, the 
Nespresso Espresso recycling scenario has lower GHG emissions impacts than the generic 
product 1 or 3 Espresso (since the latter is a mix between starch and PLA) for all end-of-life 
routes; and lower impacts than the generic product 1 for all end-of-life routes except for DFS 
where it has similar impacts (note that DFS end-of-life route does not exist at the moment for 
the generic product 2 Espresso).  
The results have been tested with extensive sensitivity and uncertainty analyses showing 
that the conclusions are robust and the underlying assumptions and data uncertainty do not 
significantly influence the conclusions. Some limitations apply to this study and should be 
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communicated along with the results (including that the coffee production was considered 
identical in all products and that the conclusions apply only to the systems studied and are 
not general statements about materials environmental performances).  

Conclusion 
The Nespresso Espresso product, when capsule is sent to recycling, is the alternative 
among the investigated alternatives that has the lowest overall environmental impacts 
(significant for GHG emissions, resource consumption and human health, while ecosystem 
quality and water use show similar impacts between Nespresso Espresso recycling and 
others best scenarios)1.  
An eco-design process should consider improvement potentials on the entire life cycle 
(notably coffee supply and use stage) and not only on the packaging aspect. 
These conclusions are about product systems with specific design and not about the various 
materials used to produce the capsules.  
 

                                                
1 Note that differences in the total impacts are not significant for the generic product 2 capsules sent to DFS and 
Nespresso capsules sent to recycling when distribute 
on is excluded. The distribution contains some uncertainties, but its impact is lower for Nespresso than for the 
generic product 2, and when included it creates a slight advantage for Nespresso sent to recycling compared to 
the generic product 2 sent to DFS. However, considering uncertainties and current data, the difference in overall 
environmental impacts between Nespresso sent to recycling and the generic product 2 Espresso sent to DFS is 
considered not significant 
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Figure 0-1: Greenhouse gases emissions for one cup of coffee for the main scenarios in g CO2-eq/cup, in comparison to the Nespresso 
Espresso recycling scenario put at 100%. NN: Nespresso Espresso, GP1, 2 and 3: Generic product 1, 2 and 3 Espresso, “Trash” (aka 
household waste): 100% incineration with energy recovery in Switzerland, 51% incineration with energy recovery and 49% landfill in France, 
Recy: Recycling, DFS: Direct Fuel Substitution, AD: anaerobic digestion, IC: industrial composting. EOL: end-of-life. Recycling, DFS and 
anaerobic digestion result in a net end-of-life credit due to material recovery (for recycling) and energy recovery (DFS and anaerobic digestion) 
and agricultural benefits (for anaerobic digestion) causing more credits than impacts.  
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Figure 0-2: Greenhouse gases emissions for packaging production and end-of-life, in 
comparison to the French Nespresso Espresso recycling scenario set to 100%. The end-of-
life of packaging corresponds to the net impacts of packaging and packaging end-of-life. NN: 
Nespresso Espresso, GP1, 2 and 3: Generic product 1, 2 and 3 Espresso, PLA: polylactic 
acid capsule, Starch: starch bioplastic capsule. DFS: Direct fuel substitution. The diamonds 
correspond to the net impacts of packaging production and its end-of-life. Note that only the 
end-of-life for the capsule varies among end-of-life options; end-of-life of sleeve, tertiary 
packaging and other packaging follow the average end-of-life route. 
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Abbreviations and acronyms 
 

AD Anaerobic digestion 
aka Also known as 
B2C Business to consumer 
CO2 Carbon dioxide 
DALY Disability-adjusted life years 
DFS Direct fuel substitution, incineration with high energy recovery 
GHG Greenhouse gases 
GP1 Generic product 1 with a capsule in PP, aluminium and PE 
GP2 Generic product 2 with a capsule in PP and PET 
GP3 Generic product 3 with a capsule in bioplastic: PLA and starch  
GWP Global warming potential 
HDPE High density polyethylene 
IC Industrial composting 
Inc Incineration with energy recovery 
ISO International organization for standardization 
Land Landfill 
LCA Life cycle assessment 
LCI Life cycle inventory 
LCIA Life cycle impact assessment 
LDPE Low density polyethylene 
LSR Liquid silicon rubber 
NN Nespresso espresso 

PDF*m²*y “Potentially disappeared fraction of species” over a certain area (m2) and a certain 
period of time (year) 

PE Polyethylene 
PET Polyethylene terephthalate 
PHB Polyhydroxybutyrate 
PLA Polylactic acid 
PP Polypropylene 
PU Polyurethane 
Recy Recycling 
SBB Solid bleached board 
UCTE Union for the coordination of transmission of electricity 
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1 Introduction 

1.1 Life cycle assessment 
The increasing awareness of the importance of sustainability and the potential 
environmental consequences associated with products and services has sparked the 
innovation of methods to better understand, measure and reduce this impact. The leading 
tool for achieving this – and the only tool that can make a full evaluation of all sources and 
types of impact over the entire life cycle of a product – is life cycle assessment (LCA), a 
methodology defined by the International Organization for Standardization (ISO) 14040-
14044 standards (ISO 14040 2006; ISO 14044 2006).  
LCA is an internationally recognized approach that evaluates the potential environmental 
and human health impact associated with products and services throughout their life cycle, 
beginning with raw material extraction and including transportation, production, use, and 
end-of-life treatment. Among other uses, LCA can identify opportunities to improve the 
environmental performance of products at various points in their life cycle, inform decision-
making, and support marketing and communication efforts. 

1.2 Context and background 
Nespresso is the world's leading portioned coffee producer. Since 2005, the company has 
commissioned several LCA studies to evaluate the environmental impacts linked to its 
overall activities. The scope of these analyses covered the whole coffee life cycle: supply 
chain, manufacturing, distribution, use and end-of-life. The goals were to provide information 
on the environmental burdens over the whole life cycle of a cup of coffee, to assess the 
influence of packaging shape on environmental performance, to inform the overall 
Nespresso environmental strategy, and to support communication about the products. 
During the year 2010, three Nespresso competitors launched capsules compatible with the 
Nespresso machines, one of them claiming to be an environmental preferred choice. 
Therefore Nespresso has commissioned Quantis to analyze and compare the environmental 
profile of these three product systems and its own product system, using the LCA 
methodology. This report has been externally critically reviewed by a panel of four experts.  
This report presents the goal and scope of the study (Chapter 2), the LCA results together 
with their interpretation and recommendations (Chapter 3) and the resulting conclusions 
(Chapter 4). 
This study has been conducted according to the requirements of ISO 14040 and 14044 for 
comparative assertion disclosed to the public and is in line with the LCA good practices 
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established by international organisms such as the UNEP/SETAC Life Cycle initiative and 
the European commission ILCD Handbook.  
Appendix A details the reference flows, unit processes, impact scores and sources. 
Appendix B and C present respectively the IMPACT 2002+ and ReCiPe LCIA methods in 
detail, including a section defining the terminology of the field. Appendix D and E present the 
critical review report. 

2 Goal and scope definition 

2.1 Objectives and intended application 
The general objective of the present project is to compare the environmental impacts of a 
cup of espresso in business to consumer (B2C) environment using:  

- the Nespresso system - Nespresso Espresso (capsule in aluminium), 
- the generic product 1 (capsule in polypropylene (PP), aluminium and 

polyethylene), 
- the generic product 2 (capsule in polypropylene and PET),  
- and the generic product 3 (capsule in bioplastic) all prepared in a Nespresso 

machine (Essenza).  
 

More specifically, the objectives of the study are: 
I. To characterize and compare the overall environmental impact over the life cycle 

of the four aforementioned product systems; 
o A special attention will be given to the packaging production stage  

II. To identify the key parameters and provide an assessment of their influence 
through a sensitivity and scenarios analysis; 

III. To identify the scenarios and thresholds where one type of capsule becomes 
more advantageous than another from an environmental point of view. 

This study compares packaging systems with specific designs and not only materials.  
Nespresso is eager to better understand the environmental impacts associated with the four 
systems for both internal (e.g., strategic decision) and external (e.g., answering possible 
questions from journalists) purposes. As the results of this comparative LCA are intended for 
public disclosure and marketing by Nespresso, an independent critical review is performed 
by a third party expert panel to comply with the ISO 14040 and ISO 14044 requirements for 
comparative assertion disclosed to the public (see critical review report in Appendices D and 
E). 
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2.2 General description and context 
The four product systems studied are B2C products. The capsules studied are all usable in 
the same espresso machine but are made of different material and produced on different 
sites. The airtightness of the various materials used differs and it leads to various secondary 
packaging. The generic product 1 and 2 capsules are not airtight (e.g. the generic product 2 
capsule is perforated) and a surpackaging is needed for each piece. The generic product 3 
in bioplastic is a more efficient oxygen barrier and therefore only an overwrap for ten 
capsules is necessary. Finally, the Nespresso Espresso capsules are completely airtight 
without a supplementary airtight packaging. The packaging of the four product systems 
studied is shown in Table 2-1.  
Table 2-1: Packaging systems studied. PP: polypropylene, PE: polyethylene, PET: polyethylene 
terephthalate, LDPE: low-density polyethylene, PLA: polylactic acid, SBB: solid bleached board, CB: 
corrugated board. 

 Nespresso Generic product 1 Generic product 2 Generic product 3 

Capsule 

Aluminium capsule  
Aluminium 
membrane  

Coating  
Total mass: ~1.1 

g/capsule 

PP capsule  
Aluminium –PE 

membrane 
Total mass: ~1.5 

g/capsule 

PP capsule  
PET membrane 
Total mass: ~1.7 

g/capsule 

Bioplastic capsule 
made of a mix of 
PLA and starch 
Paper filter and 

laminate membrane 
Total mass: ~4.4 

g/capsule 

Overwrap  

Surpackaging for 
one capsule in PE-
aluminium – PET 

laminate 
Total mass: ~1.6 

g/capsule 

Surpackaging for 
one capsule in PE 
– aluminium – PET 

laminate 
Total mass: ~0.9 

g/capsule 

Overwrap for 10 
capsules in PP and 

PET, paper label 
and cardboard 

insert 
Total mass: ~0.3 

g/capsule 

“Sleeve” 
Sleeve for 10 

capsules in SBB 
Total mass: ~1.6 

g/capsule 

Sleeve for 12 
surpackagings in 

SBB 
Total mass: ~3.7 

g/capsule 

Sleeve for 10 
surpackagings in 

SBB 
Total mass: ~2.8 

g/capsule 

Sleeve for one 
overwrap in SBB 
Total mass: ~2.3 

g/capsule 

Tertiary 
packaging 

Box for several 
sleeves in CB, LDPE 

film and pallet 
Total mass: ~0.8 

g/capsule 

Box for several 
sleeves in CB, 
LDPE film and 

pallet 
Total mass: ~3.3 

g/capsule 

Box for several 
sleeves in CB, 
LDPE film and 

pallet 
Total mass: ~1.8 

g/capsule 

Box for several 
sleeves in CB, 

LDPE film and pallet 
Total mass: ~1.0 

g/capsule 

 
The four products studied are produced in Europe: Nespresso and one of the generic 
product in Switzerland and the two other generic products in France. This study focuses on 
the French and Swiss markets.  

2.3 Allocation rules: system expansion at the end-of-life 
This chapter describes end-of-life system expansion and allocation procedures.  
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Glass, metals and plastic recycling represent typical multi-functional processes that have to 
be addressed according to the allocation rules proposed by the ISO 14044 standard. To 
avoid allocation, a system expansion approach is applied in priority, expanding the product 
system to include the additional functions related to the co-products. Therefore we take into 
account the environmental burdens of the recycling processes (in terms of material or 
energy), as well as a credit for the avoided burdens when substituting primary material or 
fuels in open loop.   
For glass and metals, recycled sorted material substitutes primary raw material (e.g., glass 
cullet substitutes silica, soda and sand; sorted metals can substitute primary metals like pig 
iron or primary aluminium). As a conservative (i.e., not in the benefit of the Nespresso 
packaging) simplification, we consider that a secondary plastic or cardboard obtained by 
recycling has the same properties as the primary material.  
For the remaining portion that goes to municipal incineration with energy recovery or 
landfilling, typical emission factors are applied to estimate emissions from these processes. 
In the case of incinerated plastics, cardboard, or oxidized aluminium, recovered heat and 
electricity at incinerator are considered to substitute light fuel oil and electricity UCTE2 mix 
respectively. Aluminium is partly oxidized and also represents a small energy recovery 
(aluminium is partly oxidized, see section 2.7.2)3.  

2.4 System function and functional unit 
The functional unit (FU) is a reference for the comparison of different products ensuring that 
they provide the same primary function and are compared on a common basis. It is therefore 
critical that this parameter is clearly defined and measurable. 
The purpose of the products in question is to have an espresso at home (B2C) with a 
Nespresso machine. As such, the functional unit for this study is to provide a 40 ml cup of 
espresso coffee in a B2C environment (at home).  
While it is possible that the systems may have qualitative differences, such as taste, for 
purposes of the present study it is assumed that such differences can be ignored and that 
they can be evenly compared on the basis of a cup of espresso. 

2.5 System boundaries 
The setting of system boundaries identifies the stages, processes and flows considered in 
the LCA and should include: (1) all activities relevant to the attainment of the study 
objectives and therefore necessary to carry out the studied function; (2) all the processes 
and flows that significantly contribute to the potential environmental impacts.  

                                                
2 Union for the Coordination of Transmission of Electricity (used as European average mix) 
3 ADEME, 2009. La valorisation des emballages en France. 
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This chapter describes the life cycle stages of the studied products and determines which 
processes and flows shall be included within the LCA, i.e., what is considered to be in the 
product system and therefore analyzed and what is outside and not included in the 
assessment.  
This study assesses the life cycles of the four product systems from the extraction and 
processing of all raw materials through the end-of-life of all product components (e.g., 
packaging). The system is divided into six principal life cycle stages: (1) Coffee supply 
(including transports from cultivation place to production center), (2) Packaging production 
(including transports from production site to manufacturing site), (3) Production center 
(manufacturing), (4) Distribution, (5) Use stage, and (6) End-of-life (landfilling, incineration 
with energy recovery and/or recycling (e.g., aluminium recycling, bioplastic composting), 
including transportation to each of these activities).  
The product systems associated with delivering one cup of coffee to the consumer are 
summarized in Figure 2-1. This figure shows a simplified process flow diagram including the 
main unit processes (boxes), each of them covering a whole cradle-to-gate sub-system. 
 

 
Figure 2-1: Product system description for the LCA of the four systems studied (Nespresso and the 
three generic products) 
 
Within each of these stages, the LCA considers all identifiable “upstream” inputs to provide a 
view of the product system as comprehensive as it is practical. For example, transportation 
does not only include the operation (fuel consumption and tail pipe emissions), but also 
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upstream processes such as fuel production, truck production and maintenance and road 
construction. In this way, the production chains of all inputs includes all the upstream 
processes and inputs up to the original extraction of raw materials.  
In the present project, all product components and production processes have been included 
in cases where the necessary information is readily available or a reasonable estimate can 
be made. In cases where important information is unknown, uncertain or highly variable, 
sensitivity analyses are performed to evaluate the potential significance of the data gap(s) 
(see section 1.1 for details).  
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Table 2-2: Description of products under evaluation in this study. FU: functional unit 
 Nespresso Espresso Generic product 1 Generic product 2 Generic product 3 

FU To provide a 40 ml cup of espresso coffee in a B2C environment (at home) 
Product 

needed / FU One capsule + a fraction of the coffee machine (incl. water and electricity) + a fraction of a cup (incl. washing) 

Coffee 
content 

5.3 g/capsule 5.6 g/capsule 5.2 g/capsule 5.3 g/capsule 
The same generic coffee is considered for all scenarios 

Capsule 
(primary 

packaging) 
Aluminium, PU, LSR, paint and glue PP, aluminium, PE and glue PP, PET and glue PLA / starch bioplastic, PHB, paper, 

aluminium, PE and glue 

Other 
packaging 
(secondary 
packaging) 

Sleeve for 10 capsules in solid 
bleached board (SBB) 

Transport box for several sleeves, 
corrugated board 

Surpackaging for one capsule, 
laminate PE-alu-PET 

Sleeve for 12 capsules in SBB 
Transport box for several sleeves, 

corrugated board 

Surpackaging for one capsule, laminate 
PE-alu-PET 

Sleeve for 10 capsules in SBB 
Transport box for several sleeves, 

corrugated board 

Overwrap laminate (LDPE-PET) with a 
paper label, containing a cardboard 

insert (SBB) for 10 capsules 
Sleeve for 10 capsules in SBB 

Transport box for several sleeves, 
corrugated board 

Production 
center 

Based on Orbe (CH) production 
center No data available for this part, assumed to be the same as for Nespresso Espresso 

Distribution 
Production center (Orbe)  

consumer 
Postal shipment: 70% 

Distribution per shops: 30% 

Production center (in Switzerland) 
 consumer 

Supermarket distribution: 100% 

Production center (Andrézieux-
Bouthéon, France)  consumer 
Supermarket distribution: 100% 

Production center (Chambéry, France) 
 consumer 

Supermarket distribution: 100% 

Use stage 
Nespresso Essenza machine model: 2 coffees/day, machine lifetime: 6 years. Cup (ceramic) lifetime: 365 coffees (Humbert et al. 2009). 

Water consumption: cup content (40 ml for a typical espresso). 
Washing: 100% with dishwasher. Dishwasher lifetime: 1500 washing cycles. Load: 40 cups/cycle (Humbert et al. 2009).  

End-of-life 

France Switzerland France Switzerland France Switzerland France Switzerland 

“Trash” 4 
Incineration5 
Landfilling 
Recycling 

“Trash” 
=incineration5, 6 

Recycling 

“Trash” 4 
Incineration5 
Landfilling 

DFS7 

“Trash” 
=incineration5, 6 

DFS7 

“Trash” 4 
Incineration5 
Landfilling 

DFS 

“Trash” 
=incineration5, 6 

DFS7 

“Trash” 4 
Incineration5 
Landfilling 

Anaerobic digestion 
Industrial 

composting 

“Trash” 
=incineration 5, 6 

Anaerobic 
digestion 
Industrial 

composting 
The detailed list of the outputs from the processes in the product system that are required to fulfill the function expressed by 
the functional (the “reference flows”) is given together with the associated unit processes in Appendix. 

                                                
4 Municipal solid wastes are 51% incinerated and 49% landfilled: Eurostat, 2007 
5 Incineration is incineration with heat recovery (20% of the energy is recovered in heat and 10% in electricity) 
6 Since 1st January 2000, all municipal solid wastes have to be incinerated (landfilling is prohibited in Switzerland), www.bafu.admin.ch/abfall/01495/01496/index.html?lang=fr 
7 DFS is direct fuel substitution, i.e. incineration with high energy recovery.  
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2.6 Life cycle inventory data, sources and hypothesis 
The quality of LCA results is dependent on the quality of data used in the study. The present 
study is a full LCA that is based on two previous screening LCAs (one focusing on 
Nespresso capsules and one comparing it with two generic products capsule systems), 
adapted for two markets (Switzerland and France) and updated with the latest data (e.g., 
using latest Nespresso machine data, latest version of ecoinvent database (v 2.2)). Every 
effort has been made for this investigation to implement the most credible and 
representative information available. Information regarding production, distribution and use 
of the Nespresso capsules, including manufacturing inputs, manufacturing processes, 
distance to immediate suppliers, distribution distances, transportation modes and use 
information is collected directly from Nespresso staff via email, phone calls, as well as in-
person. In some instances, approximations are made based on the best judgment of the 
appropriate staff members. The data for the generic product Espresso capsules have been 
transmitted by Nespresso staff. They have determined the materials and measured the 
mass of packaging parts (capsules and boxes, etc.) in their laboratory. The other data on 
these two product systems have been determined applying expert judgment to available 
data sources (e.g. information from the web).  
The LCI data describing background processes (e.g., electricity generation) source mainly 
from ecoinvent inventory database (v 2.2) or are based on ecoinvent adapted processes.  
Ecoinvent is a particularly robust and complete database, both in terms of technological and 
environmental coverage (ecoinvent 2010). It surpasses other commercial databases, from a 
quantitative (number of included processes) and qualitative (quality of the validation 
processes, data completeness, etc.) perspective, that can be used in ISO compatible LCA, 
and it is internationally recognized by experts in the field.  
In some cases, sufficiently representative data is not available in ecoinvent and is therefore 
taken from our own database, which includes data from ten years of LCA activity. Each unit 
process and its data source is documented in Appendix. 
The SimaPro 7.1 software, developed by PRé Consultants (www.pre.nl), was used to assist 
the LCA system modeling, link the reference flows with the life cycle inventory database and 
compute the complete life cycle inventory of the systems. 

2.7 Scenarios and main data and assumptions 

2.7.1 General description of the scenarios 
The four product systems are analysed for two markets: French and Swiss markets.  
As there are several parameters of importance that are not known, these are investigated in 
parallel in a number of scenarios varying: 
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- Generic product 3 capsules material (made of an unknown fraction of PLA and starch 
bioplastic) 

- End-of-life treatments 
The scenarios studied are detailed in Table 2-3.  
 
Note on the scenarios 
The end-of-life scenarios designed are not realistic scenarios for a market average but this is 
intentional. The scenarios that are analyzed correspond to realistic scenarios for a consumer 
who wants to know the impacts related to his action and answer questions such as: To what 
correspond my impacts if I put my capsule in the recycling bin? And if I throw it to “trash”? or 
What are the consequences of my choice and my improvement possibilities? 
Most of the scenarios correspond to existing end-of-life routes: the Nespresso capsule can 
be either thrown into the “trash”, or to the recycling bin in a waste sorting unit, the generic 
product 3 capsule can also be thrown into the “trash” or into the green wastes “trash” in a 
waste sorting unit (this latter point is specified on the packaging of this generic product). 
When it is put into the green wastes “trash”, it can be either digested (anaerobic digestion 
with biogas production) or composted (industrial composting). For the generic products 1 
and 2 Espresso capsules (made of a plastic mix), only the “trash” route exists at the 
moment. In order to explore a potentially more interesting end-of-life route, a scenario for 
these capsules has been created by considering direct fuel substitution (DFS8, incineration 
with high energy recovery). It is considered that both generic product 1 and 2 capsules can 
be brought to a waste sorting unit and then will replace petroleum-based fuel in units such 
as a cement plant or paper manufacture. It has to be noticed that this end-of-life route is not 
a possibility today in either of the markets considered. The recycling scenario for the generic 
product 1 and 2 capsules has been thought about but was finally ruled out because of a 
significant lack of available data allowing a sensible modeling of this end-of-life route (this is 
mainly due to the fact that, to our knowledge, no route exists yet to do an integration of 
collection of used PP capsules, separate capsules and coffee and recycle PP).  
The market average impacts can be evaluated with the scenarios that are studied: it is 
located among the results of all scenarios for a capsule type. For example, the Nespresso 
Espresso capsule end-of-life in Switzerland corresponds to at least 50% recycling, the 
remainder being thrown into trash and therefore incinerated. The impacts of the disposal of 
an average Nespresso Espresso capsule in Switzerland will correspond to the mix between 
recycling and incineration with energy recovery. 
                                                
8 From our understanding, the DFS as modeled in this study is an activity corresponding to the R1 category 
regarding the Annex II of the Waste Framework Directive (http://eur-
lex.europa.eu/LexUriServ/site/en/oj/2000/l_332/l_33220001228en00910111.pdf), while the incineration 
considered is a D10 category because of a too low average energy recovery yield. 
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Household wastes are called “trash” for simplification and correspond to the mean mix for 
incineration with energy recovery and landfill in the country considered.  
Table 2-3: Scenarios studied for the two markets and four product systems. Incineration is 
incineration with energy recovery.  

                                                
9 Since 1st January 2000, all municipal solid wastes have to be incinerated 
(www.bafu.admin.ch/abfall/01495/01496/index.html?lang=fr) 
10 Incineration with energy recovery 
11 Anaerobic digestion with energy recovery 
12 Eurostat 2007. 

 Capsule 
name 

Capsule 
material End-of-life treatment Short name 

Sw
itz

er
la

nd
 

Nespresso 
Espresso 

Aluminium 
capsule 

“Trash” (100% incineration)9, 10 CH - NN, “trash” 
Recycling CH - NN, recy 

Generic 
product 1 PP-alu-PE 

“Trash” (100% incineration)9, 10 CH – GP1, “trash” 
Direct fuel substitution CH - GP1, DFS 

Generic 
product 2 PP-PET 

“Trash” (100% incineration)9, 10 CH - GP2, “trash” 
Direct fuel substitution CH - GP2, DFS 

Generic 
product 3 

100% PLA 
capsule 

“Trash” (100% incineration)9, 10 CH - GP3 - PLA, 
“trash” 

Anaerobic digestion11 CH - GP3 - PLA, AD 
Industrial composting CH - GP3 - PLA, IC 

100% 
starch 

capsule 

“Trash” (100% incineration)9, 10 CH - GP3 - Starch, 
“trash” 

Anaerobic digestion11 CH - GP3 - Starch, 
IC 

Industrial composting CH - GP3 - Starch, 
IC 

Fr
an

ce
 

Nespresso 
Espresso 

Aluminium 
capsule 

Municipal solid waste incineration FR - NN, inc 
Landfill FR - NN, land 

“Trash” (51% incineration, 49% landfilling)10, 
12 FR - NN, “trash” 

Recycling FR - NN, recy 

Generic 
product 1 PP-alu-PE 

Municipal solid waste incineration FR – GP1, inc 
Landfill FR – GP1, land 

“Trash” (51% incineration, 49% landfilling)10, 
12 FR – GP1, “trash” 

Direct fuel substitution FR – GP1, DFS 

Generic 
product 2 PP-PET 

Municipal solid waste incineration FR - GP2, inc 
Landfill FR - GP2, land 

“Trash” (51% incineration, 49% landfilling)10, 12 FR - GP2, “trash” 
Direct fuel substitution FR - GP2, DFS 

Generic 
product 3 

100 % PLA 
capsule 

Municipal solid waste incineration FR - GP3 - PLA, inc 
Landfill FR - GP3 - PLA, land 

“Trash” (51% incineration, 49% landfilling)10, 
12 

FR - GP3 - PLA, 
“trash” 

Anaerobic digestion11 FR - GP3 - PLA, AD 
Industrial composting FR - GP3 - PLA, IC 

100% 
starch 

capsule 

Municipal solid waste incineration FR - GP3 - Starch, 
inc 

Landfill FR - GP3 - Starch, land 
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2.7.2 Data and assumptions 
The main hypotheses and data used are detailed in this chapter per life cycle stage. The 
exact reference flows considered are presented in the Appendix A.  
The overheads (e.g. marketing and research and development activities) are excluded of the 
study.  

Electricity mix 
The electricity mix used for all activities occurring in Europe is the one of the UCTE, 
representing the average electricity mix consumed in Western Europe through the highly 
interconnected electric grid. For green coffee cultivation and treatment, the electricity mix is 
the one of Brazil.  

Coffee supply 
The coffee used for the four product systems is the same. Only the amount of coffee varies 
slightly. The amounts considered are detailed in Table 2-2. It has to be noticed that the mass 
of coffee in the Nespresso capsules (5.3 g/capsule) is a weighted average for all capsules 
sold in France (all blends of espresso). For the generic products, the mass of coffee 
correspond to averages (not weighted averages because the volumes sold are not known) 
on the various blends available on the market:  

- Generic product 1: 4 blends of Espresso, 5.6 g coffee per capsule 
- Generic product 2: 4 blends of Espresso, 5.2 g coffee per capsule 
- Generic product 3: 2 blends of Espresso, 5.3 g coffee per capsule 

Green coffee production is considered to be identical to the production described in Coltro et 
al (2006) and Humbert et al (2009a) in which the average yield is of 1800 kg green beans 
per hectare and per year. The considered green coffee is a worldwide average. The details 
for green coffee production are available in Appendix A.  
The following characteristics represent a weighted average situation based on FAO stat 
2008 world production data and Nestlé data regarding artificial irrigation in main producing 
countries.  

- Green coffee production is artificially irrigated at a level of 14% (2220 m3 water per t 
green coffee when 100% artificial irrigation).   

- The coffee is transported 30 km by van from production place to local storage, then 
over 500 km from local storage to the harbour by truck (>16 t). The distance traveled 

“Trash” (51% incineration, 49% landfilling)10, 
12 

FR - GP3 - Starch, 
“trash” 

Anaerobic digestion11 FR - GP3 - Starch, 
IC 

Industrial composting FR - GP3 - Starch, 
IC 
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by ship is assumed to be 9300 km (weighted average among the different production 
countries determined by the blend (Nespresso data) to Rotterdam). The coffee is 
then transported 800 km by rail from Rotterdam to Orbe (Nespresso production 
centre). It is assumed that the same distance and same transport mode are used to 
bring coffee to the three generic products production centres.  

- The coffee is transported in jute sacks. Only the production is considered. The reuse 
and disposal is negligible.   

- The coffee losses at production centre that are composted (dry coffee) as well as 
their transport are also considered in the coffee supply part. The mass of coffee 
losses is given by Nespresso and the same losses are applied for the three other 
product systems. The distance traveled for composting is 100 km.   

Packaging production 
The packaging components of the four capsule packaging systems detailed in Erreur ! 
Source du renvoi introuvable. are considered plus LDPE film and pallet for transport 
(tertiary packaging). The transport of materials is also considered here. The transport 
distances for Nespresso (given by Nespresso) are specific for each packaging item. For the 
three other systems, the distance between the capsule production location and the 
production centre (filling centre) are considered:  

- Generic product 1: the filling centre is assumed to be located in Grono (Switzerland). 
The production centre location is unknown and the distance traveled is assumed as 
an average between the corresponding distance for Nespresso and generic product 
3 (250 km for Nespresso, 700 km for generic product 3), i.e., 500 km. 

- Generic product 2: the filling centre is assumed to be located in Andrezieux-
Boutheon (France, 42160). The production centre location is unknown and the 
distance traveled is assumed to be 500 km, based on the same evaluation as for 
generic product 1.  

- Generic product 3: assumed to be in Bazet (France, 65450) to Chambery (France, 
73000), i.e., 730 km.  

The detail of materials constituting the capsules is shown on Table 2-4.  
Glue (0.014 g/capsule), nitrogen (3.8 g/capsule) and carbon dioxide (0.19 g/capsule) are 
used for the Nespresso capsules. Nitrogen and carbon dioxide are used to avoid the oxygen 
presence in the capsules and so the coffee oxidation. It is considered that the same 
amounts of these elements are used for the three generic product Espresso capsules. The 
influence of this assumption (nitrogen and carbon dioxide use for the generic products 2 and 
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3) is discussed in the sensitivity analysis section (1.1)13. For Nespresso capsules, the 
aluminium scrap from the production centre is considered in the packaging production stage: 
transport and recycling processes (data communicated by Nespresso). For the three other 
product systems, no information on this point was available and no losses and treatment of 
losses is considered. This assumption is considered a best case scenario compared to the 
Nespresso Espresso product system14.  

                                                
13 This is not assessed for generic product 1 because this scenario has been added in a second round, and 
neither sensitivity nor uncertainty analyses were conducted for this latter capsule. 
14 The impacts related to aluminium scraps correspond to around 2% of the Nespresso Espresso packaging 
impacts on climate change 
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Table 2-4: Packaging items, materials and masses. All data are communicated by Nespresso, except 
for the generic product 1 tertiary box that corresponds to an assumption15. The LDPE film and pallet 
for the three generic products are assumed to be the same as for Nespresso. 

Packaging 
element 

Nespresso 
Espresso 

Generic 
product 1 Generic product 2 Generic product 3 

M
at

er
ia

l 

g 
/ c

ap
su

le
 

M
at

er
ia

l 

g 
/ c

ap
su

le
 

M
at

er
ia

l 

g 
/ c

ap
su

le
 

M
at

er
ia

l 

g 
/ c

ap
su

le
 

C
ap

su
le

 

Shell Alu 0.81 PP 1.45 PP 1.6 
PLA/ 

starch 
bioplastic 

4.3 

Membrane Alu 0.14 Alu 
PE 

0.052 
0.012 PET 0.1 

LDPE 
PHB 
Alu 

0.013 
0.017 

0.0001 

Filter Included in shell / membrane Bleached 
paper 0.05 

Other, 
capsule 

PU 
LSR 
Paint 

0.050 
0.053 
0.047 

No coating 

Su
rp

ac
ka

gi
ng

 / 
ov

er
w

ra
p 

Sur-
packaging 

(for one 
capsule) No surpackaging / 

overwrap 

PE 
Alu 
PET 

1.04 
0.28 
0.29 

PE 
Alu 
PET 

0.58 
0.006 
0.28 

No surpackaging 

Overwrap 
(for 10 

capsules) 
No overwrap 

PP 
PET 

Paper 
Cardboard 

0.13 
0.13 
0.06 

0.00028 

Sleeve 
Solid 

bleached 
board 
(SBB) 

1.6 SBB 3.67 SBB 2.82 SBB 2.3 

Te
rti

ar
y 

pa
ck

ag
in

g Cardboard 
box 

Corrugated 
board (CB) 0.78 CB 3.33 CB 1.83 CB 1.0 

LDPE film LDPE-film: 0.014 g/capsule 
Euro-
pallet Euro-pallet (wood): 0.016 g/capsule 

 
As simplification, plasticizers or other additives are not evaluated as specific additives but 
their mass is counted in the overall mass and they are therefore assessed as the material in 
which they are contained (e.g., as plastic for plasticizer).   

Production centre 
The production centre where capsules are filled is considered to be the same for the three 
generic product systems than for Nespresso (only data for Nespresso were available). The 
production centre data were communicated by Nespresso for the Orbe centre (Switzerland). 
                                                
15 The tertiary box for the generic product 1 corresponds to an estimate based on the assumed volume of the 
box, itself based on the volume of the sleeves and an assumption of 10 sleeves per box (50x30x20 cm, 400 
g/box of 120 capsules). The tertiary box corresponds to 20% of the packaging impacts on climate change. The 
assumption is only on the fact that the tertiary box contains 10 sleeves of 12 capsules. The dimensions that are 
related to these 10 sleeves and the final dimension of the box are calculated values (based on sleeves 
dimensions) and the mass per cardboard box is calculated based on the dimensions of the box and the 
cardboard density. The assumption is therefore only on the number of sleeves per box. 



 Comparative LCA of B2C espresso capsules 

 Quantis Sàrl - Parc scientifique EPFL Bât D, 1015 Lausanne, Switzerland 
 TEL +41 (21) 693 91 92 - FAX + 41 (21) 693 91 96 | info @quantis-intl.com - www.quantis-intl.comS 27

The data considered are: buildings surface, electricity, natural gas and water consumptions 
and the wastes, their transport and end-of-life treatment. These wastes correspond to the 
production and employees wastes. The coffee losses and their end-of-life treatment are 
considered in the coffee supply stage.  
 
Table 2-5: Production centre for the four product systems 

 Based on Nespresso production centre, 
Orbe, Switzerland. Data for 1000 capsules 

Building 4.9·10-5 m2·y 
Electricity consumption 2.4 kWh 
Natural gas 0.37 Nm3 
Tap water, deionised water and completely 
softened water consumption 2 L 

Green waste composting 20 g 
Municipal solid waste incineration with energy 
recovery 

60 g 

Plastic wastes incineration with energy recovery 10 g 
PET wastes recycling 0.2 g 
Steel wastes recycling 3 g 
Transports by truck 0.11 t·km 
Transport by truck, municipal waste collection  0.001 t·km 
Wastewater treatment 2 L 

Distribution 
The distribution is differentiated for Swiss and French (transport distances) markets and for 
the three product systems (distribution type). 
The Nespresso Espresso capsules are distributed either by Nespresso shops or by postal 
shipment. The generic product Espresso capsules are distributed by supermarkets.  
The Nespresso capsules distribution data were communicated by Nespresso. 30% 
Nespresso Espresso capsules are assumed to be sold by Nespresso shops in France and in 
Switzerland, the rest is sent by mail directly to the consumer. The distribution for Nespresso 
considers the buildings (storage centre and shops), the transports and the Nespresso shops 
equipments (e.g., phones, computers, faxes) and consumptions (electricity, heat and water). 
The distances and transport mode assumed are presented in the Table 2-6.  
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Table 2-6: Distribution for Nespresso Espresso capsules. The distances for train or truck given in km 
correspond to the overall distance. The exact data entered in the model is tkm (tonne-km), i.e., the 
distance given in this table multiplied by the mass of one capsule and its packaging in tonne.  

 France Switzerland 

From Orbe to storage centre 
(Chavornay) 4 km by train (measured distance) 

From storage 
centre to 

consumer’s 
home via 

Nespresso 
shops (assumed 
30% capsules) 

From storage center 
to regional storage 500 km by truck (20-28t) 150 km by train  

From regional 
storage to shop 20 km by van  

Nespresso Shops 
The Nespresso shop equipments (computers, phones) 
and consumptions (water and energy) are considered 

(Nespresso). 

From shop to home 
20% of capsules sold by shop assumed to be purchased 

by car, one trip of 4 km and 5% allocated per item bought, 
an item = one sleeve of 10 capsules)  

From storage 
centre to 

consumer’s 
home via postal 

shipment 
(assumed 70% 

capsules) 

Internet order 
2 minutes for an order of 200 capsules. Computer and 

network electricity consumption assumed to be 100 W. It 
is assumed that the order made by mail or telephone 

needs also 2 minutes at 100 W for the order processing.  

From storage center 
to regional post 500 km by truck  150 km by train  

From regional post to 
consumer’s home 

200 m by van for postal delivery allocated to one parcel 
(20 sleeves, i.e., 200 capsules). This distance is 

calculated based on a 30 km postal delivery for 150 
parcels (Quantis communication with Postlogistics, 

Switzerland). 
 
All generic product Espresso capsules are assumed to be distributed by supermarkets. The 
distribution stage is modeled according to Quantis internal guidelines for supermarket and 
detailed in Table 2-7.  
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Table 2-7: Assumption for supermarket distribution. All assumptions are based on Quantis internal 
guidelines and in hold with the Nestlé Methodological Guidelines for life cycle assessment. The 
distances for truck given in km correspond to the overall distance. The exact data entered in the 
model is tkm (tonne-km), i.e., the distance given in this table multiplied by the mass of one capsule 
and its packaging in tonne. 

 France Switzerland 

From production centre to 
distribution center  200 km by truck (20-28t) 

Distribution center 
Storage volume: 4 times the volume of retail unit (sleeve) 

Time of storage: 4 weeks 
Electricity consumption: 30 kWh/m2·yr  

From distribution centre to 
supermarket  500 km by truck (3.5-16t) 200 km by truck (3.5-16t) 

Supermarket 

Storage volume: 4 times the volume of retail unit (sleeve) 
Time of storage: 4 weeks 

Electricity consumption: 6 kWh/m3·yr  
(Nespresso and Nestlé Methodological Guidelines) 

From supermarket to 
consumer’s home  

Capsule purchasing by car: 4 km and 5% allocated per product 
(one product = one sleeve of 10 capsules)  

(Nestlé Methodological Guidelines) 

Use stage 
The use stage includes the machine, cup and dishwasher production and use. As the same 
machine is used for the four capsules, the use stage is equivalent for all product systems. 
The data concerning the Nespresso machine (composition and consumptions) are primary 
data communicated by Nespresso. The transport of the machine corresponds to 
assumptions as well as the dishwasher and cup production and a part of dishwasher use. 
Main data and assumptions for the use stage are detailed in Table 2-8.  
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Table 2-8: Use stage main data and assumptions. All data on the machine production, transport and 
use are Nespresso data, the dishwasher data are based on internal data and on Humbert et al. 2009.  

 Use stage 

Machine 
production 

The machine considered is the most recent Essenza model. The production is 
assessed based on the material composition of the machine 

Material Mass, g/machine 
Aluminium 

Copper 
Steel 
ABS 

Rubber 
Electronic components 

Zamak 

278 
295 
394 
1550 
22 
66 
194 

Machine 
transport 

The machine transport from factory to consumer is also considered. 800 km by truck, 
7400 km by ship, 20 km by train and 20 km by van 

Machine use 

The machine use considers the electricity and water consumption and the waste water 
treatment 

Electricity for heating 
Electricity for brewing 

Electricity for ready-to-use 
Electricity for stand by 

Water consumption 
Wastewater 

6.9 Wh/espresso 
4.3 Wh/espresso 
1.5 Wh/espresso  
0 Wh/espresso 
40 ml/espresso 
40 ml/espresso 

Cup 
production 

Material is assumed to be ceramic, mass is approximated to 120 g/cup and lifetime is 
365 coffees/cup (as per Humbert et al. 2009) 

Dishwasher 
production 

The dishwasher production is assessed based on the materials masses and 
processing, the packaging and the electricity consumption for production (Quantis 

internal data). The dishwasher lifespan is assumed to be of 1500 cycles. 
The dishwasher end-of-life is considered in the use stage (metals assumed to be 90% 

recycled and cardboard 80% recycled. The rest is incinerated) 

Material Data given per dishwasher 
Polypropylene 

Steel 
Aluminium 

Electronic components 
Printed wiring board 
Packaging cardboard 
Packaging LDPE film 

Electricity 

10 kg 
20 kg 
15 kg 
3 kg 

0.1 kg 
10 kg 
2 kg 

20 kWh 

Dishwasher 
use 

The dishwasher use considers the electricity, water and detergent consumption and the 
wastewater treatment. 40 cups are washed per cycle (as per Humbert et al. 2009) 

Electricity 
Water 

Detergent 
Wastewater 

1.2 kWh/cycle16 
15 kg/cycle16 
10 g/cycle16 
15 kg/cycle 

 
 

                                                
16 Kaenzig and Jolliet, 2006.  
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End-of-life 
End-of-life scenarios represent existing end-of-life treatments for both markets considered.   
The Nespresso recycling is based on Nespresso primary data for its own capsule recycling 
system (aluminium recycled and coffee composted). The foundry efficiency is of 85% 
(Nespresso data): when 1 kg is recycled, 0.85 kg is recovered as secondary aluminium, the 
0.15 kg remaining is recovered as aluminium oxide. The incineration with energy recovery 
processes considers incineration benefits corresponding to an energy recovery of electricity 
(10%, assumed to be UCTE electricity mix) and heat (20%, assumed to be light fuel oil). It 
has to be noticed that aluminium is partly oxidized (packaging less than 50 µm thick are 
oxidized17) and represents also an incineration benefit (see chapter 2.3 Allocation rules: 
system expansion at the end-of-life). The landfill and incineration with energy recovery 
processes are based on ecoinvent except for bio-based materials: coffee grounds, PLA and 
starch that are modeled with Doka tool (available on www.ecoinvent.org). The DFS process 
considers a 100% efficiency: the total lower heating value of the substitution fuel is 
considered to substitute light fuel oil. The generic product 1 and 2 Espresso capsules are 
collected and entirely injected in this end-of-life route (no coffee separation: coffee grounds 
bring a supplementary heating value). The industrial composting and anaerobic digestion 
processes for the coffee grounds, PLA and starch bioplastics are based on Quantis internal 
model.  
The degradation rates considered for landfill, industrial composting and anaerobic digestion 
are detailed in Table 2-9.  
Table 2-9: Degradation rates considered in the model (the table is to be understood as: 1% for PLA in 
landfill means that 1% of the PLA is degraded in 100 years in a landfill; 63% for the coffee grounds in 
industrial composting means that 63% of coffee grounds are degraded in industrial composting and 
only 37% becomes compost that can be used e.g., in agriculture; 90% of starch bioplastic is degraded 
after anaerobic digestion and 10% becomes a digestate that will then be composted and be 100% 
degraded) 

 Landfill Industrial composting Anaerobic digestion 
PLA 1% 90% 85% 
Starch bioplastic 99% 100% 90% 
Coffee grounds 28% 63% 50% 
 
The landfill and incineration with energy recovery ratios for “trash” scenarios are based on 
eurostat 2007 for France and FOEN (Federal Office for the Environment) for Switzerland. 
The recycling rates for cardboard are based on ADEME (ADEME 2007) for France and on 
Statistics Federal Office for Switzerland18. It is assumed that the cardboard part that is not 
recycled is wasted to “trash”. Table 2-10 details the end-of-life treatments considered for the 

                                                
17 ADEME (2010). We considered 25 um oxidized on each surface, this corresponds to a whole membrane and a 
half capsule shell.  
18 http://www.bfs.admin.ch/bfs/portal/fr/index/themen/02/04/blank/ind21.indicator.139081.2108.html 
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packaging and the Nespresso machine. The transports for end-of-life stage are presented in 
Table 2-11.  
The anaerobic digestion and industrial composting models are detailed in the corresponding 
reference flows (e.g., compost of coffee grounds per kg wet input). It has to be noticed that 
there are important uncertainties considering the following benefits related to compost use 
(and therefore related to the industrial composting processes but also to anaerobic digestion 
because of the composting of digestate):  

- how to treat carbon storage in the soils,  
- the magnitude of the agricultural yield increase due to soil improvement (not 

accounted for in the main results, tested in a sensitivity analysis),  
- the erosion decrease and resulting lower amounts of organic matter in rivers and 

lakes19 (not considered) 
More generally, the different ecosystem services related to compost use are poorly 
quantified and understood. For all these reasons, the results for the industrial composting 
and anerobic digestion scenarios have to be considered more as indications rather than as 
robust values.  
Table 2-10: End-of-life treatments considered. Incineration is incineration with energy recovery 

 France Switzerland 

Capsule See scenarios Table 2-3 

Surpackaging (generic product 1 
and 2) “Trash”: 100%  (51% 

incineration, 49% landfill) 
“Trash”: 100% (100% 

incineration) 
Overwrap (generic product 3) 

Cardboard insert (generic 
product 3) 

Recycling: 80% 
“Trash”: 20% (i.e., 10.2% 
incineration, 9.8% landfill) 

Recycling: 82% 
“Trash”: 18% (all considered as 

being incinerated)  Sleeves and tertiary packaging 

Nespresso Essenza machine Metals assumed to be 85% recycled and 15% incinerated, plastics 
100% incinerated 

 

                                                
19 Large amounts of organic matter in river or lakes emit methane because of anaerobic degradation and lead to 
eutrophication in lakes.  
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Table 2-11: End-of-life transports to treatment place. For incineration with energy recovery and 
landfill, the transports assumed are based on Quantis internal guidelines and Nestlé Methodological 
Guidelines for life cycle assessment 

 France Switzerland 

Recycling  
(NN capsule) 

From home to waste 
sorting unit 

2 travels/year by car over 4 km, 20% allocated to the 
capsules, equivalent to 12 travels of 4 km per year, 3.5% 

allocated to the capsules  

From waste sorting unit 
to treatment place 250 km by truck (20-28t)  

Recycling 
other 

packaging part 
(PET, 

cardboard, etc.) 

Home to collect centre 5 km by municipal waste collection lorry 

From collect center to 
treatment place 100 km by truck (20-28t)  

Incineration 
with energy 

recovery 
/ Landfill 

Home to collect centre 5 km by municipal waste collection lorry 

From collect center to 
treatment place 30 km by truck (20-28t) 25 km by truck (20-28t) 

Direct fuel 
substitution 

From home to waste 
sorting unit 

2 travels/year by car over 4 km, 20% allocated to the 
capsules, equivalent to 12 travels of 4 km per year, 3.5% 

allocated to the capsules 

From waste sorting unit 
to treatment place 100 km by truck (20-28t) 

Industrial 
composting / 

Anaerobic 
digestion 

From home to waste 
sorting unit 

2 travels/year by car over 4 km, 20% allocated to the 
capsules, equivalent to 12 travels of 4 km per year, 3.5% 

allocated to the capsules 

From waste sorting unit 
to treatment place 30 km by truck (20-28t) 25 km by truck (20-28t) 

 

Summary of differences of assumptions among systems 
This section summarizes the assumptions made for the three generic product systems and 
determines if the assumptions are neutral or conservative (in disfavor of Nespresso) to 
enable a better interpretation of the results that are related to these assumptions.  
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Table 2-12: Summary of assumptions and neutrality or conservative character. Conservative: in 
disfavor of Nespresso.  

Life cycle 
stage 

Type of assumption 
among the three generic 

products systems 

Neutral / 
conservative 
assumption 

Comments 

Coffee 
supply 

Assumed to be the same 
coffee Neutral 

All systems “sort of claim” to have an 
“environmentally friendly” coffee 

production. 

Packaging 
production 

Best available knowledge of 
specific data for each of the 

product system 
Neutral  

CO2 and N2 which are 
assumed to be present in the 
three systems but might not 

Slightly in 
disfavor of the 
three generic 

products 
systems 

Tested in sensitivity analysis 

Production 
centre 

Assumed to be the same for 
the three generic product 

systems 
Neutral to 

conservative 
Nespresso production centre large 
scale and therefore could be more 

efficient. Tested in sensitivity analysis 

Distribution 
Based on best knowledge but 
based on large uncertainty for 

the three generic products 
systems 

Neutral to 
slightly non 

conservative 
Tested in sensitivity analysis 

Use stage Assumed to be the same Conservative  

End-of-life 
Best knowledge, large 

uncertainty for the three 
generic products 

Neutral to 
conservative 

Industrial composting and anaerobic 
digestion system seems to have lots of 

functioning problems (at least in 
Switzerland) as reuse of energy and 
compost produced seems to be not 

always optimized. 
 

2.8 Life cycle impact assessment method 
Impact assessment classifies the flows of materials, energy, and emissions into and out of 
each product system by the type of impact their use or release has on the environment and 
quantifies and combines the impacts into indicator results – one for each category of impact.  
The life cycle impact assessment (LCIA) provides the basis for analyzing the potential 
contributions of the resource extractions and emissions in a life cycle inventory (LCI) to a 
number of potential impacts. According to ISO 14044, LCI results are classified into impact 
categories, each represented by a category indicator. The category indicator can be located 
at any intermediate position between the LCI results and the resulting damage (also called 
endpoint, where the environmental effect occurs) in the cause-effect chain. The damage 
represents changes in environmental quality, human health or resource availability and a 
damage indicator is a quantifiable representation of this change.  
The method used here to assess the environmental impact is the peer-reviewed and 
internationally-recognized LCIA method IMPACT 2002+ (Jolliet et al. 2003, as updated in 
Humbert et al. 2010). In addition to provide results for eighteen impact categories, IMPACT 
2002+ allows their aggregation into four classes of damage plus water withdrawal and water 
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turbined which are yet not aggregated into one of the four damage categories. The IMPACT 
2002+ method is applied both at midpoint and at damage level. 

 
The 18 midpoint categories considered are:  
• Carcinogens  
• Non-carcinogens  
• Respiratory inorganics  
• Ionizing radiation  
• Ozone layer depletion  
• Respiratory organics  
• Aquatic ecotoxicity  
• Terrestrial ecotoxicity  
• Terrestrial acid/nitrification  
• Land occupation  
• Aquatic acidification  
• Aquatic eutrophication  
• Global warming  
• Non-renewable energy  
• Mineral extraction  
• Water withdrawal 
• Water turbined (i.e., for hydropower)  
 
The six damage categories20 (or endpoint) considered are:  
• Human health 
• Ecosystem quality  
• Greenhouse gases (GHG) emissions (or climate change) 
• Natural resources  
• Water withdrawal 
• Water turbined (i.e., for hydropower)  
 
Based on these impact categories, the IMPACT 2002+ method is considered covering a 
broad range of potential impacts. Main missing categories are noise and social impacts. 
However, as of now, no sufficiently robust models exist to evaluate these two impact 
categories. Furthermore, social impacts are not part of an environmental LCA but a 
                                                
20 Water withdrawal and water turbined are not “damage” categories as such. However, as the impacts 
associated with these two categories are currently not categorized by one of the four other damage categories, 
the results are reported along with the four other damage categories to ensure comprehensiveness when 
reporting impacts at damage level. 
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sustainability assessment.  
 
A restricted set of damage (endpoint) categories are presented and discussed more in 
details: 

- Greenhouse gases emissions (also known as carbon footprint or climate change) 

- Water withdrawal 
- Ecosystem quality 

Indeed, they are considered because they are: 
- The categories where most robust data exist as well as the most easily understandable 
impact category in the current context when it comes to communication (greenhouse gases 
emissions),  
- The categories where trade-offs are expected to happen in the current context (water 
withdrawal and ecosystem quality): indeed, energy resource based products (aluminium and 
polypropylene) are compared to agricultural based products (PLA and starch bioplastic), 
where: 

- Energy based products are in general, well captured by carbon footprint (e.g., fossil 
energy) or water use (e.g., hydropower), and 
- Agricultural based products, in general well captured by carbon footprint (e.g., N2O 
emissions), water use (e.g., irrigation) as well as ecosystem quality (e.g., land use),  

- The categories of special interest for Nestlé (greenhouse gases emissions, water use and 
ecosystem quality)21, i.e., they reflect the value-choices of the commissioner. 

 
In order to strengthen the conclusions, sensitivity analysis on the impact assessment stage 
is also performed using an alternative LCIA method: the ReCiPe method (the H/A version, 
Goedkoop et al. 2008). Results are presented for the following damage categories: 
• Human health 
• Ecosystem quality  
• Resources 
 
Additional information is to be found in Humbert et al. (2010), Jolliet et al. (2003), 
www.impactmodeling.org for IMPACT 2002+ and in Goedkoop et al (2008) and www.lcia-
recipe.net for ReCiPe.  
 
The SimaPro 7.1 software was used to calculate the potential impacts related to the 

                                                
21 Note that “energy use”, where Nestlé also gives high interest, is presented along with the other impact 
categories, but not detailed in order not to multiply information and because ecosystem quality was considered 
more relevant to present in priority in the present context. 
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inventoried emissions. It classifies all the elementary flows among the midpoint categories 
and generates the damage categories results. 





 Comparative LCA of B2C espresso capsules 

 Quantis Sàrl - Parc scientifique EPFL Bât D, 1015 Lausanne, Switzerland 
 TEL +41 (21) 693 91 92 - FAX + 41 (21) 693 91 96 | info @quantis-intl.com - www.quantis-intl.comS 39

2.9 Data quality analysis 
Table 2-13 summarizes the product, material or energy flows gathered for this study and evaluates the quality of each flow. The quality is 
assessed on the three following criteria: 

- Completeness: represents the exhaustiveness of the data collected. Data is complete when all of the elements necessary to carrying 
out the activity are quantified 

- Reliability: (also called precision) Pertains to the data sources, acquisition methods and verification methods. Reliable data has been 
verified and measured in the field. The criterion chiefly refers to flow quantification 

- Representativeness: (also called validity) assesses the geographic and technological correlations. Does all of the data reflect reality? 
Data is representative when the technology is directly related to the field. This criterion chiefly refers to the choice of processes used 
when modeling the system. 

Table 2-13: Data quality analysis 
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2.10 Sensitivity analysis and uncertainty analysis 
The sensitivity and uncertainty analyses are destined to assess the robustness of 
conclusions, i.e. the comparison among the four product systems. The goal is to evaluate 
the sensitivity of the results in respect to the assumptions for several key input parameters 
and evaluate the probability that the conclusion is maintained, based on the uncertainty of all 
the input parameters. 
The main assumptions on distribution, production center and packaging production are 
tested in sensitivity analyses by varying the input parameters between min-max values. The 
water indicator is also assessed in the sensitivity study. The results given by the impact 
assessment method is also assessed by using a different characterization method  
(ReCiPe). The uncertainty analysis considers the uncertainty on all input data of the LCA 
model. Monte Carlo analyses (500 runs) are performed to assess the probability that one 
scenario is superior to the other (for the scenarios that have the lower impacts).   

2.11 Critical review process 
This study compares four competing products and is intended to be communicated to the 
public. It is therefore considered to be a comparative assertion in the proper ISO sense 
entailing requirements for a third-party report as determined in the ISO 14044 standard.  
The critical review panel encompasses four experts, each one representing a different area 
of expertise addressed in this report: the LCA methodology, the material area (plastics and 
bioplastics) and the consumers. These areas are represented by respectively:  

- Michael Zwicky Hauschild, Head of Section for Quantitative Sustainability Assessment 
(QSA) and professor at the Technical University of Denmark (DTU), chairman of the 
panel and LCA expert. 

- Aafko Schanssema, FALX Beheer on behalf of PlasticsEurope, Belgium, plastic 
expert.  

- Bruno De Wilde, Lab Manager at Organic Waste Systems (OWS), Belgium, 
biomaterials expert.  

- Stéphane Arditi, Policy Officer on Waste and Products at European Environmental 
Bureau (EEB), Belgium, consumer expert.  

 
In a first version, the three products Nespresso Espresso and generic product 2 and 3 
Espresso were compared and reviewed.  
The review process consisted in a critical review of the entire report by each of the 
panellists, in several steps: first the goal and scope, then the intermediary results and the 
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final results. Final comments and suggestions were summarized by the panel chair and 
delivered to the authors of the study in a critical review report. The authors addressed 
specifically each of the comments and delivered a final critical review report.  
In a second version, the same report has been updated with the new scenarios of the 
generic product 1 and has been reviewed by the same reviewers, directly in its final version. 
The present report corresponds to a version without the names of the competitors of 
Nespresso. The idea to avoid mentioning the competitor’s name has been approved by the 
panel chairman.  
The critical review report corresponding to the first version of the report (assessing 
Nespresso and generic product 2 and 3) is presented in Appendices D. The critical review 
report corresponding to the second version of the report (extension to generic product 1) is 
presented in Appendix E.  

3 Results and discussion 

3.1 Inventory 
Life cycle inventory results are available in Appendix A under the form of a list of reference 
flows linked to the corresponding ecoinvent unit processes directly exported from SimaPro 
modeling. For practical reasons, the impact scores of the selected unit processes are not 
given but they can be found directly on ecoinvent website. Multiplying the impacts scores of 
the unit processes (from ecoinvent website) with the reference flows (given in Appendix A) 
gives the impact scores of the processes entering the product systems analyzed.  

3.2 Comparison among capsules systems at damage level 
The results presented in this chapter describe the ranking among scenarios and the 
importance of the various life cycle stages. The ranking robustness is then discussed in the 
sensitivity analysis (3.4) and uncertainty analysis (3.5) results sections.  
Here, all capsules are shown for both the Swiss and French markets to show future 
possibilities even though the generic products 2 and 3 are not yet sold in Switzerland and 
the generic product 1 not yet sold in France. 

3.2.1 Greenhouse gases emissions 
Figure 3-1 presents the greenhouse gases emissions (or global warming scores, GWP 100, 
in g CO2-eq per cup of coffee) for the entire life cycle of a cup of coffee of all scenarios. The 
biogenic carbon uptake and release is considered. 
Overall, it appears that: 
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1. The most impacting stages are the use stage, the coffee supply, and the packaging 
production for all scenarios. 
2. The Nespresso Espresso capsule with recycling scenario shows the lowest potential 
impact.  
3. The packaging production stage for the PLA generic product 3 and generic product 1 
scenarios emit more greenhouse gases than for the Nespresso, generic product 2 or starch 
generic product 3 ones. 
4. The starch bioplastic capsule with landfilling scenario shows the highest impact. This is 
due to the methane emissions from degradation of starch bioplastic in landfills (anaerobic 
conditions). The fraction that degrades (on a 100 years time-horizon) for starch bioplastic is 
higher than for PLA.  

3.2.2 Water withdrawal 
Figure 3-2 presents the results for the water withdrawal category for one cup of coffee.  
As observed for greenhouse gases emissions, the most impacting stages are the coffee 
supply, the packaging production and use stages. The coffee supply is nevertheless by far 
the main contributor of the water withdrawal. This is due to irrigation water and pesticides 
use (each explaining around 45% of the water withdrawal)22. For the packaging production, 
the main contributors to water withdrawal are the capsule part (above all for generic product 
3 and Nespresso capsules) and the cardboard (sleeve and tertiary packaging). For the use 
stage, the water withdrawal is mainly related to cup washing.  
Considering the uncertainty associated with this indicator, though some differences can be 
observed, no conclusions can be drawn about which scenario has the lowest amount of 
water withdrawal.  

3.2.3 Ecosystem quality 
Figure 3-3 presents the impacts on ecosystem quality for a cup of coffee. 
The results for the ecosystem quality impact category are similar to the results for water 
withdrawal regarding the life cycle stage contributions: the coffee supply is contributing to 
more than 60% of the overall impacts, the use stage and the packaging production to around 
30%. The coffee supply impacts are nearly entirely explained by the land use for green 
coffee production. The generic product 3 alternatives have high impacts for the packaging 
production stage due to the maize production and the related land occupation. The generic 
product 1 packaging production has also high packaging contribution due to heavier 
packaging. Its coffee content is also higher compared to the Nespresso Espresso.  
                                                
22 The important amounts of water necessary for pesticides is explained by the bromine and iodine production for 
pesticides: these elements are extracted from water (concentrated salty solution as e.g., the Dead Sea) and even 
if the concentration of these elements in this water is high compared to other waters, the quantities that are 
processed are important.  
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The generic product 2 with DFS seems to be the best alternative. It has to be noticed that 
the difference is explained by the coffee mass difference and the fact that composting does 
not consider the benefits related to the agricultural yield increase (coffee is composted for 
the Nespresso Espresso recycling scenario). This point is discussed in the sensitivity 
analysis.  
The benefits from compost are not very important. The impacts of composting are mainly 
due to the ammonia emissions to air related to the coffee grounds degradation. The credits 
of composting relates mainly to the avoided transport of peat, as substituted growing media. 

3.2.4 Resources consumption 
Figure 3-4 presents the resource consumption for a cup of coffee. 
Considering the resource consumption, the most impacting stages are the same for all 
scenarios: coffee supply, packaging production and use stage but this time, the most 
contributing stage is the use stage. This is mainly due to the electricity consumption of the 
dishwasher use. 
The scenario with the lowest energy consumption seems also to be the Nespresso Espresso 
recycled capsule. The scenario with the highest energy consumption corresponds to the 
landfilling of generic product 1 capsules. The best end-of-life scenario except the Nespresso 
recycling is the starch anaerobic digestion, due to the methane recovery from biogas.   

3.2.5 Human health 
Figure 3-5 presents the human health potential impacts related to a cup of coffee. 
The potential impacts on human health related to one cup of coffee are mainly due to coffee 
supply, packaging production and use stage with the use stage as the main contributor to 
the overall impacts. The main contributors to the coffee supply are the ammonia direct 
emissions from coffee cultivation and the particulate matter and nitrogen oxides that are 
mainly due to the energy use (electricity, heat, transports). The main differences are 
therefore explained by the energy use (diesel, light fuel oil, electricity mix based on coal and 
oil). The packaging impacts are related to capsule and sleeve production. Notably, PP (used 
in generic product 1 and 2 capsules) is related to high emissions of aromatic hydrocarbons 
and cardboard for sleeves to particulate matter.  Most of the use stage potential impacts are 
due to machine production and dishwasher use.  
The Nespresso Espresso capsule recycling scenario appears to be clearly better than all 
other scenarios in terms of human health impacts. The generic product 1 shows the highest 
human health impacts. The generic product 2 and 3 scenarios as well as Nespresso 
scenarios except recycling are approximately in the same range. Considering uncertainty in 
human health indicator, we cannot draw conclusions on differences among scenarios for 
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human health, apart from the Nespresso recycling system that seems to be significantly 
better and the generic product 1 significantly higher (due to the higher packaging mass).  
Note that we can observe that any reduction in the distribution systems by road provides a 
significant benefit for human health.  

3.2.6 Water turbined 
Figure 3-6 presents the water turbined for the various scenarios.  
Considering water turbined, the most impacting stages are the packaging production and the 
use stage because of their electricity consumption. For use stage, the water turbined impact 
is explained by the electricity consumption of the machine and the dishwasher. For 
packaging production, the production of the various materials also needs electricity.  
The Nespresso Espresso capsule has significantly higher impacts than the other scenarios if 
it is not recycled. This is due to the aluminium production that consumes high amounts of 
electricity from hydropower origin. However, when the Nespresso Espresso capsule is 
recycled, it is still slightly higher, but in a similar range to the other capsule scenarios, 
because secondary aluminium production consumes much less energy than primary 
aluminium production. Among other capsules, the generic product 1 scenarios seem to 
require higher amount of water turbined than the generic product 2 and 3 alternatives the 
two latter being in the same range. Aluminium consumes high amounts of electricity and 
therefore high amounts of water turbined. For this reason, Nespresso consumes a lot of 
water turbined. The generic product 1 capsules have a higher water turbined consumption 
due to the higher packaging mass for its capsules, more particularly due to the membrane 
containing aluminium and the surpackaging that is heavy and also contains aluminium.  

3.2.7 Overall impacts of a cup of espresso 
The most impacting stages considering all the indicators presented are the use stage, the 
coffee supply and the packaging production. The production centre, distribution and end-of-
life are less impacting.  
Considering this, the three most impacting stages abovementioned should be looked at to 
make eco-design of the product and reduce the overall impacts.  
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Figure 3-1: Greenhouse gases emissions in g CO2-eq per cup of coffee. NN: Nespresso Espresso, GP1, GP2 and GP3: Generic product 1, 2 and 3 Espresso. 
Inc/”trash”: incineration with energy recovery or “trash” (in Switzerland, all MSW thrown to the “trash” is incinerated), Recy: recycling, DFS: direct fuel 
substitution, AD: anaerobic digestion, IC: industrial composting, Inc: incineration with energy recovery, Land: landfill.  
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Figure 3-2: Water withdrawal scores in L per cup of coffee. NN: Nespresso Espresso, GP1, GP2 and GP3: Generic product 1, 2 and 3 Espresso. Inc/”trash”: 
incineration with energy recovery or “trash” (in Switzerland, all MSW thrown to the “trash” is incinerated), Recy: recycling, DFS: direct fuel substitution, AD: 
anaerobic digestion, IC: industrial composting, Inc: incineration with energy recovery, Land: landfill.  
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Figure 3-3: Ecosystem quality scores in PDF·m2·y per cup of coffee. NN: Nespresso Espresso, GP1, GP2 and GP3: Generic product 1, 2 and 3 Espresso. 
Inc/”trash”: incineration with energy recovery or “trash” (in Switzerland, all MSW thrown to the “trash” is incinerated), Recy: recycling, DFS: direct fuel 
substitution, AD: anaerobic digestion, IC: industrial composting, Inc: incineration with energy recovery, Land: landfill. 
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Figure 3-4: Resources consumption scores in MJ primary energy per cup of coffee. NN: Nespresso Espresso, GP1, GP2 and GP3: Generic product 1, 2 and 
3 Espresso. Inc/”trash”: incineration with energy recovery or “trash” (in Switzerland, all MSW thrown to the “trash” is incinerated), Recy: recycling, DFS: direct 
fuel substitution, AD: anaerobic digestion, IC: industrial composting, Inc: incineration with energy recovery, Land: landfill. 
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Figure 3-5: Human health scores in DALY per cup of coffee. NN: Nespresso Espresso, GP1, 2 and 3: Generic product 1, 2 and 3 Espresso. Inc/”trash”: 
incineration with energy recovery or “trash” (in Switzerland, all MSW thrown to the “trash” is incinerated), Recy: recycling, DFS: direct fuel substitution, AD: 
anaerobic digestion, IC: industrial composting, Inc: incineration with energy recovery, Land: landfill. 
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Figure 3-6: Water turbined scores in L water per cup of coffee. NN: Nespresso Espresso, GP1, GP2 and GP3: Generic product 1, 2 and 3 Espresso. 
Inc/”trash”: incineration with energy recovery or “trash” (in Switzerland, all MSW thrown to the “trash” is incinerated), Recy: recycling, DFS: direct fuel 
substitution, AD: anaerobic digestion, IC: industrial composting, Inc: incineration with energy recovery, Land: landfill. 
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3.3 Detail on packaging: material supply and end-of-life 
In this chapter, a detailed analysis is presented for greenhouse gases emissions from the 
production of packaging and the end-of-life treatment of the packaging items.  

 
Figure 3-7: Greenhouse gases emissions net impacts for packaging production and end-of-life 
associated with one cup of coffee. NN: Nespresso Espresso, GP1, GP2 and GP3: Generic product 1, 
2 and 3 Espresso. The biogenic carbon uptake and release related to bioplastics are both considered 
in the end-of-life point (e.g., the GP3-Starch scenario for landfill correspond to the sum of landfilling 
impact, biogenic carbon uptake in packaging and release related to degradation in landfills). The 
diamonds correspond to the net impacts of packaging production and its end-of-life. Note that only the 
end-of-life for the capsule varies among end-of-life options; end-of-life of sleeve, tertiary packaging 
and other packaging follow the average end-of-life route. 
 
The main packaging part contributing to the greenhouse gases emissions is the capsule 
part. The sleeve and tertiary packaging are also important contributors. For generic product 
2 but above all for generic product 1, the surpackaging is important.  
The generic product 2 shows the lowest greenhouse gases emissions impact for the 
packaging production stage, but part of the potential impacts are shifted to the end-of-life 
stage: this results in a net impact for packaging production and end-of-life treatment similar 
to e.g., generic product 2 DFS and Nespresso recycling. Considering only these two life 
cycle stages (i.e., production and end-of-life), there is no visible difference in the greenhouse 
gases emissions between the generic product 2 DFS and the Nespresso Espresso recycled. 
If the capsule is incinerated (white diamond), the best choice is the generic product starch 
bioplastic capsule (but very close to the Nespresso Espresso capsule). If it is thrown into the 
“trash” in France (black diamond, mix between incineration with energy recovery (51%) and 
landfill (49%)), the Nespresso Espresso capsule is the more advantageous (but very close to 
generic product 2 capsule). Finally, it appears that landfill is the worst destination for the 
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capsules, even considering a carbon storage for PLA that does not degrade in landfills. This 
is related to the methane emissions from landfills. It has to be noticed that it is dangerous to 
draw conclusions on a partial life cycle.  
Considering the packaging items, the generic product 1 alternative has higher impacts than 
the other product systems due to a higher packaging mass. It has to be noticed that the 
capsule part for generic product 1 and 2 is less impacting than the Nespresso capsule but 
because they are not airtight, a surpackaging is necessary to preserve the coffee. For 
generic product 1, this surpackaging has high impacts because it is heavy and contains 
aluminium (proportionally more than the generic product 2 one). This results in higher 
impacts for the generic product 1 packaging than for the Nespresso one, even if its capsule 
is less impacting. It has to be noted that it is not correct to compare only capsules because 
their function is not equivalent: the coffee is not preserved the same in the Nespresso 
capsule and a generic product 1 capsule, but it is when we compare the Nespresso capsule 
and the generic product 1 capsule and surpackaging.  

3.4 Sensitivity analysis results  
The sensitivity analysis has been performed for the Nespresso, the generic product 1, 2 and 
3 scenarios. The sensitivity analyses are shown only for the French market.  

3.4.1 Data variation 
The 28 scenarios presented in section 3.2.7 enable to have an exhaustive representation of 
all possible results. The scenarios assessed cover the two markets and various end-of-life 
treatments. A sensitivity analysis on the exact composition of the generic product 3 
Espresso packaging material has been performed by assessing the two extremes: capsule 
material compositions of pure PLA and respectively of pure starch bioplastic. Various end-of-
life scenarios have been created for both materials. There are other assumptions that have 
been tested in the sensitivity analysis as described in this section:  
 
When considering the results presented above, it has to be noticed that: 

- Coffee production and supply is modeled exactly the same for the four product 
systems and the difference results only from the coffee mass that is a measured 
data. 

- Packaging production is a robust life cycle stage because all materials and masses 
are precisely measured, except the exact composition of generic product 3 capsule, 
resulting in two scenarios (PLA and starch bioplastic). For the Nespresso Espresso 
capsule, nitrogen and carbon dioxide are added to avoid coffee oxidation. It is 
assumed that these two elements are also added for the other capsule systems. This 
is tested in the sensitivity analysis because it is an uncertain assumption. 
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- For the generic product 1 and 2 Espresso, the location of the production of capsules 
is unknown and therefore an assumption has been made for the distance between 
the capsules production location and the production centre. A sensitivity analysis is 
done on this point. 

- The modeling of the production for Nespresso Espresso is based on primary data 
and this is therefore a robust stage but for the three generic product Espressos, no 
data were available and we assumed that the production center had the same impact 
as for Nespresso. The results show that the stage represents a small share of the 
impacts but it is nevertheless quite uncertain data. The sensitivity of this parameter is 
therefore tested further.  

- The distribution between Nespresso factory and Nespresso distribution centers is 
based on primary data. The capsule distribution between distribution centers and 
Nespresso shops or by postal delivery is based on assumptions and secondary data. 
The distribution for the three other product systems is based on internal data and on 
an assumption for shopping travel. This latter point is much less representative and 
potentially more uncertain and is therefore tested here, especially since the results 
show important variation among distribution scenarios (regarding GHG emissions, 
resources and human health).  

- Use stage is the same for all scenarios and does not influence the ranking. We 
assumed no differences of performances, though the Nespresso machine was 
specifically designed for the Nespresso capsules and therefore neglecting any 
possible increase in failures during the use stage for the three generic products 
capsules is a conservative assumption in our study. 

- The end-of-life treatments are based on various models, which are already a 
representation of a sensitivity analysis and are therefore not further tested here, but 
they are treated in the uncertainty analysis (section 3.5).  
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Table 3-1: Sensitivity analysis: influence on greenhouse gases emissions net impacts of various 
tested parameters. All data are given in g CO2-eq per functional unit. NN: Nespresso Espresso, GP1, 
2 and 3: Generic product 1, 2 and 3. N2: Nitrogen, CO2: carbon dioxide. In green: lowest impacts, in 
red: highest impacts, in light orange: lowest impacts among GP2 Espresso scenarios, in yellow: 
lowest impacts among GP3 Espresso scenarios. The Nespresso Espresso has only one value 
because all parameters varied are concerning only GP1, GP2 or GP3 and not Nespresso (the 
capsule(s) concerned by the parameter variation is/are given in brackets in the table heading). The 
total gives the maximal decrease in % of the net impacts between the base scenario (first column) 
and the maximal change in favor of GP1, GP2 or GP3 (sum of all these parameters column). 
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NN – Inc 84.7 

0% NN – Land 92.6 
NN – “Trash” 88.6 
NN – Recy 76.3 
GP1 – Inc 102.4 100.7 102.2 100.5 102.4 101.1 99.5 96.4 -5.8% 
GP1 – Land 108.3 106.6 108.1 106.5 108.3 107.0 105.4 102.3 -5.5% 
GP1 – “Trash” 105.3 103.6 105.1 103.4 105.3 104.0 102.4 99.3 -5.7% 
GP1 – DFS 94.8 93.1 94.6 92.9 94.8 93.5 91.9 88.8 -6.3% 
GP2 – Inc 92.3 90.6 92.1 90.5 92.3 91.0 89.4 86.3 -6.5% 
GP2 – Land 97.3 95.6 97.1 95.5 97.3 96.1 94.4 91.3 -6.1% 
GP2 – “Trash” 94.7 93.1 94.6 92.9 94.7 93.5 91.8 88.8 -6.3% 
GP2 – DFS 84.6 82.9 84.4 82.8 84.6 83.4 81.7 78.6 -7.0% 
GP3 PLA – Inc 95.3 93.6 95.1 93.5 95.3 94.1 92.4 89.3 -6.3% 
GP3 PLA – Land 97.7 96.0 97.5 95.9 97.7 96.4 94.8 91.7 -6.1% 
GP3 PLA – “Trash” 96.5 94.8 96.3 94.6 96.5 95.2 93.6 90.5 -6.2% 
GP3 PLA – AD 91.3 89.7 91.2 89.5 91.3 90.1 88.4 85.4 -6.5% 
GP3 PLA – IC 94.7 93.0 94.5 92.9 94.7 93.5 91.8 88.7 -6.3% 
GP3 Starch - Inc 89.3 87.6 89.1 87.4 89.3 88.0 86.3 83.3 -6.7% 
GP3 Starch – Land 115.3 113.6 115.1 113.5 115.3 114.1 112.8 109.5 -5.2% 
GP3 Starch – “Trash” 102.0 100.4 101.9 100.2 10201 100.8 99.1 96.1 -5.8% 
GP3 Starch – AD 86.4 84.8 86.3 84.6 86.4 85.2 83.5 80.5 -6.9% 
GP3 Starch - IC 91.0 89.3 90.8 89.2 91.0 89.7 88.1 85.0 -6.6% 

 
Table 3-1 shows the influence of several parameters on the net impacts for all scenarios. 
The first column shows the net impacts of the base scenarios while the next columns show 
the net impacts when one parameter varies at a time, and the “sum all these parameters” 
column shows the results when all parameters tested vary at the same time. Even with all 
potential reductions for the generic products Espresso scenarios, the Nespresso Espresso 
recycling has the lowest GHG emissions score. The conclusion that Nespresso Espresso 
recycling is the best alternative (at least for the GHG emissions score) is therefore 
strengthened with the sensitivity analyses performed in this section.  
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3.4.2 Water withdrawal 
This sensitivity analysis tests two points that can be discussed about the water withdrawal 
category:  

- The amount of irrigation water for maize cultivation (for bioplastics production) 
- The evaporated water from reservoirs (during hydroelectricity production) that is not 

considered in the present water withdrawal category.  
Ecoinvent assumes a water withdrawal for maize cultivation of 4.4 L/kg. Quantis internal 
data show that it can vary from 0 to 85 L/kg, with a US average at 13 L/kg. This point can 
vary a lot depending on the region of cultivation. To have more accurate data on water for 
the generic product 3 Espresso capsules, the exact origin of maize should be known.  
 
Table 3-2: Water sensitivity analysis results. All data are given in L water per functional unit. NN: 
Nespresso Espresso, GP1 DFS: Generic product 1 Espresso to direct fuel substitution, GP2 DFS: 
Generic product 2 Espresso to direct fuel substitution, GP3-Starch AD: Generic product 3 Espresso 
starch bioplastic to anaerobic digestion. Irrigation for GP3-Starch AD corresponds to the additional 
irrigation water that is necessary if we assume 85 L/kg maize instead of 4.4 L/kg maize. Evaporation 
from reservoirs gives the evaporated water from reservoirs during hydroelectricity production for the 
entire life cycle. 

 NN recycling GP1 DFS GP2 DFS GP3-Starch 
AD 

Base scenario net 
water withdrawal 7.2 8.3 7.4 7.6 

Irrigation for maize 0 0 0 0.5 
Evaporation from 
reservoirs 4.0 5.1 3.6 3.9 

Total  11.2 13.4 11.0 12.0 
 
Table 3-2 attempts to assess the water aspects that are not considered in the LCIA method 
IMPACT 2002+. The value of 4.4 L/kg maize for irrigation is probably underestimated. The 
value in Table 3-2 (line irrigation for generic product 3 Espresso starch bioplastic capsule) 
specifies the supplementary water necessary if we assume an irrigation of 85 L/kg maize 
instead of the 4.4 L/kg maize of the base scenario. The water evaporated in reservoirs is not 
considered in the base scenarios. It is therefore added in this table for the electricity used 
during the entire life cycle of the product systems.  
We can see that, considering or not these two parameters, the final conclusions do not 
change. It has to be noticed that the influences from local scarcity are not considered in the 
evaluation. It is therefore not possible to conclude on water impact. These results have to be 
taken as general trends. 

3.4.3 Compost benefits 
The present compost benefits do not consider a yield increase if the compost is used in 
agriculture. Therefore, a sensitivity analysis is done to assess this assumption. The 
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agricultural yield increase is considered to be equivalent to a production increase of 300 kg 
wheat per tonne compost spread (Quantis internal data).  
Table 3-3: Compost sensitivity analysis results. All data are given in g CO2-eq per functional unit. NN: 
Nespresso Espresso, GP1 DFS: Generic product 1 Espresso to direct fuel substitution, GP2 DFS: 
Generic product 2 Espresso to direct fuel substitution, GP3-PLA: Generic product 3 Espresso PLA 
capsule, GP3-Starch: Generic product 3 Espresso starch bioplastic. The net impacts presented in the 
results are given. The yield increase related to the spreading of the compost resulting from capsules 
is then calculated, based on a yield increase of 300 kg wheat per tonne compost spreading (Quantis 
internal data).  

 NN Recycling GP1 DFS GP2 DFS 
GP3-PLA 
Industrial 

composting 

GP3-Starch 
Industrial 

composting 
GHG emissions 

net impacts 76.3 94.8 84.6 94.7 91.0 

Yield increase  -0.79 0 0 -0.85 -0.77 
Total 75.7 94.8 84.6 93.8 90.2 

Table 3-3 shows that if the benefit on the agricultural yield was considered, the net impact 
for all scenarios where industrial composting exist would decrease of around 1%. However, 
even considering the yield increase related to compost spreading, the generic product 3 
Espresso composting scenarios will not become less impacting than the Nespresso 
Espresso recycling or the generic product 2 Espresso DFS regarding GHG emissions.  
A back-of-the-envelope calculation for compost benefits of coffee grounds from Nespresso 
Espresso recycling scenario showed that considering the agricultural yield increase for 
compost, the difference between the generic product 1 DFS and Nespresso Espresso 
recycling regarding ecosystem quality was of less than 0.1% if coffee supply is excluded and 
1.5% on the entire life cycle. 
The current composting benefits model considers a carbon storage when compost is applied 
in agriculture. This point is controversial and therefore also discussed here. Table 3-4 shows 
the influence of this assumption and how the net impacts vary if no carbon storage is 
considered (for the scenarios including composting). It has to be noticed that this uncertainty 
on carbon storage influences only the GHG emissions impact but not the other impact 
categories. 
Table 3-4: Net impacts of base scenarios with carbon storage considered for the compost benefits 
and net impacts without this carbon storage. All data given in g CO2-eq/functional unit. NN-Recy: 
Nespresso recycling, GP3-PLA: Generic product 3 PLA capsule, GP3-Starch: Generic product 3 
starch capsule, AD: anaerobic digestion, IC: industrial composting. 

 NN-Recy GP3-PLA-
AD 

GP3-PLA-
IC 

GP3-Starch-
AD 

GP3-Starch-
IC 

Base scenario net impacts 
(with carbon storage) 76.3 91.3 94.7 86.4 91.0 

Net impacts without carbon 
storage 76.6 91.7 95.1 86.8 91.3 
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The Table 3-4 shows that considering or not the carbon storage (benefit) related to the 
compost applied in agriculture does not influence the net impacts (variation is negligible). 
Taking into account carbon storage or not does not influence the final ranking among 
scenarios.  

3.4.4 Ammonia emissions from compost 
The ammonia emissions from compost are highly uncertain. A sensitivity analysis is 
therefore performed on this point. The compost model used for the base scenarios considers 
ammonia emissions during composting. The ammonia emissions depend on the Nitrogen 
content of the waste composted and the compost management. To see the sensitivity of this 
parameter, the net impacts on ecosystem quality have been calculated without these 
ammonia emissions. The decrease between net impacts with ammonia release during 
composting (base scenario) and net impacts without any ammonia emissions corresponds to 
a high decrease of the capsule end-of-life impacts but this results only in around 0.5% of the 
base scenario net impacts.  

3.4.5 Water turbined  
Water turbined can be included in the ecosystem quality endpoint category. The Table 
shows the influence of water turbined on the impacts on ecosytem quality.   
Table 3-5: Net impacts on ecosystem quality per FU, including or not water turbined issues. NN-Recy: 
Nespresso Espresso recycling, GP1-DFS: Generic product 1 Espresso to direct fuel substitution, 
GP2: Generic product 2 Espresso, DFS: direct fuel substitution, Inc: Incineration with energy 
recovery, GP3-Starch: Generic product 3 Espresso, starch bioplastic capsule, AD: Anaerobic 
digestion.  

 NN-
Recy 

GP1-
DFS 

GP2-
DFS 

GP2-
Inc 

GP3-Starch-
AD 

GP3-Starch-
Inc 

Net impacts, ecosystem 
quality (PDF-m2-y) 0.072 0.077 0.070 0.071 0.076 0.076 
Net impacts, water turbined 
(m3 water) 0.397 0.474 0.359 0.348 0.389 0.367 
Characterization factor  
(PDF-m2-y/m3 water turbined) 0.00423 
Net impacts, ecosystem 
quality, water turbined 
included (PDF-m2-y) 

0.074 0.078 0.072 0.072 0.078 0.077 

Once the impacts of water turbined are added to other impacts contributing to the ecosystem 
quality category, damage increases by approximately 2% for all scenarios. Including water 
turbined at endpoint does not change the ranking among scenarios (small changes are 
observed but they are not considered significant).  

                                                
23 This characterization factor is taken from Maendly and Humbert (2010) 
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3.4.6 Distribution: volume limited 

The distribution in the base scenario is calculated as transports limited by mass. This can be 
discussed, as capsules do not correspond to high densities. In addition, the various sleeves 
are not all efficient regarding space consumption. For this reason, the influence of 
distribution on the GHG emissions impact category is tested in a sensitivity analysis, 
considering volume limited transports and various space occupation efficiencies.  
Table 3-6: Net impact on greenhouse gases emissions in g CO2-eq/FU. NN-Recy: Nespresso 
Espresso recycling, GP1-DFS: Generic product 1 Espresso to direct fuel substitution, GP2-DFS: 
Generic product 2 Espresso to direct fuel substitution, GP3-Starch-AD: Generic product 3 Espresso 
starch bioplastic capsule to anaerobic digestion.  

 NN-Recy GP1-
DFS 

GP2-
DFS 

GP3-
Starch-AD 

Total impacts, base scenario 76.33 94.76 84.59 86.44 
Transports, mass limited (base scenario) 0.001 0.003 0.002 0.002 

Transports, volume limited 0.002 0.017 0.008 0.004 
Total impacts, volume limited 76.33 94.77 84.60 86.44 

This sensitivity analysis shows that although Nespresso sleeves are more efficient regarding 
volume per capsule, the difference between results with mass limited transport or volume 
limited transport is negligible. Considering volume limited transport, there is no difference in 
final conclusions and rating among the scenarios. 

3.4.7 Choice of LCIA methodology 
Another sensitivity analysis is done on the LCIA method. The results are calculated using 
the ReCiPe LCIA method (H/A perspective) to see if the conclusions are similar to the 
results obtained with IMPACT 2002+. The results obtained with ReCiPe show the following 
damage categories: resources, ecosystem quality and human health. The results obtained 
are consistent with those obtained with IMPACT 2002+ for resources and human health: 
Nespresso Espresso recycling scenario has the lowest impacts. Regarding the ecosystem 
quality, the Nespresso Espresso recycling scenario also represents the lowest impacts in 
contrast to the IMPACT 2002+ results. This is due to the fact that greenhouse gases 
emissions are included in the ecosystem quality damage modelling (and also in human 
health damage) in the ReCiPe method.  
According the the ReCiPe results, the best end-of-life scenario for each product system is: 

- For Nespresso Espresso: recycling 
- For generic product 1 Espresso: DFS 
- For generic product 2 Espresso: DFS 
- For generic product 3 Espresso, starch bioplastic capsule: anaerobic digestion 
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Figure 3-8: Sensitivity analysis, results obtained with the LCIA method ReCiPe for human health, ecosystem quality and resources. NN: 
Nespresso Espresso, GP1: Generic product 1 Espresso, GP2: Generic product 2 Espresso, GP3: Generic product 3 Espresso. Inc: incineration 
with energy recovery, Land: landfill, Recy: recycling, DFS: Direct Fuel Substitution, AD: Anaerobic digestion, IC: industrial composting
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3.5 Uncertainty analysis results  
Uncertainty analyses have been performed only for the three “original” scenarios 
(Nespresso, generic product 2 and 3) but not for the generic product 1 scenario. However, 
the results and sensitivity analyses show consistently higher impacts for the generic product 
1 scenarios than for the Nespresso scenarios. 
The best scenario for each of the three analyzed product systems (NN, GP2 and GP3) is 
identified in Table 3-7 in respect to each of the four endpoints. To test the robustness of the 
conclusion, an uncertainty analysis has been conducted to compare:  

- The recycling of a Nespresso Espresso capsule with the DFS of generic product 2 
Espresso capsule 

- The recycling of a Nespresso Espresso capsule with the anaerobic digestion of a 
generic product 3 Espresso starch bioplastic capsule 

The uncertainty analysis is made for the French scenarios.  
 
Table 3-7: Least impacting scenario for each product system and each endpoint. NN: Nespresso 
Espresso, GP2: Generic product 2 Espresso, GP3: Generic product 3 Espresso. Starch: starch 
bioplastic. The best alternative among the three product systems for each endpoint is colored in 
green. Incineration is incineration with energy recovery.    
 GHG 

emissions 
Ecosystem 

quality 
Water 

withdrawal 
Water 

turbined Resources Human 
health 

NN Recycling Recycling Recycling Recycling Recycling Recycling 
GP2 DFS DFS24 Incineration Incineration DFS Landfill 

GP3 
Starch, 

Anaerobic 
digestion 

Starch, 
Incineration 

Starch, 
Incineration 

Starch, 
Incineration 

Starch, 
Anaerobic 
digestion 

Starch, 
Landfill 

 
Monte-Carlo calculations (500 runs) were carried out for the two comparisons described 
above. For this study the uncertainty range of each input parameter was defined for most of 
them through a lognormal distribution described by a coefficient of variation (squared 
geometric standard deviation) as per Table 3-8. The data quality information described in 
Table 2-13 has been used for this purpose and then combined with the uncertainty of 
ecoinvent background process.  
 

                                                
24 It has to be noticed that the difference is mostly due to the difference in coffee mass and the non-consideration 
of agricultural yield increase of compost use (compost from coffee grounds in Nespresso Espresso recycling 
scenario) 
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Table 3-8: Level of data quality and uncertainty coefficients. For uncertainty coefficient, a given value 
X for a parameter has its uncertainty that varies the value between X/SD2 and X*SD2. This table 
shows the general reflection that lead to the coefficient of variation used for the processes that were 
created for this study. The exact coefficients used are available with the reference flows. For 
ecoinvent processes applied in the product models, the distribution and uncertainty coefficients are 
taken as they are given in the ecoinvent database, and they do not follow these ranges.  

 Importance of data 
Data quality criteria High Medium Low 
Time-related coverage 2000-2007 1995-2007 1990-2007 
Geographical coverage Country EU World 
Technology coverage Actual tech used Similar tech Similar tech 
Precision Accurate Fairly accurate Fairly accurate 
Completeness 95% 90% 80% 
Representativeness Good Fair Fair 
Consistency High uniformity Fair uniformity Fair uniformity 
Reproducibility High Medium Medium 
Sources of the data Preferably primary 

from interested party Primary or generic Primary or generic 
Uncertainty range (coefficient of 
variation: squared geometric 
standard deviation, SD2) 

1 – 1.2 1.3 – 1.5 2 – 5  

3.5.1 Nespresso Espresso recycling and generic product 2 Espresso DFS 

 
Figure 3-9: Uncertainty analysis results at midpoint or endpoint of a cup of coffee with Nespresso 
Espresso recycling (A) minus a cup with generic product 2 Espresso DFS (B). Nespresso has lower 
impacts: in green, higher impacts: in red. These results correspond to a Monte-Carlo analysis with 
500 runs. On the upper part of the figure: endpoint categories, on the lower part: midpoint categories 
(+ water withdrawal and water turbined).  
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Figure 3-9 shows the results of the uncertainty analysis. For all damage categories except 
ecosystem quality and water turbined, there is a higher probability that Nespresso Espresso 
recycling scenario has lower impacts than generic product 2 Espresso DFS. Considering the 
uncertainties lying in all impact categories, we estimate that the Nespresso Espresso 
recycling scenario has lower impacts than the generic product 2 Espresso DFS for GHG 
emissions, resources and human health, and the for the categories ecosystem quality, water 
withdrawal and water turbined, no significant differences can be considered (the generic 
product 2 DFS and incineration with energy recovery has lower water turbined than 
Nespresso Espresso recycling, however, considering uncertainties related to water turbined 
modeling, no robust conclusions can be drawn at this stage).  

3.5.2 Nespresso Espresso recycling and generic product 3 Espresso starch 
bioplastic anaerobic digestion 

 
Figure 3-10: Uncertainty analysis results at midpoint or endpoint of a cup of coffee with Nespresso 
Espresso recycling (A) minus a cup with generic product 3 Espresso starch bioplastic anaerobic 
digestion (B). Nespresso has lower impacts: in green, higher impacts: in red. These results 
correspond to a Monte-Carlo analysis with 500 runs. On the upper part of the figure: endpoint 
categories, on the lower part: midpoint categories (+ water withdrawal and water turbined).  
 
Figure 3-10 shows the results comparing a Nespresso Espresso capsule recycling with a 
generic product 3 Espresso starch bioplastic capsule to anaerobic digestion. For all damage 



 Comparative LCA of B2C espresso capsules 

 Quantis Sàrl - Parc scientifique EPFL Bât D, 1015 Lausanne, Switzerland 
 TEL +41 (21) 693 91 92 - FAX + 41 (21) 693 91 96 | info @quantis-intl.com - www.quantis-intl.comS 67

categories, there is a higher probability that Nespresso Espresso recycling scenario has 
lower impacts than a generic product 3 Espresso starch bioplastic scenario. This latter 
scenario shows a higher probability of better results only for the terrestrial ecotoxicity and 
water turbined midpoint category. However, when considering the ecosystem quality 
category that includes the terrestrial ecotoxicity and water turbined midpoint category, the 
Nespresso Espresso recycling has lower impacts.  

3.6 Study limitations 
The LCA results presented here are limited to the objectives, goal and scope defined 
beforehand. This study is based on available primary data combined with generic data from 
preliminary literature research, existing commercial databases or best estimates. There are, 
therefore, some limitations to the outcomes of this study. Among the main limitations are the 
following:  

- All material production systems are considered to be done assuming 
average/correct management system. It means that, for example, neither red mud 
accidental release, oil spill, or deforestation are considered in respectively aluminium 
production, plastic production or bioplastic production.  
- For the production centre, nitrogen and carbon dioxide are used for Nespresso 
Espresso. The same production centre is assumed for the three generic products. We 
assumed the same amount of nitrogen and carbon dioxide per capsule. However, this 
is an assumption as no primary data are available. This uncertainty is discussed and 
tested in the sensitivity analysis (Table 3-1) and the results show that it does not 
influence the conclusion.  
- Capture of biogenic CO2 in the landfilled fraction of paper and cardboard is not 
considered as a benefit for the sake of simplification of the results (but considered for 
coffee grounds and bioplastics). 
-  Starch bioplastic is considered as pure starch. Pure starch bioplastic is not a reality, 
it is generally mixed with PVOH (for thermoplastic starch) and other additives. The 
generic product 3 Espresso capsule is a mix between starch and PLA. This implies 
that the reality is between the results of these scenarios. It has to be noticed that the 
degradation rates and other parameters will be affected by the proportion of PLA and 
starch. The degradation rate in landfills, industrial composting and anaerobic digestion 
is expected to be well represented by an “S curve”25, meaning that the final impact of 
e.g., a material constituted of 70% PLA and 30% starch bioplastic is not a equal to 
70% of a PLA capsule net impacts plus 30% of a starch capsule net impacts but is 

                                                
25 A capsule in 100% starch is 100% degraded in landfill after 100 years while a capsule in 100% PLA is 0% 
degraded. We suppose that if we draw a degradation curve, it is not linear between 100% starch and 100% PLA 
but rather like an S curve.  
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more complex (the results is somewhere between the 100% PLA and 100% starch 
results but we do not know exactly where. We assume that it follows an “S curve”).  
- For green coffee cherries treatment, deforestation CO2 emissions are estimated 
based on approximated share of wood used for drying causing deforestation. This is a 
domain needing refinement. Land clearout before coffee or corn (for bioplastic) 
plantation has not been considered.  

- Direct impacts of fertilizers and pesticides (for coffee cultivation) are difficult to model 
and therefore subject to important uncertainties. For greenhouse gases emissions and 
eutrophication, impacts from manufacturing as well as direct emissions are considered. 
However, for human toxicity and eco-toxicity, only impacts from manufacturing are 
considered: impacts from direct emissions are not taken into account because of 
missing information, except the impacts related to the substances for which 
approximated values are given in the reference flows (Appendix A: Reference flows). 
Refining these values would require more investigation to strengthen the results 
related to these indicators, but little influence is expected in a comparative context, as 
the coffee supply and treatment is considered being the same in all scenarios.  
- Direct emissions of coffee treatment wastes (mainly degradation of pulp) are not 
precisely considered. Again, this applies identically to all compared scenarios and has 
negligible influence on the comparisons.  
- Coffee cultivation, irrigation, treatment, delivery and processing are considered 
identical for all scenarios.  

- The coffee production mode is based on a Brazilian study that is not fully 
representative of the production in other countries, but the same coffee is considered 
for the four compared systems because of a lack of data). 
- For production centre, the machinery and equipment are not considered. 
- Paint and glue for surpackaging (generic product 1 and 2 Espresso) and glue for 
overwrap (generic product 3 Espresso) are not considered because of a lack of data.  
- PHB is considered as PLA for production and end-of-life because of a lack of data 
on this material.  
- An aluminium loss rate is considered for the Nespresso capsule production. No loss 
rates are considered for the three other product systems because of a lack of data. 
This is in disfavor of Nespresso Espresso results.  
- The incineration with energy recovery results in a heat and electricity recovery. This 
heat is assumed to replace light fuel oil, as in Switzerland around 50% of the heating 
systems are based on light fuel oil and because it is judged as a mean substitution 
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fuel. This point can be discussed and the heat could be assumed to replace a heating 
mix (as electricity replaces an average electricity mix).  
- The DFS end-of-life scenario for the generic product 1 and 2 capsules is built based 
on the assumption that the capsules will replace light fuel oil. This is a critical point 
because the capsules can substitute either a fossil fuel (e.g. coal or heavy fuel oil) or 
another substitution fuel (e.g. tyres or other waste). The assumption of light fuel oil 
replacement is a rather optimistic assumption.  
- The DFS end-of-life route does not exist currently and we cannot be sure that the 
capsules represent an interesting substitution fuel compared to other existing 
substitution fuels. A DFS route for the generic product 1 and 2 capsules will take place 
only if it is profitable: i.e., the potential flows and the heating value are sufficient to 
compensate the costs of collection and the transports. 
- Plastic recycling is not considered for this study as a potential end-of-life route for 
the generic product 1 and 2 capsules. This is because of a lack of data on capsule PP 
recycling and because plastic recycling is not developed in the markets studied 
(Switzerland and France).  
- It is assumed that the four capsules have the same shelf-life. However, preliminary 
indications suggest that the Nespresso capsule has a longer shelf life than the other 
capsules (due to the material itself (e.g. paper filter for the generic product 3 capsule) 
and the capsule shape (e.g. the generic product 2 capsule is perforated)). Therefore 
the assumption that all are the same trend to be slightly in disfavor of Nespresso which 
is a conservative assumption considering the scope of the study.    
- Generic product 1 capsules are not distributed in France neither in Switzerland at 
the moment but will be distributed in the near future in Switzerland and it is possible 
that they will be available in France also but in a more long time.  
- Some issues are not well covered by the composting model (carbon storage, 
agricultural yield increase, erosion decrease and services to the ecosystems). 
- There can be some additives in the bioplastics that can influence the anaerobic 
digestion and composting but they are not considered because of a lack of data on 
exact capsule composition and on real influence on the end-of-life treatments.  
- The additives or plasticizers are not considered as themselves because of a lack of 
data (quantities of additives unknown). Instead, their impacts are considered to be the 
same as for the material in which they are built in on a mass basis (e.g. plasticizer 
impacts considered as PE impacts).  
- Bioplastics are in constant evolution (pioneering stage) and production and end-of-
life treatments and impacts will probably change in the future. Quality improvements of 
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the bioplastics will probably enable to reduce the mass of the capsules and therefore 
their impacts.  
- The overheads (e.g. marketing and research and development activities) are 
excluded of the study.  

These limitations of the LCIA results do not challenge the main conclusions relative to the 
defined goal and scope of the study as the results still allow the identification of the key 
environmental parameters and key differences among scenarios.  
When this study is communicated to stakeholders, the magnitude and nature of the 
limitations should be communicated at the same time.  

3.7 Recommendations 
Although the primary purpose of this study is a comparison among the four packaging 
systems, it is always possible to identify improvement potentials. Indeed, an eco-design 
process should consider improvements on all life cycle stages and not only on the packaging 
production. For these product systems, the most impacting stages are the coffee supply, the 
use stage and the packaging production. Therefore, the improvements should focus on 
these life cycle stages in priority but also consider the distribution, the production centre or 
the end-of-life. Here are some recommendations to decrease the impacts of a cup of coffee:  

- Increasing the efficiency of extracting the coffee taste and thus reducing the quantity 
of coffee is a focus point as the production of the coffee contributes strongly to all 
impacts from the product system. 

- Decrease the impact of coffee production choosing a less impacting coffee cultivation 
and processing mode. 

- Further reduction of the machine’s energy consumption (corresponding to 20% of the 
greenhouse gas emissions of use stage. It has to be noticed that the efforts already 
made by Nespresso to decrease the impacts of the machine during use phase 
benefit all four product systems. 

- Communicate to the consumer on her/his possibilities to decrease the impacts: 
o use a dishwasher class A and fill well the dishwasher, 
o go shopping with public transports or order the capsules by post, 
o recycle the capsules but also all other packaging parts (e.g., sleeves), 
o go to the waste sorting unit only when it is profitable or combine the travel 

with shopping or other activity. 
- Encourage the consumers to recycle their Nespresso capsules by marketing and 

incentives (e.g., special offer if the consumer brings back his/her capsules) to make 
the recycling attractive.  



 Comparative LCA of B2C espresso capsules 

 Quantis Sàrl - Parc scientifique EPFL Bât D, 1015 Lausanne, Switzerland 
 TEL +41 (21) 693 91 92 - FAX + 41 (21) 693 91 96 | info @quantis-intl.com - www.quantis-intl.comS 71

- Optimize the entire packaging by reducing mass, using less impacting additives, 
paints, coating, etc.  

4 Conclusions 
The results show that although the differences are small, the Nespresso Espresso capsule 
recycled is either the least impacting alternative (for GHG emissions, resources consumption 
and human health categories) or among the least impacting alternatives (for ecosystem 
quality, water withdrawal and water turbined categories)26. Regarding generic products 1 and 
2 Espresso, the best end-of-life option is direct fuel substitution, but this end-of-life scenario 
is only theoretical, as it does not exist in practice at the moment. For the generic product 3 
Espresso the best end-of-life option would be the anaerobic digestion of the starch capsule. 
However, this capsule is a mixture between PLA and starch and results are likely to be in-
between these two scenarios and therefore higher than the pure starch scenario.  
It has to be noticed that the comparison is made among the product systems and not among 
the various capsule materials.   
The sensitivity analysis and uncertainty analysis show that these conclusions are robust and 
not likely to be influenced by the assumptions made and uncertainties of input parameters 
(at least the ones that we could quantify).  
The ecosystem quality and water indicators can have an important regional variability that is 
not captured in this study. More analysis on these two indicators, especially by assessing 
the real differences among coffee production systems, would be necessary to draw clearer 
conclusions.  
An eco-design process should consider improvement potentials on the entire life cycle 
(notably coffee supply and use stage) and not only on the packaging aspect. 
These conclusions are about product systems with specific design and not about the various 
materials used to produce the capsules.  
 
 

                                                
26 Note that differences in the total impacts are not significant for the generic product 2 capsules sent to DFS and 
Nespresso capsules sent to recycling when distribution is excluded. The distribution contains some uncertainties, 
but is lower for Nespresso than for the generic product 2, and when included it creates an advantage for 
Nespresso sent to recycling compared to the generic product 2 sent to DFS). 
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Appendices 

Appendix A: Reference flows 
Reference flows are detailed in an excel file and correspond to the exports of the SimaPro 
model: NN_NNSLECC_AppendixA-ReferenceFlows_2011-04-21.xls 

Appendix B: IMPACT 2002+  
Information available on www.impactmodeling.org and in Jolliet et al. (2003) and Humbert et 
al. (2010).  

Appendix C: ReCiPe  
Information available on www.lcia-recipe.net and in Goedkoop et al. (2008).  

Appendix D: External critical review report for the report without the 
generic product 1 capsules scenarios 

The critical review of this report was performed by a panel consisting of: 

Mr Michael Zwicky Hauschild, PhD in Environmental Science, professor at the Technical 
University of Denmark (DTU), Denmark, LCA specialist, chairman of the panel. 

Mr Aafko Schanssema, FALX Beheer on behalf of PlasticsEurope, Belgium, plastics expert  

Mr Bruno De Wilde, Lab Manager at Organic Waste Systems (OWS), Belgium, biomaterials 
expert.  

Mr Stéphane Arditi, Policy Officer on Waste and Products at European Environmental 
Bureau (EEB), Belgium, consumer expert.  

References:  

ISO 14040:2006(E) Environmental management – Life cycle assessment – Principles and 
Framework 

ISO 14044:2006(E) Environmental management – Life cycle assessment – Requirements 
and guidelines) 

The scope of the critical review: 

The review panel had the task to assess whether: 

• the methods used to carry out the LCA are consistent with the International 
Standards ISO 14040 and ISO 14044, 

• 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, 



 Comparative LCA of B2C espresso capsules 

 Quantis Sàrl - Parc scientifique EPFL Bât D, 1015 Lausanne, Switzerland 
 TEL +41 (21) 693 91 92 - FAX + 41 (21) 693 91 96 | info @quantis-intl.com - www.quantis-intl.comS 75

• the interpretations reflect the limitations identified and the goal of the study, 

• the study report is transparent and consistent. 

The analysis of individual datasets and the review of the LCA models used to calculate the 
results are outside the scope of this review.  

The review process 

The review was performed in an interactive manner comprising three rounds of comments 
addressing the goal and scope definition, the intermediary results and the final report. In 
each round comments were given by each member of the review panel. The comments 
given ranged from minor editorial details to more fundamental methodological issues. They 
were submitted to the authors of the study, who then processed them resulting in a) 
acceptance and adaptation or b) rejection on grounds that were then specified. The resulting 
revised LCA report was checked by the review panel members with main focus on the 
introduced changes and their consequences, leading to a new set of comments, which were 
likewise processed by the authors of the study.  

General evaluation by the review panel 

The study has been carried out in compliance with ISO 14040 and ISO 14044. The critical 
review panel found the overall quality of the chosen methodology and its application in the 
analysis to be high and adequate for the purposes of the study. The reporting of the study 
and its results is transparent and comprehensive. The applied data is found adequate, the 
discussion of the results covers the relevant aspects in accordance with the goal of the 
study, and the conclusions are well founded on the outcome of the study and in accordance 
with the defined goal.  

The comments given by the review and the processing of these comments by the authors of 
the study are documented in the tables below for each of the three commenting rounds. 

Part 1: Goal and scope 

For this part of the review, we received general comments from Bruno De Wilde (OWS) and 
Stéphane Arditi (EEB) by email and comments directly in the report from Michael Hauschild 
(DTU), Aafko Schanssema (Plastics Europe) and Stéphane Arditi.  

A first table answers the general comments and a second the comments in the report.  

Michael Hauschild received a version of the report. The report with the comments from 
Michael Hauschild was sent to Bruno De Wilde and Aafko Schanssema. Finally, Stéphane 
Arditi received a version containing the comments from Michael Hauschild and Aafko 
Schanssema.  
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Table 0-1: General comments on the goal and scope part 

General comments from Bruno De Wilde on the Goal and Scope part 

Bruno De Wilde Quantis 

We suppose we are one of the independant, 
external reviewers. Exact 

We wonder why different phases in the Life 
Cycle,which seem identical for the 3 systems, 
are included. E.g. coffee supply, use phase, dish 
washing, etc. These seem to be independant 
from the package and can therefore be omitted 
from the study, in our opinion.  

The stages other than packaging are not all 
independent for the three products studied as for 
example the amount of roast & ground coffee that 
is different in the three capsules. Some of the 
stages, such as dish washing, are indeed totally 
independent from the product and could therefore 
be omitted. However, we feel interesting to keep 
this information in the study to be able to get an 
idea of the overall impact of the product studied. 

Complexity of packaging should be 
considered. We strongly doubt whether such a 
capsule can be made from 100% TPS or 100% 
PLA as this will not give the necessary technical 
performance. 

Indeed, that is the reason why we are performing a 
sensitivity analysis on the starch bioplastic/PLA 
composition by generating 2 scenarios (100% 
starch bioplastic, 100% PLA), expecting that the 
truth is in-between.  

We suspect other components and additives are 
used also which may have a serious impact on 
the compostability or the anaerobic digestibility of 
the capsule. 

We are aware of this complexity and specified it in 
the limitations.   

Related to the previous point, we question 
whether sufficient information on the composition 
of the 2 competitive packaging is available. This 
will probably be a challenge. 

The additives issue is mentioned in the limitations.   

Related to the waste treatment system also the 
waste collection or alternatively waste 
pretreatment must be considered. E.g. collection 
of compostable capsules together with biowaste, 
separate collection of recyclables, separation of 
recyclables, etc. This can have a big impact on 
the overall environmental performance. 

Pre-treatment (e.g. aluminium and coffee grounds 
separation for Nespresso capsules) is considered. 
Waste collection is considered for all scenarios.  

Anaerobic digestion: type of system will have an 
important impact on performance; e.g. PLA is 
converted to biogas in thermophilic AD systems 
but not in mesophilic AD systems.  TPS is 
converted in both. 

We consider an average AD system, with the PLA 
having a fraction (86% degraded) transformed into 
biogas. Is therefore some kind of average between 
the two systems. 

As bioplastics are still very much in a 
development phase, sensitivity analyses will be 
important. 

We are aware of this complexity and pointed it in 
the limitations.  

General comments from Stéphane Arditi on the Goal and Scope part 

Stéphane Arditi Quantis 
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Difficult to really compare the respective impacts 
of the different packaging if we also integrate the 
whole coffee production process: is it an option 
to consider all the rest is similar but the 
packaging? 

The stages other than packaging are not all 
independent for the three products studied as for 
example the amount of roast & ground coffee that 
is different in the three capsules. Some of the 
stages, such as dish washing, are indeed totally 
independent from the product and could therefore 
be omitted. However, we feel interesting to keep 
this information in the study to be able to get an 
idea of the overall impact of the product studied. 
However we will have a section focusing on 
impacts of packaging and packaging end-of-life.  

Difficult to justify the different end of life 
scenarios, as none of them is realistic (except 
the first one with a split between landfill and 
incineration?): is it possible to have more realistic 
scenario such as x% recycling;y% 
incineration,z% landfill 

The goal to have 0% or 100% scenarios is to be 
able to do any comparison we want for average 
share of e.g. incineration and landfill. The goal is to 
explore the range of possible scenario including 
the 2 extremes.  

The collection rate is a key parameter for 
recycling, but does not seem to be seen as an 
issue 

In addition to the above answer, one of the answer 
we want to have is “what happens if the consumer 
put the capsule in the recycling bin?”, “what 
happens if the consumer throw the capsule in the 
trash?” 

We miss some characteristics of the material 
(especially for bioplastic) 

The information is given in text; more detailed 
information was not available.  

The future public release would very likely raise 
criticisms if the comparison is not made with 
realistic scenarios and very similar assumptions 
for all what is not packaging 

Because the results aim at being communicated to 
the consumers, we feel that the clear scenarios are 
answering better the questions than the consumer 
average scenarios. Although it is not the goal of 
the study, having information on the overall cup of 
coffee will provide information to answer questions 
likely to be raised on the overall cup of coffee 
impact. 

 

Comments made directly in report 

Report section (and 
sentence) Comments from reviewers  Quantis answers 

Project information table, 
about title 

Aafko Schanssema: Please 
specify here which polymer is 
meant. 

Ok, we added 

Stéphane Arditi: same for 
bioplastic – need to know what 
kind of bioplastic it is? And is it 
always the same material? Is it 
compliant with EN 13432 ?  

Ok, we added “starch/PLA”.  

1.1 Life cycle assessment 
Stéphane Arditi: Shall we mention 
here the EU LCA platform and the 
rules EC has set – in compliance 
with ISO standards- to conduct 

We added a sentence that 
mentions EC ILCD Handbook 
and UNEP/SETAC LC 
Initiative. 
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LCA’s? 

1.2 Context and background 
 

Aafko Schanssema:  
Context & Background: It is not 
clear to me if the assessment is 
done for the packaging system 
only or for the full product: coffee 
plus packaging system.  
Please explain better and explain 
also which coffee has been used. 
Fair comparison are only made 
when the content is included, see 
also some examples of attached 
INCPEN document.  

Yes, the content (coffee) is 
included. We added “The goals 
were to provide information on 
the total life cycle of a cup of 
coffee, …” 
Coffee is the same among 
alternatives. It is based on a 
generic coffee from Brazil 
(Coltro et al. 2006) 
 

2.1 Objectives and intended application 

About functional unit 

Aafko Schanssema: In order to 
work with bigger figures, it might 
be worthwhile to enlarge the 
functional unit to 1000 cups of 
coffee; this to avoid calculations 
with figures smaller than 10exp-
25.   

Based on passed experience, 
the impact of the cup of coffee 
is between 50 and 200 g CO2-
eq. This being the major 
indicator reported, it will be 
easy to interpret. Also we 
made all previous studies on a 
cup of coffee basis, thus to 
ensure consistency, we prefer 
not changing the functional unit 
now. 

About functional unit 

Stéphane Arditi: If we go for a 
functional unit of 1000 cups, do 
we need to go in details such as 
the mix between different coffees 
categories (type of coffees, size of 
cup – lungo/ristretto,…)? 

We decided to focus on an 
Espresso because it is the only 
option common among the 
three alternatives. 

The objective of the present 
project is to compare the 
impacts of a cup of espresso 
in business to consumer 
(B2C) environment using the 
Nespresso system - 
Nespresso Espresso (capsule 
in aluminium), the generic 
product 2 Espresso (capsule 
in plastic) and the generic 
product 3 Espresso (capsule 
in bioplastic) all applied in a 
Nespresso machine 

Michael Hauschild: Specify 
model?  

The machine used is a 
Nespresso Essenza. We 
specified it in the report.  

First objective: 
To identify the scenarios 
and threshold where one 
type of capsule is more 
advantageous than another 
from an environmental point of 
view. 

Aafko Schanssema: Later on you 
include health aspects as well. Be 
consistent. 

In LCA, environmental impacts 
include human health impacts.  

Stéphane Arditi: if we consider the 
impacts of a cup of espresso, 
packaging is just an aspect. The 
coffee type/provenance, the way 

The goal has two levels: focus 
on packaging but keeping an 
eye on the overall life cycle to 
be sure not to miss something 
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coffee is produced, the logistics 
might be important. In contrary if 
we compare only the packaging, 
then we shall consider the coffee 
origin and production processes 
as similar in all cases to really 
focus on the packaging as such 
(?). Depends on the goal of the 
study. 

important. The phases other 
than packaging are also 
differentiated between 
scenarios if we have good 
reasons or good data to 
perform this differentiation.  

2.2 General description and context 

The capsules studied are all 
usable in the same espresso 
machine but are made of 
different material and 
produced on different sites. 

Stéphane Arditi: again shall we 
consider the contents of the 
capsule or only the capsule as 
such?  

In the objectives, point I. 
detailed as follows:  

IV. To characterize and 
compare the 
environmental impact 
over the life cycle of the 
three aforementioned 
product systems; 
o A special attention will 

be given to the 
packaging stage  

The airtightness of the various 
materials used differs and it 
leads to various surpackaging. 
The generic product 2 
Espresso capsule in plastic is 
not airtight and a 
surpackaging is needed for 
each piece. The generic 
product 3 Espresso bioplastic 
is a more efficient oxygen 
barrier and therefore only an 
overwrap for ten capsules is 
necessary.  

Michael Hauschild: What about 
durability and shelf life, can these 
be assumed to be the same for all 
three systems (including the 
relevant surpackaging)? 

This is a good point. Because a 
lack of data, we assume all 
being the same. Preliminary 
indications suggest that the 
Nespresso capsule has a 
longer shelf life than the 
generic product 2 capsule. 
Therefore the assumption that 
all are the same trend to be 
slightly in disfavor of 
Nespresso which is a so-called 
conservative assumption 
considering the scope of the 
study (study commissioned by 
Nespresso).   

Aafko Schanssema: Can you 
demonstrate that with the oxygen 
barrier characteristics of the used 
packaging materials? 

We have no technical data on 
this point. This is an 
information from Nespresso 
and assumed regarding the 
material and packaging used 
(e.g., surpackaging) 

About Figure 2-0-1: The 
packaging of the B2C 
espresso capsules  

Stéphane Arditi: Shall we consider 
secondary packaging as similar in 
all cases? It’s not clear here what 
is going to be compared 
effectively: the whole content and 
containers, or only the capsule 
and the eventual surpackaging 
and sleeves? 

No. the secondary packaging is 
specific to each of the capsule 
systems 

2.3 Allocation rules: system expansion at the end-of-life 
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Plastics and cardboard can 
either be recycled as material 
with the same primary 
material substitution approach 
(with a substitution 
potential taking into 
account quality loss) or they 
can be directly used as a 
substitute to light fuel to 
produce heat (in this case, 
the material frequently 
physically replaces the fuel 
where it is needed; the 
substitution potential is 
based on material's lower 
heating value with a yield of 
100%).  

Michael Hauschild: This is a 
conservative assumption; there 
will be a conversion loss from 
primary energy to heat even in a 
stove where you use oil or gas?  

We suppressed the sentence 
(part in bold here) as it is not 
studied in this study.  

Aafko Schanssema: Agree this is 
conservative: suggest using more 
realistic efficiencies. 

We suppressed the sentence 
(part in bold here) as it is not 
studied in this study. 

Stéphane Arditi: agree with 
comments on energy efficiency, 
as 100% yield might give a “false” 
benefit to WtoE in comparison to 
recycling. 

We suppressed the sentence 
(part in bold here) as it is not 
studied in this study. 

For the remaining portion that 
goes to municipal incineration 
or landfilling, typical emission 
factors are applied to estimate 
emissions from these 
processes. In the case of 
incinerated plastics, 
cardboards, or oxidized 
aluminium, recovered heat 
and electricity at incinerator 
are considered to substitute 
light fuel oil and electricity 
UCTE mix respectively (in this 
case, the substitution potential 
is based on material's lower 
heating value and on the 
effective incinerator efficiency 
– implying a yield below 
100%). 

Michael Hauschild: Assuming the 
average mix here is not truly 
consequential – it is a marginal 
electricity production technology 
that will be replaced. For heat you 
don’t assume an average? Or do 
you assume that all heating will be 
by light fuel oil? 

We assumed that all heating 
replaces light fuel oil for 
simplification reasons, because 
we don’t have data on the 
present mix that is substituted.  

Aafko Schanssema: Not sure if I 
would agree with Hausschild: I 
would suggest to use a P/H 
efficiency of 60% and then give 
credit average fuel mix. 

We consider 10% electricity 
recovery and 20% heat 
recovery.  

2.5 System boundaries 

This study assesses the life 
cycles of the 3 capsule 
systems from the extraction 
and processing of all raw 
materials through the end-of-
life of all product components 
(e.g., packaging). The system 
is divided into seven principal 
life cycle stages: (1) Coffee 
supply (including transports 
from cultivation place to 
production center), (2) 
Packaging supply (including 
transports from production site 
to manufacturing site), (3) 
Production center 
(manufacturing), (4) 
Distribution, (5) Use stage, 
and (6) End of Life (landfilling, 

Michael Hauschild: Wouldn’t this 
normally be through a societal 
pool of aluminium scrap, i.e. open 
recycling? 

Nespresso has its own 
aluminium collection and 
recycling systems. However we 
change the sentence and took 
out the “open” and “close” 
terms that do not add any 
value.  
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incineration and/or recycling 
(e.g., aluminium recycling, 
bioplastic composting), 
including transportation to 
each of these activities). 

About Figure 2-0-2: Product 
system description for the 
LCA of the three systems 
studied (capsules in plastic, 
bioplastic and aluminium) 

Michael Hauschild: ISO uses the 
term “stage” and reserves “phase” 
for the main elements of the LCA 
methodology.  

Ok, we changed the “phase” 
into “stage” when necessary.  

Within each of these stages, 
the LCA considers all 
identifiable “upstream” inputs 
to provide as comprehensive 
a view as is practical of the 
product system. For example, 
transportation does not only 
include the operation (fuel 
consumption and tail pipe 
emissions), but also upstream 
processes such as fuel 
production, truck production 
and maintenance and road 
construction. In this way, the 
production chains of all inputs 
are traced back to the original 
extraction of raw materials. 

Stéphane Arditi: 
Comprehensiveness is great, but 
that will affect the respective 
impact of packaging, and would 
probably minimize it? 
In addition, that will make the 
whole study much more 
complicated, whereas data on the 
packaging material alone could be 
more accessible? 

Taking the impact over the full 
life cycle is the core of LCA 
and the scope of this study. We 
therefore have to include the 
coffee production, as the three 
product systems require 
different amount of coffee. See 
also discussion on the full life 
cycle versus focus on 
packaging.  

Table 1: Description of 
products under evaluation in 
this study. 

Aafko Schanssema: Production 
center: Data for plastics are 
European averages: often the 
biggest difference comes from the 
P/H grid. As CH is relying heavily 
on Hydro and France on Nuclear, 
how are the corrections made for 
PP, PET and Starch/PLA? It might 
be worthwhile to include this 
difference in a sensitivity analysis. 

As we don’t know where PP 
and PET are produced, we 
used the European plastic 
production average (with grid 
mix average for Europe (UCTE 
electricity mix) as for all 
electricity consumed in the 
study, e.g. for use stage).  
PLA and starch are assumed 
to be produced in the US, with 
a US electricity mix. 

Aafko Schanssema: Use stage: 
Isn’t 2 coffees per day per 
machine extremely low? 

It is a home consumption, 
assuming a couple where only 
one person drinks coffee. 
Anyway, this will not influence 
the ranking among scenarios 
as the use stage is equals for 
the 3 studied product systems 
and is therefore not an 
important assumption to 
discuss.  

Aafko Schanssema: Is washed 
with cold of warm dishwater? With dishwasher (warm).  

Aafko Schanssema: End-of-Life: 
See comments under 2.4 Waste 
scenario’s. 

See answer under 2.4 
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Stéphane Arditi: Agree with the 
fact that we lack some information 
to validate EoL scenarios: is 
bioplastic compliant with EN 
13432 (full biodegreadability)?  
Why no recycling for plastic (does 
it come from the material type -e.g 
multilayer thin plastic film- or from 
assumptions…plastic can be 
recycled as well)? 

We currently only analyse 
existing EOL scenarios.  
 

Stéphane Arditi: Question about 
assumptions that production 
centers are all similar (due to lack 
of data): Is aluminium 
manufacturing more or less 
intensive in resources use in 
comparison to plastic and bio-
plastic? 

The production center 
corresponds to the capsule 
filling centre, not to the 
manufacturing of the materials. 

2.6 Life cycle inventory data, sources and hypothesis 

The data for the generic 
product 2 and 3 Espresso 
capsules have been 
transmitted by Nespresso 
staff. They have determined 
the materials and measured 
the mass of packaging parts 
(capsules and boxes, etc.) in 
their laboratory. The other 
data on these two product 
systems have been 
determined based on expert 
judgement. 

Stéphane Arditi: Aware about the 
difficulty to gather data, EEB 
wonders whether competitive data 
collected by Nespresso can be 
fully “legitimate”? That may lead to 
criticisms by competitors when 
study is publicly released? 

The data quality for these two 
systems is lower than for the 
Nespresso system but the 
assumption made are more in 
favour of both these systems. 

In some cases, sufficiently 
representative data is not 
available in ecoinvent and is 
therefore taken from our own 
database, which includes data 
from 10 years of LCA activity, 
or from other databases, for 
example the Input/output 
database. Each unit process 
and its source is indicated in 
Appendix. 

Aafko Schanssema: Please put 
them together in an annex.  All data are in Appendices 

Michael Hauschild: Not 
understood by the reader – which 
input-output database? 

We took of Input output 
database because we don’t 
use it anymore. 

Stéphane Arditi: any reference to 
EU LCA platform that addresses 
the issue of data 
robustness?…but do not know if 
such a reference may help or not. 

Here we mention which 
database we use but we don’t 
address the data robustness 
issue.  

2.7 Scenarios 

There are several parameters 
of importance that are not 
known and therefore shown in 
parallel in various scenarios: 
- The generic product 3 

capsules material (made of 
an unknown fraction of 

Stéphane Arditi: what TPS 
means? 

We replace everywhere TPS 
(thermoplastic starch) by starch 
bioplastic.  
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PLA and starch bioplastic) 
- End-of-life treatments 

About the scenarios table.  

Aafko Schanssema: about 
Nespresso recycling rate in 
France: Don’t think 100% is 
realistic, suggest to use something 
like 70/30 or max 80/20. 
Reasoning: (public) infrastructure 
will not be designed for such a 
sophisticated target.. 

See above answers. 

 

Aafko Schanssema: about trash 
EOL scenario in France: What is 
the basis for this assumption? 

We added footnotes to give the 
references 

 

Aafko Schanssema: about the 
GP2 EOL scenarios in France: I 
don’t see this as an equivalent to 
the optimum scenario’s for Alu 
and Starch/PLA. Optimum 
scenario for PP/PET is roughly 
1/3-1/3-1/3 recycling – high 
efficient energy recovery (SRF) – 
incineration. In case of 
contaminated/mixed waste you 
can leave out recycling and 
increase high efficient energy 
recovery. 

See above answers.  

Aafko Schanssema: about 
recycling rate for Nespresso in 
Switzerland: Same comment as 
above 

Same answer as above.  

Aafko Schanssema: about the 
GP2 EOL scenario in Switzerland: 
Same comment as above. 

Same answer as above. 

Stéphane Arditi: 
Most of these scenarios are 
“unrealistic”. Are they here only 
illustrative scenarios, or do they 
claim to be representative?  
The 100% 
recycling/composting/AD 
scenarios assume a 100% 
separate collection? 

Yes, separate collection.  

Stéphane Arditi: Why no plastic 
recycling scenarios? Same answer as above 

2.8 Life cycle impact assessment method 

About the mineral extraction 
midpoint category:  

Stéphane Arditi: does that include 
all indirect effects of extraction, 
such as mining waste 
management, ore’s residuals 

This is an impact category 
measuring the impact on the 
resources mineral itself, not the 
impact of extracting this 
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treatment? mineral which are expressed in 
all impacts categories, such as 
aquatic ecotoxicity etc. 

Based on these impact 
categories, the IMPACT 
2002+ method is considered 
covering a broad range of 
potential impacts. Main 
missing categories are noise 
and social impacts. However, 
as of now, no sufficiently 
robust models exist to 
evaluate these two impact 
categories.  

Aafko Schanssema: I thought the 
study was limited to 
environmental. 

Yes, indeed social issue is 
missing (but human health 
impacts are included). 

- Where trade-offs are 
expected in the current 
context (water withdrawal and 
ecosystem quality, energy 
resource based products (in 
general, well captured by 
carbon footprint (e.g., fossil 
energy) or water use (e.g., 
hydropower)) are compared 
agricultural based products – 
in general well captured by 
carbon footprint (e.g., N2O 
emissions), water use (e.g., 
irrigation) as well as 
ecosystem quality (e.g., land 
use)),  

Michael Hauschild: This sentence 
is hard to understand, please 
rephrase 

We have rephrased.   

- as well as of special interest 
for Nestlé (Greenhouse gases 
emissions , water use and 
ecosystem quality), i.e., they 
reflect the value-choices of the 
commissioner. 

Stéphane Arditi: not clear if only 
these 3 categories will be 
communicated. The less clear the 
choice of categories the more 
likely it is to raise criticisms? 

All categories will be 
communicated, however, for 
easiness of communication, 
communication will be given in 
priority for these three 
categories (communicating 
only on carbon footprint would 
be reductive but 
communicating on all 
categories in the same time is 
simply impossible).   

Part 2: Intermediary results 
For this part of the review, comments were given in the report separately from Michael 
Hauschild, Aafko Schanssema, Bruno De Wilde and Stéphane Arditi. Some general 
comments have also been made by email.  

A first table answer the general comments and a second the comments in the report.  

General comments on the intermediary report received by email 

Reviewer Comment Quantis answer 
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Michael Hauschild 

A major concern on my behalf is the 
interpretation of the impact assessment 
results as being in favour of the 
Nespresso recycling alternative without 
any statistical analysis (uncertainty and 
co-variation among the compared 
alternatives) to help the reader judge 
whether the seeming rather small 
observed differences are indeed 
statistically significant. 
This is likely to cause criticism if the 
results are used to support comparative 
claims, in particular since assumptions 
made in the absence of hard data for the 
competitor packaging systems are not 
consistently in disfavour of the Nespresso 
alternative. 

An uncertainty analysis as well as 
sensitivity analysis will be done in the 
final report and the final results will be 
qualified.  
 
The assumptions made that are not in 
disfavour of Nespresso will be 
discussed in the sensitivity analysis 
chapter (e.g. distribution and 
production center). 

Aafko 
Schanssema 

So far my key comment concerns 
unequal modelling of the End-of-Life 
scenario's: best choices for Nespresso 
and generic product 3, and not for the 
generic product 2.  

A generic product 2 Espresso new EOL 
scenario has been added to give a 
“best alternative” scenario for the 
generic product 2. We chose the Direct 
Fuel Substitution (DFS) alternative 
because the PP recycling is not a 
practical alternative (coffee grounds 
remaining in the capsules cannot be 
removed entirely and easily to have a 
correct efficiency) and there is no real 
PP recycling route existing for this kind 
of waste in the markets studied. 
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Also the incineration efficiency is chosen 
rather low: only 44% in the WFD 
definition, while the WFD requires for 
recovery minimal 60%. Most Swiss 
incinerators perform above this efficiency 
figure. 

After long internal discussion we 
decided no to increase the incineration 
efficiency rate for several reasons. One 
of them being the fact that by giving 
credits to the efficiency rate we assume 
that 100% of the energy sent to the 
network displaces primary production 
whereas in reality it is not sure that all 
the energy sent displaces the 
production but some might be simply 
added to the grid because of the 
perverse effect of the “no feeling guilty 
to use waste heat” that can lead to 
higher energy use than if the user 
would be connected to the grid. In 
addition, in absence of good data, we 
prefer to be slightly conservative.  
We tested how would decrease the 
impacts of the generic product 2 
incineration scenario with a higher 
efficiency (60% heat and 30% electric 
recovery) under the section 3.3 Detail 
on packaging: material supply and end-
of-life of the critical review report 
including the generic product 1 
capsule. This variation is tested only on 
the packaging and end-of-life life cycle 
stages and for the GHG emissions. The 
generic product 2 incineration scenario 
become around at the same level as 
the generic product 2  DFS scenario. 

My key comment deals with unequal 
design of the end-of-life stages, which is a 
kind of repetition of my comment on the 
goal and scope: I still have the impression 
that the Nespresso and probably the 
generic product 3 schemes are more 
favourable, than the generic product 2 
scheme.  

See above answer.  

Another point is that capsules represent 
only a fraction of the total material use, I 
would recommend that this is better 
reflected in the report, including the 
results. 

The packaging considered is shown in 
Figure 2-1. In the chapter describing 
system boundaries (2.5), it is specified 
that packaging is considered in the 
packaging supply stage as well as the 
material processing and transport. The 
Table 2-1 gives another time the 
capsules components (materials) and 
packaging components considered and 
finally, the chapter 2.7.2 data and 
assumption details what is considered 
for each stage of the life-cycle. We 
consider that the materials assessed 
(capsules + surpackaging/overwrap + 
sleeves + tertiary cardboard) are 
sufficiently detailed.  
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Comments made directly in the report 

Report section (and 
sentence) Comments from reviewers Quantis answers 

1.2 Context and background 

Recently, two competitors, the 
generic product 2 Espresso and 
the generic product 3 Espresso 
announced the launch of 
capsules compatible with the 
Nespresso machines, less 
expensive and claiming to be an 
environmental preferred choice 

Aafko Schanssema: Not relevant 
for this study, but are these claims 
based on LCAs? 

No, not based on LCA studies 
to our knowledge but the 
generic product 3 put forward its 
biodegradable and natural 
material characteristics. 

2.4 Allocation rules: system expansion at the end-of-life 

Plastic and cardboard, when 
recycled, are recycled as 
material with the same primary 
material substitution approach.  

Aafko Schanssema: Don’t 
understand what is meant with this 
statement. Please clarify 

We modified the sentence: As a 
simplification, we consider that 
a secondary plastic or 
cardboard obtained by recycling 
has the same properties than 
the primary material.  

In the case of incinerated 
plastics, cardboards, or oxidized 
aluminium, recovered heat and 
electricity at incinerator are 
considered to substitute light 
fuel oil and electricity UCTE mix 
respectively (in this case, the 
substitution potential is based 
on material's lower heating 
value and on the actual 
incinerator efficiency – implying 
a yield below 100%). 

Stéphane Arditi: just noting that 
efficiency of incineration may be an 
issue, as we now have a distinction 
between WtoE incineration, 
regulated by the famous R1 status 
(energy performance), and disposal 
incineration facilities with an energy 
efficiency below R1. 

We removed the part of the 
sentence in brackets that wasn’t 
anymore correct for this study.  

2.6 Life cycle inventory data, sources and hypothesis 

The present study is a full LCA 
that is based on two previous 
screening LCAs (one focusing 
on Nespresso capsules and on 
comparing the three capsule 
systems), adapted for two 
markets (Switzerland and 
France) and updated with the 
latest data (e.g., coffee machine 
energy consumption, life cycle 
inventory database).  

Michael Hauschild: What is meant? 

The ecoinvent used version is 
updated. We updated the part in 
brackets as: “(e.g., latest 
Nespresso machine data, latest 
version of ecoinvent database 
has been used (v 2.2))” 

2.7 Scenarios and main data and assumptions – 2.7.1 General description of the scenarios 
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About the “note on the 
scenarios” 

Stéphane Arditi: Shall such market 
average impacts be integrated in 
this study (at least two or three mix 
between recycling and 
incineration/landfill)? That could be 
interesting as a complement to the 
more “individual consumer” focus. 
In terms of environmental behavior, 
the difference between intent and 
action is well known; market 
average impacts could mitigate this 
phenomenon. 

No, we will not integrate the 
market mix. The purpose of this 
study is to assess the EOL of 
one capsule.  

AAfko Schanssema: Although I don 
not like this, I can live with the 
assumption, under the condition 
that the hypothetical end-of-life 
scenario’s are equivalent and do 
not discriminate. For example when 
selecting the most optimum 
recycling scheme for the Nespresso 
cup (100% recycling), then the 2 
other cup systems should be 
treated equally; this may be done 
for the generic product 3 where 
composting or anaerobic digestion 
is chosen, however this is certainly 
not done for the PP of the generic 
product 2, where low efficient 
energy recovery (incineration) is 
chosen as the best option. 

See comment above in general 
comments table.  

Comments on Table 2-2 

Aafko Schanssema: I repeat my 
earlier comment that I’ve never 
seen a 100% recycling scheme. 
Even in the case – as explained – 
that Nespresso takes care of its 
own waste cups, human behavior is 
such that only a limited fraction is 
thrown in the bin for cup recycling. 
Please reconsider this one more 
time.  

We will not consider market mix.  
We deleted the 100% in the 
table (e.g., 100% recycling) 
because we have understood it 
was confusing. We do not 
consider that all capsule 
consumed in France are 
recycled but my capsule is 
recycled: I have put it in the 
recycling bin, what are the 
related impacts?  

Aafko Schanssema: As explained 
under 2.7.1, I find the selected 
schemes discriminatory for the 
generic product 2 and favorable for 
Nespresso and the generic product 
3. Strongly recommend taking on 
board an equivalent best case 
scheme for the generic product 2.  

See comment above in general 
comments table. 
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Stéphane Arditi: One of the plastic 
packaging industry claim is their 
intent and possibility for recycling, 
particularly PP. Some more 
justifications on the assumptions 
that no PP recycling is considered 
here may be relevant (the size of 
the capsule does not make it 
appropriate for recycling? The type 
of additives?) 

See comment above in general 
comments table. 

2.7 Scenarios and main data and assumptions – 2.7.2 Data and assumptions 

On the electricity mix part 
Michael Hauschild: Why make this 
comment when you chose the 
UCTE without further detailing? 

We do not want to debate on 
the electricity mix choice (small 
influence on the final results)  
we deleted the first sentence  

Coffee supply part:  
The coffee is transported on 30 
km by van from production 
place to local storage, then over 
500 km from local storage to 
the harbour. 

Michael Hauschild: Vehicle type? We added the vehicle type 
(truck > 16t).  

The distance traveled by ship is 
assumed to be 9300 km 
(weighted average among the 
different production countries, 
using the Garcia grid, to 
Rotterdam).  

Michael Hauschild: Reference? 

It is a Nestlé document that 
gives information on the blend 
and production countries. We 
modify this reference in 
Nespresso data.  

A reject rate of 15.5% is 
considered at the Rotterdam 
port, then the coffee is 
transported 800 km by rail from 
Rotterdam to Orbe (Nespresso 
production centre).  

Aafko Schanssema: What is done 
with these rejects? Is this included 
in the study? 

This rejected coffee hasn’t a 
sufficient quality for Nespresso 
but is used by others. The 
transport of this coffee was 
allocated to Nespresso because 
of its high quality demand but 
the production and end-of-life of 
it was allocated to the user. We 
decided to change the 
modelization and simplify this 
part: we do not consider 
anymore the 15% reject and 
allocate the transport of this 
rejected part to the user as well 
as the production of this part.  

The coffee is transported in jute 
sacks 

Michael Hauschild: Reused or 
disposed after use? 

The jute sacks production is 
negligible. We have neither 
considered the end-of-life 
treatment of the jute sacks nor 
reuse.  

Packaging part:  
The packaging components of 
the three capsule packaging 
systems detailed in Figure 2-1 

Stéphane Arditi: Upgrade glossary Ok, we added LDPE as well as 
HDPE.  
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are considered plus LDPE film 
and pallet for transport (tertiary 
packaging).  

The generic product 2 
Espresso: the filling centre is 
located in Andrezieux-Boutheon 
(France, 42160). The production 
centre location is unknown and 
the distance traveled is 
assumed as an average 
between the corresponding 
distance for Nespresso and the 
generic product 3 (250 km for 
Nespresso, 700 km for the 
generic product 3), i.e., 500 km.  

Stéphane Arditi: Unless there are 
enough certainties on the above 
transportation data, a sensitivity 
analysis may include these 
transportation considerations? 
 

The influenceof the 
transportation data are 
discussed in the sensitivity 
analysis and the uncertainty 
analysis takes into account all 
these uncertainties.  

Glue (0.014 g/capsule), nitrogen 
(3.8 g/capsule) and carbon 
dioxide (0.19 g/capsule) are 
also used for the Nespresso 
capsules. 

Bruno De Wilde: This is unclear. 
What is nitrogen and carbon 
dioxide used for? 

They are used for Nespresso 
capsule filling step and are 
injected in the capsules to avoid 
oxygen presence and so 
oxidation of the coffee.  

It is considered that the same 
amounts of these elements are 
used for the generic product 2 
and 3 Espresso capsules.  

Michael Hauschild: You need to 
either show that these assumptions 
are in disfavor of the Nespresso 
Espresso system (as you do for the 
production scrap below) or that they 
are without influence on the 
outcome of the comparison. 
Otherwise the study cannot be 
used to claim environmental 
superiority of the Nespresso 
system. 

We will evaluate the share of 
the impacts that this part 
represents and if it is important 
we will vary this parameter in 
the sensitivity analysis.  

Bruno De Wilde: Consequently, this 
is also unclear. Please elaborate 
further. 

As simplification, we consider 
that these elements are also 
used for the generic product 2 
and 3 Espresso. We will test 
this point in the sensitivity 
analysis if the share of impacts 
it represents is important.  

For the generic product 2 and 3 
Espresso, no information on this 
point was available and no 
losses and losses treatment is 
considered. This point is in 
disfavor of Nespresso Espresso 
product system.  

Stéphane Arditi: Could this 
compensate the assumptions on 
production process? 

As simplification, we maintain 
this assumption that is in 
disfavor of Nespresso.  

Aafko Schanssema: As an 
alternative you could assume same 
losses for the generic product 2 and 
3, and apply like for Nespresso the 
optimum E-o-L scheme.  

In Table 2-3, about the mass of 
the generic product 3 capsule 

Bruno De Wilde: The weight of the 
capsules is a very important aspect, 
which is probably the most important 
factor for the environmental 
performance. Therefore I suggest 
discussing this a little further instead of 
just giving the figures. Obviously, the 

The purpose is not to elaborate 
eco-design for the capsule 
production but assess the 
present capsules. It is obvious 
that a smaller mass will enable 
a smaller impact but we cannot 
know the possible range of 
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mass of the capsules is very 
disadvantageous for the generic 
product 3 capsules. But has this weight 
been optimalised? I presume for 
Nespresso it has. But also for the 2 
other packagings?  If weight for the 
generic product 3 capsule could be 
reduced with a factor 2 for example, 
outcome would be very different. But is 
weight reduction possible without 
loosing technical performance? Still 
future technical developments can be 
anticipated which will enable a smaller 
weight use. I therefore suggest 
including this aspect in the study 
(sensitivity analysis?) 

reduction for the generic 
product 2 or 3. Therefore we 
assume that they have 
optimized their masses.  

About Table 2-3 
Stéphane Arditi: Are there any 
additives or plasticizers or else in 
the packaging materials? 

We have considered that the 
additives or plasticizers are 
small amounts and therefore not 
assessed them as special 
materials but their mass is 
accounted in the base materials 
(plastics/cardboard/etc) and 
they are therefore assessed 
with the same emission factors 
than the plastic/cardboard/etc. 
We expect that the difference 
will be extremely small.  
We added a sentence about this 
point.  

Production centre part:  
Assumed to be the same for the 
three systems 

Michael Hauschild: See comment 
above about assuming system 
identity and supporting comparative 
assertions.  

See answer above.  

In Table 2-4 about the building 
Michael Hauschild: Duration of 
occupation – or not relevant for the 
chosen impact assessment 
method? 

The building lifespan is 
considered (50 years) and the 
number of capsules produced 
per year. We corrected the unit 
into m2·y.  

Distribution part (Table 2-5) 
About distribution of Nespresso, 
Chavornay storage centre 

Stéphane Arditi: Why no storage 
period and energy consumption in 
Chavornay (consistency with below 
assumptions)? 

We haven’t considered this part 
as simplification. It is expected 
to be very low (ambient 
temperature storage) 

About Nespresso shops 
Stéphane Arditi: Why no storage 
time in shops and associated 
energy consumption as for 
supermarkets? 

The shops building, electricity 
consumption, computers, etc. 
are considered as specified 
above the Table 2-5 based on 
Nespresso primary data. We 
specified it in the Table 2-5 too.  

About part of capsules 
purchased by car 

Stéphane Arditi: just to confirm that 
it is 20% of 30% sold in shops (=6% 
total)? 

Yes! 

About the 4 km by car for Stéphane Arditi: Is a one trip of 4 
km for only one sleeve not 

There was a typo. We corrected 
into “+ car from shop to home 
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capsule purchasing exaggerated? Consumers tend to 
take their car for other shopping as 
well, and not sure they do not buy 
more than one sleeve if they come 
by car… Alignment with further 
“supermarket” sales assumptions 
below (a certain % allocated to 1 
sleeve)? 

(20% of capsules sold by shops 
assumed to be purchased by 
car, one trip of 4 km allocated to 
20 items, an item = one sleeve 
of 10 capsules)”  

About the postal delivery  

Michael Hauschild: A very short 
distance? 

The postal delivery distance that 
is considered has been updated 
(200 m). This is a short distance 
but it corresponds to the part of 
the postal delivery trip that is 
allocated to one parcel (one 
parcel assumed to contain 20 
sleeves, i.e. 200 capsules). This 
distance is calculated based on 
a 30 km postal delivery for 150 
parcels, which is 200 m per 
parcel (Quantis communication 
with Postlogistics, Switzerland).  
We added for the postal delivery 
an assessment of the internet 
order: 2 minutes for an order of 
200 capsules. The computer + 
network electricity consumption 
is considered and assumed to 
be 100 W. It is considered that 
the order made by post or 
telephone needs also 2 minutes 
at 100 W for the order 
processing.  

Stéphane Arditi: not clear what is 
one parcel? Does that mean we will 
account 500m postal van 
environmental impact for 20 
sleeves? 

Yes, exactly. The allocated 
distance of postal delivery is per 
parcel. Here, one parcel is 
assumed to be equal to 20 
sleeves = 200 capsules.  

Aafko Schanssema: distance postal 
office to consumer’s home = 500 
meters while distance supermarket 
– consumers home is 4 km. This 
assumes a higher density of postal 
offices versus supermarkets. 
Please clarify.  

As specified above, the distance 
of the postal delivery 
corresponds to the distance of 
the total postal delivery travel 
that is allocated to one parcel. 
The postal delivery travel 
corresponds to 30 km and 150 
parcels, resulting to a distance 
per parcel of 200 m (we 
changed the 500 m because we 
have a more accurate 
information). The postal offices 
density is therefore not higher 
than the supermarkets one. We 
changed the formulation of the 
sentence to be clearer.  
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About the generic product 2 and 
3 Espresso distribution, 
transport from supermarket to 
home (Table 2-6) 

Bruno De Wilde: 5% seems 
relatively high. I wonder whether 
coffee capsules make up 1/20 of 
the weekly shopping 

We keep this assumption 
because coffee is something we 
might easier take the car to buy 
if it lacks. It can often be a driver 
to go to supermarket. We tested 
the influence of this shopping 
travel on the overall results in 
the sensitivity analysis and this 
parameter uncertainty influence 
is also accounted for in the 
uncertainty analysis.   

Bruno De Wilde: Also, are we not 
confusing and mixing up 2 topics in 
1 study. I understand a difference 
between the Nespresso system and 
the 2 other systems is also the way 
of distributing it to the customer. 
Yet, this is irrelevant with regard to 
the material used for the packaging. 
Consequently, I wonder whether it 
would not be better to split the 
study in 2 parts, one directed at 
packaing materials and 1 directed 
to distribution. 

The goal of the study is to 
assess the environmental 
impacts of one cup of coffee. 
For one cup of coffee, the 
packaging is necessary as well 
as the distribution of the 
capsules (and all other life cycle 
stages mentioned: coffee 
supply, production centre, etc.). 
The distribution is one of the life 
cycle stages that differ between 
Nespresso (that is distributed 
via specialized shops or post) 
and the two others (that are sold 
in supermarkets).   

About distribution in general 

Stéphane Arditi: Any assumption on 
scraps/damages during 
storage/distribution stage? E.g. PP 
is UV sensible, storage “falls” can 
happen 

We have no data on loss rates 
and no information on the 
differences among the loss 
rates of the three product 
systems. Therefore we haven’t 
considered the losses during 
distribution.  

About the machine composition 
(Table 2-7) 

Stéphane Arditi: Not so important 
as similar for all packaging 
systems, but are there any 
hazardous/chemicals in the plastic 
part such as Brominated Flame 
retardants? 

We considered the additives as 
the other materials (additives in 
plastic as the chosen plastic) as 
no information on this point was 
available (we know there is 
flame retardant in the various 
pieces and that it represent very 
small fraction but the mass or 
part is not known). In the case 
of the machine it is the same for 
the three product systems and 
therefore it does not influence 
the results.  

Aafko Schanssema: Sure this is 
HDPE? Alternatives are PP, ABS or 
PC/ABS 

The main plastic is in fact ABS, 
we changed this element.  

About the dishwasher use 
(Table 2-7) 

Michael Hauschild: How many 
cycles during its life? We assumed 1500 cycles.  
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End-of-life part:  
The incineration processes 
consider incineration benefits 
corresponding to an energy 
recovery of electricity (10%, 
assumed to be UCTE electricity 
mix) and heat (20%, assumed 
to be light fuel oil).  

Stéphane Arditi: In Eu, there is now 
a distinction between WtoE plants 
and disposal incineration, is the 
difference in energy performance 
worth taking into account? 

The energy recovery rates 
considered correspond to the 
mean energy recovery for a 
waste, considering MSWI that 
produce or not electricity and 
heat.  

Aafko Schanssema: This is an 
extreme low efficiency: to convert 
electricity efficiency to heat 
efficiency a factor 2.4 may be used. 
By applying this the overall 
efficiency is 44% (2.4 x 10 + 20). 
The new Waste Framework 
Directive specifies > 60%. 
According to CEWEP – the 
association of energy from waste 
producers, the majority of the 
incinerators meet already today this 
requirement. Suggest to use more 
realistic efficiencies. 

See above answer.  

It has to be noticed that 
aluminium is partly oxidized 
(packaging less than 50 µm 
thick are oxidized).  

Michael Hauschild: How large a 
part? 

We assume 25 um on each 
surface is oxidized, i.e. 100% of 
membrane for Nespresso and 
50% for shell. We added a 
footnote. 

The industrial composting and 
anaerobic digestion processes 
for the coffee grounds, PLA and 
starch bioplastics are based on 
Quantis internal database.  

Stéphane Arditi: Do you assume a 
full biodegradability? 

No, the biodegradation rates are 
specified in the section 2.7.2 
Data and assumptions 

End-of-life scenarios table 
(Table 2-8), cardboard end-of-
life in Switzerland 

Stéphane Arditi: more than 100% 
(82+20%)? 

Yes, there was a copy-past 
problem. We corrected: 
recycling 82% and trash 18%.   

End-of-life scenarios table 
(Table 2-8), machine end-of-life 
85% recycled, 15% incinerated 

Stéphane Arditi: very high recycling 
rate, for this product category the 
current WEEE Directive sets a legal 
target of 50% (recast suggests 
55%), and remaining may also be 
landfilled. 

This point does not influence 
the final results because it is the 
same assumption for the three 
scenarios. These data come 
from previous studies.  

End-of-life table (Table 2-8) 

Aafko Schanssema: see my earlier 
comment on equivalent schemes. 
Additionally I would like to 
understand why did you not design 
a better recycling scheme for 
everything except the capsules? 
This would be justified given its 
large material consumption. 

For the machine, this does not 
influence the results as this part 
is the same for each scenario. 
For surpackaging/overwrap, 
there is no better scenario (in 
every instance it is thrown into 
the trash). For cardboard we 
took means because it is not the 
main focus.  
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About the end-of-life transports 
(Table 2-9):  
Two travels per year to the 
collection place by car over 4 
km 20% allocated to the 
capsules + 250 km by truck (20-
28t) from collection place to 
treatment place 

Aafko Schanssema: Please explain 
why 20% is chosen.  

We updated the data to the 
collection place to be consistent 
among alternatives: all travel to 
waste sorting unit are the same: 
4 km, 2 times a year, 20% 
allocated to capsules 
(equivalent to 4 km, 12 times a 
year, 3.5% allocated to 
capsules) 

Michael Hauschild: I find this 
assumption hard to judge.  See above answer.  

About Table 2-9 

Bruno De Wilde: There is no reason 
why the distance from the collect 
centre to the treatment centre is 
larger for composting and AD than 
for landfill and incineration. On the 
contrary, biological waste treatment 
systems (can) have a rather small 
capacity and tend to be built locally. 
Hence, transportation distances are 
smaller. In contrast, landfills are 
getting scarce while incineration 
plants are only efficient at high 
capacity, consequently, distances 
for these options should be higher 
as distribution is smaller. 

We updated these scenarios for 
a transport with car from home 
to collection place. We changed 
the distance from collection 
place to treatment place to the 
same distance as for 
incineration / landfill (25 km for 
Switzerland and 30 km for 
France) to be consistent. 

Stéphane Arditi: If these figures are 
standards already, that’s fine. If not 
assumptions should be explained:  
- How is this allocated to one 
capsule? 
- 20% of car transportation to local 
collection point is huge if these 
points are municipal collection 
points (more realistic if they are 
dedicated collection points – shops 
– but then the two times a year is 
not realistic?) 

We changed the scenarios to 
have similar data for all travels 
to the waste sorting unit. See 
above answer. 

2.8 Life cycle impact assessment method 

About endpoint/midpoint 
categories 

Aafko Schanssema: I would like to 
see in the report how the midpoints 
and damage categories related to 
each other, and how the conversion 
has been done. Then further in the 
reporting it would be great to see 
what the relative contributions of 
the midpoints to a damage category 
are.  

The details on the life cycle 
impact assessment method are 
available on 
www.impactmodeling.org. In the 
User guide, it is explained how 
the endpoint and midpoint 
categories are calculated and 
their relation.  
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About the restricted set of 
impact categories chosen 

Aafko Schanssema: Please explain 
why these are taken on board and 
do not come from the midpoint – 
damage category conversion. 

This choice is explained in the 
section following. GHG 
emissions because it is the 
category where the most robust 
data exist, and ecosystem 
quality and water withdrawal 
because they are expected to 
best reflect the disparities 
among scenarios (energy based 
versus agricultural products).  

Stéphane Arditi: the impact on 
natural resources use should not be 
neglected:  
- it becomes an important aspect 

to communicate 
- it will be affected by recycling 

scenarios 
- indirect land use has been 

neglected so far in assessment 
of bio-based non food products 
(e.g. biofuels) 

The land use impacts are 
considered in the ecosystem 
quality endpoint category but 
the indirect land use change is 
not assessed quantitatively but 
qualitatively.  
 

In order to strengthen the 
conclusions, sensitivity analysis 
on the impact assessment stage 
is also performed using an 
alternative LCIA method: the 
H/A version of the ReCiPe 
method (Goedkoop et al. 2008) 

Michael Hauschild: Will not be 
understood by the non-expert 
reader.  

The non-expert will understand 
that another LCIA method is 
used to test the methodological 
choice and the expert will find 
here the detailed LCIA method 
applied. We put this detail in 
brackets.  

Results are presented for the 
following damage categories:  
- Human health 
- Ecosystem quality 
- Resources 

Stéphane Arditi: If that covers the 
above mentioned points on 
Resources use, that would be nice 

The Resources endpoint 
category corresponds to the 
non-renewable primary energy 
(fossil + nuclear energy use) 
and the mineral depletion.  

3. Results & discussion 

General comment 

Aafko Schanssema: The graphs 
shown in this chapter are very 
difficult to read: please improve 
readability: change acronyms or 
explain, change colours, stack 
equal contributions first, etc. and 
add the range after the sensitivity 
analysis. This should help to 
understand if differences are 
significant or not. 

We tried to improve the 
readability.  

3.1 Inventory 

It is presented in Appendix, and 
for practical reasons, directly at 
the impact score level. 

Michael Hauschild: What is meant? 

The reference flows (directly 
exported from SimaPro are 
given in an excel file. The 
ecoinvent unit processes that 
are used are specified there. 
The impacts related to these 
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processes can be found on 
www.ecoinvent.org. We deleted 
the sentence that is no more 
correct.  

3.2 Comparison among capsules systems at damage level 

General comment 

Bruno De Wilde: I am not an expert 
in aluminium production but I 
vaguely remember that it requires a 
lot of energy. This is nowhere 
reflected in this study. Is this taken 
care off? Same remark is valid for 
aluminum recycling.  

The aluminium production and 
recycling energy consumption is 
in fact high and is taken into 
account in the calculations. It is 
not really visible in the final 
results (in production life cycle 
stage) because it is 
compensated by the very low 
mass for the Nespresso capsule 
(0.8 g) regarding to the other 
capsules that are heavier (1.6 g 
for the generic product 2 that 
has a lower production impact 
and 4.3 g for the generic 
product 3).  

3.2.1 Greenhouse gases emissions 

Figure 3-1 presents the global 
warming scores (GWP 100 in g 
CO2-eq per cup of coffee) for 
the entire life cycle of all 
scenarios. The biogenic 
uptake and release is 
considered.  

Michael Hauschild: I assume that 
you are thinking of the biogenic 
carbon balance? Please specify if 
so. 

We added “carbon”: The 
biogenic carbon uptake and 
release is considered”.  

Stéphane Arditi: question: 
- Even for indirect land use if 
PLA/starch production replaces 
food? 
- Even for incineration (this is often 
neglected)? 

- Biogenic carbon not 
considered for indirect land use 
as we did not consider indirect 
land use. But we mentioned it in 
the discussion and there 
biogenic carbon is considered.  
- Yes we took it into account for 
incineration 

Figure 3-1 

Michael Hauschild: It is difficult to 
distinguish some of the yellow, 
orange and light green colours, as 
well as the different shades of 
green – it would be useful if you 
listed them in the legends below the 
bar chart in the order of sequence 
that they have in the bars  
 
Please explain abbreviation of 
product systems (NN, GP2, GP3-
PLA, GP3-Starch) in figure caption 

We tried to improve the 
readability of the graph. We 
added the abbreviation 
definitions in the caption.  

Bruno De Wilde: Please print 
graphs on a full page and in 
landscape otherwise you need a 
magnifying glass to read them….  

We tried to improve the 
readability of the graph. 

1. The most impacting stages 
are the coffee supply, the 
packaging and the use stage.  

Stéphane Arditi: Why not 
presenting a second graph without 
the “similar” stages: coffee supply, 

We tried to improve the 
readability of the graph. 
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production centre, use stage to 
make the differences clearer? 

2. The Nespresso Espresso 
100% recycling scenario has 
the lower potential impacts 

Michael Hauschild: It is essential for 
this kind of comparative statements 
– here and throughout the rest of 
the report - that you bring the 
reader information about the 
statistic significance of the 
observed differences. This means 
that you must estimate the 
uncertainties of the scores 
(originating in inventory and 
characterization) and the degree of 
covariation – both essential for 
estimating whether observed 
differences are significant. 

The uncertainty analysis will 
show the variability and 
therefore show if the difference 
is significative.  

Stéphane Arditi: Again, that could 
be a major critic by PP industry if 
no recycling scenario is developed 
for PP, as it looks like the 
production of packaging for PP is 
slightly less impacting than Al 

See answer above.  

3. The generic product 3 
Espresso packaging stage 
emits more GHG than the 
Nespresso Espresso or the 
generic product 2 packaging 

Stéphane Arditi: that’s mainly true 
for PLA, not for starch? That is right, we specified PLA.  

4. The starch bioplastic capsule 
landfilling has the higher 
impacts. This is due to the 
methane emissions of starch 
bioplastic degradation in 
landfills. The degradation rate 
for starch bioplastic is higher 
than for PLA.  

Michael Hauschild: This does not in 
itself explain the higher methane 
emissions – the redox conditions of 
the landfill are essential for this 

We added: This is due to the 
methane emissions of starch 
bioplastic degradation in 
landfills (redox conditions).  

Bruno De Wilde: PLA does not 
degrade at all in a landfill because 
of anaerobic conditions and low 
temperature. Consequently, PLA 
does not generate methane. Even 
more, landfilling of PLA is resulting 
in carbon sequestration: biogenic 
CO2 fixed in plants, used in 
packaging and buried forever in a 
landfill.  
Starch bioplastic is partially 
degraded in a landfill.  
I suppose this will require some 
corrections in the calculations  

We specified the degradation 
rates considered for coffee 
grounds, PLA and starch 
bioplastic in landfills, 
composting or anaerobic 
digestion (Table 2-9).  
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Stéphane Arditi:  
- does that include biogas capture 
in landfill? (a frequent argument by 
landfilling industry) 
- why no EoL benefits for 
incineration of PP? 
- distribution really benefits NN: 
need to legitimate distribution 
scenarios? (this contributes mainly 
to make NN “better” than OR!) 
- why is there a link between coffee 
biogenic release and landfill (less 
biogenic release, is it linked to 
longer period storage and delayed 
CH4 release? 
Main “savings” are coffee uptake: 
does that mean, putting less coffee 
in the capsule is better? 

Biogas capture in landfills is not 
considered.  
The emissions related to PP 
incineration are greater than the 
energy recovery benefits and 
results in very low but positive 
impacts for capsule end-of-life.  
Distribution is an important point 
and will be discussed in the 
sensitivity analysis section.  
The coffee ground is only partly 
degraded in landfills and 
therefore a small CO2 capture 
occurs.  
Less coffee in the capsule is 
equal to less CO2 uptake but 
also lower coffee supply 
impacts and less CO2 released 
at the end-of-life.  

3.2.2 Water withdrawal 

Figure 3-2 shows the results for 
water withdrawal midpoint 
impact category for one cup of 
coffee. 

Michael Hauschild: about adding 
“midpoint”: Correct ? 

Impact categories = midpoint 
categories; damage categories 
= endpoint categories (IMPACT 
2002+ nomenclature). We 
changed the impact category in 
midpoint category to be clearer 
and more consistent with the 
information given above.  

Considering this indicator, the 
Nespresso Espresso 100% 
recycling scenario seems to be 
the best alternative and the 
generic product 3 Espresso PLA 
capsule and anaerobic digestion 
end-of-life scenario seems to be 
the worst one but the difference 
among scenarios is less marked 
than for GHG emissions 
indicator.   

Michael Hauschild: Please 
elaborate on whether these very 
small differences are indeed 
significant, in particular considering 
the assumptions you have had to 
make about the production of the 
competitor packagings 

See above answer on the 
uncertainty analysis.  

Bruno De Wilde: Please explain 
why anaerobic digestion would 
result in more water consumption. 
Most AD plants generate water 
instead of consuming it….  

In the model considered, most 
of the water consumed is 
related to the electricity 
consumption for the anaerobic 
digestion process. This water 
consumption offsets the water 
benefits related to the compost 
benefits and energy production 
benefits.  

On the water withdrawal results 
in general 

Stéphane Arditi: Here again careful 
to recycling possibility of PP See above answer.  

3.2.3 Ecosystem quality 

The least impacting scenario 
seems to be the same as for 

Michael Hauschild: Are these 
differences statistically significant? 

See above answer on the 
uncertainty analysis. 
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GHG emissions and water 
withdrawal: Nespresso 
Espresso 100% recycling. The 
most impacting scenario is the 
industrial composting of the 
generic product 3 Espresso 
capsules.   

Bruno De Wilde: Please explain 
why composting would result in 
more species disappearing in 
comparison to other EoL options. 

This is now explained in text: 
the benefits related to compost 
are not sufficient to cut-off the 
ammonia emissions related to 
the composting part.  

On the ecosystem quality 
results in general 

Stéphane Arditi: careful again to 
distribution scenario that makes the 
difference between NN and OR! 
+ The weight of coffee quantity in 
capsule seems to play a 
fundamental role (and not only for 
ecosystem)=> the fundamental 
question could be Is there a 
packaging solution that ensures an 
optimized “taste” with less coffee. 
EEB is aware that taste is not a 
criteria here, but if a packaging 
solution could pretend ensuring the 
same taste with less coffee, all 
other process steps (incl 
packaging) could be less relevant. 

The distribution will be 
discussed in sensitivity analysis.  
For the coffee reflection, the 
taste is out of the scope of this 
study: it is considered that the 
capsule producers have tried to 
design capsules with the best 
taste and best cost, i.e. the 
coffee mass is not oversized to 
avoid a higher price. In addition, 
the taste is not only a question 
of coffee mass but also of 
coffee type, blend, etc. The 
capsules influence on the coffee 
taste and coffee mass is not 
known and we then assumed 
that it is optimized for all product 
systems.  
We mentioned a short point on 
the coffee mass decrease in 
capsule in the 
recommendations.   

3.2.4 Resources 

The least primary energy 
consuming scenario seems also 
for this impact category to be 
the Nespresso Espresso 100% 
recycled capsule. The worst 
scenario corresponds to the 
industrial composting of the 
generic product 3 PLA 
capsules.  

Michael Hauschild: Presumably due 
to the lack of energy or material 
recovery in the disposal stage. No 
crediting done for the compost 
produced? 

The end-of-life model for 
composting wasn’t finished for 
the intermediary results. The 
compost benefits are now 
considered.   

Bruno De Wilde: Seems hard to 
believe… 

PLA composting is always the 
most impacting scenario 
regarding resources. This is due 
to the fact that there is no 
energy recovery for this end-of-
life. The other end-of-life without 
energy recovery is landfilling 
and appears to be the other 
most impacting scenario.  

On the resources results in 
general 

Stéphane Arditi: again, distribution 
scenario + no recycling for PP 
could be contested here (and the 
no review of a better incineration 
efficiency if WtoE plants). 
EEB is surprised of not more 
difference between recycling and 
other options for EoL in terms of 
resources use. 

For distribution, see above 
answer. 
For PP best alternative, we 
added a scenario of direct fuel 
substitution (DFS).  
For incineration efficiency, see 
above answer.  
For the resources use and 
recycling alternatives: the 
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+ Are there no resources benefits of 
composting (avoidance of 
fertilizers)? 
 

resources indicator measures 
only the non-renewable primary 
energy use and mineral 
depletion but not all resources 
use or natural resources use.  
Composting: the model wasn’t 
finished for the intermediary 
results and the compost 
benefits were not considered. 
Now the model is finalized and 
benefits are considered.   

3.2.5 Human Health 

The difference between this 
scenario and all others is more 
marked than for all other impact 
categories.  

Michael Hauschild: Not visible that 
it is more pronounced than the 
differences observed for ecosystem 
quality and human health, and 
certainly smaller than for 
greenhouse gases emissions  and 
resources 

The difference among the net 
impacts is more marked; we 
added the “net impacts”. 

On human health results in 
general 

Stéphane Arditi: again, and again, 
the need to be very robust on 
distribution scenario! This is the key 
element to explain difference 
between GP2 and NN. In terms of 
material as such, Al seems more 
damaging than PP. 
 

For the distribution, see above 
answer.  
The Al alternative is only a little 
bit more damaging than PP 
considering the production but if 
the end-of-life is also 
considered (recycling Al versus 
incineration PP), the Al 
alternative become the best.  

3.3 Detail on packaging: material supply and end-of-life 

General comments 
Bruno De Wilde: Please re-evaluate 
considering landfilling of PLA 
results in carbon sequestration of 
biogenic carbon. 

Degradation rate of PLA in 
landfill is assumed to be 1%. 
The calculation considers the 
CO2 uptake by kg PLA 
produced minus the CO2 
emission from degradation in 
landfill. The remainder is 
sequestrated.  
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Stéphane Arditi: These are key 
results, as they really focus on 
packaging. They show that there is 
no clear evidence that a solution is 
better than the others in itself, and 
that it depends on the systemic 
approach to packaging and EoL. 
The development of “realistic” 
scenarios (= market average 
scenarios) could be of great added 
value to assess the level of 
recycling that would make the Al 
material a better option than the PP 
option. 
Is it possible to develop two or 
three scenarios such as: x% 
recycling, y% incineration and 
z%landfill to define the relevant 
threshold levels. That may also 
help to assess the level of 
collection which would be 
required to take the benefits of 
the high recyclability of Al 
(providing PP recycling is still 
excluded from assumptions – see: 
http://www.akgpolymers.com/Defau
lt.asp?lang=en). In fact, that could 
drive key consumer information on 
their responsibility in minimizing the 
overall impact of packaging, and it 
may lead to investigating possibility 
of deposit-refund, or vouchers 
options for Nespresso to incentivize 
such a “responsible” behavior 
(without any claim yet, that it will be 
the best solution). 
+ 
It would be very interesting to get 
more packaging data on other than 
GWP aspects. Noticeably, natural 
resources (incl water) and 
ecosystem impact investigations 
could provide complementary 
useful data. 

See above answer for the end-
of-life scenarios.  
 
The communication of 
Nespresso for capsules 
recycling is a key point. We will 
add something in the 
recommendations about 
possible incentive/vouchers 
options to encourage a high 
recycling rate.  
 
  

3.5 Study limitations 
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- For the production center, 
nitrogen and carbon dioxide are 
used for Nespresso Espresso. 
At the moment, the same 
production centre is assumed 
for the generic product 2 and 3. 
Not sure that nitrogen and 
carbon dioxide are used for 
these two other product 
systems.   

Michael Hauschild: You make a 
number of assumptions about the 
two competitor packaging systems 
due to lack of specific data. Either 
you must be able to justify that 
these are always in favour of the 
competitor systems or you must 
document that the assumptions are 
of no influence on the overall 
results (sensitivity analysis) before 
you can claim superiority of the 
Nespresso system.  

See above answer. 
The production center 
assumption influence is 
discussed in the sensitivity 
analysis section. The 
uncertainty analysis gives also 
information about the production 
center influence.   

Bruno De Wilde: Please explain 
further. See remark above also.  
 

See above answer.  

Appendix D: Critical review report 
Part 1: Goal and scope 

The airtightness of the various 
materials used differs and it leads 
to various surpackaging. The 
generic product 2 Espresso 
capsule in plastic is not airtight 
and a surpackaging is needed for 
each piece. The generic product 
3 Espresso bioplastic is a more 
efficient oxygen barrier and 
therefore only an overwrap for ten 
capsules is necessary. 

Michael Hauschild: What about 
durability and shelf life, can these 
be assumed to be the same for all 
three systems (including the 
relevant surpackaging)? 

This is a good point. Because a 
lack of data, we assume all 
being the same. Preliminary 
indications suggest that the 
Nespresso capsule has a longer 
shelf life than the generic 
product 2 capsule. Therefore 
the assumption that all are the 
same trend to be slightly in 
disfavor of Nespresso which is a 
so-called conservative 
assumption considering the 
scope of the study (study 
commissioned by Nespresso).   

Comment on Quantis answer 
reported just above. 

Michael Hauschild: Please include 
this clarification in the text (e.g. in 
a footnote) 

Ok we added.  

This study assesses the life 
cycles of the 3 capsule systems 
from the extraction and 
processing of all raw materials 
through the end-of-life of all 
product components (e.g., 
packaging). The system is 
divided into seven principal life 
cycle stages: (1) Coffee supply 
(including transports from 
cultivation place to production 
center), (2) Packaging supply 
(including transports from 
production site to manufacturing 
site), (3) Production center 
(manufacturing), (4) Distribution, 
(5) Use stage, and (6) End of Life 
(landfilling, incineration and/or 
recycling (e.g., aluminium 

Michael Hauschild: Wouldn’t this 
normally be through a societal 
pool of aluminium scrap, i.e. open 
recycling? 

Nespresso has its own 
aluminium collection and 
recycling systems. However we 
change the sentence and took 
out the “open” and “close” terms 
that do not add any value.  
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recycling, bioplastic composting), 
including transportation to each of 
these activities). 

Comment on Quantis answer 
reported just above. 

Michael Hauschild: Agree, 
furthermore I doubt that 
Nespresso is collecting all the 
spent capsules for recycling? 

In Switzerland, all collected 
capsules are then recycled. The 
goal of this study is to show 
what happens if one capsule is 
recycled and not what happens 
to one capsule that is used. 

Part 3: Final results 
Comments were given directly in the report by Michael Hauschild, Bruno De Wilde, 
Stéphane Arditi and Aafko Schanssema. Some general comments have also been made by 
email.  

A first table answers the general comments and a second the comments in the report.  

Comments made directly in the report 

Report section (and 
sentence) Comments from reviewers Quantis answers 

General 

We talk about “trash” scenario 
and “throw into the trash” 

Michael Hauschild: to talk about 
“household waste” 

We decided to use trash. 
Recycling is usual in 
Switzerland and if we speak 
about household waste, it can 
be understood as including also 
the recycling. To avoid 
confusion, we maintain the term 
“trash”. We could also use 
garbage (more British) instead 
of trash (more American) but we 
don’t think it would be a 
significant difference to your 
comment. 

Title 

About title 

Aafko Schanssema: I don’t think 
the title covers the study and is 
actually misleading: when going 
through the study I see a 
comparison between three different 
product designs where the material 
choice is of lower importance. 

The study and objectives were 
about the difference of material 
among various systems. 
Therefore, we feel the title 
represents well what we 
studied.  
Please, expend on your 
comment if we misunderstand 
each other.  

Executive summary 

The goal of this study is to 
answer to the question of the 
consumers: what happens if I 
throw my capsule to the trash? 
And what about if I recycle it or 
throw it into the green wastes 

Michael Hauschild: This is only a 
very small part of the objectives 
according to the goal definition on 
p. 11. The main goal is “to compare 
the environmental impacts of a cup 
of espresso in business to 

We modified the sentence:  
The main goal is to compare the 
three capsule systems to be 
able to answer questions of the 
consumer such as: what 
happens if I throw my capsule to 
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trash? consumer (B2C) environment using 
the Nespresso system - Nespresso 
Espresso (capsule in aluminium), 
or a generic product, all prepared in 
a Nespresso machine (Essenza).” 
The executive summary should 
reflect this 

the trash? And what about if I 
recycle it or throw it into the 
green wastes trash? Which 
solution is the most 
environmentally friendly among 
all those presented? 

About the Figure 0-2 

Bruno De Wilde: Figures further in 
the text have much improved in 
quality, I suggest to also have a 
bigger print in the executive 
summary 

Ok, we improved the quality of 
this figure.  

About the scenarios Stéphane Arditi: where is the GP2 
DFS scenario bar graph? 

We decided to consider only 
some scenarios in the executive 
summary (only currently existing 
routes) and the DFS for the 
generic product 2 has not been 
chosen because it is not a 
currently existing end-of-life 
route.  

There are also some important 
assumptions on the data 
(production center or 
distribution, but tested in 
sensitivity analysis), the same 
coffee is considered for all 
capsules. 

Michael Hauschild: This 
assumption is not clearly 
presented, please rephrase.  
 

There are also some important 
assumptions on the data for 
production centre (assumed to 
be the same for the three 
systems because no data was 
available for the generic product 
2 and 3 Espresso) and on the 
distribution (travel to 
supermarket).  

There are also some important 
assumptions on the data 
(production center or 
distribution, but tested in 
sensitivity analysis), the same 
coffee is considered for all 
capsules. 

Michael Hauschild: Is this a 
limitation? If so, please write in 
what the limitation consists 

The same coffee is considered 
for all capsules while it can vary 
(e.g., origin, production mode).  
 

Nespresso Espresso capsule is 
the alternative among the 
investigated capsules that has 
the lowest environmental 
impacts when it is recycled or 
when all three capsule systems 
are thrown into the trash.  

Stéphane Arditi: This conclusion 
needs to be clarified to avoid 
controversy as: 
- we don’t know if this applies only 
on carbon footprint or in overall 
“ecosystem impact” 
- this seems contradictory with the 
above statement that highly 
efficient incineration for GP2 could 
be as good? 

Ok, we will specify (all 
environmental impacts except 
ecosystem quality) 

2.3 Allocation rules: system expansion at the end-of-life 

Aluminium is partly oxidized and 
also represents a small energy 
recovery (aluminium packaging 
less than 50 µm thick are 
oxidized). 

Michael Hauschild: Does that mean 
that for thicker aluminium objects 
the first 50 um from the surface and 
into the object is oxidized, or does it 
mean that only packaging of less 
than 50um thick is oxidized?  

25 um are oxidized on all 
surfaces therefore: 
pieces less than 50 um thick are 
entirely oxidized 
pieces more than 50 um thick 
are oxidized 25um on all 
surfaces 
We will only specify in brackets: 
aluminium is partly oxidized 
because it is specified how 
below (specify where) and the 
details are not necessary here. 
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In the case of incinerated 
plastics, cardboards, or oxidized 
aluminium, recovered heat and 
electricity at incinerator are 
considered to substitute light 
fuel oil and electricity UCTE mix 
respectively 

Aafko Schanssema: Please explain 
in list of acronyms. 
 

Ok, we added a footnote and in 
the list of acronyms.  

2.5 System boundaries 

(1) Coffee supply (including 
transports from cultivation place 
to production center), (2) 
Packaging supply (including 
transports from production 
site to manufacturing site), (3) 
Production center 
(manufacturing), (4) Distribution, 
(5) Use stage, and (6) End of 
Life 

Aafko Schanssema: where can I 
find the locations where the 
packaging is made: Al, PP, PLA, 
Starch and also the other dominant 
packaging materials like cardboard, 
SBB?  
 

The transport mentioned here is 
the transport from the capsule 
production location to the 
production centre where 
capsules are filled.  
The transport distances for the 
other material than capsule 
components (i.e., sleeves, 
tertiary packaging, 
surpackaging and overwrap) are 
available in the reference flows 
excel file attached.  Finally, the 
processes for cardboard or 
plastic and other material 
themselves consider a transport 
from a main production location 
to a European storage.  

About Figure 2-2: Product 
system description for the LCA 
of the three systems studied 
(capsules in plastic, bioplastic 
and aluminium) 

Aafko Schansseman: Here you 
suggest that end-of-life does not 
consider “other packaging” 

We modified the Figure and 
added the other packaging.  

Table 2-1: Description of 
products under evaluation in 
this study. 

Aafko Schanssema: 1/ Suggest to 
rename “Capsule components” into 
“Primary packaging” and 
“Packaging components” into “other 
packaging”. This would be more 
consistent.  
2/ Please add PU and LSR to the 
list of acronyms. 

1) We renamed  “capsule 
components” in “capsule” and 
“packaging components” into 
“other packaging” 
2) Ok we added.  

2.6 Life cycle inventory data, sources and hypothesis 

Every effort has been made for 
this investigation to implement 
the most credible and 
representative information 
available, while placing a strong 
emphasis on the efficiency of 
work at this preliminary stage. 

Michael Hauschild: It is not clear 
from the goal definition that this is a 
preliminary report – do you mean 
that? 

We erased the second part of 
this sentence. 

2.7 Scenarios and main data and assumptions – 2.7.1 General description of the scenarios 

The scenarios that are 
analyzed correspond to 
realistic scenarios for a 
consumer who wants to know 
the impacts related to his action 
and answer the following 
questions: To what correspond 
my impacts if I put my capsule 
in the recycling bin? And if I 
throw it to trash? What are the 

Stéphane Arditi: would add “with 
existing collection schemes” 

The scenarios considered are 
not exactly existing collection 
schemes and end-of-life 
treatment routes: direct fuel 
substitution for capsules such 
as PP capsule for the generic 
product 2 is not an existing 
scheme.  
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consequences of my choice and 
my improvement possibilities? 

The scenarios that are analyzed 
correspond to realistic scenarios 
for a consumer who wants to 
know the impacts related to his 
action and answer the following 
questions: To what 
correspond my impacts if I 
put my capsule in the 
recycling bin? And if I throw it 
to trash? What are the 
consequences of my choice 
and my improvement 
possibilities? 

Stéphane Arditi: If the scenarios are 
to answer this question, all 
possibilities should be given for the 
3 packaging types. GP2 recycled is 
not studied here…We need to be 
more precise why this scenario is 
excluded (“coffee remains”?) 
 

For the generic product 2 
Espresso, only the 
incineration/landfilling (i.e., the 
trash) scenario exist in the 
markets studied. There is no 
recycling or DFS scenario. A 
DFS route has been examined 
to answer to the comments of 
the reviewers but does not exist 
in reality compared to the other 
scenario presented. We have 
sufficient data to model the DFS 
scenario and it is an easily 
feasible end-of-life route. For 
PP recycling, we just have no 
data to make a sensible 
modeling. We added something 
on the reason why recycling is 
not considered.  

A best case scenario to favor 
this capsule has been created 
by considering direct fuel 
substitution. It is considered that 
the generic product 2 capsules 
can be brought to a waste 
sorting unit and then will replace 
fuel in units such as a cement 
plant or steel manufacture. It 
has to be noticed that this end-
of-life route is not a possibility 
today in either of the markets 
considered. 
 

Aafko Schanssema: 1/ the best 
case scenario DFS is in practice 
called the Solid Recovered Fuel 
route. It is (today) practiced in 
Germany and Austria and is very 
successful. Most advanced 
collection is based on the so called 
“dry bin” concept followed by a 
separation unit. The organic 
mixture containing wood, paper and 
plastics is a solid fuel substitute, 
which can be used in the cement 
and paper industry and in cogen 
powerplants.  
2/ What is the efficiency used in 
DFS?  From the above you can see 
that it can go up to 90+%. 
3/ You mention fuel replacement in 
the steel manufacture; this is a 
wrong assumption, actually this is 
feedstock recycling: the organic 
fraction is converted into synthesis 
gas and then used as a reducing 
agent.  This is confirmed by the 
definition of the new WFD. 

1) Thank you for this additional 
information!  
2) We considered that 100% of 
the lower heating value of the 
plastics or coffee grounds is 
substituted to light fuel oil. This 
is a theoretical end-of-life 
model.   
3) We removed the steel 
manufacture and added paper 
manufacture. 

2.7 Scenarios and main data and assumptions – 2.7.2 Data and assumptions 

Packaging part:  
Table 2-3: Packaging items, 
materials and masses. All data 
are communicated by 
Nespresso. The LDPE film and 
pallet for the generic product 2 
and 3 Espresso are assumed to 
be the same as for Nespresso.  

Aafko Schanssema: think it would 
be better to consider the full 
packaging and not only the 
capsule: the capsule is for 
NN/GP2/GP3 respectively 
31/23/53%wt of the total packaging. 
 

We consider the entire 
packaging and not only the 
capsule. The secondary and 
tertiary packaging are included 
in this study: their production, 
distribution and end-of-life is 
considered. Please come back 
if there was a 
misunderstanding.  

Packaging part:  
For Nespresso capsules, the 
aluminium scrap from the 

Stéphane Arditi: Is it worth 
mentioning the relative impact 
linked to the Al scrap to see how far 

We added a footnote giving an 
order of magnitude of these 
scraps in the Nespresso 
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production centre is considered 
in the packaging stage: 
transport and recycling 
processes (data communicated 
by Nespresso). For the generic 
product 2 and 3 Espresso, no 
information on this point was 
available and no losses and 
treatment of losses is 
considered. This assumption is 
considered a best case scenario 
compared to the Nespresso 
Espresso product system. 

this assumption “favors” PP and 
PLA/starch? 
 

packaging impacts.  

As simplification, plasticizers or 
other additives are not 
evaluated as specific additives 
but their mass is counted in the 
overall mass and they are 
therefore assessed as the 
material in which they are 
contained (e.g., as plastic for 
plasticizer).   

Stéphane Arditi: What about the 
impact of PU, LSR and Paint for 
Nespresso capsule? Are they 
assessed also for Human health 
(note: EEB saw in Appendixes that 
these substances are taken into 
account for the energy/climate 
impacts).+ add to glossary:PU & 
LSR? 

The risks related to the 
ingestion of the PU/LSR/paint 
are not considered in the human 
health impacts. However, the 
human health impacts consider 
the impacts related to the 
production of these products 
and due to external emissions 
of the production.  

About the Table 2-5 on 
distribution for Nespresso 

Stéphane Arditi: Are these 
distances applied then to one 
capsule? E.g: for post to 
consumers=>1m/capsule. How 
many capsule for a 500km journey? 
 
 

The distances for train or truck 
that are given correspond to 
total kilometers. But the final 
data that we entered in the 
modelization are tkm (tonne-
km), i.e., this distance multiplied 
by the total mass transported for 
one capsule in tonne. We added 
this explanation in the caption.  

About End-of-life 
 

Michael Hauschild: How is the end 
of life of the Essenza machine and 
the dishwasher – we assume that 
the metals will be recycled to a 
large extent? 

The answer to this point is given 
in the Table 2-9 for the 
Nespresso Essenza machine. 
We added the same information 
for the dishwasher.  

The incineration processes 
consider incineration benefits 
corresponding to an energy 
recovery of electricity (10%, 
assumed to be UCTE electricity 
mix) and heat (20%, assumed 
to be light fuel oil).  

Stéphane Arditi: Does this light fuel 
oil substitution assumption is a 
standard way of putting value to 
heat recovery from incineration? 
Maybe refer already to the reserves 
you make later on about GP2 DFS 
scenario? 

In Switzerland, around 50% 
heating systems are based on 
light fuel oil and therefore we 
assumed light fuel oil for heat 
recovery. We added a limitation 
related to this choice (section 
3.6) 

About Table 2-8: Degradation 
rates considered in the model 
 

Michael Hauschild: Not knowing the 
model, the meaning of these rates 
is not clear – does it mean that only 
1% of the PLA is degraded in a 
landfill but 90% in industrial 
composting, and over how long 
time? Please be more explicit in the 
table caption 

Ok, we specified 100 years and 
detailed the caption.  

It has to be noticed that there 
are important uncertainties 
considering the following 
benefits related to compost use 
(and therefore related to the 
industrial composting processes 
but also to anaerobic digestion 
because of the composting of 
digestates):  

Bruno De Wilde: Also water 
management is improved by more 
compost utilisation (better water 
retention, less water loss) 

The best water retention is 
considered in the agricultural 
yield increase that is tested in 
the sensitivity analysis. 
However, the erosion reduction 
is not considered, even in the 
sensitivity analysis because of a 
lack of information and 
problems to quantify it.  
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- how to treat carbon storage in 
the soils,  
- the magnitude of the 
agricultural yield increase 
due to soil improvement (not 
accounted for in the main 
results, tested in a sensitivity 
analysis), 
- the erosion decrease and 
resulting lower organic matter 
concentration in lakes (not 
considered) 
It has to be noticed that there 
are important uncertainties 
considering the following 
benefits related to compost use 
(and therefore related to the 
industrial composting processes 
but also to anaerobic digestion 
because of the composting of 
digestates):  
how to treat carbon storage in 
the soils,  
the magnitude of the agricultural 
yield increase due to soil 
improvement (not accounted for 
in the main results, tested in a 
sensitivity analysis),  
the erosion decrease and 
resulting lower organic matter 
concentration in lakes (not 
considered) 

Bruno De Wilde: Unclear ; maybe 
better explained a little further 

Applying compost in agriculture 
can decrease erosion. This 
results in less organic matter 
transported by water runoff to 
rivers and then to lakes. Large 
amounts of organic matter in 
lakes lead to eutrophication and 
to methane emissions 
(anaerobic degradation of 
organic matter). We added a 
footnote to specify this.  

About transports to end-of-life: 
Table 2-10.  
2 travels/year by car over 4 km, 
20% allocated to the capsules, 
equivalent to 12 travels of 4 km 
per year, 3.5% allocated to the 
capsules  

Stéphane Arditi: does that account 
for the distance from home to 
shops by end users? 
 

The travel detailed here 
corresponds to the travel of 
customers to the collection 
place, either if it is a waste 
sorting unit or if the capsule is 
brought back to the shop (shop 
as collection place).   

About transports to end-of-life: 
Table 2-10.  
Direct fuel substitution 

Stéphane Arditi: If recycling 
scenario is excluded for “coffee 
remains” reasons, have these 
“coffee remains” be integrated in 
the calorific value (and then energy 
yield) of the GP2 capsule when 
DFS calcualtions? 

The whole capsule with its 
coffee grounds is used as direct 
fuel substitution: the coffee 
grounds represent an additional 
heating value. 
We added an explanation of the 
DFS process in this section.  

2.8 Life cycle impact assessment method 

The six categories damage (or 
endpoint) categories considered 
are:  

Michael Hauschild: You mention 
four classes above but six 
categories here. The four classes 
are considered to be of equal 
importance – what about the six 
categories? Please explain better. 

We rephrased above and added 
here a footnote that explains 
that we consider water.  

Main missing categories are 
noise and social impacts. 
However, as of now, no 
sufficiently robust models exist 
to evaluate these two impact 
categories 

Michael Hauschild: Furthermore 
social impacts are not part of an 
environmental LCA but a 
sustainability assessment 

Correct. We added this 
sentence. 
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2.10 Sensitivity analysis and uncertainty analysis 

A Monte Carlo analysis (500 
runs) is performed to assess the 
probability that one scenario is 
superior to the other. 

Michael Hauschild: 500 runs 
sounds low. 1000-10000 runs are 
often needed to reach stable 
results. You must check that a 
higher number of runs does not 
change your results in terms of 
mean and standard deviation 

Ok. We updated with the 
analyses to 1000 runs for the 
generic product 3 versus 
Nespresso. Time was missing 
to perform a 1000 runs analysis 
for the generic product 2 versus 
Nespresso and for 10’000 runs 
uncertainty analyses and we 
judged 1000 runs were 
sufficient.  

3. Results & discussion 

3.1 Inventory 

For practical reasons, the 
impact scores of the selected 
unit processes are not given but 
they can be found directly on 
ecoinvent website.  

Michael Hauschild: Why would you 
show this? What is interesting is the 
impacts associated with the 
process as it enters into your 
product system 
 

In Appendix A, we show the 
reference flows chosen. Indeed, 
the impact score of the 
processes entering the product 
system can be obtained by the 
multiplication of the impact 
score of the unit processes and 
the reference flows.  

3.2 Comparison among capsules systems at damage level - 3.2.1 Greenhouse gases emissions 

The degradation rate for starch 
bioplastic is higher than for PLA.  

Michael Hauschild: Do you mean 
the degradation rate or the fraction 
that degrades in the landfill. What 
matters is the latter since you don’t 
limit the time perspective. 

We mean the fraction that 
degrades in the landfill (during 
the 100 years time-horizon 
considered). We changed it.  

About the main figure for 
greenhouse gases emissions  
results  

Michael Hauschild: We would 
prefer hw (household waste) in this 
and the following figures, “Trash” is 
not a technical term to use in a 
report like this  

See above answer.  

Aafko Schanssema: I’m always 
looking for metaphors to better 
understand the importance and 
relevance of a comparative LCA. 
Here it is rather easy: The delta 
between optimum Nespresso and 
optimum GP2 is about 5 grams of 
CO2. When taking the 120 gr/km 
limit for modern cars one cup of 
coffee equals a distance of 40 
meters by car, or using your 
assumption of 2 cups per year this 
equals 30 kilometers. Isn’t this 
micro-optimization? More worrying 
is that 40 ml of coffee - one cup - 
generates about 85 grams of CO2, 
this is about 35 ml of diesel!!  

Thank you for your comment.  
When divided in small acts, 
every gesture or saving could 
be considered negligible 
compared to other big 
environmental impacts but life is 
considered as a sum of 
thousands of small acts and it is 
the sum of small reductions on 
each these small acts that 
results in a total reduction of the 
impacts.  

3.2.2 Water withdrawal 

In respect to this indicator, the 
Nespresso Espresso recycling 
scenario seems to be the best 
alternative and the generic 

Bruno De Wilde: I am still very 
surprised that AD is considered a 
process, which consumes water. As 
a matter of fact, most AD plants 

There is a misunderstanding: 
the AD process shows that 
there is a net benefit regarding 
water use (in grey in the Figure 
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product 3 Espresso PLA 
capsule with the anaerobic 
digestion end-of-life scenario 
the worst. 

generate electricity themselves 
from the biogas produced. Moisture 
in the biowaste is released as water 
(after treatment) and not 
evaporated as in composting and in 
incineration. Consequently, water 
consumption is much less and I 
cannot agree with this conclusion. 

3-2). However, the total water 
associated to the entire system 
PLA AD is having the most 
water withdrawal, this additional 
amount of water withdrawal 
mainly coming from the 
additional energy use in the 
capsule production.  

About the main figure on water 
withdrawal results 

Aafko Schanssema: According to 
this graph the GP2 packaging 
system uses 9 liter of water per cup 
of coffee. 23% of the packaging 
system is PP, linear extrapolations 
then gives 2.1 liters for the PP, 
which quantity is 5.2 grams. Or per 
kg of PP 385 liter of water is used. 
According to the PlasticsEurope 
eco-profiles for PP the sum of 
process and cooling water 
consumption is 43 liters/kg of PP. 
Either your calculations are an 
order of magnitude too big, or the 
water consumption has to be 
allocated to the other packaging 
components, which support my 
suggestion to focus the comparison 
on the packaging system and not 
on the capsule only. 

The water withdrawal 
corresponds more to 8 L water 
per cup of coffee. From this, a 
little bit less than 1 L 
corresponds to the packaging 
part. The packaging, 
correspond not only to the 
capsule but also to the other 
packaging components 
(secondary and tertiary 
packaging). In these ~1 L, 
around 20% correspond to the 
capsule, 50% to the sleeve, the 
rest to the other parts 
composing the packaging life 
cycle stage. The capsule part 
corresponds therefore to around 
0.2 L. If we take your data of 43 
L/kg PP and multiply by the 5.2 
g, we obtain around 0.2 L too.  

The same can be observed for 
the distribution 

Stéphane Arditi: not crystal clear 
what this last sentence about 
distribution means. 

The “same” is a less marked 
difference. We rephrased: The 
differences among scenarios 
regarding the distribution stage 
are also less marked for water 
withdrawal than for greenhouse 
gases emissions .  

3.2.3 Ecosystem quality 

The coffee supply impacts are 
nearly entirely explained by the 
land use for green coffee 
production.  

Stéphane Arditi: Does that mean 
that the coffee mass per capsule 
and agricultural way of producing 
coffee could be the main 
contributors (and then improvement 
potentials) for water use and 
ecosystem quality (packaging being 
less significant here)? 

Yes, coffee is the main 
contributor to the entire life 
cycle of all capsule scenarios 
for ecosystem quality and water 
withdrawal.  
Although the detailed analysis 
of the type of coffee was out of 
the scope of this project, would 
coffee companies want to work 
on the reduction of the overall 
impacts of a cup of coffee, they 
should definitively give a strong 
importance to the coffee 
production.  

The composting benefits are not 
so important regarding the other 
end-of-life treatments. The 
impacts of the composting are 
mainly due to the ammonia 
emissions to air related to the 
coffee grounds degradation. 

Bruno De Wilde: In good 
composting systems, nitrogen is 
converted to nitrite and nitrate, 
improving the fertilsing value of 
compost. If properly managed, 
composting plants do not emit 
ammonia. Nitrogen content in 
coffee grounds is also not 
excessively high and can easily be 

Composting modeling is indeed 
complex because of the 
diversity in types of composting 
systems and data availability. 
We mentioned this is a limitation 
of this study.  
We perform a sensitivity 
analysis removing ammonia and 
this does not change the 
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managed to avoid ammonia 
emissions. Consequently, I cannot 
support this conclusion  

conclusions.  

Figure 3-3: Ecosystem quality 
potential impacts in PDF·m2·y 
per cup of coffee. NN: 
Nespresso Espresso, GP2, 3: 
generic product 2, 3 Espresso. 
Inc/trash: incineration or trash 
(in Switzerland, all MSW thrown 
to the trash is incinerated), 
Recy: recycling, DFS: direct fuel 
substitution, AD: anaerobic 
digestion, IC: industrial 
composting, Inc: incineration, 
Land: landfill. 

Michael Hauschild: The values 
seem high: Is it realistic that 8% of 
the species will disappear from 1 
m2 in a year for just one cup of 
coffee? 

Yes. The interpretation is 
correct. However, it is not 8% of 
the species disappearing on 1 
m2 during one year but 100% of 
the species disappearing on 
0.04 m2 for on cup of coffee 
(which is the amount of coffee 
needed to provide one cup of 
coffee). And this represents 
around half of the total impacts, 
the energy and other input in 
the other life cycle stage 
representing approximately the 
same amount of impacts as 
land cultivation.   

3.2.4 Resources 

About the main figure for 
resources  

Aafko Schanssema: If I remember 
correct I read somewhere in the 
text that the capsule is the 
dominant component of the 
packaging.  
From the graph I read 0.15 MJ/cup 
for the packaging component of the 
Nespresso system and 0.22 for the 
GP2 system, assuming the major 
contribution coming from the 
capsule then the ratio Al/PP is 0.68.  
Check: gross energy Al (excl 
feedstock = 182.5 MJ/kg, gross 
energy PP (incl feedstock) = 73.4 
MJ/kg of this 52.6 is feedstock, i.e. 
used for building the carbon based 
polymer, the process energy is 20.8 
MJ/kg. This is the energy 
consumption part that can be 
compared with the 182.5 of Al.  
Per cup:  
total Al used  = 0.95 gr  0.173 MJ 
total PP used: 1.7 gr  0.0354 MJ.  
Ratio: Al/PP is 4.88 MJ 
Question: Are you sure that you 
haven’t used the feedstock energy 
as process energy? 

The unit processes used have 
the following impact scores: 
- Primary aluminium: 163 MJ/kg 
- PP: 76 MJ/kg 
We therefore have around 
similar values as the ones you 
mentioned.  
The resources impact category 
does not correspond only to the 
process energy but also to all 
energy that is behind. 
Therefore, the feedstock has to 
be considered as all 
infrastructures, transports and 
other inputs (this is correct for 
all life cycle stage and all impact 
categories).  
 

3.2.5 Human Health 

Regarding this endpoint, the 
Nespresso Espresso capsule 
recycling represents an 
important benefit, this results in 
a difference between the net 
impacts of this scenario and the 
others more marked than for all 
other impact categories, even if 
the Nespresso Espresso 
packaging is more impacting 
than the generic product 2 

Stéphane Arditi: need to clarify here 
by saying “if the benefits of end of 
life stage are not considered”? 
 

We say here if the Nespresso 
Espresso packaging is more 
impacting than the generic 
product 2 Espresso one, i.e., 
without the end-of-life. We 
judged not necessary to do this 
clarification.  
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Espresso one 

The worst scenario is the 
generic product 3 PLA Espresso 
capsule anaerobic digestion.  

This seems to be a very outspoken 
statement, which needs further 
explanation (and which also seems 
hard to believe). Is the difference 
significant,  
 

We changed entirely the 
analysis on human health by 
simply stating that Nespresso 
recycling seems the best and 
that other scenarios are 
approximately the same.    

About the main figure for human 
health impacts 

Aafko Schanssema: Can you 
explain which substance causes 
the main differences? 
 

The main contributors to human 
health in this case are the 
ammonia direct emissions from 
coffee cultivation (identical for 
all capsule systems), the 
particulate matter and nitrogen 
oxides that are mainly due to 
the energy use (electricity, heat, 
transports). The main 
differences are therefore 
explained by the energy use 
(diesel, light fuel oil, electricity 
mix based on coal and oil). The 
distribution is higher for the 
generic product 2 and 3 
because there are more 
transport (car travels). The 
packaging explains another part 
of the difference. PP is related 
to high emissions of aromatic 
hydrocarbons and cardboard for 
sleeves to particulate matter.  

3.3 Detail on packaging: material supply and end-of-life 

Figure 3-6 caption: The biogenic 
carbon uptake and release 
related to bioplastics are both 
considered in the end-of-life 
point (e.g. the GP3-Starch 
scenario for landfill correspond 
to the sum of landfilling impact, 
biogenic carbon uptake in 
packaging and release related 
to degradation in landfills) 

Bruno De Wilde: What is meant by 
trash in the figure? It cannot be the 
same as landfill as this has another 
symbol. Very confusing 
 

Trash means the mix of 
incineration / landfill of the 
country considered if the 
capsule is thrown into the trash: 
in France it corresponds to 50% 
incineration, 50% landfillling and 
in Switzerland to 100% 
incineration. This is explained in 
the scenario table and scenario 
description section (2.7.1. and 
2.7.2, end-of-life). The trash 
term is used all along the report 
and does not correspond to 
landfill.  

Michael Hauschild: Please replace 
“trash” by “household waste” or 
“hw” denoting the relevant 
combination of landfill and 
incineration 

See above answer.  

The main packaging part 
contributing to the greenhouse 
gases emissions  is the capsule 
part. The sleeve and tertiary 
packaging are also important 
contributors. For Nespresso 
Espresso, the aluminium 
membrane is also visible when 
considering the GHG emissions 
of packaging.  

Stéphane Arditi: Is it not intended 
(or not possible) to assess the 
specific impacts of packaging on 
other environmental dimensions but 
GHG? 
 

It is possible to do the same 
figure for the other impact 
categories but it has been 
decided to do it only for GHG 
emissions to avoid a 
multiplication of figures without 
real added value: the same 
conclusions can be done on this 
type of figure and the main 
figure showed in the section 3.2: 
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 Nespresso Espresso recycling 
is the best alternative except 
regarding the ecosystem quality 
where the generic product 2 
Espresso DFS has the lowest 
impacts.  
This figure enables to see better 
the packaging part but does not 
change the ranking among 
scenarios.  

The generic product 2 Espresso 
shows the lowest production 
burdens in terms of greenhouse 
gases emissions , but part of 
the potential impacts are shifted 
to the EOL stage. But it has to 
be noticed that it makes no 
sense to draw conclusions on 
partial life cycle. Considering 
these two life cycle stages, 
there is no visible difference 
between the generic product 3 
starch bioplastic Espresso to 
anaerobic digestion and the 
generic product 2 Espresso 
DFS and the Nespresso 
Espresso recycled. 

Aafko Schansseman: I’m lost, 
Nespresso recycling and GP2 DFS 
are according to Fig 3.1 pretty 
similar, which would allow 
comparison of fig 3.6 Please 
explain your conclusion, and please 
use different colours to show the 
differences (too many mixes of 
yellow/amber).  
 

Ok, we tried to improve the 
quality of the figure and to give 
more explanations on the 
interpretation of this figure.  
The generic product 2 Espresso 
shows the lowest production 
burdens in terms of greenhouse 
gases emissions  for the 
packaging production stage, but 
part of the potential impacts are 
shifted to the EOL stage: this 
results in a net impacts similar 
e.g., for the generic product 2 
DFS and Nespresso recycling.  
Considering only these two life 
cycle stages, there is no visible 
difference between the generic 
product 3 starch bioplastic 
Espresso to anaerobic digestion 
and the generic product  2 
Espresso DFS and the 
Nespresso Espresso recycled. 
It has to be noticed that it 
makes no sense to draw 
conclusions on partial life cycle. 

3.4 Sensitivity analysis results  - 3.4.1 Data variation 

However, they are other 
assumptions that have to be 
tested in a sensitivity analysis. 
 

Michael Hauschild: Not sure what 
you mean here? 
 

We mean that the generic 
product 3 Espresso capsule 
material parameter is tested 
with the various scenarios made 
(PLA and starch bioplastic). It is 
a first sensitivity analysis 
represented by these scenarios. 
But there are other parameters 
that can be tested in sensitivity 
analyses because they are 
related to assumption. We 
rephrased.  

The conclusion that Nespresso 
Espresso recycling is the best 
alternative is therefore 
strengthened with this sensitivity 
analysis part. 

Stéphane Arditi: could worth a short 
explanation on how to read the 
results: 
- One figure for Nespresso, does 
that mean only one parameter is 
considered, or is it equivalent to “all 
parameters”? 
- Remind what the % figures mean 
regarding the confidence on 
results?  

Ok, we added a short 
explanation why Nespresso is 
the same for all parameters.  
The % figures correspond to the 
maximal variation between the 
net impacts of the base 
scenario and the net impacts if 
all the parameters tested here 
change in the same time in 
favor of the generic product 2 or 
3.  
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The sensitivity analyses are 
shown only for French market.  

Aafko Schanssema: It might be 
worthwhile to test what will happen 
if the total material use in the 
product design comes closer for all 
the three cases.  

The purpose here was to test 
the uncertain parameters or the 
main assumptions and not to do 
ecodesign. The current mass of 
capsules and other packaging 
materials are well known and 
have not to be tested in 
sensitivity analysis. 
Furthermore, no data were 
available on the maximal 
material mass decrease 
potential for the various 
packaging components.  

About Table 3-1: sensitivity 
analysis on packaging, 
production centre and 
distribution  

Aafko Schanssema: I really doubt if 
the sensitivity analysis makes 
sense taking into account that 
primary LCI data have already an 
uncertainty of 10 – 15%.  

The use of N2 and CO2 in 
capsules packaging, the fact 
that production centre is 
considered to be similar for the 
three systems and the travel to 
supermarket to buy the 
capsules are here tested 
because these points were 
identified as potentially 
controversial (these points have 
been notably noticed during the 
critical review process). This 
sensitivity analysis shows that 
their influence is low on the 
overall impacts for one cup of 
coffee.  

3.4.2 Water 

Table 3-2: Water sensitivity 
analysis results. All data are 
given in L water. NN: 
Nespresso Espresso, GP2 DFS: 
Generic product 2 Espresso to 
direct fuel substitution, GP3-
Starch AD: Generic product 3 
Espresso starch bioplastic to 
anaerobic digestion. Irrigation 
for GP3-Starch AD is 
considered to be the difference 
between the maximal irrigation 
of 85 L/kg and the ecoinvent 
irrigation considered in the base 
scenario of 4.4 L/kg. Dam gives 
the evaporated water from 
dams during hydroelectricity 
production for the entire life 
cycle. The total corresponds to 
the net impacts plus the 
irrigation and dam.  

Michael Hauschild: Per what – 
functional unit or 1000 capsules? 

We specified: per functional 
unit.   

Table 3-2: Water sensitivity 
analysis results. All data are 
given in L water. NN: Nespresso 
Espresso, GP2 DFS: Generic 
product 2 Espresso to direct fuel 
substitution, GP3-Starch AD: 
Generic product 3 Espresso 
starch bioplastic to anaerobic 

Michael Hauschild: I fail to see the 
meaning of this, please elaborate 

The irrigation for corn cultivation 
for bioplastics is discussed: in 
ecoinvent the irrigation 
corresponds to 4.4 L/kg corn. 
This data is the one used in the 
base scenario. We know that 
this data can vary a lot 
depending on the region and 
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digestion. Irrigation for GP3-
Starch AD is considered to be 
the difference between the 
maximal irrigation of 85 L/kg 
and the ecoinvent irrigation 
considered in the base 
scenario of 4.4 L/kg. Dam 
gives the evaporated water from 
dams during hydroelectricity 
production for the entire life 
cycle. The total corresponds to 
the net impacts plus the 
irrigation and dam. 

correspond up to 85 L/kg corn.  
Here we show how much litres 
water supplementary are 
necessary if we assume 85 L/kg 
instead of the 4.4 L/kg.  
We rephrased.  

About the Net impacts in the 
Table 3-2 

Michael Hauschild: i.e. impacts 
from the study as is, disregarding 
high variation and evaporation from 
dam? 

Yes, these net impacts are net 
impacts of the base scenario.  
We specified base scenario net 
impacts.  

The difference to 85 L/kg is 
given in the table.  

Michael Hauschild: Not clear where 
and how 

The line irrigation give the 
supplementary water necessary 
if the assumption is made that 
85 L (Quantis internal data: 
maximal value) irrigation water 
are used per kg corn instead of 
the 4.4 L/kg (ecoinvent data). 
We rephrased.  

About the 3.4.2 Water section in 
general 

Aafko Schanssema: Don’t 
understand this parapgraph 
 

This paragraph study water 
withdrawal in more details. We 
know that the irrigation water used 
to assess the corn production (for 
bioplastic) can be a sensitive 
parameter and we test here the 
influence of the irrigation to see 
how the results evolve with a higher 
irrigation. Another point is that we 
know that water evaporated from 
dams (for hydroelectric production) 
is not considered in the base 
scenario. Here we assess this 
water evaporated to see how it 
influences the results and if it 
changes the conclusions.  
For irrigation, we have in our base 
scenario 4.4 L irrigation water to 
produce 1 kg corn for bioplastic 
production (value given for in 
ecoinvent process). We know that 
this value can be up to 85 L 
irrigation water for 1 kg corn 
(Quantis internal data). We 
therefore tested if this modification 
could change the final results (the 
data given in the table correspond 
to the supplementary water needed 
to irrigate with 85 L/kg instead of 
4.4 L/kg).  
For water evaporated from dams, 
we know that this parameter is not 
considered in the base scenario 
and added here the amount of 
water to what it can correspond to 
see if it influences the final results.  
This sensitivity analysis shows that 
even if considering these two 
parameters, the ranking among the 
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scenarios tested remains the same 
as with the base scenarios.  
We hope this answer helps a better 
understanding. We tried to improve 
the text for this section. Please 
come back if it is not clear of if we 
misunderstand ourselves.  

3.4.3 Compost benefits 

About Table 3-3 Michael Hauschild: GHG emissions 
net impacts in L water? 

There was a typo. We corrected 
it.  

3.5 Uncertainty analysis results 

Monte-Carlo calculation (500 
runs) were carried out for the 
two comparisons given above. 
For our study specific data, 
uncertainty ranges were chosen 
according to the coefficients of 
variation defined in Table 3-5 
and obtained data quality 
(Table 2-2) and combined with 
the ecoinvent process 
uncertainties.  

Michael Hauschild: See earlier 
comment on number of runs 
 

See above answer 

Table 3-6: Level of data quality 
and uncertainty coefficients. For 
uncertainty coefficient, a given 
value X has its uncertainty that 
varies the value between X/SD2 
and X*SD2 
 

Michael Hauschild: This is a nice 
table and a good approach to a 
quantitative uncertainty 
assessment, but you need to justify 
the coefficients of variation that you 
arrive at and in particular argue why 
they would be general across all 
emissions of the process. One 
could expect that for a given 
process the uncertainty of the CO2 
emission (derived from 
stoichiometric conversion of the 
rather well-known quantity of fuel 
used) would be lower than e.g. the 
uncertainty of a NOx emission 
(typoically derived using a 
combustion model and highly 
dependent on combustion 
conditions) not to mention the 
emissions of different toxic 
substances generated in the 
process. 
Given that the coefficients of 
variation is essential to the 
determination of what is a 
significant difference between the 
systems, this is not a trivial point, 
and looking at the relative 
differences in Figures 3-1 to 3-5, 
typically in the range of 10-15%, I 
would conclude that there is a trend 
in favour of the NN with recycling 
but question whether the 
differences are really significant. 

This table shows the general 
reflection and the range of 
values. The exact values used 
for each flow are specified in the 
reference flows.  

Figure 3-8: Uncertainty analysis 
results at midpoint or endpoint 

Michael Hauschild: See earlier 
comment on number of runs See above answer 
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of a cup of coffee with 
Nespresso Espresso recycling 
(A) minus a cup with the generic 
product 2 Espresso DFS (B). 
Nespresso has lower impacts: 
in green, higher impacts: in red. 
These results correspond to a 
Monte-Carlo analysis with 100 
runs. On the upper part of the 
figure: midpoint categories, on 
the lower part: endpoint 
categories (+ water withdrawal). 

 

3.6 Study limitations 

General comment on limitations 

Michael Hauschild: Following up on 
a comment to the interim version of 
the report, it would be very useful if 
you summarise the assumptions 
that you make about the two 
competing product systems and 
demonstrate that they are all 
neutral or conservative (in the 
sense in disfavor of Nespresso) to 
substantiate your claim that the 
Nespresso system is superior.  

We added a table that 
summarizes the influence of the 
main assumptions at the end of 

the section Data and 
assumptions ( 
Summary of differences of 
assumptions among 
systems) 

Starch bioplastic is considered 
as pure starch. Pure starch 
bioplastic is not a reality, it is 
generally mixed with PVOH (for 
TPS thermoplastic starch) and 
other additives. The generic 
product 3 Espresso capsule is a 
mix between starch and PLA. 
This implies that the reality is 
between the results of these 
scenarios. It has to be noticed 
that the degradation rates and 
other parameters will be 
affected by the proportion of 
PLA and starch. The 
degradation rate in landfills, 
industrial composting and 
anaerobic digestion is expected 
to be well represented by as “S 
curve”. 

Michael Hauschild: What does this 
mean for the study? 
 

We suppose that the 
relationship between a 100% 
starch capsule 100% degraded 
in landfill and a 100% PLA 
capsule 0% degraded isn’t 
linear. We added “The 
degradation rate in landfills, 
industrial composting and 
anaerobic digestion is expected 
to be well represented by a “S 
curve”, meaning that the final 
impact of e.g., a material 
constituted of 50% PLA and 
50% starch bioplastic is not a 
simple mean between both 
materials but is more complex 
(the results is somewhere 
between the two results but we 
don’t know where).”  

Bioplastics are in constant 
evolution and production and 
end-of-life treatments and 
impacts will probably change in 
the future. 

Bruno De Wilde: Quality 
improvement of the bioplastic will 
probably also result in less material 
use (lower weights of packaging) . 
After all, bioplastics are still in a 
pioneering stage while the other 
materials exist already for decades 
and have improved a lot. 

We noticed this point and refine 
our limitation.  

The direct fuel substitution by 
incineration of the generic 
product 2 capsule is built based 
on the assumption that the 
generic product 2 capsule will 
replace light fuel oil. This is a 
critical point because a lot of 

Aafko Schanssema: see my earlier 
comment on how realistic SRF is. 
The wet coffee ground can 
probably best be compared with 
commercial biomass. Due to 
outside storage the moisture 
content is about 40% which makes 

This part is a reflection on this 
end-of-life route because it does 
not exist currently. We just tried 
to determine if it is a potential 
future end-of-life route. We 
partly rephrased.   
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substitution fuels exist and the 
generic product 2 capsules are 
not the best one (wet coffee 
ground inside): the capsules will 
maybe be refused by this sector 
or replace another substitution 
fuel and not light fuel oil. Finally, 
a DFS route will take place only 
if it is profitable: e.g., sufficiently 
important flows and heating 
value to compensate the 
transports. 

biomass burn difficult and unstable, 
a bit of high calorific SRF helps 
tremendously and does not require 
higher quality fuel to stabilize the 
burning behaviour. Think also about 
the biomass program of the 
commission 20% by 2020! 

It is assumed that the three 
capsules have the same shelf-
life. However, preliminary 
indications suggest that the 
capsule in aluminium has a 
longer shelf life than capsules in 
plastic. Therefore the 
assumption that all are the 
same trend to be slightly in 
disfavor of Nespresso which is a 
conservative assumption 
considering the scope of the 
study.    

Aafko Schanssema: this might be 
the best argument in favour of the 
Nespresso system, but is 
apparently not included in the 
study. 

We do not integrate this 
parameter because we do not 
have the data necessary: we do 
not know the shelf life of the 
other capsules and there are 
parameters, as taste after long 
storage, related to this issue. It 
was therefore not considered for 
this study.  

3.7 Recommendations 

Increasing the efficiency of 
extracting the coffee taste and 
thus reducing the quantity of 
coffee is a focus point as the 
production of the coffee 
contributes strongly to all 
impacts from the product 
system.  

Stéphane Arditi: And increasing the 
proportion of coffee produced 
organically or with “less intensive” 
agricultural practices? 

We added a recommendation 
on the coffee production mode 
but did not specified an 
organically or less intensive way 
of production because we do 
not know if it would really 
represent less impacts.  

Communicate to the consumer 
on her/his possibilities to 
decrease the impacts 

Stéphane Arditi: suggestions: 
- Beyond the communication to 
consumers, easing the collection of 
capsules and incentivizing it (e.g: 
deposit-refund, voucher) could be 
investigated. As the advantage of 
Nespresso clearly relies on 
recycling, the recycling scenario 
expectations should not be left to 
the sole consumer “good or bad 
behaviour”.  
The credibility of the results also 
depends on how Nespresso is to 
assess the collection rate threshold 
(based on market scenarios such 
as x% recycling, y% trash?) - and 
eventually optimise the collection - 
to ensure the benefits. 
 
- Investigate whole packaging chain 
optimisation (lightweighting? No 
glue? Tertiary packaging?) 

Ok, we added something in 
these directions (incentives for 
recycling and investigate all 
packaging parts) 
 

Increasing the efficiency of 
extracting the coffee taste and 
thus reducing the quantity of 

Aafko Schanssema: be careful: 
what when you compare with 
alternative ways of making coffee? 

Here we focus on capsules. The 
goal is not to compare with 
other ways of making coffee as 
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coffee is a focus point as the 
production of the coffee 
contributes strongly to all 
impacts from the product 
system 

EG. Machines that directly use the 
beans like the Jura machines? 

drip filter coffee, coffee maker 
etc.  

Appendix D: critical review, part 2, comments on intermediary results 

Stéphane Arditi: One of the 
plastic packaging industry claim 
is their intent and possibility for 
recycling, particularly PP. Some 
more justifications on the 
assumptions that no PP 
recycling is considered here 
may be relevant (the size of the 
capsule does not make it 
appropriate for recycling? The 
type of additives?) 
Quantis answer: See comment 
above in general comments 
table. 

Stéphane Arditi: understand the 
“coffee remaining” as the issue… 

See above answer (for section 
2.7.1).  

Stéphane Arditi: These are key 
results, as they really focus on 
packaging. They show that there is 
no clear evidence that a solution is 
better than the others in itself, and 
that it depends on the systemic 
approach to packaging and EoL. 
The development of “realistic” 
scenarios (= market average 
scenarios) could be of great added 
value to assess the level of 
recycling that would make the Al 
material a better option than the PP 
option. 
Is it possible to develop two or 
three scenarios such as: x% 
recycling, y% incineration and 
z%landfill to define the relevant 
threshold levels. That may also 
help to assess the level of 
collection which would be required 
to take the benefits of the high 
recyclability of Al (providing PP 
recycling is still excluded from 
assumptions – see: 
http://www.akgpolymers.com/Defau
lt.asp?lang=en). In fact, that could 
drive key consumer information on 
their responsibility in minimizing the 
overall impact of packaging, and it 
may lead to investigating possibility 
of deposit-refund, or vouchers 
options for Nespresso to incentivize 
such a “responsible” behavior 
(without any claim yet, that it will be 
the best solution). 
+ 
It would be very interesting to get 
more packaging data on other than 
GWP aspects. Noticeably, natural 
resources (incl water) and 
ecosystem impact investigations 
could provide complementary 

Stéphane Arditi: Insisted on that 
point as it was not clearly 
mentioned 

We added something going in 
this direction  
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useful data. 
 
Quantis answer: See above answer 
for the end-of-life scenarios.  
 
The communication of 
Nespresso for capsules 
recycling is a key point. We will 
add something in the 
recommendations about 
possible incentive/vouchers 
options to encourage a high 
recycling rate.  
Aafko Schanssema: Production 
center: Data for plastics are 
European averages: often the 
biggest difference comes from 
the P/H grid. As CH is relying 
heavily on Hydro and France on 
Nuclear, how are the 
corrections made for PP, PET 
and Starch/PLA? It might be 
worthwhile to include this 
difference in a sensitivity 
analysis. 
 
Quantis answer: As we don’t 
know where PP and PET are 
produced, we used grid mix 
average for Europe. PLA and 
starch are assumed to be 
produced in the US.   

Aafko Schanssema: I’m sure starch 
is produced in Europe; blends of 
PLA and starch are made by 
Novamont and probably as well by 
BASF. In the very near future 
NatureWorks will invest with a new 
PLA plant in Europe – you may 
consider this in the sensitivity 
analysis. 

We designed a scenario where 
starch is produced in the USA 
because we use data for the 
PLA that are based on 
NatureWorks (US plant). 
Therefore we built a process for 
starch in the USA too. The 
difference would not be very 
important, as the electricity mix 
of the US and the European 
electricity mix are rather similar 
(around 10% difference). The 
corn cultivation can vary a lot 
either inside the USA or 
between USA and Europe.  

So far my key comment 
concerns unequal modeling of 
the End-of-Life scenario's: best 
choices for Nespresso and the 
generic product 3, and not for 
the generic product 2.  
 
Quantis answer: A generic 
product 2 Espresso new EOL 
scenario has been added to 
give a “best alternative” 
scenario for the generic product 
2. We chose the Direct Fuel 
Substitution (DFS) alternative 
because the PP recycling is not 
a practical alternative (coffee 
grounds remaining in the 
capsules cannot be removed 
entirely and easily to have a 
correct efficiency) and there is 
no real PP recycling route 
existing for this kind of waste in 
the markets studied. 

Aafko Schanssema: When not 
taking into account the costs 
consequences and eco-efficiency, a 
washing step would allow to 
remove the coffee grounds. 
Valorplast in France recently 
initiated a project to collect and 
recycle PP from a collected plastics 
waste fraction. A good application 
may be battery cases.  

Ok, thank you for this 
information.  
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Part 4: Final results, final report version 
The report was finally sent to the panel chairman (Michael Hauschild) for a final validation of 
the report. Some comments were resulting from this last review and are answered in the 
table below. 

Comments made directly in the report 

Report section (and 
sentence) 

Comments from Michael 
Hauschild Quantis answers 

3.2.5 Human health 

The Nespresso Espresso 
capsule recycling scenario 
appears to be significantly 
better than all other scenarios in 
terms of human health impacts. 

Please reserve the wording 
“significantly better” to its statistical 
meaning, i.e. for situations where 
you can show with a statistical test 
that the difference is significant 
(and where you can in principle 
give the level of confidence) 

Ok, we changed the sentence 
and used “clearly better” instead 
of “significantly better”.  

3.2.6 Water turbined 

It is clear that the worst scenario 
here is the Nespresso Espresso 
capsule if it is not recycled. This 
is due to the aluminium 
production that consumes high 
amounts of electricity. 

Here I believe that you can talk 
about a statistical significant 
difference 
 

Ok, we changed the sentence: 
“The Nespresso Espresso 
capsule has significantly higher 
impacts than the other 
scenarios if it is not recycled.” 

3.4.1 Data variation 

The first column shows the net 
impacts of the base scenarios 
while the next columns show 
the net impacts when one 
parameter varies at a time, and 
the “sum all these parameters” 
column shows the results when 
all parameters tested varies at 
the same time.  

I don’t understand why varying all 
the investigated parameters at the 
same time giving them the value 
most in favour of the generic 
product 2 or 3 does not result in a 
larger difference to the basic 
scenario. At least for some of them 
I would assume no co-variation and 
hence pure additivity of the 
improvements obtained by varying 
one parameter at a time? 

We have updated the figure for 
the version with the generic 
product 1 and answered the 
comment in the Appendix D.   

3.4.4 Ammonia emissions from compost 

The decrease between net 
impacts with ammonia release 
during composting (base 
scenario) and net impacts 
without any ammonia emissions 
corresponds to around 0.5% of 
the base scenario net impacts.  

This contradicts your statement in 
the first sentence of this paragraph, 
that ammonia emissions from 
composting have a strong influence 
on the ecosystem quality impacts? 
 

Ok, we changed the sentence: 
“The decrease between net 
impacts with ammonia release 
during composting (base 
scenario) and net impacts 
without any ammonia emissions 
corresponds to a high decrease 
of the capsule end-of-life 
impacts but this results only in 
around 0.5% of the base 
scenario net impacts.  

3.4.5 Recycling efficiency 

The final benefit of aluminium 
recycling is reduced of 10% in 

Meaning that you reduce the 
recycling efficiency for Aluminium 

Correct. This is now included in 
the base scenario for the 
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comparison with the base 
scenario. 

by 15% from 100% in the base 
scenario to 85%? 
 

version that includes the generic 
product 1 capsule alternative.   

4. Conclusions 

The results show that although 
the differences are small, the 
Nespresso Espresso capsule 
recycled is significantly the less 
impacting alternative for most of 
the damage categories (except 
for ecosystem quality and the 
water turbined where no clear 
difference is observed). 

I would avoid using the term 
“significantly” here. What you show 
is that it is “consistently” better for 
most impact and damage 
categories. If want to use the term 
“significant” about the differences 
found, you should accompany It by 
a calculated level of confidence 
(e.g. 70%). 
 

Ok, we changed the sentence: 
“The results show that although 
the differences are small, the 
Nespresso Espresso capsule 
recycled is either the least 
impacting alternative (for GHG 
emissions, resources 
consumption and human health 
categories) or among the least 
impacting alternatives (for 
ecosystem quality, water 
withdrawal and water turbined 
categories).  

Appendix D, Part 2: Intermediary results 

All reviewers received the same 
version of the intermediary 
result report on the 19th of 
October 2010.  

If you want this information, you 
should also provide it for the G&S 
document 
 

Ok, we erased the sentence.  

 

Appendix E: External critical review report for the second version of the 
report: extension to generic product 1 Espresso 

Comments made directly in report 

Report section (and 
sentence) Comments from reviewers  Quantis answers 

Executive summary 

Results 

It has to be noticed that if a 
DFS route was created for the 
generic product 2 Espresso 
capsules, it would become a 
solution with similar impact as 
that of Nespresso Espresso 
recycling.  
 

Stéphane Arditi:  
1) What is qualified as DSF here? 
is it only the separate collection of 
capsules and then sent to 
industrial combustion plants? Is it 
the result of a commingled 
collection and then a 
sorting/treatment process where 
capsules are integrated into a 
broader “Solid Recovered Fuel”? 
Is there a difference between DFS 
and Waste to energy plants (= 
incineration meeting the R1 status 
of the new WFD)…Generally 
speaking what difference between 
DFS and WtoE? 
 
2) How do we explain that DFS for 
the generic product 2  is as good 

1) DFS means Direct Fuel 
Substitution. The DFS is an 
end-of-life route where the 
waste replaces a fuel in an 
industrial combustion process 
(e.g. in a cement industry, 
wastes can be used as 
substitution fuels).  
WtE is a general term that 
includes incineration (municipal 
waste incinerator) with energy 
recovery but also other waste 
treatments producing energy, 
e.g. anaerobic digestion.  
DFS is an incineration of the 
wastes but not in a municipal 
waste incinerator. With DFS, 
the waste will substitute a fuel 
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as recycling NN, while in 
Switzerland the generic product 1 
to Trash (= Incineration) is less 
favourable than recycling NN? Is it 
linked to the energy performance 
of incineration compared to DFS? 
What about efficient incineration 
(WtoE plants)? 

in an industry process to 
produce energy. The yield is 
better with DFS where 100% of 
the energy from waste 
combustion is valorized 
(theoretical modeling), than 
with municipal waste 
incineration where only 30% of 
the energy is recovered, 20% 
as heat and 10% ads 
electricity.  
2) Yes, DFS has a better yield 
in energy recovery than 
incineration.  

2.7 Scenarios and main data and assumptions 

2.7.1 General description of the scenarios 

In order to explore a 
potentially more interesting 
end-of-life route, a scenario 
for this capsule has been 
created by considering direct 
fuel substitution (DFS). 

Stéphane Arditi: need to be more 
detailed on different incineration 
efficiency to reflect the new 
classification as Waste to E plant 
for some incineration plants? 

The scenarios are theoretical 
scenarios that are not 
corresponding to a real 
installation. From our 
understanding, the incineration 
scenario corresponds to an 
average municipal waste 
incinerator (D10 category) and 
the DFS to a fuel substitution 
with a theoretical efficiency (R1 
category). We prefer to keep 
the same terms as before: i.e. 
incineration and DFS, because 
they are the one used in other 
studies for Nestlé. We added a 
footnote in the report to explain 
to which categories the DFS 
and incineration modeled 
correspond.  

2.7.2 Data and assumptions 

Packaging 
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Table 2-3: Packaging items, 
materials and masses. All 
data are communicated by 
Nespresso. The tertiary box 
for the generic product 1 
Espresso corresponds to an 
estimate based on the 
assumed volume of the box, 
itself based on the volume of 
the sleeves and an 
assumption of 10 sleeves per 
box (50x30x20 cm, 400 g/box 
of 120 capsules). The LDPE 
film and pallet for the generic 
product 1, 2 and 3 Espresso 
are assumed to be the same 
as for Nespresso. 

Michael Hauschild: Since the 
packaging is where the GP1 has a 
consistent disadvantage 
compared to the NN (e.g. in 
Figure 3-1, and 3-7), it is 
unfortunate that the data for this 
part of the packaging is based on 
estimated rather than measured 
data. 

In fact only the tertiary box 
corresponds to an assumption 
for generic product 1 
packaging: the other packaging 
mass are based on primary 
data.  
The tertiary box corresponds to 
20% of the packaging impacts. 
The assumption is only on the 
fact that the tertiary box 
contains 10 sleeves of 12 
capsules. The dimensions that 
are related to these 10 sleeves 
and the final dimension of the 
box are calculated values 
(based on sleeves dimensions) 
and the mass per cardboard 
box is calculated based on the 
dimensions of the box and the 
cardboard density. The 
assumption is therefore only on 
the number of sleeves per box.   

End-of-life 

The foundry efficiency is of 
85% (Nespresso data): when 
1 kg is recycled, 0.85 kg is 
recovered as secondary 
aluminium, the 0.15 kg 
remaining is recovered as 
aluminium oxide.  

Michael Hauschild: Does this 
correspond to the 50 um layer that 
you mention below? 

These two points are related 
but not linearly. When 
aluminium is incinerated, the 
first 25 um on each side of 
surface (therefore 50 um for 
layer largers than 50 um) will 
be completely oxidized, and 
therefore liberate energy.  
However, in recycling process 
of the capsules, the goal is not 
to oxidize and the system is 
design to minimize oxidation. 
However, there is still a little bit 
of oxidation. Based on tests, it 
appears that 15% of the 
capsules is oxidized when 
recycled (instead of 57% in 
case of incineration).  

2.9 Data quality analysis 

About the generic product 1 
Espresso packaging 
production 

Bruno De Wilde: Is there some 
confusion here? The GP1 does 
not contain starch and PLA? Sorry, it was a copy & paste 

mistake. We updated this part. Stéphane Arditi: Is that a copy& 
paste mistake? The generic 
product 1 is PP, not PLA/starch! 

2.10 Sensitivity analysis and uncertainty analysis 
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A Monte Carlo analysis (1000 
runs) is performed to assess 
the probability that one 
scenario is superior to the 
other.   

Stéphane Arditi: Is such an 
analysis being done for GP1? 
 

No, because GP1 is very high 
regarding the other ones and 
therefore there is no chance to 
become better, even with the 
uncertainties. However, the 
sensitivity analyses made for 
the other product systems are 
also made with GP1. The 
choice of scenarios for the 
uncertainty analysis are 
detailed and explained in the 
results chapter for uncertainty 
analysis (3.5 Uncertainty 
analysis results). We added 
(for the scenarios that have the 
lower impacts).  

2.11 Critical review process 

About Aafko Schanssema 
participation 

Michael Hauschild: Will Aafko 
provide his comments to the 
extension report? 

Yes, we added his name in the 
critical review for this version of 
the report.  

3.2.1 Greenhouse gases emissions  

3. The generic product 3 PLA 
Espresso and generic product 
1 Espresso packaging stages 
emit more greenhouse gases 
than the Nespresso Espresso 
or the generic product 2 
Espresso packaging stages. 

Bruno De Wilde: No PLA in GP1 
Espresso?  
 

No, there is no PLA in the GP1 
Espresso. We rephrased:  
“The packaging stage for the 
generic product 3 PLA and 
generic product 1 Espresso 
scenarios emit more 
greenhouse gases than for the 
Nespresso, generic product 2 
or generic product 3 starch 
Espresso ones.” 

3.2.3 Ecosystem quality 

The generic product 1 
Espresso packaging has also 
a high packaging contribution 
due to heavier packaging. Its 
coffee content is also higher 
compared to the Nespresso 
Espresso.  

Stéphane Arditi: Is the more 
important impact of generic 
product 1 compared to GP2 not 
linked to weight of 
surpackaging/tertiary packaging 
and coffee for all dimensions? 

Yes, the heavier packaging 
and higher coffee mass in 
capsules is the explanation for 
higher impacts regarding all 
impact categories.  

3.2.4 Resources consumption 

The scenario with the highest 
energy consumption 
corresponds to the landfilling 
of generic product 1 capsules. 

Stéphane Arditi: sorry for this 
question if irrelevant but what 
about assessing landfilling for the 
generic product 1 if they only are 
on Swiss market where landfill is 
not an option? 

Even if the generic product 1 
capsules are destined to the 
Swiss market, the may be also 
vended on other markets in the 
future (assumption). For this 
reason, the generic product 1 
scenarios has been tested for 
France, where there is 
landfilling. 

3.2.5 Human health 
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Considering uncertainty in 
human health indicator, we 
cannot draw conclusions on 
differences among scenarios 
for human health, apart from 
the Nespresso recycling 
system that seems to be 
significantly better and the 
generic product 1 Espresso 
significantly higher.  

Stéphane Arditi: always linked to 
the higher weight of various 
materials? 
 

Yes, this is due to the higher 
mass of packaging. We added 
this into brackets.  

3.2.6 Water turbined 

Among other capsules, the 
generic product 1 Espresso 
scenarios seem to require 
higher amount of turbined 
water than the generic product 
2 or 3 alternatives the two 
latter being in the same range.  

Bruno De Wilde: Is it possible to 
add a short explanation for this? 

Ok we added an explanation.  
“Aluminium consumes high 
amounts of electricity and 
therefore high amounts of 
water turbined. For this reason, 
Nespresso consumes a lot of 
water turbined. The generic 
product 1 capsules have a 
higher water turbined 
consumption due to the higher 
packaging mass for generic 
product 1 capsules, more 
particularly due to the 
membrane containing 
aluminium and the 
surpackaging that is heavy and 
also contains aluminium.” 

3.3 Detail on packaging: material supply and end-of-life 

Figure 3-7 

Stéphane Arditi: How do you 
explain that incineration of GP2 is 
similar to incineration of NN? Is 
that linked to energy performance 
of incineration? Is DFS similar to 
R1 incineration (Waste to E 
plants?) Note: I’m insisting on that 
difference between 
incineration/WtoE and DFS as it 
might be a comment by 
Incineration industry… 

The total life cycle impacts 
incineration of a NN and an 
GP2 capsules are not similar. It 
is the total of packaging + its 
incineration that is similar. The 
NN packaging has higher 
impacts but its incineration 
represents a small impact and 
small benefit. For GP2, it is the 
contrary: packaging has lower 
impacts than for NN, but the 
incineration has higher impacts 
and higher benefits than NN 
but impacts still higher than 
benefits, which explains that 
the white diamond is slightly 
higher for GP2 than for NN.  
The energy performance for 
incineration is the same for all 
product systems. If the energy 
performance of the incinerator 
increases, both white 
diamonds will go down, but the 
GP2 will go faster than NN. 
With very high efficiency 
(90%), the white diamond of 
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the GP2 will be approximately 
at the same level than the pink 
diamond of DFS (even a little 
bit lower).  
From our understanding, DFS 
is similar to R1 (e.g. in cement 
kiln), see above answer (2.7.1 
section).  

3.4.1 Data variation 

The first column shows the net 
impacts of the base scenarios 
while the next columns show 
the net impacts when one 
parameter varies at a time, 
and the “sum all these 
parameters” column shows 
the results when all 
parameters tested vary at the 
same time.  

Michael Hauschild: To the 
previous version of the report I 
made the following comment that I 
have not seen any response to in 
the review report in Appendix D:  
Please address it in the text and 
the review report: “I don’t 
understand why varying all the 
investigated parameters at the 
same time giving them the value 
most in favour of the generic 
product 2 or 3 product does not 
result in a larger difference to the 
basic scenario. At least for some 
of them I would assume no co-
variation and hence pure additivity 
of the improvements obtained by 
varying one parameter at a time?” 

We have now completed the 
Appendix D. 
The Table 3-1 has been 
updated. The total were not all 
correct. The sum of parameters 
corresponds now to the total, 
without covariation (in fact 
there is no covariation among 
the various parameters tested).  

3.6 Study limitations 

The DFS end-of-life scenario 
for the generic product 1 and 
2 capsules is built based on 
the assumption that the GP1 / 
GP2capsule will replace light 
fuel oil. This is a critical point 
because a lot of substitution 
fuels exist and GP1 / GP2 
capsules may in reality 
replace another substitution 
fuel than light fuel oil. 

Stéphane Arditi: Maybe explain 
that if other than light fuel is 
substituted, the advantages of 
substitution is increased… 
 

In fact, light fuel oil is already 
one of the most optimistic 
substitution scenarios. Only if 
“dirtier” fuels are replaced 
(coal, heavy fuel oil, etc.) the 
benefit will increase (regarding 
greenhouse gases emissions ). 
However, for most of the other 
fuels (natural gas, biomass, 
etc.), the benefit will be lower 
than the one calculated with 
light fuel oil. 
Finally, if the fuel replaces 
another substitution fuel, i.e. 
another waste, the benefit is 
not secured anymore.  
We added in the report a short 
note on this point. 

3.7 Recommendations 

Optimize the entire packaging 
by reducing mass, using less 
impacting additives, paints, 
coating, etc.  

Stéphane Arditi: This is important, 
as it seems that the “overweight” 
of surpackaging and IIIary pack of 
GP1 compared to GP2 explains 
most of the higher impacts. As a 
consequence we do not know if 
the GP1 capsule as such, which is 

The generic product 1 capsule 
has lower impacts than the 
generic product 2 capsule or 
Nespresso one. But it has to be 
noticed that with the generic 
product 1 and 2 capsules, a 
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lighter, could represent an 
improvement potential compared 
to GP2. I reckon this does not 
change the fundamental results of 
the study 

surpackaging is necessary to 
preserve the coffee quality and 
taste because the capsules are 
not airtight. It is therefore not 
possible to compare the 
system considering only the 
capsule and not the 
surpackaging/overwrap.  
We added a sentence about 
this in chapter presenting the 
results for packaging and end-
of-life.  

Michael Hauschild: I agree and 
encourage you to make clear in 
the discussion/conclusion about 
difference between the systems 
that in the generic product 1 case 
the main cause of difference 
seems to be not the capsule itself 
but the packaging, which seems 
rather comprehensive compared 
to the other systems.  

 
The following table resumes some exchanges about the final version including the generic 
product 3 with Aafko Schanssema.  

Comments made by e-mail 

Report section (and 
sentence) 

Comments from Aafko 
Schanssema Quantis answers 

About title 

Title 
Would prefer to change the title 
into”… of B2C cup of espresso 
packaging systems from 
Nespresso, generic product 1, …” 

We changed the title  
Comparative full life cycle 
assessment of B2C cup of 
espresso using a packaging 
and distribution system from, 
respectively, Nespresso 
Espresso (in aluminium), 
generic production 1, generic 
product 2 (both in 
polypropylene plastic) and 
generic product 3 (in 
PLA/starch bioplastic) 

(note that for the generic 
product 2 sent to DFS, there 
are non significant differences 
with the Nespresso sent to 
recycling in the total impacts 
excluding distribution, but the 
distribution – that contains 
some uncertainties – for 
Nespresso being lower for 
Nespresso than for the 
generic product 2, it creates 
an advantage for Nespresso 
sent to recycling compared to 
the generic product 2 sent to 
DFS).  

 

How does this match with the 
conclusion above: not significant 
is not significant 

The difference between the two 
system is not significant when 
using the same distribution 
system. It means if the 
consumer goes to the shop by 
car in both cases (or if a 
distribution by internet/post is 
available in both cases), 
she/he will have the same 
impacts between the two 
systems. But currently, with the 
average Nespresso distribution 
system being slightly more 
beneficial than the the generic 
product 2 distribution system, 
the current Nespresso system 
is slightly advantageous. 
However, in order to simplify 
the conclusions, we ssimplified 
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by saying that "Overall, the 
difference between the 
Nespresso Espresso sent to 
recycling and the the generic 
product 2 Espresso sent to 
DFS is considered, with current 
data, not significant).  

We changed this sentence as 
follows:  (note that differences 
in the total impacts are not 
significant for the generic 
product 2 capsules sent to DFS 
and Nespresso capsules sent 
to recycling when distribution is 
excluded. The distribution 
contains some uncertainties, 
but its impact is lower for 
Nespresso than for the generic 
product 2, and when included it 
creates a slight advantage for 
Nespresso sent to recycling 
compared to the generic 
product 2 sent to DFS. 
However, considering 
uncertainties and current data, 
the difference in overall 
environmental impacts 
between Nespresso sent to 
recycling and the the generic 
product 2 Espresso sent to 
DFS is considered not 
significant).  

About figure 2 in executive 
summary 

Is there no generic product 2 DFS 
in Switzerland? It does in fig 3-1.  

Here, only NN and GP1 are 
shown for the Swiss market as 
GP2 and GP3 are not sold in 
Switzerland. GP1 is also not 
shown for the French market 
(not sold in France). In the 
report, all capsules are shown 
for all markets to show future 
possibilities. 

Here, only NN and GP1 are 
shown for the Swiss market as 
GP2 and GP3 are not sold in 
Switzerland. GP1 is also not 
shown for the French market 
(not sold in France). In the 
report, all capsules are shown 
for all markets to show future 
possibilities. 

But GP2 DFS is shown in figure 3-
1 on page 48. This is confusing. 
Either you leavy it out of fig 3-1 as 
well or you explain why it is 
mentioned here and not in the 
summary  

 

We added the following 
sentence "Here, only NN and 
GP1 are shown for the Swiss 
market as GP2 and GP3 are 
not sold in Switzerland. GP1 is 
also not shown for the French 
market as it is not sold in 
France. In the main report, all 
capsules are shown for all 
markets to show future 
possibilities." in the executive 
summary and "Here all 
capsules are shown for both 
the Swiss and the French 
markets to show future 
possibilities even though GP2 
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and GP3 are not yet sold in 
Switzerland and GP1 not yet 
sold in France" in the main 
reports in section 3.2 
introducing the main figures. 
That should make it clearer.  

About our answer on title: The 
study and objectives were 
about the difference of 
material among various 
systems. Therefore, we feel 
the title represents well what 
we studied. Please, expend 
on your comment if we 
misunderstand each other. 

What I do not like is the emphasis 
on materials. When simply looking 
at the amount of the materials 
used and making a best guess 
you could come to the same 
conclusion. I strongly recommend 
to bring it stronger in the report 
that the study compares product 
system with different design.  

 

We changed the title as 
discussed to "Comparative full 
life cycle assessment of B2C 
cup of espresso using a 
packaging and distribution 
system from, respectively, 
Nespresso Espresso (in 
aluminium), generic product 1 
and generic product 2 (both in 
polypropylene plastic) and 
generic product 3 (in 
PLA/starch bioplastic)"; We 
also now added a sentence in 
the goal and scope (executive 
summary and report) saying 
"The study compares 
packaging systems with 
specific designs and not 
materials." and in the 
conclusions "These 
conclusions are about product 
systems with specific design 
and not about the various 
materials used to produce the 
capsules." We also added in 
the executive summary, the 
results, the recommendation 
and in the conclusions that the 
overall impacts are dominated 
by the coffee production, the 
use stage and the packaging 
production and that all three 
stages should be looked at to 
make eco-design and reduce 
the overall impacts. 

About an answer to one of 
your comments: Thank you for 
your comment. When divided 
in small acts, every gesture or 
saving could be considered 
negligible compared to other 
big environmental impacts but 
life is considered as a sum of 
thousands of small acts and it 
is the sum of small reductions 
on each these small acts that 
results in a total reduction of 
the impacts.  

The answer does not satisfy me: a 
different way of explaining: the 
delta in coffee use (0.3 grams si 
about equal to 3 grams of CO2e. 
This is in the same order of 
magnitude as the difference 
between the two best systems. 
For me this is a confirmation that 
taking out packaging from a 
product is a incomplete not 
recommendable approach, and 
takes away the attention from the 
real issues. 

We added in the executive 
summary, the results, the 
recommendation and in the 
conclusions that the overall 
impacts are dominated by 
coffee production, use stage 
and packaging and that all 
three stages should be looked 
at to make eco-design and 
reduce the overall impacts.  

About an answer to your 
comment: The unit processes 
used have the following 

Even with taking gross energy the 
ratio between Al and PP is 1,38 
which is a factor 2 higher than the 
0.68. This seems to me not 

The energy indicator is the sum 
of feedstock and process 
energy. Therefore, these two 
are summed in the energy 
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impact scores:  

- Primary aluminium: 163 
MJ/kg  

- PP: 76 MJ/kg  

We therefore have around 
similar values as the ones you 
mentioned. The resources 
impact category does not 
correspond only to the 
process energy but also to all 
energy that is behind. 
Therefore, the feedstock has 
to be considered as all 
infrastructures, transports and 
other inputs (this is correct for 
all life cycle stage and all 
impact categories) 

consistent with the statement that 
the capsule is the dominant 
component in the packaging 
system. 

indicator for PP (that is not in 
aluminium as aluminium has 
no feedstock energy).  

About our previous answer: 
The energy indicator is the 
sum of feedstock and process 
energy. Therefore, these two 
are summed in the energy 
indicator for PP (that is not in 
aluminium as aluminium has 
no feedstock energy). 

Actually what I did is taking 
together process and feedstock 
energy which is together gross 
energy. This results in the different 
ratio's. This means that you 
haven't answered this question 
yet. 

We looked again at the 
detailed data on energy 
consumption of generic product 
2 and Nespresso capsules: the 
PP and Al represent 
respectively 40% and 60% of 
energy consumption of the 
entire packaging system. We 
therefore suppressed the 
sentence of the section 3.2.4 
which was "The packaging 
resource consumption is 
mainly due to capsule and 
sleeve production and also to 
surpackaging production for 
generic product 1 and 2 
Espresso." as it was not adding 
any value and more confusing 
the reader. 
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The main contributors to 
human health in this case are 
the ammonia direct emissions 
from coffee cultivation 
(identical for all capsule 
systems), the particulate 
matter and nitrogen oxides 
that are mainly due to the 
energy use (electricity, heat, 
transports). The main 
differences are therefore 
explained by the energy use 
(diesel, light fuel oil, electricity 
mix based on coal and oil). 
The distribution is higher for 
the generic product 2 and 3 
because there are more 
transport (car travels). The 
packaging explains another 
part of the difference. PP is 
related to high emissions of 
aromatic hydrocarbons and 
cardboard for sleeves to 
particulate matter.  

I strongly recommend to bring this 
explanation into the report. It is 
however interesting to observe 
that polypropylene doesn’t use 
aromatic hydrocarbons in their 
production (….)  

Ok, we added this in the report.  

 


