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ABSTRACT 
The aim of this work is to compare the environmental 
impact of three different packaging systems for coffee 
capsules, which can be used in the same coffee machine. 
A comparative Life Cycle Assessment has been 
performed considering the following three types of 
coffee capsules:  
1. Compostable coffee capsules packaged into a multi-
chamber PET tray.  
2. Capsules made of aluminium and packaged into 
cardboard boxes.  
3. Capsules made of polypropylene with an aluminium 
top lid, singularly packaged in modified atmosphere into 
a bag made of multilayer film of aluminium and 
polypropylene.  
The functional unit considered is a coffee capsule. 
To evaluate the environmental impact, the EPD 
(Environmental Product Declaration) method is used. 
This work shows that it is possible to reduce the 
environmental impact of compostable capsules packaged 
in PET tray by two ways: by using a less polluting starch 
polymer and by producing biogas instead of compost 
from the organic waste. With these improvements, the 
compostable coffee capsule in PET tray results the less 
damaging packaging system for all categories except 
than for the ozone layer depletion and the fossil fuels 
depletion. 
 
Keywords: Coffee, Capsules; Environmental impacts, 
LCA, Packaging. 

 
1. INTRODUCTION 
This paper aims to compare the environmental impact of 
different packaging systems for coffee capsules. This 
type of capsules is nowadays very common and recently 
studied also from a scientific point of view (Spanu et al, 
2016). The environmental impact of food and food 
packaging waste has become an important issue 
(Manfredi et al., 2015). Vitale et al., 2018 says that, with 
respect to the whole mass of municipal waste, the waste 
fraction from packaging is constantly increasing: in Italy 
packaging waste represents 50% in volume of total 
municipal waste. Moreover, food packaging causes the 
largest demand for plastic packaging and contributes to 
aggravate the global challenge with plastics waste 
management (Bertolini et al., 2016; Plastics Europe, 
                                                           
1 Data available at: https://resource.co/article/italian-job-
6989 

2017). The consumption of coffee capsules generates a 
big amount of landfill waste because, even if the capsule 
is made of recyclable material, if the coffee powder is not 
separated from the capsule, neither the coffee nor the 
capsule can be correctly discarded (which means that the 
coffee is taken to the compost or biogas production plants 
and the capsule to the recycling center) (Humbert et al., 
2009). 

Several studies have been done on this issue (Salomone, 
2003; De Monte et al. 2005; Salinas, 2008; Hassard et al., 
2014) but every year new solutions appear on the market, 
and they are sold as environmental friendlier that the 
previous ones. 

Based on these premises, an alternative packaging 
system for coffee capsules has been designed: it consists 
in biodegradable capsules (made of PLA) packaged in 
modified atmosphere into a coated PET tray. This 
packaging system is completely made of biodegradable 
or recyclable materials and, by this way, the municipal 
landfill waste can be reduced (Liu, 2006). In 2013 in 
Italy, in fact, 12000 tons/year of used coffee capsules are 
discarded to landfill1. In order to understand if a 
completely biodegradable primary packaging plus a 
recyclable secondary packaging produce a lower 
environmental impact respect than other conventional 
packaging for coffee capsules, a comparative Life cycle 
Assessment has been implemented, considering the 
following three types of coffee capsules:  

1. Compostable coffee capsules packaged into a multi-
chamber PET tray. This packaging is completely made 
of biodegradable and recyclable materials, which permits 
to reduce the amount of landfill waste. The capsules, 
containing the coffee powder, can be discarded within 
the organic waste. They are packed in nitrogen modified 
atmosphere into a multi-chamber tray made of recyclable 
coated PET. Each capsule is individually packed into a 
chamber and can be singularly extracted without 
compromising the modified atmosphere of capsules that 
are still packed in other chambers.   

2. Capsules made of aluminium and packaged into 
cardboard boxes.  

3. Polymeric capsules, made of polypropylene with an 
aluminium top lid, singularly packaged in modified 



atmosphere into a bag made of a multilayer film of 
aluminium and polypropylene.  

2. NEW PACKAGING SYSTEM DESIGNED 
The packaging system designed consists in 
biodegradable capsules (made of a bio-based polymer) 
packaged in modified atmosphere of nitrogen into a PET 
tray. The PET film used to produce the tray is covered by 
a coating, named Oxyflav®, which improves the oxygen 
barrier properties of the polymer. Before the 
thermoforming this coating is then covered by another 
thin film of PET. The coating is necessary because the 
PET film has not good enough oxygen barrier to protect 
coffee powder from oxidation. The Oxyflav® was 
developed by the HMI (High Materials Innovation), a 
spin off of the Chemical Department of University of 
Parma. It is a water based coating, which provides good 
oxygen barrier properties to the polymer on which it is 
spread, without preventing its recyclability. A thin layer 
of this coating is spread over a PET film that will be 
coupled to another after the coating solidification. The 
result is a double-layer PET film with the Oxyflav 
coating between the two PET films. The PET double-
layer film is than thermo-formed to create a tray. The tray 
is closed by a top film, made of a double-layer PET film, 
thinner than the bottom one. After the thermoforming the 
tray is composed of 15 chambers, each capsule is 
singularly packaged in nitrogen atmosphere into a 
chamber and can be individually extracted without 
compromising the modified atmosphere of other 
capsules that are still packaged. 

 
3. LIFE CYCLE ASSESSMENT 

METHODOLOGY AND DATA 
The LCA methodology was applied according to the 

requirements provided by ISO standards. LCA consists 
of four main phases of analysis: definition of goal and 
scope; inventory analysis; impact assessment; 
interpretation (ISO 14040,2006; ISO 14044, 2006). The 
SimaPro 8.3 LCA software was used for this assessment. 
 
3.1. Goal and scope definition  

The purpose of this work is to evaluate and compare 
the environmental impacts of 3 different packaging 
systems for coffee capsules. 

 
3.1.1. Functional unit 
The reference unit for which the inventory data are 
normalized is the functional unit (ISO 14040, 2006). In 
order to compare alternative products and services, the 
concept of functional unit is a key point in LCA (ISO 
14044, 2006). The functional unit of this study is one 
coffee capsule. Firstly we have compared the 
environmental impact produced by three different coffee 
capsules with different packaging systems: a PLA 
capsule packaged into a recyclable PET tray, an 
aluminium capsule packaged in a cardboard box and a 
polypropylene capsule sealed with an aluminium top lid, 
packaged into a multi-layer bag made of aluminium and 
polypropylene. All these three capsules are usable in the 

same coffee machine. Secondary, we compared the life 
cycle environmental impact of the two latest capsules 
listed before with the impact of a possible starch polymer 
capsule packaged into a recyclable PET tray, with 
production of biogas instead of compost from the organic 
waste collected after consumption (the organic waste 
consists in the coffee powder and the starch polymer 
capsule). 
 
3.2. System boundaries and assumptions  

In order to quantify the life cycle impact of the 
analysed product, system boundaries must be 
determined: an approach from cradle to grave was 
adopted, which consists in considering all phases of the 
product life cycle, from raw materials extraction/coffee 
plantation to waste disposal. The phase of domestic 
preparation of coffee was excluded from the analyses 
because it is equal for all the three types of coffee 
capsules, so it is not significant for the comparison. 
 
3.3. Inventory analysis and data collection  

The life cycle inventory analysis quantifies the 
resources used, the energy consumption and the 
environmental releases associated with the system being 
evaluated (ISO 14040, 2006). Some data are 
experimentally taken; the secondary data are assumed 
using the Ecoinvent Database 3.3 (Ecoinvent, 2017). 
The aim of the inventory analysis is to collect the data 
used as the basis for the impact assessment phase, where 
the potential environmental impact of the system is 
evaluated (ISO 14040, 2006), considering effluent 
emissions, releases into the environment and resources 
consumption. The three analysed capsules present the 
same life cycle main phases: 

1. Coffee Plantation, which includes the 
cultivation of coffee and all the processes made 
at the plantation site necessary to obtain coffee 
beans ready to be transformed in coffee powder. 

2. Coffee Powder Production, which includes the 
energy and resources consumption of all the 
processes done to obtain the coffee powder 
starting from the green bean. It also includes the 
energy consumption for the filling of coffee 
powder. 

3. Packaging, it includes all the packaging 
materials used and the energy for their 
production, starting from row materials 
extraction. For what concerns the transports of 
packaging materials from the producer plant to 
the coffee capsules factory, an average distance 
is considered, calculated through Ecoinvent 
Database. 

4. Waste disposal, which varies according to the 
packaging materials used. 
 

The main differences between the life cycles of the 
three kinds of analysed capsules concern the packaging 
materials and their disposal after consumption: 
The biodegradable capsule is made of PLA, so PLA 
granule production and capsule injection processes 



contribute to the environmental impact. Secondary 
packaging consists in a recyclable coated PET tray, so 
the granule PET production, the film and coating 
production processes and the coated-films coupling are 
included in the analyses of the impact. Nitrogen 
consumption during the modified atmosphere packaging 
process is considered too. Each tray contains 15 capsules. 
For what concerns the waste disposal after coffee 
capsules consumption, biodegradable capsules are 
discarded within the organic waste, while the PET tray is 
discarded within plastic waste and is sent to the recycling 
plant. In the first analysis made, the biodegradable waste 
derived from a capsule is destined to compost 
production. Secondary, another analyses has been 
implemented considering the production of biogas 
instead of compost (Figure 1). 

 
Figure 1: Flow chart of biodegradable capsule life cycle 

 
 
The aluminium capsule presents the advantage that 
aluminium is the best food packaging material in terms 
of oxygen barrier properties compared to the thickness of 
packaging. Coffee is packaged using a nitrogen modified 
atmosphere inside the capsule. This primary packaging 
system offers two main advantages: the consumption of 
nitrogen gas is much lower than that of the biodegradable 
capsule and the excellent oxygen barrier properties of 
aluminium permits to use a simple cardboard box as a 
secondary packaging, since an oxygen barrier effect is 
not required. The negative aspect of aluminium is that the 
production of this material is much expensive in terms of 
energy consumption. For what concerns the waste 
disposal after usage, the aluminium capsule cannot be 
recycled if it is not separated from the coffee powder 
inside of it. So, aware of the huge amount of aluminium 
wasted due to this issue, the capsules producers 
considered in this analysis have organized a collection of 
capsules after usage, so that they can personally manage 
the appropriate disposal of both coffee powder, which is 
sent to compost plants, and capsules, which are taken to 
aluminium recycling plants. This allows however to 

                                                           
2 Available at: 
http://www.cial.it/english_post/collection-recycling-
coffee-capsules/  

recycle only the 7% of the total of aluminium capsules 
sold in Italy2 (Figure 2). 
 
Figure 2: Flow chart of the aluminium capsule life cycle. 

 
 
According to Quantis (2011), the polypropylene coffee 
capsule using an aluminium top lid, as already told 
before, is packaged in modified atmosphere of nitrogen 
(40%) and carbon dioxide (60%) into a multi-layer bag, 
made of aluminium and polypropylene film. The primary 
packaging has not good oxygen barrier, so a secondary 
packaging with barrier effect is required. If not separated 
from the coffee powder, the polypropylene capsule 
cannot be recycled, neither can the aluminium top lid 
film. The multi-layer bag is not recyclable because 
polypropylene and aluminium film cannot be separated. 
Therefore, as far as the waste discarding is concerned, 
both the capsule containing the coffee powder and the 
bag are sent to landfill (Figure 3). 
 
Figure 3: Flow chart of the polypropylene capsule life cycle. 

 
 

For the collection of inventory data used for the 
analysis, the following assumptions and limitations are 
applied: 

• The impact of coffee plantation to produce 1 kg 
of coffee beans is assumed to be the same for all 
the three types of coffee capsules analysed. 



• The data of the transport of coffee beans from 
the producer country to Europe was obtained 
based on the average distance of the main coffee 
producer countries in the world from Rotterdam 
harbour. It is assumed to be the same for all the 
three capsules. 

• The distance travelled for the distribution of 
coffee capsules from the production factory to 
the clients is assumed to be the same for the 
three coffee capsules. 

• Since most of the coffee capsules are produced 
in Switzerland, the average Switzerland 
electricity mix is used in this study. 

• In this study, data from Switzerland were used 
when available. In case of unavailable data, 
relevant background data from Europe were 
used. 

• For what concerns the cut-off criteria applied, 
less than 1% of the energy and mass flows of 
the inputs and outputs was excluded from this 
analysis. 

 
3.4. Methods of impact assessment 

The impact analysis was carried out using the 
Environmental Product Declaration method (EPD). The 
EPD method consists in a self-declaration schema, 
realized by the companies themselves in order to 
divulgate the environmental impact of their products and 
services. It must be realized according to the UNI EN 
ISO 14025:2010 standard. The certification shows the 
data about the potential environmental impact generated 
by the product or service, calculated through the LCA 
analysis. The declaration must be verified and approved 
by a certified authority, which is Accredia in Italy. After 
completing the controls, the authority releases a 
declaration and a certification brand that match the 
Environmental Product Declaration.  

The environmental impact is calculated in terms of 
seven impact categories: (i) acidification, (ii) 
eutrophication, (iii) global warming, (iv) photochemical 
oxidation, (v) ozone layer depletion, (vi) abiotic 
depletion, (vii) fossil fuels depletion. 

 

3.5. Environmental impact produced by the 
biodegradable capsule in PET tray 

As shown in Table 1 and Figure 4, for all categories 
except than ozone layer depletion, photochemical 
oxidation and fossil fuels depletion, the most impactful 
phase in biodegradable coffee capsule life cycle is coffee 
plantation. Packaging is the second most polluting phase 
for all categories except than ozone layer depletion, 
photochemical oxidation and fossil fuels depletion, for 
which it is the first one; it includes energy and materials 
necessary to produce the packaging system. The 
environmental impact generated by packaging is due 
especially to the capsule, because of the granule 

production process of PLA and the injection process, and 
to the PET tray, because of the granule production 
process of PET and film production process. 

Table 1: Environmental impact produced by a 
biodegradable capsule packaged in PET tray 

Impact 
Category Unit Total Coffee 

Plantation 
Packagin

g 

Coffee 
Powder 

Productio
n 

Transport
s 

Waste 
Disposal 

Acidification 
(fate not incl.) 

kg SO2 
eq 6,22E-04 5,17E-04 1,06E-04 7,87E-06 8,24E-06 -1,69E-05 

Eutrophication kg PO4-
-- eq 4,34E-04 3,67E-04 5,34E-05 7,80E-06 1,24E-06 5,33E-06 

Global 
warming 
(GWP100a) 

kg CO2 
eq 4,61E-02 2,68E-02 1,99E-02 1,74E-03 8,27E-04 -3,26E-03 

Photochemical 
oxidation 

kg 
C2H4 
eq 

1,15E-05 5,77E-06 5,93E-06 3,60E-07 3,65E-07 -9,21E-07 

Ozone layer 
depletion 
(ODP) 
(optional) 

kg 
CFC-11 
eq 

3,66E-09 1,35E-09 1,91E-09 3,71E-10 1,56E-10 -1,30E-10 

Abiotic 
depletion 
(optional) 

kg Sb 
eq 2,13E-07 1,78E-07 6,08E-08 2,84E-09 1,30E-09 -3,00E-08 

Abiotic 
depletion, 
fossil fuels 
(opt.) 

MJ 4,17E-01 1,86E-01 3,29E-01 2,11E-02 1,28E-02 -1,32E-01 

 

Figure 4: Relative environmental impact of the 
biodegradable capsule life cycle. 

 
 

3.6. Environmental impact produced by an 
aluminium capsule in cardboard box. 

Table 2 and Figure 6 show the impact generated by the 
aluminum capsule life cycle. The most damaging phase 
is coffee plantation for all impact categories except than 
photochemical oxidation and ozone layer depletion, for 
which the most impactful phase is packaging. Packaging 
produces high impacts because of the aluminum 
extraction and capsule production processes. 
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Table 2: Environmental impacts produced by an 
aluminium capsule packaged in cardboard box. 

Impact 
Category Unit Total Coffee 

Plantation 
Packagin

g 

Coffee 
powder 

Productio
n 

Transport
s 

Waste 
disposal 

Acidification 
(fate not incl.) 

kg SO2 
eq 6,3E-04 5,2E-04 1,1E-04 8,5E-06 9,4E-06 -1,7E-05 

Eutrophication kg PO4-
-- eq 4,2E-04 3,7E-04 3,4E-05 1,1E-05 1,5E-06 8,5E-06 

Global 
warming 
(GWP100a) 

kg CO2 
eq 4,5E-02 2,7E-02 1,5E-02 1,9E-03 9,2E-04 4,6E-04 

Photochemical 
oxidation 

kg 
C2H4 eq 1,4E-05 5,8E-06 7,9E-06 4,1E-07 4,0E-07 -4,6E-07 

Ozone layer 
depletion 
(ODP) 
(optional) 

kg CFC-
11 eq 3,1E-09 1,4E-09 1,4E-09 3,3E-10 1,6E-10 -1,3E-10 

Abiotic 
depletion 
(optional) 

kg Sb eq 2,1E-07 1,8E-07 3,4E-08 2,3E-09 1,4E-09 -2,4E-09 

Abiotic 
depletion, 
fossil fuels 
(opt.) 

MJ 3,6E-01 1,9E-01 1,4E-01 3,8E-02 1,3E-02 -2,0E-02 

 

Figure 5: Relative environmental impacts of the aluminium 
capsule life cycle. 

 
 
3.7. Environmental impact produced by the 

polypropylene capsule in multi-layer bag. 
As depicted in table 3 and figure 5, also for the 
polypropylene capsule the most impactful life cycle 
phase for most of the analysed categories is coffee 
plantation. Packaging represents the most impactful 
phase for what concerns photochemical oxidation and 
fossil fuels depletion. The big amount of packaging 
material used (greater than those used for the two other 
capsules analysed) and the fact that both the primary and 
the secondary packaging can not be recycled produce a 
huge environmental impact. 

 

 

 

 

 

 

Table 3: Environmental impacts produced by the 
polypropylene capsule packaged in multi-layer bag 

Impact 
category Unit Total Coffee 

Plantation 
Packagin

g 

Coffee 
Powder 

Productio
n 

Transport
s 

Waste 
disposal 

Acidification 
(fate not incl.) 

kg SO2 
eq 7,1E-04 5,8E-04 9,5E-05 2,6E-05 1,5E-05 -3,0E-06 

Eutrophicatio
n 

kg 
PO4--- 
eq 

4,9E-04 4,1E-04 3,7E-05 3,2E-05 1,9E-06 1,3E-05 

Global 
warming 
(GWP100a) 

kg CO2 
eq 6,1E-02 3,0E-02 1,9E-02 8,7E-03 1,2E-03 2,5E-03 

Photochemica
l oxidation 

kg 
C2H4 
eq 

1,6E-05 6,4E-06 6,5E-06 1,7E-06 5,4E-07 3,8E-07 

Ozone layer 
depletion 
(ODP) 
(optional) 

kg 
CFC-11 
eq 

4,1E-09 1,5E-09 1,2E-09 1,2E-09 2,3E-10 -7,0E-11 

Abiotic 
depletion 
(optional) 

kg Sb 
eq 3,1E-07 2,0E-07 7,1E-08 3,8E-08 1,5E-09 -2,2E-09 

Abiotic 
depletion, 
fossil fuels 
(opt.) 

MJ 6,6E-01 2,1E-01 3,4E-01 9,1E-02 1,9E-02 -3,4E-03 

 

Figure 6: Relative environmental impacts of the 
polypropylene capsule life cycle. 

 
 

3.8. Comparison of environmental impact produced 
by the three coffee capsules. 
The results of comparative LCA analysis of the 

impact generated by the three coffee capsules presented 
before are reported in Table 4 and showed in Figure 7. 
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Table 4: Comparison of environmental impacts produced 
by the three coffee capsules 

Impact category Unit Biodegradable 
capsule 

Aluminum 
Capsule 

Polypropylene 
capsule 

Acidification (fate 
not incl.) kg SO2 eq 0,000622388 0,000627555 0,00070927 

Eutrophication kg PO4--- 
eq 0,000434485 0,000422585 0,000493211 

Global warming 
(GWP100a) 

kg CO2 
eq 0,046070457 0,045201014 0,061431819 

Photochemical 
oxidation 

kg C2H4 
eq 1,15105E-05 1,3988E-05 1,55265E-05 

Ozone layer 
depletion (ODP) 
(optional) 

kg CFC-
11 eq 3,66194E-09 3,1111E-09 4,06362E-09 

Abiotic depletion 
(optional) kg Sb eq 2,13174E-07 2,13517E-07 3,07082E-07 

Abiotic depletion, 
fossil fuels (opt.) MJ 0,417440645 0,357732909 0,655038844 

 
Figure 7: Relative environmental impact produced by the 
three coffee capsules analysed. 

 
 
The polypropylene capsule in multi-layer bag is the most 
impactful one for all the categories considered. This is 
primarily due to the packaging system, made of a huge 
amount of non–recyclable neither biodegradable 
materials. For what concerns the two other capsules, the 
aluminum one is more polluting than the biodegradable 
one as regards acidification, photochemical oxidation 
and abiotic depletion. This is due to aluminum 
production from bauxite and to mechanical processes to 
obtain the aluminum film and capsule. For all the other 
categories, the most impactful capsule between the two 
is the biodegradable one, especially due to the production 
of PLA and PET granules and to the processes of capsule 
injection and tray production. 
 
4. SENSITIVITY ANALYSIS 

Sensitivity analysis is a procedure aimed to estimate 
the influence of different choices about methods and data 
on the results of the study (ISO 14040, 2006). A 
sensitivity assessment was performed to evaluate how to 
reduce the environmental impact of the biodegradable 
capsule life cycle. After some attempts, a less polluting 
bio-based polymer with which realize the capsule was 
found: a starch based polymer, suitable for injection 
moulding process. A study about the environmental 
impact of organic waste disposal revealed that biogas 
production releases in the atmosphere a lower amount of 
Global Warming gases than compost production. So a 
Life Cycle Assessment of a starch polymer capsule, 
packaged in PET tray, with biogas production from the 
organic waste disposal was implemented. The 

environmental impact of this improved biodegradable 
capsule is shown in Table 5 and Figure 8. 

 
Table 5: environmental impacts of an optimized 
biodegradable capsule 

Impact 
Category Unit Total Coffee 

Plantation Packaging 
Coffee 
Powder 

Production 
Trasports Waste 

Disposal 

Acidification 
(fate not incl.) 

kg SO2 
eq 6,0E-04 5,2E-04 9,9E-05 7,9E-06 8,2E-06 -2,8E-05 

Eutrophication 
kg 
PO4--- 
eq 

4,1E-04 3,7E-04 4,7E-05 7,8E-06 1,2E-06 -9,8E-06 

Global 
warming 
(GWP100a) 

kg CO2 
eq 4,1E-02 2,7E-02 1,8E-02 1,7E-03 8,3E-04 -6,3E-03 

Photochemical 
oxidation 

kg 
C2H4 
eq 

1,1E-05 5,8E-06 5,9E-06 3,6E-07 3,6E-07 -1,7E-06 

Ozone layer 
depletion 
(ODP) 
(optional) 

kg 
CFC-
11 eq 

3,9E-09 1,4E-09 2,3E-09 3,7E-10 1,6E-10 -2,8E-10 

Abiotic 
depletion 
(optional) 

kg Sb 
eq 2,1E-07 1,8E-07 6,1E-08 2,8E-09 1,3E-09 -3,3E-08 

Abiotic 
depletion, 
fossil fuels 
(opt.) 

MJ 4,3E-01 1,9E-01 3,5E-01 2,1E-02 1,3E-02 -1,4E-01 

 
Figure 8: Environmental impact of starch biodegradable 
capsule with production of biogas from the organic waste 
disposal. 

 
 
Table 6 and Figure 9 depict how it is possible to reduce 
the environmental impact of waste disposal of the 
biodegradable capsule by producing biogas instead of 
compost from the organic waste. 
 
Table 6: Compost vs biogas production (capsule end-of-life) 

Impact category Unit Compost 
production 

Biogas 
production 

Acidification (fate not 
incl.) kg SO2 eq -7,46286E-06 -1,910E-05 

Eutrophication kg PO4--- 
eq 8,51296E-06 -6,654E-06 

Global warming 
(GWP100a) kg CO2 eq -0,00106924 -4,157E-03 

Photochemical 
oxidation 

kg C2H4 
eq -3,62479E-07 -1,147E-06 

Ozone layer depletion 
(ODP) (optional) 

kg CFC-11 
eq -3,60869E-11 -1,855E-10 

Abiotic depletion 
(optional) kg Sb eq -1,78024E-08 -2,080E-08 

Abiotic depletion, fossil 
fuels (opt.) MJ -0,077250371 -8,905E-02 
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Figure 9: Relative environmental impact of compost vs 
biogas production (capsule end-of-life) 

 
 

Table 7 and Figure 10 show the comparison of the 
environmental impact produced by the improved 
biodegradable capsule with the aluminium one and the 
polypropylene one. It was assumed the production of 
biogas instead of compost also with the organic waste 
collected from the 7% of aluminium capsules disposal. 
Compared to the comparison made before between the 
standard biodegradable capsule and the two other 
capsules, the polypropylene one is still the most 
impactful capsule for all the categories considered. For 
what concerns the improved biodegradable capsule and 
the aluminium one, the first one results less polluting 
than the second one in all categories analysed except than 
ozone layer depletion and fossil fuels depletion, where 
the PET tray is the main responsible of emissions and 
resources consumption.  
 
Table 7: environmental impacts of the optimised 
biodegradable capsule vs the aluminium one and the 
polypropylene one 

Impact 
Category Unit 

Improved 
Biodegradable 

Capsule 

Aluminum 
Capsule 

Polypropylene 
Capsule 

Acidification 
(fate not incl.) 

kg SO2 
eq 6,04E-04 6,27E-04 7,09E-04 

Eutrophication kg PO4--
- eq 4,13E-04 4,22E-04 4,93E-04 

Global 
warming 
(GWP100a) 

kg CO2 
eq 4,13E-02 4,51E-02 6,14E-02 

Photochemical 
oxidation 

kg C2H4 
eq 1,07E-05 1,40E-05 1,55E-05 

Ozone layer 
depletion 
(ODP) 
(optional) 

kg CFC-
11 eq 3,85E-09 3,10E-09 4,06E-09 

Abiotic 
depletion 
(optional) 

kg Sb eq 2,11E-07 2,13E-07 3,07E-07 

Abiotic 
depletion, fossil 
fuels (opt.) 

MJ 4,30E-01 3,57E-01 6,55E-01 

Figure 10: Comparison of the relative environmental 
impacts produced by the optimised biodegradable capsule, 
aluminium capsule and polypropylene capsule. 

 
 
5. CONCLUSIONS 

The purpose of this work is to evaluate the 
environmental impact produced by a completely 
biodegradable capsules and a recyclable packaging 
system for coffee capsules and to compare it with the 
impacts generated by two other types of packaging for 
coffee capsules and the coffee capsule itself. LCA 
analyses show that the polypropylene capsule in multi-
layer non-recyclable bag is the most impactful one, 
because of the big amount of packaging material used 
with landfill end of life. The aluminum capsule is more 
polluting than the biodegradable one as regards 
acidification, photochemical oxidation and abiotic 
depletion, due to the aluminum production and 
manufactoring. For the other categories the 
biodegradable capsule results more damaging than the 
aluminum one because of PLA and PET granule 
production and manufacturing. The sensitivity analyses 
shows that it is possible to reduce the environmental 
impacts produced by the biodegradable capsule by 
substituting PLA with a starch bio-polymer and by 
producing biogas instead of compost from the organic 
waste collected. With these improvements, the 
biodegradable capsule results the less impactful one in all 
categories except than ozone layer depletion and fossil 
fuels depletion, where the PET tray is the main 
responsible of the impact produced. 
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APPENDIX 
 

 

 
 
Appendix A: Comparison of the environmental impact generated by the packaging materials of the three coffee capsules 
analyzed. 

 
 
 
Appendix B: Comparison of the environmental impact generated by the waste disposal of the three coffee capsules analyzed. 
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