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Aseptic Packaging
With a specific focus on the aseptic packaging of non-
carbonated beverages, this report details the current 
challenges facing the industry, the ideal solution to which 
we should be navigating towards in the future, an in 
depth analysis of one of the current market leaders and 
hence proffering a medium term solution to instigate a 
transition to this ideal solution. Key theories and concepts 
have been utilised extensively, in particular Life Cycle 
Assessments (LCA’s).

Meat Packaging
With the goal of a new packaging concept and the dream 
of a sustainable packaging, we first analysed the current 
High Vac and Double Deck meat packaging used by Coop 
and then developed a new packaging solution, that is in 
line with the strict requirements set by Coop and can be 
implemented with the current processing technology 
available in a short-to-medium terms. Additionally, we 
presented four long-term visions, in which we describe 
how a sustainable meat packaging may look like in the 

future. The report also includes a first, simplified Life Cycle 
Analysis that tries to compare the current and the new 
packaging solutions.

Coffee Capsules
Nespresso capsule coffee is an increasingly popular brand 
world-wide, offering a variety flavors of convenient, 
single-cup espresso at the push of a button. Part of 
Nestlé’s marketing strategy has been to highlight the 
recyclability of their aluminum capsules. We examine the 
life-cycle environmental impact of Nespresso capsule 
coffee and critique this claim. Based on the many 
functions and attributes of the product we discuss 
alternatives with lower environmental impacts. Finally, 
we suggest two innovations: the first facilitates the 
recycling of the aluminum capsules by automating the 
separation of used coffee grounds from capsule, and the 
second eliminates the problem of aluminum waste 
altogether by shifting the responsibility of atmospheric 
isolation currently provided by the capsules to a reusable 
dispenser.

Abstract
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The Washing Machine in Pieces after one Day in the Lab.
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INTRODUCTION
THEORIES AND PACKAGING
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Life Cycle Assessment
Life Cycle Assessment (hereafter LCA) is a tool employed to 
measure the environmental impact of a particular process 
or product by considering the entire life cycle, including 
resources used, production processes, transport, usage and 
end of life.  By carrying out a LCA one can identify key 
potential improvements in the life cycle, differentiating 
areas for which little more can be changed from areas in 
which there is room for substantial improvement. To 
conduct an LCA one needs to first define the goal and 
scope of the LCA, then and make an inventory of all the 
inputs and outputs per functional unit, and hence an 
impact assessment, all the while conducting an 
interpretation of the results. Software is used extensively 
when undertaking a LCA; SimaPro is a commonly used 
system. For the purposes of this study, a streamlined 
version of SimaPro has to be utilised for all comparisons. 
This is crucial as different software   programmes may 
produce different results and hence it is not enough simply 
to compare the LCA of one alternative with the LCA 
produced using different software of another alternative. 
It is interesting to note the differences between midpoints 
and end points. There is no consistent policy as to which 
method to employ as each has their advantages and 
disadvantages. End points are more precise, but have a 
wider margin of error, whereas midpoints are easier to 
calculate and have a smaller margin of error, but are less 
accurate and incorporate fewer features. This report will 
employ LCA at three stages. Firstly, a previously conducted 
LCA of existing packaging will be analysed. Secondly, an 
LCA of this existing packaging that we have conducted will 
be presented, and finally the LCA tool is used again when 
analysing the environmental impact of our innovative, 
transition product.

Biomimicry
Biomimicry is the term used to describe the adaptation of 
natural processes to human technology. Biomimicry is 
similar but distinct from biomorphism, which describes 

architectural adaptation comparable to nature. By looking 
for examples from nature in which resources are cleverly 
used, Biomimicry hopes to glean ideas about how best to 
use resources in the manmade world. For example, the 
shell shape exhibited by the tortoise is one of the strongest 
structures one can build, and uses very limited resources. 
There is a strong case for the claim that Biomimicry such as 
this is going to play a crucial role in the evolution from the 
industrial age to the ecological age.  

However, as aseptic foods and beverages are not usually 
found in nature, it has been difficult to incorporate this 
methodology to a great extent for the transition solution. 
However, this report does draw on Biomimicry for one 
aspect of the transition packaging, which will be detailed 
in full in section 3.2 and 3.3. 

Triple Bottom Line
Triple bottom line presents an alternative theory of 
sustainability that rejects the straight definition of 
sustainability, opting for a definition that differentiates 
between ecological, economic and social sustainability. 
Every country, organisation or project places different 
values on each of these three factors, and hence assigns 
different weightings accordingly. For this project, the 
weighting is focused on the ecological impact of packaging, 
and the economic impact to a slightly lesser extent. 
Because there is little scope for innovation at the social 
sustainability level of aseptic packaging, this element of 
sustainability has had only a very limited focus.

Transdisciplinarity 
Transdisciplinarity describes the break-down of boundaries 
so that single individuals simultaneously research, critique, 
and comment from multidisciplinary backgrounds. The 
diverse range of credentials represented by the members 
of the group creates an excellent multidisciplinary working 
environment, and increases the opportunities for 
transdisciplinarity to emerge in the future by exposing 
each member to other disciplines. 

THEORIES AND CONCEPTS
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PACKAGING

Packaging has developed to a large extent in response to 
social and economic changes affecting consumers. From 
the very earliest times, humans consumed food and 
goods where they were found or produced, so there was 
little need for packaging of goods, either for storage or 
transportation. The increasing of trade and the shift to a 
global and urban society, which creates longer distances 
between good producers and consumers, led to a greater 
demand for packaging. In the earliest times, when 
containers were needed, nature provided gourds, shells, 
and leaves. With times, new packaging materials were 
developed, such as wood products (wood, paper, 
cardboard), plastic, inorganic products (glass, ceramics), 
metals (steel, aluminium). From containers provided by 
nature to the use of complex materials and processes, 
packaging has certainly changed. The development 
followed mainly two trends: technology, new packaging 
should have new, different, better properties; and 
economy, new packaging should be cheaper. 
Sustainability was not an issue in the packaging 
development since current society and the industrial 
machine are still based on a linear and short-term 
system, which presuppose unlimited resources and 
wastes. 
 
Packaging can be defined as materials used for the 
containment, protection, handling, delivery, and 
presentation of goods. It has no general definition but 
it’s defined by its functions listed before. In the 
regulations, packaging is defined as „all products made 
of any materials of any nature to be used for the 
containment, protection, handling, delivery and 
preservation of goods from the producer to the user or 
consumer.“ Packaging therefore only exists in relation 

with goods. In economic terms, a good is a tangible 
physical product, whereas a service is its intangible 
equivalent and per definition doesn’t require a packaging. 
Packaging can be divided into three categories depending 
on its function and relation to the good. ‚Primary‘ or 
‚sales‘ packaging is packaging which forms a sales unit 
for the user or final consumer and it’s in direct contact 
with the good. ‚Secondary‘ or ‚grouped‘ packaging is the 
term used to describe larger cases or boxes that are used 
to group quantities of primary packaging units for 
distribution and for display in stores. ‚Tertiary‘ or ‚transit‘ 
packaging is packaging that is used to group secondary 
packaging together to aid handling and transportation 
and prevent damage to the products. For the purposes of 
the regulations, this does not include road, ship, and rail 
or air containers.

The main functions of food packaging are to facilitate 
transport, to preserve and protect the product, and to 
make it more attractive. Specifically for meat, the 
packaging should also provide maturation conditions, 
since maturation enhance the quality of meat. Meat 
maturing means storing meat under controlled 
conditions, be it as an entire sloughed animal or in pieces. 
Such stored meat tastes better and can be digested more 
easily. Temperature, pH and time are the most relevant 
factors of meat maturing. Different types of meats have 
different maturing time. In order to prolong shelf life and 
slow down colour deterioration, specific air mixtures are 
used in the meat container. As material, plastics are 
widely used in food packaging and especially in meat 
packaging because they are versatile (flexible or rigid, 
moulded into shape), resistant to acids and other 
chemicals, easy to print on, lightweight, and cheap. 

Figure 1.1: Illustration of the three packaging categories for peas cans.
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The Washing Machine in Pieces after one Day in the Lab.
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ASEPTIC CONTAINERS
CASE STUDY SIG COMBIBLOC SYSTEMS
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Introduction
Using aseptic packaging and food preservations methods 
maintains sterility and allows processed food to be kept for 
longer periods of time without requiring preservatives. 
Once opened however, the food or drink must be consumed 
within 3-5 days. Packaging of this kind originated from 
Switzerland in 1961 and quickly spread across Europe, Asia 
and then the United States from the 1980’s. There has been 
extensive confusion about the extent to which the 
packaging can be recycled and its environmental 
credentials in general. 

In an ideal world, it is envisaged that reusable, recycled 
content containers will be used as the norm when 
purchasing milk, juices, yoghurt, cereal, pasta and a huge 
variety of other such items, reducing primary, secondary 
and tertiary packaging. Production will be as local as 
possible and there will be widespread promotion of 
seasonal produce. 

This project aims to volunteer an interim solution to 
the packaging problem; bridging the gap between the 
world as it is and the world as it should be, and paving the 
way for further innovation. This interim packaging will 
meet both the current requirements of aseptic packaging 
for non-carbonated packaging, and also excels the classic 
packaging in terms of its environmental impact. Were 
these packages to come into fruition, this would indicate a 
notable shift away from the current industry focus almost 
purely on the aesthetics and the cost of packaging. 

The current Packaging Industry
When food and drinks are aseptically packaged, its package 
is sterilized separately, and then combined and sealed 
under sterile conditions. This packaging usually takes the 
form of cartons, pouches and bottles, which can come in 
various sizes depending on the volume of the food or drink. 
The volumes of product usually range from 100ml to 
2000ml. It adopts multi-layered materials such as a 
mixture of cardboard, aluminium, and a range of plastics, 
which play specific roles in ensuring that the package 
fulfils the properties of aseptically packed products. 
The primary feature of an aseptically packed product 
regardless of its size is that it has to have a long shelf life 
without preservatives and refrigeration. Hence the 
packaging must have a tight seal to prevent any 
microorganisms from entering the package. Furthermore, 
aseptic packaging utilizes a combination of high-
temperature and short-duration thermal processing to 
create a room temperature, shelf-stable beverage. This 

ETH SUSTAINABILITY - ALL JUST RUBBISH?

process eliminates potentially deadly bacteria by 
combining sterile products with sterile containers in a 
sterile environment.  For aseptically packed foods and 
beverages, moisture gain is a major factor in determining 
shelf-life and atmospheric oxidation which is often 
catalyzed by light. A tight oxygen and light barrier will 
prevent chemical degradation of the proteins, lipids and 
vitamins hence ensuring maximum shelf life for these 
products.
Other features include that the packaging has a drinking 
mechanism. This can be either a straw affixed to the side of 
the package that can be removed and inserted into a 
preformed hole in the top, or a pull tab incorporated into 
the top of the package that may or may not be resealable. 
The type of drinking mechanism used depends on the size 
of the packaging and/or who will be using it. For example, 
juice boxes designed for small children often use a straw, 
while boxes with more adult appeal may use a pull tab. 
Boxes that contain more than one serving would typically 
use a resealable tab.
In 2008, the world market for aseptically packed drinks 
amounted to 86 billion litres in 187 billion packs. Sales have 
grown by 6% per annum since 2003; with Asia driving the 
growth- consumption of aseptically packed drinks have 
increased by 13% per annum in the recent years. By 2013, 
the world market will reach 113 billion litres using 265 
billion packs. 
However, the issue with the accelerating growth in the 
production and consumption of aseptic packaging is the 
waste that results from the entire process. Aseptic 
packaging and diapers are two major contributors to the 
growth of solid municipal waste. Although the market 
leaders and patent holders of multi-layered packaging 
have the design and engineering capacity to put complex 
packaging together, no one seems to know how to 
responsibly discard the package once it is used. While 
efforts are made to recover the fibres, consuming large 
amounts of water, the sandwich of plastics and aluminium, 
in either sheet or dust form from poses a major challenge. 
Aluminium represents an unacceptable waste stream that 
the industry has been incapable of resolving. Although 
aluminium is a key material in the aseptic package (it acts 
as the barrier for air and light), it is important to find 
alternatives to this material. The uncontrolled release 
implies that each year a staggering 380-420,000 tons of 
aluminium ends up in landfills making them the largest 
depository of this pure metal (based on an average of 1.5 
grams of Al per pack).

ASEPTIC PACKAGING INDUSTRY
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SIG COMBIBLOC SYSTEMS CASE STUDY

Current Position in the Market
SIG has been active in various businesses during its 150 
years of operation however since 2000, the business has 
undergone a strategic refocus by concentrating on its core 
competence i.e. packaging technology. Today SIG 
comprises one division: SIG Combibloc, specializing in 
aseptic carton and has been acquired by Reynolds Group 
Holdings Ltd., the private investment company of 
businessman Graeme Hart.

Currently, Tetra Pak, one of SIG’s competitors in the 
aseptic market has the largest market share of 79.7%. SIG 
is about 7-8 times smaller than Tetra Pak though- it sells 
23 billion packs annually whereas Tetra Pak sells 150 billion 
packs.  However, it must be noted that Tetra Pak was one of 
the first companies to focus on aseptic food packaging 
(they started their business in 1951) and due to the high 
barriers to entry in the market, it has been relatively easy 
for them to expand and dominate the market.

Case Study
The aim of this case study is to analyse the current 
packaging solutions that SIG has implemented and 
attempt to improve the entire life cycle of the package: 
from the sourcing, manufacture, distribution, to end-of-
life. Firstly, a summary and analysis of the LCA provided by 
SIG will be provided in order to identify the hot spots in 
the life cycle. Then, an internal LCA of the SIG products 
using a streamlined version of SIMAPRO will be conducted 
as well in order to have a basis to compare our transitional 
product to SIG’s current products.

79.9 %

10.2 %

Greatview 1.5 %
Elopak 1.4 %
Others 7.2 % 

SIG Combibloc

Tetra Pak

Figure 2.1:  Range of aseptic packaging for beverages.

Figure 2.2: Global Market Share by Sales in Volume (2009).*

Figure 2.3: EcoPlus packaging of SIG Combiplus.

* Values are based on the mid point of the global market share range as estimated by Frost & Sullivan. Volume is based on 250ml packs.
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This analysis compares two cartons cb3 and cb3 EcoPlus for 
packaging of aseptic liquids produced by SIG Combibloc for 
Western Europe. An oxygen barrier which protects the 
product from flavour impairment and external odours is 
necessary for long-shelf life aseptic packed liquids like UHT 
milk or uncooled juices. It normally consists of a thin 
aluminium layer which is used in the conventional cb3 
carton. In the EcoPlus version aluminium is substituted by 
a thin polyamide layer, a plastic material. Additionally the 
cardboard content is increased which results in a higher 
content of renewable resources.

This LCA was interpreted to determine the impact of 
the different life cycle stages (sourcing, manufacture, 
distribution, use and end-of-life); especially the impact of 
different primary packaging materials on a set of 

environmental factors (mid-point factors). This then serves 
as information to design an improved packaging. It must 
be noted that the study is limited to Western Europe 
though.

Study Settings
The cardboard (LPB) used for the primary production 
cannot be used in recycled form due to food safety issues. 
Paper fibres, LDPE and heat energy for cement kiln (and 
aluminium in cb3 as bauxite substitutes in cement 
production) can be however used in subsequent systems. 

Midpoint Indicators 
The evaluated mid-point indicators and their constitution 
of elementary flows used in the study are listed in Table 2.1.

Company LCA Analysis

Table 2.1: Examples of elementary flows and their classification into impact categories

Impact Categories Elementary Flows

Land Use (forestry)
[cm2.year]

forest 
area

Fossil Resources
[kg crude oil eq.] crude oil natural 

gas
brown 

coal hard coal

Climate Change
[kg CO2 eq.] CO2* CH4** N2O C2F2H4 CF4 CCl4 C2F6 R22

Summer Smog (POCP)
[kg ethene eq.] CH4 NMVOC benzene formal-

dehyde
ethyl-

acetate VOC C-total ethanol

Acidification
[kg SO2 eq.] NOx NH3 SO2 TRS HCl H2S HF

Terrestrial Eutrophication
[kg PO4 eq.] NOx NH3 N2O

Aquqtic Eutrophication
[kg PO4 eq.] COD N NH4* NO3 NO2 P

Human Toxicity: PM10
[kg PM10 eq.] PM10 SO2 NOx NH3 NMVOC

Human Toxicity: Carcinogenic Risk
[kg As eq.] As B(a)P Cd CrVl Ni dioxin benzene PCB

Total Primary Energy
[MJ] hard coal brown 

coal crude oil natural 
gas

uranium 
ore

hydro 
energy

other 
renewabl.

Non-Renewable Primary Energy
[MJ] hard coal brown 

coal crude oil natural 
gas

uranium 
ore

Transport Intensity
[km]

lorry 
distance

* Co2 fossil         ** CH4 fossil and CH4 regenerative included
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Figure 2.4: Study Setteing: mass flow of cb3 which uses aluminium as oxygen barrier.

Figure 2.5: Study Setteing: cb3 EcoPlus which uses PA, a plastic as oxygen barrier.
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distribution of the final good dominates the Transport intensity. Its contribution to the environmental 

loads of the other regarded categories is much less significant, or even insignificant. 

The most relevant factors for the end‐of‐life of the primary products are climate change as pictured in 

figure 2.5 and transport intensity. A great share of the greenhouse gases (GHGs) generated during the 

product life cycles come from the generation of energy in the respective processes. Material recycling 

processes usually run on electricity, thus this end‐of‐life treatment contributes directly to the result values 

for the impact on Climate change. When the packaging materials are used as fuel in cement kilns or 

incinerated in MSWI facilities, this also leads to GHG emissions. In the case of plastics made from fossil 

resources, the emitted CO2 is fully reflected in the results for climate change. The majority of transports 

connected to the end‐of‐life processes (e.g. municipal waste collection and transport to sorting/recycling 

facilities, cement kilns and MSWI plants) take place with lorries. The contributions to the impact indicators 

acidification, and terrestrial eutrophication are mainly caused by NO2 emissions from incineration plants. 

Different end of life scenarios with various amounts of recycling, incineration and landfill investigated in 

the study show that a reduced landfill rate improves almost all indicators and overall environmental 

impacts. However, the difference in environmental impact between recycling and incineration of the 

packaging after use is stated to be minimal in the study.  

 

 

 

 

 

 

 

 

 

Figure 2.5: Some indicator results comparing the different impacts (material and processing) of 4 packages 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figure 2.5 and transport intensity. A great share of the greenhouse gases (GHGs) generated during the 

product life cycles come from the generation of energy in the respective processes. Material recycling 

processes usually run on electricity, thus this end‐of‐life treatment contributes directly to the result values 

for the impact on Climate change. When the packaging materials are used as fuel in cement kilns or 

incinerated in MSWI facilities, this also leads to GHG emissions. In the case of plastics made from fossil 

resources, the emitted CO2 is fully reflected in the results for climate change. The majority of transports 

connected to the end‐of‐life processes (e.g. municipal waste collection and transport to sorting/recycling 

facilities, cement kilns and MSWI plants) take place with lorries. The contributions to the impact indicators 

acidification, and terrestrial eutrophication are mainly caused by NO2 emissions from incineration plants. 

Different end of life scenarios with various amounts of recycling, incineration and landfill investigated in 

the study show that a reduced landfill rate improves almost all indicators and overall environmental 

impacts. However, the difference in environmental impact between recycling and incineration of the 

packaging after use is stated to be minimal in the study. 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2.5: Some indicator results comparing the different impacts (material and processing) of 4 packages 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Figure 2.5: Some indicator results comparing the different impacts (material and processing) of 4 packages 

Impact of life cycle stages
The primary packaging has a higher impact on all indicators 
besides transport intensity and climate change than 
secondary and tertiary packaging. The filling process 
causes the relatively largest contribution for climate 
change as pictured in Figure 2.6. It also causes visible 
environmental loads regarding the consumption of 
primary energy (both total and non-renewable) as well as 
of fossil energy sources. The distribution of the final good 
dominates the transport intensity. Its contribution to the 
environmental loads of the other regarded categories is 
much less significant, or even insignificant.

The most relevant factors for the end-of-life of the 
primary products are climate change as pictured in figure 
2.6 and transport intensity. A great share of the greenhouse 
gases (GHGs) generated during the product life cycles 
come from the generation of energy in the respective 
processes. Material recycling processes usually run on 
electricity, thus this end-of-life treatment contributes 
directly to the result values for the impact on climate 
change. When the packaging materials are used as fuel in 
cement kilns or incinerated in MSWI facilities, this also 
leads to GHG emissions. In the case of plastics made from 
fossil resources, the emitted CO2 is fully reflected in the 
results for climate change. The majority of transports 
connected to the end-of-life processes (e.g. municipal 
waste collection and transport to sorting/recycling 
facilities, cement kilns and MSWI plants) take place with 
lorries. The contributions to the impact indicators 
acidification, and terrestrial eutrophication are mainly 
caused by NO2 emissions from incineration plants.
Different end of life scenarios with various amounts of 
recycling, incineration and landfill investigated in the study 
show that a reduced landfill rate improves almost all 
indicators and overall environmental impacts. However, 
the difference in environmental impact between recycling 
and incineration of the packaging after use is stated to be 
minimal in the study.

Impact of different primary packaging components
The different primary packaging components (cardboard, 
aluminium and plastic) dominate for different indicators: 

LPB (cardboard)
affects use of nature: forest area because of the need to 
grow trees for paper fibre. The study points out the 
importance of sustainable forestry. The production process 
of cardboard affects the indicators aquatic eutrophication 
as displayed in figure 2.8 and terrestrial eutrophication 
(eutropication: emitting excessive levels of macro-
nutrients in terrestrial ecosystems), acidification and total 
primary energy. 

ETH SUSTAINABILITY - ALL JUST RUBBISH?

Figure 2.6: Impact of Climate Change

Figure 2.7: Impact of non-renewable primary Energy

Figure 2.8: Impact of aquqtic eutrophication
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Figure 2.6: Normalized indicators 

Figure 2.6 shows that the quality of overall European environment could most effectively be improved in 

the categories consumption of fossil resources, demand of renewable and total energy and the use of 

forest area for the analysed carton packaging.  

Implications for improved environmental performance of aseptic liquid packaging 

i) Sourcing stage 

 Type and composition of material 

The use of forest area is a major impact for carton packs the European environment. Is it better to 

avoid carton as packaging? Furthermore, the study indicates that polyamide instead of aluminium is 

favourable for the environmental performance. 

 Reduction of material 

Ideally, the closure should be of minimal weight and thinner packaging that is foldable before filling 

should be used in order to decrease impacts arising from the transport area.  

normalisation factor, and scaled to total market volume of 
UHT milk per year.

Implications for improved environmental performance 
of aseptic liquid packaging
Sourcing stage: Type and composition of material: The use 
of forest area is a major impact for carton packs in the 
European environment. Is it better to avoid carton as 
packaging? Furthermore, the study indicates that 
polyamide instead of aluminium is favourable for the 
environmental performance.

Reduction of material: Ideally, the closure should be of 
minimal weight and thinner packaging that is foldable 
before filling should be used in order to decrease impacts 
arising from the transport area. 

Manufacturing stage: Can the filling process be improved/
be more energy efficient? 

Distribution stage: Distribution of the final product has 
major impact on transport intensity. 

End-of-life stage: Improvement of recycling logistics 
(reduced transport) and avoidance of landfills.

Additional considerations
As the analysed LCA was used to compare two materials 
that are regarded as equal in terms of use, this life cycle 
stage was not taken into account. To guarantee a maximal 
product use, efficiency barrier properties and robustness 
of packaging have to be taken into account, for example:
•	 Is polyamide an adequate substitute for aluminium? 

Can it guarantee the same shelf life of the product?
•	 Higher material losses during transport and handling 

due to less robust material could eliminate 
advantages of a reduced packaging amount.

Aluminium
affects acidification, climate change, summer smog, 
human toxicity, fossil resource consumption, total primary 
energy demand and non-renewable primary energy 
demand as displayed in Table 2.1. 

Plastic 
especially affects the indicators summer smog, fossil 
energy resources and non-renewable primary energy as 
displayed in Figure 2.7. Plastics contain fossil resources 
(crude oil) as a key raw material. Furthermore, plastic 
production processes are known to be quite energy-
intensive. An increased consumption of fossil energy 
resources is therefore likely to result from the use of 
electricity generated to a high share with fossil fuels. 
This is also reflected in the results for non-renewable 
primary energy. The production of electricity generally 
generates relatively large amounts of emissions which 
cause summer smog. Regarding the non-renewable 
primary energy demand, plastics are clearly the most 
relevant material share in all regarded packaging 
systems.

For the two packaging types in the study the material 
composition of the cb3 Ecoplus packaging which uses 
polyamide instead of aluminium and a thicker cardboard 
is favourable for most indicators  and therefore for the 
overall environment impact. The impact of the plastic 
closure is weight dependent. 

Most important general indicators for the environment 
Figure 2.9 shows normalized indicators to better 
understand the relative magnitude of each indicator 
result of the systems under study. The indicator results of 
each impact category are normalised into so-called 
“resident-equivalents (REQs)” by division by a 

Figure 2.9: Normalized Indicators.
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differences between the various packaging solutions are 
not very pronounced. However a trend can be observed, 
namely, the cb3 with cap has always the biggest impact, 
whereas the cb3 EcoPlus without closure has the lowest. 
Furthermore, the secondary packaging appears to play only 
a minor role in the overall impact. 

However, the final delivery of the product contributes 
approximately a third to the overall LCA- this is clearly a 
hotspot that needs to be addressed. By changing and 
optimising the transport system, one could improve the 
impact of the product. In order to better understand what 
part of the packaging has most impact, the details for the 
two extreme cases are presented.
  Figure 2.11: LCA of combibloc with cSwift closure

As shown in Figure 2.11, the conversion of the materials 
represents about 40% of the whole impact. This differs 
from the LCA of the company, where the impact of the 
conversion step appears as less important. This may come 
from the fact, that in the databases, they make an average 
of many different companies. However the impact may 
change a lot depending on the technology used and the 
age of the machines.

Figure 2.12 shows the detailed results of the most 
environmental friendly solution, the EcoPlus packaging 
without closure. Conversion still plays the biggest role in 
the LCA. The big difference with the packaging presented in 
Figure 2.11, is that the aluminium was replaced and a 
solution without closure was chosen. The biggest change 
can be seen in the Ecotoxicity for Aluminium and in the 
cumulative energy demand for the closure. The LPB 
represents also about 20 – 30% of the whole impact, 
depending on which indicator one looks at.

Conclusions
There are a few differences between the LCA of the 
company and the internal LCA. There are various reasons 
for this: mainly, the processes such as filling and the 
benefits of the recycling could not be assessed. Another 
reason for the discrepancy between the two LCAs is due to 
the choice of midpoint indicators. In the assessment tool 
used for the internal LCA, there were only 6 indicators 
available where as the LCA of SIG utilised 11 indicators. 
Furthermore, these indicators used in the internal LCA 
were not the same as the indicators used in the original 
LCA conducted for SIG. This would have a large impact on 
the result as each indicator weighs the respective impacts 
in a different manner. 
This analysis shows also that by replacing the aluminium 
and the cardboard the environmental impact could be 
reduced. It also shows the difficulty to make an own LCA 
especially because of the lack of information available.

An internal Life Cycle Assessment (LCA) was made so that it 
could be used as a basis to compare the current products 
with any future alternatives. A simplified LCA tool (Version 
1.2) made by Roland Hischier (Deputy Manager ecoinvent 
Centre) was used to perform the assessment. Four different 
midpoint indicators were used for comparison, namely 
Eco-Indicator’99, Swiss Ecopoints, the Global Warming 
Potential, Cumulative Energy Demand, the Ecotoxicity and 
the Eutrophication potential. 

The four products were assessed and compared to one 
another, while the secondary and tertiary packaging and 
the transport were assessed separately. The different 
processes of the products were separated in six different 
groups. Liquid Packaging Board (LPB) includes the whole 
process of manufacturing the cardboard. Plastics used for 
the laminate are grouped in Plastics for Sleeve, while the 
aluminium is dealt separately. The converting of the 
different materials, sheet rolling of aluminium, and the 
production of the liquid packaging containers are grouped 
in conversion. To show the impact of the closure, both the 
materials and the conversion of it were assessed together, 
whereas only the injection moulding of the cap was 
assessed. Finally the recycling and disposal of the full 
package was assessed. The impact of the secondary and 
tertiary packaging and the transport were normalized to a 
single carton.

There is no recycling taken into account in the database. 
However in the LCA of SIG, it is assumed that 36.7% of the 
package is recycled. In this simplified version, only the 
benefit of the reduction of the final waste disposal was 
assessed. SIG assumes that 55.5% of the waste disposal is 
sanitary land filled and 44.5% is incinerated in a municipal 
incineration plant. Therefore it was assumed that 35% of 
the total waste is land filled while 28% is incinerated. In 
addition, this internal LCA has taken into consideration the 
disposal of the secondary and tertiary packaging although 
the LCA of SIG did not do so. 

Furthermore, only the distribution of the final product 
was taken into account, because it was observed that the 
distribution has the biggest impact on the transportation 
intensity. The lorry types used in the internal LCA were also 
simplified as there were limited options of lorry types 
available in the database. 

Processes that were not acknowledged in the internal 
LCA include the filling process as there was a lack of 
information regarding the process and it is known that the 
filling process does not differ between the packages as 
well as the benefit of the use for the subsequent system, 
for example the electric or heat energy, which can be taken 
out of incinerated plastic materials.

Figure 2.4 shows the result of the internal LCA. The 

Our LCA Analysis
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There is no recycling taken into account in the database. However in the LCA of SIG, it is assumed that 

36.7% of the package is recycled. In this simplified version, only the benefit of the reduction of the final 

waste disposal was assessed. SIG assumes that 55.5% of the waste disposal is sanitary land filled and 44.5% 

is incinerated in a municipal incineration plant. Therefore it was assumed that 35% of the total waste is 

land filled while 28% is incinerated. In addition, this internal LCA has taken into consideration the disposal 

of the secondary and tertiary packaging although the LCA of SIG did not do so.  

Furthermore, only the distribution of the final product was taken into account, because it was observed 

that the distribution has the biggest impact on the transportation intensity. The lorry types used in the 

internal LCA were also simplified as there were limited options of lorry types available in the database.  

Processes that were not acknowledged in the internal LCA include the filling process as there was a lack of 

information regarding the process and it is known that the filling process does not differ between the 

packages as well as the benefit of the use for the subsequent system, for example the electric or heat 

energy, which can be taken out of incinerated plastic materials. 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Figure 2.7: Comparison of overall system 

 

Figure 2.7 shows the result of the internal LCA. The differences between the various packaging solutions 

are not very pronounced. However a trend can be observed, namely, the cb3 with cap has always the 

biggest impact, whereas the cb3 EcoPlus without closure has the lowest. Furthermore, the secondary 

packaging appears to play only a minor role in the overall impact.  

However, the final delivery of the product contributes approximately a third to the overall LCA‐ this is 

clearly a hotspot that needs to be addressed. By changing and optimising the transport system, one could 

improve the impact of the product. In order to better understand what part of the packaging has most 

impact, the details for the two extreme cases are presented. 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Figure 2.8: LCA of combibloc with cSwift closure 

 

As shown in figure 2.8, the conversion of the materials represents about 40% of the whole impact. This 

differs from the LCA of the company, where the impact of the conversion step appears as less important. 

This may come from the fact, that in the databases, they make an average of many different companies. 

However the impact may change a lot depending on the technology used and the age of the machines. 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Figure 2.9: LCA of EcoPlus without closure 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Figure 2.9: LCA of EcoPlus without closure 

Figure 2.10: Comparison of Overall System

Figure 2.11: LCA of Combibloc with cSwift Closure

Figure 2.12: LCA of EcoPlus without Closure
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Requirements for a Transition Solution
The overarching aim of packaging is to facilitate small 
volume consumption of a large volume production 
substance. For aseptic beverage packages, there are certain 
key criteria which potential packaging must satisfy.

Protection
•	 non leaking at the opening
•	 non tearing
•	 minimum level impact absorption

Quality & Safety 
•	 barrier against microorganisms
•	 oxygen and light (UV)
•	 odourless

Good design
•	 value for money
•	 easy pour
•	 aesthetically pleasing

ZIP N‘ CLIP INNOVATION

Adding to this is the ‘sustainability’ requirement. As this 
project focuses on ecological sustainability, and to some 
extent in economic sustainability. The LCA is the main tool 
from which we can calculate how ecologically sustainable 
a design is. General features of sustainability include 
efficient and conservative usage of resources, limited 
transport, high recycled content inputs and high recycling 
rate at end of life. 

Figure 2.13: Proposal for a Transition Solution - Zip n‘ Clip

Figure 2.14: The Waste Pyramid
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We have researched and analysed the LCAs of several 
examples of aseptic packaging in order to create an 
optimised version of an aseptic package for beverages. 
Inspirations for Zip n’ Clip include:
Elimination of aluminium 
There are environmental impacts associated with each 
stage of aluminium production, from extraction to 
processing. The major environmental impact of refining 
and smelting is greenhouse gas emissions. These gases 
result from both the electrical consumption of smelters 
and the by-products of processing. The greenhouse 
gases resulting from primary production include 
perfluorocarbons (PFC), polycyclic aromatic hydrocarbon 
(PAH), fluoride, sulfur dioxide (S02), and carbon dioxide 
(CO2). Of these gases, PFC‘s resulting from the smelting 
process is the most potent. Primary aluminium 
production is the leading source of perfluorocarbon 
emissions in the United States. Sulphur dioxide and 
sodium fluoride are emitted from smelters and electrical 
plants. SO2 is one of the primary precursors of acid rain. 
CO2 emissions occur during smelting and result from 
the consumption of carbon anodes and from PFC 
emissions.

In addition, there are social issues associated with 
the production of aluminium. For example, in Brazilian 
Amazonia, dams are constructed in order to supply the 
aluminium industry with sufficient energy. As a result, 
indigenous people have to frequently move away from 
these construction areas. The increased immigration to 
Amazonian cities is also a cause of delinquency since 
there are not enough jobs. [1]

Furthermore, as discussed on Page 12, the 
uncontrolled release of aluminium results in a 
staggering 380-420,000 tons of aluminium ending up in 
landfills annually, making them the largest depository of 
this pure metal (based on an average of 1.5 grams of Al 
per pack).

Minimization of materials in packaging

Inspiration taken from milk packaging systems in the UK
A life cycle assessment of milk packaging systems in the 
UK provided information about the advantages and 
disadvantages of different milk packaging systems such 
as a carton or a pillow pouch packaging, see Figure 2.15. 
(The analysed packaging was for fresh milk not for aseptic 
liquids which implies that oxygen barriers in the primary 
packaging material are reduced/not existent and that 
filling process is less elaborate.) 

The study concludes a waste hierarchy, which favours 
minimisation and prevention of material use. This clearly 
goes in line with our new designed, packaging the pillow 
pouch with a zip closure. It contains less material by 
elimination of carton. By using a zip closure the material is 
further reduced compared to a screw cap. 

As for the pillow pouch system, the material of the 
packaging itself is extremely minimal relative to that of 
the secondary or tertiary packaging material used to 
deliver the pouches to the retailer. As seen in Figure 2.17, 
the secondary and tertiary packaging has similar 
weightings for most indicators as the production of the 
pouch. The use of recycled or multiuse material for 
secondary packaging will improve the environmental 
performance. 

The jug required for use with a pillow pouch which is 
assumed to be used several times with different reuse 
rates hence it makes a minimal contribution to the overall 
results. 

 Application of zips as a resealable closure
The zips attached to Ziploc bags use far less plastic than 
the closures that are usually placed on aseptic beverage 
packaging yet the zips not only provides the tightness 
required to protect the substances in the packaging but 
also allows the users to reseal the bags multiple times. 
 
Application of Biomimicry
In tropical jungles, there are a multitude of interwoven trees 
that have trunks joining into bundles, supporting each other 
and forming an upward winding spiral to gain structural 
support. The spiral characteristic allows for less material 
usage without comprising the strength of the structure. 

Inspirations

Figure 2.16: Ziplocks vs. Cartons with Plastic Enclosures.

Figure 2.15: Examples of Pillow Pouch Packaging
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and barrier layers that would still facilitate the barrier 
properties. 

For a 1 litre bottle, the oxygen permeation rate should 
be below 16 ml/package per year. In order to fulfil this 
requirement, EVOH was chosen as barrier material and the 
requisite thickness is 42µm. To fulfil the light barrier 
properties, carbon black was dispersed in 5 µm LDPE in a 
concentration of 2.55%. An additional layer of LDPE was 
chosen as structural material. The outer LDPE layer needs 
to be filled with about 1% TiO2 in order to create a 
homogeneous visual background which enables easy 
printing.

The dimensions for the packaging can be seen in Figure 
2.13. 

Replacing plastic closures with a zip 
By incorporating a zip at the corner of our package (similar 
to the zips found in Ziploc bags as shown in figure 2.12), we 
have minimised the weight of the closure that one would 
usually find on an aseptic package that can be reclosed. 
This zip will be made out of HDPE and weigh approximately 
0.5g. This is significantly lighter than the closures available 
on the market- for example, the closure on the SIG 
Combiswift weighs 2.71g and the closure of its ecological 
counterpart, cb3 Ecoplus weighs 1.85g.

Manufacturing
On the level of the manufacturing step, the possibilities for 
improvements are only limited. The manufacturing 
processes are already highly optimized, and achieving better 
results with different manufacturing methods is unlikely.

Innovations
Before we conceptualised and created the transition 
solution, Zip n’ Clip, we looked at each stage of the life cycle 
of aseptic packaging, -from the sourcing, manufacturing, 
distribution, usage to the end-of-life- so that we could 
optimise the inputs and outputs at each stage in order to 
create a product that is representative of an ideal transition 
solution.  

Elimination of aluminium
As mentioned in Page 21, there are social issues associated 
with the production of aluminium, namely, the loss of 
homes for the indigenous people of Brazil and the 
increased delinquency rates there. As Zip n’ Clip will not 
contain any aluminium, it will neither be acquainted nor 
responsible for any of the issues arising from the 
production of aluminium.

Minimization of Materials 
The analysis of the existing LCA of SIG suggested that by 
avoiding cardboard and aluminium in the product, both 
the total energy demand and especially the carcinogenic 
risk could be improved. Furthermore, by producing a 
package that is comprised of one type of material such as 
plastic only, this would simplify the process of separating 
materials during recycling and disposal. 

However the improvements are limited due to the high 
safety requirements associated with aseptic food 
packaging. In order to improve the system, the materials 
consumption needs to be reduced without compromising 
the good barrier properties. Therefore the package was 
reduced to consist of the minimal amount of structural 

Figure 2.17: Environmental impact results associated with the different life cycle stages for the 
pillow pouch with landfill as the waste management option for the primary packaging.
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However, as Zip n’Clip includes only one type of 
material, the manufacturing is much easier. There is no 
need to laminate different materials and the layered 
product can be produced by blow film extrusion. The 
folding step of the carton solution is avoided; instead the 
pouch must only be sealed. Furthermore, as the thickness 
of the package is reduced, the sealing process is simplified.

Distribution
It is extremely essential to improve the impact of the 
distribution stage as the internal LCA conducted indicated 
that the final delivery of the product accounted for a third 
of the impact of the packaging. The transition solution 
would include the option of an online delivery system as 
part of the distribution process in order to minimise the 
amount of shelf and storage space required in grocery 
stores.

 This would firstly decrease the opportunity cost of 
storing  it. Secondly, this system would cut out one of the 
steps in the process of delivering the aseptic package to 
the consumer as the packages would be delivered directly 
to the consumer’s home rather than to the grocery store 
first, then to the consumer’s home. Lastly, an online 
delivery system can easily and automatically track 
consumer behaviour and preferences, which are important 
to all companies- after all; information about their target 
market groups and the amount of packages to produce is 
invaluable.  

Usage 
This particular stage of the life cycle was more of a 
challenge to address as it would be ideal from an 
ecological point of view if there was decrease in the use of 
aseptic foods in areas that can afford to do so. However, 
from an economical and social point of view, this would 
not be a practical solution especially in countries that 
cannot afford the cooling chains that fresh products 
require. 

 With that said, one of the ways that one can optimise 
the use phase of the life cycle is by implementing the 
same online delivery system discussed in ‘Distribution’ 
that would also give consumers a wider choice of sizes of 
packaging. For example, consumers that have a large 
family can order 2 litre packages of milk where as a single 
man or woman can order 330ml packages of milk for a 
week’s consumption. In this way, one could reduce the 
amount of waste if the consumers do not finish the 
aseptic beverages or food within 3-5 days after opening 
the package. This system would only work in the areas 
with sufficient infrastructure and demand for home 
delivery though. Another way of achieving the same aim is 

to promote consumer awareness about the amount of 
food and beverages that goes to waste due to aseptic 
packages being opened and not finished within the 3-5 
days after opening. 

As mentioned in the section, ‘Sourcing’, Zip n’ Clip has 
an accompanying clamp that provides support for 
packages that have a higher volume or are intended to be 
reused several times once refrigerated. This clamp does 
not have a significant impact on use though. Based on the 
information in Page 21 regarding the usage of the milk jug 
that assists pouring beverages from the pouch packaging, 
we have assumed that the clamp for Zip n’ Clip will also 
have little environmental impact as it will be reused many 
times.  Furthermore, the intention is to have a relatively 
expensive clamp but to provide a warranty for these 
clamps so that users will have a reduced incentive to 
continuously buy these clamps.

The knowledge gained from interwoven trees (see 
Page 21) - has been applied to the design of the clamp that 
supports the base and facilitates the beverage pouring 
from the transitional solution, Zip n’ Clip, at the base of 
the handle, has the similar spiral structure of the tree 
trunks which minimizes the amount of material used 
while maximising the stability. 

 However, this clamp will only need to be used for 
packages with a higher volume (for support) or packages, 
which intend to be reused several times once 
refrigerated. 

End of life
The end of life scenario can also be improved by 
implementing an online delivery system as the spare 
capacity in the delivery trucks could be utilised to collect 
the used aseptic packaging from houses. This would once 
again remove the step of collecting recyclable waste from 
the homes of consumers as the trucks would just collect 
the waste as they deliver the new orders of aseptic 
packaging. 

Furthermore, by removing the responsibility of discarding 
the packaging from the consumer, one can ensure that the 
packaging is dealt with responsibly. 

Aiming for a Cradle-to-Cradle concept with food 
packaging is very difficult due to the high requirements of 
the FDA. Down cycling the product is feasible; however it 
is expected to be 25 – 50% more expensive than 
incineration. Avoiding a composite structure of the 
packaging, therefore facilitating the recycling of the 
product, could reduce this difference. Furthermore, by 
avoiding aluminium, the impact of the end of life of the 
product is lowered for any scenario.



24

An approximate LCA of the new designed product Zip’n 
Clip was made with the same Life Cycle Assessment tool 
as the internal LCA. Some assumptions were made in 
order to simplify the LCA. Firstly, the impact of the handle 
was not taken into account, as it was considered to be 
negligible according to an existing LCA study on milk 
packaging solutions. Furthermore, EVOH was chosen as 
oxygen barrier; however the data for EVOH is not available 
in the current Ecoinvent database. Therefore the impact 
of EVA was taken instead, which has a similar profile.

The light barrier was achieved by adding 2.55% carbon 
black into the inner PE layer, which is a standard value for 
LDPE films. Furthermore, a foldable, stackable box out of 
recycled PP was chosen as secondary packaging. However 
the database does not include any recycled plastic, 

therefore it was assumed, that the impact of recycled PP 
is only 30% of the impact of virgin material. It was 
assumed that 15 pouches could be placed in the box and it 
could be used 500 times.  

The results are shown in Figures 2.17 and 2.18. The 
Figure 2.18 shows that the improvements made from the 
original aseptic packaging have made a favorable impact 
on the impact assessment. By avoiding the use of 
aluminum and cardboard, the ecotoxicity was also 
especially be decreased. In figure 3.8, it can clearly be 
seen, that the plastics and the recycling and disposal 
have the biggest effect on the whole product. Improving 
the materials used and considering the replacement of 
oil-based plastics with biopolymers could reduce the 
impact.

LCA of Zip n’ Clip

Figure 2.17: LCA results of Zip n’Clip in comparison to the other SIG products available.

Figure 2.18: LCA showing impact of different stages in life cycle of Zip n’Clip.
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Figure 3.7: LCA results of Zip n’Clip in comparison to the other SIG products available 

 

The results are shown in Figures 3.7 and 3.8. The figure 3.7 shows that the improvements made from the 

original aseptic packaging have made a favorable impact on the impact assessment. By avoiding the use of 

aluminum and cardboard, the ecotoxicity was also especially be decreased. In figure 3.8, it can clearly be 

seen, that the plastics and the recycling and disposal have the biggest effect on the whole product. 

Improving the materials used and considering the replacement of oil‐based plastics with biopolymers could 

reduce the impact. 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Figure 3.8: LCA showing impact of different stages in life cycle of Zip n’Clip 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Are bioplastics the future?
By definition, a bioplastic is either a biodegradable 
polymer or a polymer (compounds constructed of linked 
molecules that form long polymer chains) that is based on 
renewable raw materials such as agricultural feedstock: 
for example, sugar, starch, vegetable oils, cellulose and 
food residues. Biopolymers are preferable to oil-based 
plastics as they not only offer a renewable and sustainable 
alternative but also a relatively lower greenhouse gas 
emission during the manufacture of the material. 

Bioplastic Oil-based Plastic

Renewable yes/partially no

Sustainable yes no

Break down in 
Environment

biodegradable/ 
compostable

some by polymer 
oxidation

Polymer range limited but 
growing relatively high

GHG Emissions usually low relatively high

Fossil Fuel Usage usually low relatively high

Arable Land Use currently low none

Table 1: Experimental Results.

Figure 2.19: Bioplastics Market Share and Example of Cellulose Acetate used in Food Packaging.

Market Development
The world currently utilises approximately 260 million 
tonnes of plastics each year, of which, 53 million tonnes of 
plastics is consumed by Europe. Bioplastics make up only 
about 0.1% of the global market at an approximate 
consumption volume of 300,000 tonnes per year but 
experts predict that this market will grow six-fold by 2011 
reaching over 1.5 million tonnes per year. In particular, the 
forecast market growth is predicted to be greatest in non-
biodegradable bioplastics. 

However, bioplastics will face several challenges as the 
plastics market is extremely complex and refined. 
Furthermore, manufacturers are very selective with regard 
to the specific functionality and cost of plastic resins. In 
order for bioplastics to be more competitive in the plastic 
market, they will need to be more cost competitive and 
provide functional properties that manufacturers require- 
currently bioplastic resins cost at least twice as much as 
oil-based plastic resins i.e. petroplastics. 

Application to food industry 
Currently, cellulose acetate (CA) films are used in food and 
consumer goods packaging but as shown in the chart 
below, it only makes up 15% of the bioplastic market share.

BIOPLASTICS
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Figure 4.1: Bioplastics market share and example of cellulose acetate used in food packaging 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Figure 4.2: End of life options for bioplastics and petroplastics 

 

One 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the 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shown in 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4.2, 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a 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product 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of its useful life there are a number of 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These include composting, 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energy from waste options (e.g. anaerobic 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End of Life Options
One of the key factors driving the uptake of bioplastics 
into the plastics market is what to do with the materials 
after use. Since bioplastics are made from renewable 
resources, and are mostly biodegradable, it is important 
to dispose of them in the correct manner to gain 
maximum environmental benefit.

As shown in Figure 2.20, once a bioplastic product 
comes to the end of its useful life there are a number of 
disposal options available. These include composting, 
recycling, energy from waste options (e.g. anaerobic 
digestion and incineration) and landfill. Presently, 
industrial composting is the preferred route for 
bioplastic disposal. It is important to distinguish that 
home composting has its limitations in that it may not 
reach a high enough temperature to allow 
biodegradation of bioplastics. Anaerobic digestion (AD), 
the biodegradation of organic materials in the absence 
of air, offers a substitute to composting biodegradable 
bioplastics. The process produces both digestate and 
methane, but unlike landfill, the methane is captured 
and burnt to generate heat and power. 

Another innovative energy from waste (EfW) 
technologies suitable for bioplastic disposal includes 
pyrolysis and gasification. Pyrolysis is the chemical 
decomposition of organic materials by heating in the 
absence of air to produce a mixture of carbon monoxide 

(CO) and hydrogen (H2), or ’syngas’, which is then 
converted to form an oil that can be burnt. Gasification 
is a similar technology, but the ’syngas’ produced is 
burnt directly.

Due to the relatively lower volume of bioplastic 
production and economical constraints on the market, 
thermal recovery often is another favoured option. In 
the future, incineration of bioplastics with other 
biomass combined with heat and power generation 
may be an alternative. However, careful selection of the 
best materials to be burnt 

Challenges for the bioplastics industry
Currently, bioplastic materials are mainly aimed at the 
plastic packaging market, which has stringent material 
specifications (e.g. moisture and gas permeability). 
Exacting specifications are also required for other plastic 
applications (e.g. electronics housings). If bioplastics are 
to make any market ground, they have to be not only be 
priced competitively but also exhibit similar or better 
properties to oil-based plastics.

Another challenge for the emerging bioplastics 
industry globally is the need for development of a 
unified national local authority approved method for 
collection and sorting of waste in order to maximise 
recovery of materials with minimal environmental 
impact.
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[1] http://www.worldresourcesforum.org/resource-
snapshots-3-aluminium - footnote12_js9jqcb

[2] E. von Falkenstein and F. Wellenreuther, „Comparative 
Life Cycle Assessment of beverage cartons cb3 and cb3 
EcoPlus for UHT milk“, IFEU (Institut für Energie und 
Umweltforschung Heidelberg GmbH), 2010.

[3] J. Meyhoff et al., „Life cycle assessment of example 
packaging systems for milk“, WRAP: Material change for a 
better world, 2010.

The need for aseptic packaging can be questioned
As mentioned in the introduction, in the ideal world, we 
would like to see a reduction in the use of aseptic 
packaging and instead, the use of reusable containers. In 
the process of carrying out this case study, we explored 
methods to include Biomimicry into the product itself. 
However, we have found this to be impossible for a 
product with a long shelf life is completely unnatural and 
counterintuitive when thinking about nature.

We do recognise that the value of aseptic packaging is 
high especially in developing countries that cannot afford 
the cooling chain and countries that have a small 
agricultural sector. As a result, we recommend that the 
use of aseptic packaging should be questioned and limited 
in the areas where users have an alternative to such 
packaging, for example fresh milk instead of UHT milk. 

Improvement of recycling infrastructures available
Although aseptic packaging is advertised to be fully 
recyclable, the reality is that the process of recycling the 
packaging is extremely difficult and costly. Furthermore, 
there is a lack of awareness in several developing countries 

DISCUSSION

[4] S. Humbert et al., „Life cycle assessment of two baby food 
packaging alternatives: glass jars vs. plastic pots“, The 
International Journal of Life Cycle Assessment, 2009.

[5] HGCA , „Industrial uses for crops: Bioplastics”, 2009.

[6] http://www.world-aluminium.org/Sustainability/
Environmental+Issues/Greenhouse+gases

[7] http://www.climaxindia.com/ldpe-vfpe-film-sheet-
geomembrane-liner-technical.html

about the need to recycle or reuse some of the materials 

in production. However, it is important that this issue is 

addressed as recycling is a preferable option to disposal as 

shown in the waste hierarchy in Figure 2.14.
Furthermore, as mentioned earlier, aseptic packaging 

is one of the main contributors towards solid municipal 

waste. By implementing more effective recycling 

programmes, the level of solid municipal waste would 

decrease and this has some important and positive social 

implications. Overall, we feel that the most effective way 

to counteract the problems encountered with the disposal 

and recycling of the packaging is to optimise the design of 

the packaging. 

Bioplastics
LCA results do reveal significant potential to reduce fossil 

energy consumption and CO2 emission but at this early 

stage of bioplastic development, no generalisation is 

possible. Furthermore, implementation of the correct 

disposal methods and corresponding infrastructure are 

vital if the bioplastics industry is to flourish and deliver 

environmental benefits.

References



28

ETH SUSTAINABILITY - ALL JUST RUBBISH?

The Washing Machine in Pieces after one Day in the Lab.
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MEAT PACKAGING
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Coop is the second largest retail group in Switzerland. The 
cooperative society with more than 2 million members is 
the market leader in environmentally friendly and fair-
trade products. In June 2011, the independent rating 
agency oekom research AG declared Coop the “most 
sustainable retailer” in the world. In 2008 Coop took the 
pioneering decision to achieve CO2 neutrality within 
fifteen years, i.e. by 2023, in all areas in which it could 
influence such emissions directly.

In the sustainability guidelines, Coop mentions that 
packaging must involve the use of as little material as 
possible and generate a minimum of waste. More specific, 
the cornerstones for the sustainable packaging, which can 
be derived from the product life cycle analysis, are:
•	 use of sustainable materials and renewable energy
•	 minimal use of raw material,  

energy input, transportation and waste
•	 energy recovery
•	 avoid rejects
•	 separation and recycling of raw materials

COOP MEAT PACKAGING CASE STUDY

In the specific case of meat packaging, Coop has currently 
4 possibilities:
•	 Atmos: mould with top foil and protective gas inside
•	 High Vac: mould with vacuumed foil covering the 

meat
•	 Double Deck: combination of former a/b (breathable 

foil and protective gas)
•	 Meat from the counter
 
Following its sustainable vision, Coop is interested in 
finding new packaging concepts for the substitution of 
current solution High Vac (HVC) and Double Deck 
(HVD). 

The ideas should fulfil the following requirements: 
•	 sustainability and shelf life should be the same or 

improved
•	 the area of communication should be the same
•	 the packaging should have a uniformity of design, 

keep its functionality, and be designed for a  
hanging presentation

Figure 3.1: The Coop Headquarters in Basel [Wikipedia].
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Part Mould (1) Tight Foil (2)

Material PET-PE PE-EVA

Function

structure 
protection 
O2 barrier 
H2O barrier

protection 
H2O barrier 
O2 barrier

Weight 10 g 5 g

Air vacuum

The current meat packagings used by Coop are made 
entirely of plastic. High Vacuum packaging can be divided 
into bottom cover (mould) and tight foil, whereas Double 
Deck packaging can be divided in bottom cover (mould), 
tight foil, and top foil (see pictures below). In both cases, 
the different parts are hybrid material made of different 
polymer layers (see table below). The principal functions 
of the packaging material are: support, protection, and 
physical barrier (for oxygen and water vapour). The only 
raw material used is oil, which is a non-renewable 
resource. Different polymers are used, such as PET or PS as 
structure element, PE as water vapour barrier, and EVOH 

Mould (1) Tight Foil (2) Top Foil (3)

PS-EVOH -LLDPE PP-PA PE-EVA

structure 
protection 
O2 barrier 
H2O barrie

protection 
hanging

protection 
H2O barrier 
O2 barrier

13 g 5 g 1 g

Aligne 28 (20% CO2, 80% O2)

Material and Design

Figure 3.3: HVC. Figure 3.4: Double Deck (HVD)

Figure 3.2: From left to right: Atmos, High Vac, Double Deck, and Counter.
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2.2$Analysis$of$Current$Packaging$

$

Material$and$Design$

The! current!meat! packagings! used!by!Coop! are!made! entirely! of! plastic.!High!Vacuum!packaging! can!be!
divided!into!bottom!cover!(mould)!and!tight!foil,!whereas!Double!Deck!packaging!can!be!divided!in!bottom!
cover! (mould),! tight! foil,! and! top! foil! (see! pictures! below).! In! both! cases,! the! different! parts! are! hybrid!
material! made! of! different! polymer! layers! (see! table! below).! The! principal! functions! of! the! packaging!
material!are:!support,!protection,!and!physical!barrier!(for!oxygen!and!water!vapour).!The!only!raw!material!
used!is!oil,!which!is!a!non?renewable!resource.!Different!polymers!are!used,!such!as!PET!or!PS!as!structure!
element,!PE!as!water!vapour!barrier,!and!EVOH!or!EVA!as!O2!barrier.!The!packaging! itself!perfectly! fulfils!
the! requirements! for!meat! safety!and!maturation,!physical!protection,!oxygen!and!water!vapour!barrier,!
shelf!life,!and!uniformity!of!design.!Additionally,!it’s!cheap!and!light:!material!efficiency!is!already!optimized!
to!a!very!high!level!especially!for!the!current!HVC!solution.!By!Double!Deck!there!is!a!quite!high!amount!of!
plastic!used!for!the!thigh!foil!that!covers!the!meat.!Its!two!main!functions!are!to!keep!the!meat!in!position!
in! the!hanging!presentation!and! to!provide!a! second!physical!protection! layer.! In! this! case,!material! and!
design!efficiency!isn’t!probably!maximized.!

!!!

!

!

! High$Vac$(HVC)$ Double$Deck$(HVD)$

!

! !

!

! !

Part* Mould!(1)! Tight!foil!(2)! Mould!(1)! Tight!foil!(2)! Top!foil!(3)!

Material* PET!?!PE! PE!?!EVA! PS!?!EVOH!?!LLDPE! PP!?!PA! PE!?!EVA!

Function*

Structure!
Protection!
O2!barrier!
H2O!barrier!

Protection!
H2O!barrier!
O2!barrier!

Structure!
Protection!
O2!barrier!
H2O!barrier!

Protection!
Hanging!!

Protection!
H2O!barrier!
O2!barrier!

Weight* 10!g! 5!g! 13!g! 5!g! 1!g!

Air* Vacuum! Aligne!28!!!(20%!CO2,!80%!O2)!

1!

2!

1!

2!
3!

air!
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Hanging!!
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Air* Vacuum! Aligne!28!!!(20%!CO2,!80%!O2)!
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2!
3!

air!

or EVA as O2 barrier. The packaging itself perfectly fulfils 
the requirements for meat safety and maturation, 
physical protection, oxygen and water vapour barrier, 
shelf life, and uniformity of design. Additionally, it’s cheap 
and light: material efficiency is already optimized to a 
very high level especially for the current HVC solution. By 
Double Deck there is a quite high amount of plastic used 
for the thigh foil that covers the meat. Its two main 
functions are to keep the meat in position in the hanging 
presentation and to provide a second physical protection 
layer. In this case, material and design efficiency isn’t 
probably maximized.
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Packaging is always linked to a specific product. When one 
speaks about the packaging LCA it’s important to consider 
both the life cycle of the product and the life cycle of the 
packaging itself (see Figure 3.5). Several LCA of meat and 
meat production exist in the literature (see [1] and [2]). The 
overall impact is dominated by the agricultural production 
part, where meat from organic strikes better than meat 
from integrated production. A significant environmental 
impact comes from the import of fresh meat from 
overseas by air. Other product characteristics, such as 
packaging, conservation method and consumption, are of 
minor importance (see Figure 3.6). LCA of specific food 
packaging are less common. Normally the production 
stage of the packaging system is the principal cause of 
environmental impacts. Increasing recycling rates, 

An important issue that needs to be considered in project 
related to sustainability is the end of life scenario of the 
product. The meat packaging consists today of different 
plastics in various layers, as before mentioned. None of 
them is biodegradable, nor compostable. The polymers are 
made out of crude oil, a non-renewable resource. Once the 
meat is consumed, the packaging ends up in the bin. Since 
both, the mould and the plastic film are not made out of 
only one plastic and since the recycling system in 
Switzerland is yet not sufficiently developed, recycling of 
the packaging is unfeasible. Therefore, the meat packaging 

Simplified Life Cycle Assessment

End of life Scenario

Figure 3.6: Ecoindicator 95+ points and ecological scarcity for 
different peculiarities of meat purchases.

Figure 3.5: Life-cycle of the product meat (left); Life-cycle of current meat packaging of Coop (right).

Figure 3.7: Result of the LCA on the different plastic materials.

gets collected with the municipal waste and is incinerated 
later on. The incineration plants in Switzerland recover 
some of the energy released during the burning process, 
mostly to heat up nearby industrial and civil houses and 
power. In other words, plastic is down-cycled to the less 
valuable form of energy and heat. Besides heat, the 
burning process produces CO2 and water vapour, both 
powerful greenhouse gases. Thus, the end of life of today’s 
materials is everything but desired in terms of 
sustainability thinking and needs to be improved 
fundamentally.

reducing weight, and material efficiency in the primary 
package can lower the environmental impact.

In the specific case of the current meat packaging used 
by Coop we focused the LCA on the different plastic 
materials used, since only few data and time are available 
and a complete LCA would be impossible. The comparison 
of the polymers can then be used to find better packaging 
solutions. It is important to mention, that in this case not 
products with the same functions are compared. As 
functional unit one kg of material is used. The materials 
are compared using the database ecoinvent v2.2. Figure 3.7 
shows the result of this comparison. The environmental 
impact clearly depends upon the specific polymer used. 
The two polymers used for the packaging structure (PET or 
PS) have overall the worst impacts.
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Basic Idea
In line with the strict requirements of Coop, we developed 
a new packaging concept for the substitution of current 
High Vac (HVC) and Double Deck (HVD) meat packaging. 
However, the analysis of the current meat packaging used 
by Coop showed clearly that an optimization in line with 
the given requirements is difficult since the current 
solutions are already very material and design efficient. 

!
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Palm!leaf!as!support:!

As! a! waste! product! of! the! areca! palm! tree,! the! palm! leaves! are!
currently!burned.!The!leaves!protect!the!betel!nut!during!its!growth!and!
are! replaced! several! times!a! year.!During! the! last! years,! some!project!
started! to! produce! plates! for! one?way! use! made! out! of! 100%! palm!
leaves2.! Areca! trees! are! food?producing! trees,! which! are! widely!
abundant! in! India.! This! completely! compostable! material! does! not!
compete!with!food!production!in!any!kind!and!can!be!processed!easily.!
The!palm!leaves!are!only!washed!and!then!cut.!It!can!be!formed!in!any!
shape! by! applying! moderate! heat! for! 40! to! 60! seconds.! The!
compostable!material!provides!a!huge!stability!and!can!be!used! to!substitute! the!plastic!mould,!which! is!
currently! used.! The! following! figure! shows! the! possible! packaging! solution! for! the! different! types! of!
packaging.! If! the!palm!leaf!cannot!be!used!without!any!protection!(due!to!hygienic!or!taste!reasons),! the!
leaf!has!to!be!covered!with!an!additional!polymer!layer!with!the!required!barrier!functions.!However,!this!
will! only! be! a! minor! increase! of! the! total! amount! of! plastics! by! approx.! 5%.! The! following! schematic!
drawing! shows! how! the! new! packaging! concept! can! be! implemented! to! the! three! current! packaging!
solutions.! For! the! packaging! types! high! vacuum,! the! secondary! packaging! could! be! performed! more!
efficiently!(See!drawing!below).!!

Atmos! ! !
!

! !

!

High!vacuum! ! !
!

! !

Double!deck! ! !

!
!

!

!

Double!Deck!

Due! to! the! requirement! of! hanging! presentation! and! as! additional!
protection!of!the!meat,!the!double!deck!packaging!is!used.!The!inner!tight!
foil!is!semi!permeable!for!oxygen,!which!allows!the!maturing!of!the!meat.!A!
net! or! single! plastic! stripes! that! fix! the!meat! on! the!mould! could! replace!
this! layer.!With! this!measure!not!only! the!material! consumption!could!be!
lowered,!but!the!opening!for!the!consumer!gets!more!comfortable!as!well.!
It!should!be!considered!as!well,! that!some!pieces!on!a!skewer!could!easily!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 Ref.: http://www.thewholeleafco.com/page/5/about-our-products-and-services/, 14.7.2011  

Figure!7:!New!fixing!design!

Figure!7:!Different!palm!leaf!dishes!

Atmos

High Vacuum

Double Deck

Figure 3.9: Different Palm Leaf Dishes.

Figure 3.10: New Fixing Design.

Current Packaging
The analysis of the current packaging showed that the 
current HVC solution has reached a very high material 
and design efficiency. By Double Deck there is a quite high 
amount of plastic used for the thigh foil that covers the 
meat. A different design may improve the material 
efficiency. 

However, the strict requirements, especially the 
uniformity of design and the hanging presentation 
doesn’t allow much flexibility.  On the other hand, the 
comparison of the different polymers showed that PS and 
PET, which are used mainly as structure element, have 
overall a higher environmental impact. Other structural 
materials for the packaging should be taken into account. 
A short-term improvement on these aspects is more 
difficult but not impossible, and has to be considered.

INNOVATION

Therefore, we also developed a long-term, general, and out 
of the box concept that describe how a sustainable meat 
packaging may look like in the future. This second concept 
is more a guideline that should show the path toward a 
new sustainable packaging for meat.

Methodology
A brain-writing method, called 6-3-5 was used to find new 
solutions for meat packaging in a short term and a long 
term, based on the triple bottom line of sustainability. To 
analyze the environmental impact of the new packaging, 
a life cycle assessment was performed comparing the new 
concept to the current packaging. The LCA follows the ISO 
14040. 

Results
Today the support (mould) is made of plastics and 
accounts for 50 to 75% of the total packaging weight. The 
basic idea of the new packaging concept is to use a 
different material as support that is more sustainable 
than plastic. It has to fulfil the Coop requirements, and 
should be easily integrated in the current process. 
Additionally, to improve the material efficiency of the 
Double deck, different fixing systems were developed to 
avoid the use of the tight, semi permeable plastic layer. 

Figure 3.8: Prototype Sketches.
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The use of a different support material requires only minor 
changes in the packaging process. The palm leave should 
be shipped to Europe in the final size and shape. This does 
not only allow using the waste materials directly to heat 
the oven of the production process*  but as well reduces 
the amount that has to be transported. In Europe, directly 
at the meat packaging side, the palm leaves are shrink-
wrapped with foil (for the Double Deck solution) or the 
vacuumed meat can be attached directly on the board for 

During the developing of the short-term solution we 
focused especially on the end of life scenario. We got aware 
that there was improvement possible. Hence, we decided 
to use palm leaf plates as the sustaining container instead 
of the PE / PET one of the former packaging. The palm leaf 
plates are completely compostable. Therefore, they end up 
either at domestic compost, municipal compost, a biogas 
plant or, as the plastics, at the incineration plant. Out of 
these possibilities, the composting would show the most 
impact, because of the uncontrolled anaerobic processes 

The current solution is, as mentioned above, already an 
optimized solution which has evolved during the last 
decades. However, the optimum is only found regarding 
the weight and the cost of the material. All used materials 
are made from non-renewable resources such as oil. But 
designing a sustainable packaging does not only include 
the economical point of view and the environmental 
impact, which can be calculated with an LCA. By calculating 
the environmental impacts using the LCA the closed loop 
perspective is lost. But if a packaging should be sustainable 
in a long-term view, this is no longer negligible. Additionally, 

the high Vac packaging. The use of the shrink-wrapping 
technology to fix the meat on the palm leaf board would 
avoid the use of glue and therefore reduce the 
environmental impact as well. Because the use of glue is 
avoided, no adhesive remains on the board what would 
lower the composting performance. However, the influence 
on the meat by using heat to shrink-wrap the foil to fix it to 
the board has to be investigated. 

that produce Methane (that is 24 as powerful as CO2 as a 
greenhouse gas). In comparison to municipal composition, 
this methane cannot be captured adequately and deploys 
its impact as a greenhouse gas. At the incineration plant, 
the fully organic material gets burnt and releases the 
amount of CO2 that it bounded during its lifetime, which is 
why this can be considered as a closed loop. At a biogas 
plant, methane is produced under control and can be used 
later as a source of energy, either for transportation or 
power generation.

the social responsibility should be investigated, which 
includes additionally to the consumer comfort the social 
impact where raw materials are extracted. Coop would 
have the possibility to start up fair-trade projects in a 
rapidly growing economy, such as India. It does not only 
generate jobs and income to poor people, but it reduces 
the health impact of open leaf burning, too. 

The weakness of the palm leaf solutions is clearly visible in 
its transport. It should therefore be investigated in detail 
and designed in the most ecologically friendly way.

Implementation

End of Life Scenario

Summary

Figure 3.8: Pictures of HVC (left) and HVD (right) prototypes.

* Reference: http://www.thewholeleafco.com/page/5/about-our-products-and-services/
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Inventory Analysis

Figure 3.9: Concerned Packaging Life Cycle.

In the following LCA the existing packaging and the use 
of palm leafs to substitute the stabilization are compared. 
The LCA is conducted according to the procedure in ISO 
14040 by using a simplified LCA tool.

To be able to compare the different packaging, the life 
cycle of the packaging itself is investigated. Figure 10 
shows the concerned life cycle of packaging. An extended 
life cycle assessment (Figure 3.5) would offer the 
possibility to optimize the system. However, only few data 
and time are available and therefore the focus lies on 
used materials and its disposal. The meat packaging and 
the use phase are neglected, since we assume the 
packaging to comply with all requirements.

Due to lacking data about the impact of the packaging 
design on the transport, the shelf life of meat and the 
amount of food being wasted, the system boundary 

LIFE CYCLE ASSESSMENT: A COMPARISON

(Figure 3.9) include only the packaging as such and its 
disposal. The function of the packaging is described in the 
introduction. The functional unit of the LCA below is 
packaging for one piece of meat, designed according to 
the requirements.

The compositions of the packaging solutions, which are 
currently used by Bell AG are described on Page 31 (section 
Material and Design). In Table below, the estimated 
percentage of each polymer and the measured weight of 
the packaging layers are shown. Additionally, the 
processing of the materials had to be estimated as well. 
For the processing of the foil, an extrusion process is 
assumed. A thermoforming process produces the mould. 
The production processes for the palm leaf are neglected 
since one can assume, that only little energy is used (for 

HVC

Mould 10.31 g PET 93%

PE 7%

Tapping 4.77 g PE 99%

EVA 1%

HVD

Mould 13.88 g EVA 0.5%

LLDPE 0.5%

PS 99%

Tapping 5.27 g PE 25%

EVA 25%

PP 25%

PA 25%

which no data is available). The database ecoinvent v2.2 
provides life cycle inventory data for different polymers 
and their processing. However, there are some polymers 
used, where no data could be found. The polymers EVOH 
(ethylene vinyl alcohol) and PA (poly amide) were 
therefore neglected for the following calculations. 
Since palm leafs are a waste product from the areca palm 
tree, the raw material was not considered in the following 
calculations. Currently the leaves are burned without any 
use of the heat or electricity.

Palm Leaf High Vac

Palm leaf 20 g Palm leaf 
untreated

100%

wrapping 5 g PE 99%

EVA 1%

Palm Leaf Double Deck

Palm leaf 25 g Palm leaf 
untreated

100%

Bottom sealing 5 g PE 99%

EVA 1%

Tapping 5.27 g PE 25%

EVA 25%

PP 25%

PA 25%



36

Impact Assessment
The calculations are conduct in a simplified LCA tool. Based 
on the data of ecoinvent v2.2 the tool calculates the 
environmental impact according to the methods eco-
indicator 99 (points), ecological scarcity 2006 (UBP), IPCC 
2007 (GWP, 100a), cumulative energy demand (non-
renewable, MJ-eq.), USEtox (eco-toxicity), and CML 2001 

(only eutrophication potential, kg PO4-eq.).
Figure 3.10 shows a comparison of the packaging types 
High Vac (HVC), Double Deck (HVD), palm leaf HVC and 
palm leaf HVD. The graphs of Figure 3.11 and 3.12 show the 
origin of the impacts for the Double Deck concept as it is 
produced today and made from palm leaf.

!
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Figure!10:!Comparison!results!of!the!packaging!types!HVC,!HVD,!palm!leaf!HVC!and!palm!leaf!HVD!
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Figure!11:!Origin!of!the!environmental!impact!for!the!current!used!double!deck!
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Figure!12:!Origin!of!the!environmental!impact!of!a!packaging!consistent!out!of!palm!leafs!and!polymers!
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Figure 3.10: Comparison results of the packaging types HVC, HVD, palm leaf HVC and palm leaf HVD

Figure 3.11: Origin of the environmental impact for the current used double deck.

Figure 3.12: Origin of the environmental impact of a packaging consistent out of palm leafs and polymers.
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Interpretation
It is important to keep in mind that only the packaging 
materials and their production and disposal could be 
compared and the influence of the packaging on the 
waste of meat, its shelf life and transport were neglected.
The comparison point out that the packaging in a High 
Vac is always better than the use of a Double Deck 
packaging. Regarding this results, the necessity of having a 
second layer should be investigated in detail. Additionally, 
the above-mentioned different ways of attaching the 
meat to the mould should definitely be kept in mind. It 
could be worth the effort to go back to a different form of 
presentation to safe material and therefore to reduce the 
environmental impact. As shown in Figure 3.10, the 
solution with palm leafs shows only minor improvements 
regarding the used impact assessment methods. However, 
an LCA is neglecting the closed loop aspect. By using a 
palm leaf as support, the biologically circle can be closed if 

a composting takes place. In addition, the use of this 
waste product avoids burning of wood without using the 
energy and the heat. 

The impact of the palm leaf packaging lies largely in 
the transport. It is important that the transport distances 
include high uncertainties, concerning the distance and 
the mode of transport. If the environmental impact of the 
transport were reduced in future, the use of palm leaves 
instead of plastics would lead the overall impact 
significantly. 

Comparing the achieved results to the study of Dinkel 
(see Figure 3.13) shows some deviations. Dinkel (2005) 
conducted a full LCA comparing different possibilities for 
plates, as one-way or multiple-way. Comparing the use of 
palm leaves and the two plastic versions shows a big 
advantage of palm leaves. It is interesting to look at the 
comparison of palm leafs and cardboard, too.  

Figure 3.13: Dinkel results of the comparison of different plates.
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As a long-term solution we consider a solution that might 
be implemented over 10 to 20 years time. Basically, we 
propose four methods to transform the actual packaging 
in a sustainable one. A requirement for a sustainable 
packaging is from our point of view, that the material life 
cycle is a closed loop. Our vision is to create a fully 
compostable packaging, which means a packaging that 
follows a biological cycle in the sense of cradle to cradle. 
Therefore, our future packages should be made out of only 
biodegradable materials. This includes the usage of bio ink 
(for example soya ink), bio plastics and bio glues. Our 
short-term solution goes into that direction, however, 
there are still materials that need to be replaced (ink, glue, 
labels, plastics). Furthermore, transportation, meat cooling, 
and power use in industrial processes need to be taken 
into consideration and are up to now unsustainable. The 
use of renewable energy and fuels for this processes are in 
a long-term perspective indispensable. Obviously, the 
biomaterials should not compete with food, which is why 
further research in third generation bio-materials 
technology needs to be fostered. In order to reduce 
transportation emissions and costs, we should produce a 
palm leaf substitute in our widths.

As a second idea, we suggest to decentralize food stores 
and run them with longer opening hours. This would make 
sure that you don’t have to buy your comestibles once a 
week, and store it thereafter in your fridge for a long time. 
That way, the amount of packaging could be reduced to a 
minimum or even eliminated, since a core function of 
packaging is to enhance the goods lifetime. Basically, this 
goes hand in hand with the increased open selling of 
meat, where packaging material is saved and additionally 
less waste is produced (!).

A more futuristic idea is indeed, to abolish the current 
retailer system completely. Instead, every household 
should have an outside fridge (similar to the letterbox) 

LONG TERM VISIONS

where the retailer deposits the ordered things directly. So, 
the cooled meat lorries, loaded with fresh unpacked meat 
for example would just cruise in town and deposit what 
was ordered at the right fridge. Ordering would be very 
easy and spontaneous; you would just write what you 
want via short message and pay likewise or order and 
make shopping via Internet, as already happens. The big 
change would be, that every food category has its own 
lorries, which allows saving packaging materials, since 
there is no danger of contamination. Of course, lorries 
would use a lot more fuels. On the other hand, however, a 
lot of energy would be saved, closing or reducing the 
amount of stores.

Our third idea is to create reusable, high quality containers 
for all kind of food packaging. This containers could be 
given back everywhere. That means that every normal bin 
in the city would just be transformed in a container-
collecting bin. From there, the containers would get to a 
local, industrial washing plant and could be reused for 
packaging afterwards. Household as well, would just 
collect all their packaging and bring it back to the store. 
Unfortunately, the high quality container would increase 
the transport costs, because of the increased weight, as 
well as the material usage and expenses. However, the 
waste would be reduced since there would not be 
municipal waste, as all the packaging could be reused over 
and over again. An end of life scenario for such containers 
is of technical nature, what means cleaning, melting and 
remodel the containers.

 Our last idea was to eliminate the uniform shape and 
design of the current packaging and adjust the packaging 
to every meat piece. This would be easy to implement and 
would save some packaging material. Instead of a uniform 
packaging design, we suggest to create a uniform shelf 
design. For organic meat one could use green shelves and 
so forth, to satisfy consumer’s eye and the aesthetics.

!
!
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As! a! long?term! solution! we! consider! a! solution! that! might! be! implemented! over! 10! to! 20! years! time.!
Basically,!we!propose!four!methods!to!transform!the!actual!packaging!in!a!sustainable!one.!A!requirement!
for!a!sustainable!packaging!is!from!our!point!of!view,!that!the!material!life!cycle!is!a!closed!loop.!Our!vision!
is!to!create!a!fully!compostable!packaging,!which!means!a!packaging!that!follows!a!biological!cycle! in!the!
sense! of! cradle! to! cradle.! Therefore,! our! future! packages! should! be! made! out! of! only! biodegradable!
materials.!This! includes!the!usage!of!bio! ink! (for!example!soya! ink),!bio!plastics!and!bio!glues.!Our!short?
term!solution!goes!into!that!direction,!however,!there!are!still!materials!that!need!to!be!replaced!(ink,!glue,!
labels,!plastics).!Furthermore,!transportation,!meat!cooling,!and!power!use!in!industrial!processes!need!to!
be!taken! into!consideration!and!are!up!to!now!unsustainable.!The!use!of!renewable!energy!and!fuels! for!
this! processes! are! in! a! long?term! perspective! indispensable.! Obviously,! the! biomaterials! should! not!
compete!with!food,!which!is!why!further!research!in!third!generation!bio?materials!technology!needs!to!be!
fostered.!In!order!to!reduce!transportation!emissions!and!costs,!we!should!produce!a!palm!leaf!substitute!
in!our!widths.!

As! a! second! idea,!we! suggest! to! decentralize! food! stores! and! run! them!with! longer! opening! hours.! This!
would!make!sure!that!you!don’t!have!to!buy!your!comestibles!once!a!week,!and!store!it!thereafter!in!your!
fridge! for! a! long! time.! That! way,! the! amount! of! packaging! could! be! reduced! to! a! minimum! or! even!
eliminated,!since!a!core!function!of!packaging!is!to!enhance!the!goods!lifetime.!Basically,!this!goes!hand!in!
hand! with! the! increased! open! selling! of! meat,! where! packaging! material! is! saved! and! additionally! less!
waste!is!produced!(!).!
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Figure!14:!Schematic!representation!of!the!four!long?term!visions.!

A!more!futuristic!idea!is!indeed,!to!abolish!the!current!retailer!system!completely.!Instead,!every!household!
should! have! an! outside! fridge! (similar! to! the! letterbox)! where! the! retailer! deposits! the! ordered! things!
directly.! So,! the! cooled!meat! lorries,! loaded!with! fresh! unpacked!meat! for! example!would! just! cruise! in!
town!and!deposit!what!was!ordered!at!the!right!fridge.!Ordering!would!be!very!easy!and!spontaneous;!you!
would! just! write! what! you! want! via! short! message! and! pay! likewise! or! order! and! make! shopping! via!
Internet,!as!already!happens.!The!big!change!would!be,!that!every!food!category!has!its!own!lorries,!which!

Figure 3.14: Schematic Representation of the four long-term Visions.
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The analysis of the current meat packaging showed 
clearly that a high material and design efficiency was 
already achieved in the two solutions. Small 
improvements can still be possible for the HVD, especially 
if the hanging presentation, which is currently vertical, 
could be re-discussed for a more horizontal one. In this 
case, the first tight foil of the HVD that stabilizes the 
meat could probably be omitted. However, if the whole 
system is based on non-renewable resources efficiency 
improvements cannot only make it sustainable. Therefore, 
one should look for closed-loop solutions, too.

In the specific case of food packaging, the type of material 
and the end of life scenario is very important, since food 
packagings have a short life. The current meat packaging 
are entirely made of plastics. The packaging themselves 
are high tech materials: layers of different polymers, each 
with its specific function, that are processed in a single 
non-separable plastic component. These current solutions 
are the result of decades of research and development 
based on a linear, cradle to grave, view. It depletes non-
renewable resources, leads to global warming and 
negative environmental impacts. With the knowledge 
that we have today, we need to start shifting the 

DISCUSSION

industrial system from a linear to a circular material flow. 
Packaging plays an extremely important role. It protects 
the good until consumption. Its life is therefore normally 
very short and it produces a lot of waste, if its entire life 
cycle is not designed properly. Biodegradable or 
compostable plastics may be the future, but today other 
interesting materials already exist to create a more 
sustainable packaging, which still fulfils all the technical 
requirements. 

In the specific case of meat packaging, it is difficult to 
replace plastic used for the gas barrier function. However, 
all materials could be theoretically used as a support to 
replace the plastic mould. Palm leaf is a great candidate. It 
is a waste product from the agricultural production, 
which is already processed to make dishes. In addition, it 
can be easily implemented in the existing packaging 
processing infrastructure, with only few changes. It is still 
more expensive than plastic, but if a large and constant 
demand can be created, the price should lower. However, 
before palm leaf could be used as support in meat 
packaging, some technical tests have to be performed in 
order to see if the meat can be placed in direct contact 
with the support or not. 
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ETH SUSTAINABILITY - ALL JUST RUBBISH?

The Washing Machine in Pieces after one Day in the Lab.
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In the ETH Zurich Sustainability Summer School 2011 we 
have been given the opportunity to examine the Nespresso 
capsule through a lens of sustainable waste management. 
Very quickly this task has ballooned into a critique of the 
entire life-cycle of the product, from agriculture to disposal 
of grounds and packaging. But unlike traditional coffee 
techniques, Nespresso is in a way defined by its packaging, 
a sleek, glamorous aluminum (Al) cartridge that with a 
minimum of effort yields an espresso of good quality. 

Along with the other case study groups examining meat 
packaging and aseptic drink cartons, we decided to pursue 
an analysis with three main steps:
1. Characterize the environmental footprint of the 

existing product or packaging technology;
2. Generate options for optimizing the end-of-life 

scenario of the packaging materials; and
3. Design new possibilities for the packaging or product 

for both near- and long-term implementation.

We address step one with a review of life-cycle 
assessments (LCA) of capsule espresso coffee from the 
literature. We expand upon the scope of step two to 
encompass a functional analysis of the Nespresso product, 
offering environmentally preferable options if possible for 
each of the many functions and attributes of the product. 
In step three we suggest two innovations. For the short 

The life-cycle environmental impact of coffee is a well-
researched subject, with substantial attention having 
been placed on coffee agriculture, industrial processing, 
transportation logistics, brewing, and end-of-life. In what 
is perhaps the first LCA to evaluate capsule coffee, 
Humbert et al. (2009) conduct a literature review of 
previous studies on the individual phases and complete 
life-cycle of coffee. This was crucial not only for its role in 
contextualizing their study but also because life cycle 
inventory databases are notoriously incomplete when it 
comes to agricultural products. It is not our intention to 
repeat existing work, so this review will focus instead on 
Humbert’s and two subsequent studies: Hischier (2011) 
and Dubois et al. (2011).

term we integrate a mechanism to separate capsule from 
used grounds within the Nespresso machine itself, 
facilitating Al recycling in areas of the world without the 
dedicated Nespresso recycling infrastructure available in 
Switzerland and its neighbors. For the long term we 
imagine a reusable container for the coffee capsules, a 
solution that shrinks the metal material loop from its 
current form without sacrificing many of the properties 
expected by Nespresso customers. We close this report 
with a discussion and conclusions.

Humbert et al. (2009) 
from Quantis (formerly Ecointesys), compare spray-dried 
soluble coffee like NesCafé with conventional drip coffee 
and a generic capsule system.1 Their conclusions indicate 
that the use phase overwhelms both upstream and 
downstream phases in energy consumption and GHG 
emissions, as shown in Figure 4.2. Agricultural irrigation is 
the major water impact for the three technologies 
reviewed, followed by water consumption in use (drinking 
and washing). For spray-dried coffee the next-most 
impactful phases are the coffee manufacturing process, as 
it is more industrial than the alternatives, packaging, and 
agriculture. For drip coffee, agriculture is a major impact 
because the material inefficiency of the brewing 

Literature Review

Introduction

Figure 4.1: Nespresso Capsules 
(source: Alberto Turiel, from www.photholic.com)

1 It is important to note that the objective of this study was the evaluation 
of instant coffee, so there is some risk in extracting just the capsule data.
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technique requires a large amount of coffee beans for the 
same volume of coffee beverage. For capsule coffee 
packaging has a major impact, as there is a much higher 
ratio of packaging material to coffee than for the other 
varieties.

This study is useful to us mainly because it 
disaggregates the coffee life cycle and discusses the 
functional differences among the three preparation 
techniques. Their results show that consumer behavior is 
a dominant contributor to the environmental impact of 
drinking coffee. Boiling more water than required for a 
cup of coffee, wasting coffee, and washing cups in hot 
water are for the most part outside of the ability of the 
coffee company to control.2

LCAs are by definition holistic, but they can also be 
specific about which environmental levers are in whose 
hands.

A final critique is with the selected functional unit. In 
this LCA, the authors assume that one dL of instant coffee, 
brewed coffee, and capsule espresso are functionally 
equivalent. This is not the case, particularly if people drink 
coffee for the caffeine, which is different in the different 
volumes of liquid. Changing the functional unit to “an 
average size of a cup of (x type of) coffee,” the impacts 
would change, because a cup of instant or brewed coffee 
may be three or even four times the volume of a cup of 
espresso. Without the detailed inventory data, however, 
we did not evaluate this claim quantitatively, in part also 
because the impacts of brewing techniques varied so 
significantly between this and the next LCA considered.

Hischier (2011) 
employs a screening LCA method developed at EMPA to 
quickly compare product and process options based on 
preloaded life cycle inventory data from EcoInvent. He 
compares eight coffee capsules currently on the market 
and four styles of coffee brewing using this method. His 
conclusions indicate that while there is a wide variety in 
the environmental impacts of the capsules themselves, 
the contribution of the packaging to the overall impact of 
the coffee beverage life cycle is relatively small. Hischier’s 
analysis shows also that there is a very wide range of 
potential impacts, informed largely by the source of the 
coffee. Good environmental practices can reduce the 
contribution of coffee agriculture to near zero, while the 
worst practices can reach 70% of the product’s overall 
impact, which is also significantly higher than the total 
impact from the capsule made from coffee grown 
responsibly.

Looking just at the impacts of the (unfilled) capsules, 
Hischier concludes that the Al Nespresso capsules are the 
environmentally preferable option, but only when 
recycled. When incinerated instead, the Al is surpassed by 
capsules made from polypropylene (PP).

As mentioned above, the brewing techniques 

Figure 4.3: Environmental impact of empty coffee capsule 
options in environmental impacts points (UBP), normalized to 

the impacts of the most impactful, from Hischier (2011).

Figure 4.2:  Global warming potential of instant (SDC), drip 
(DFC), and capsule (CEC) coffee, from Humbert et al. (2009).

2 This is not totally accurate. Packaging can include instructions for 
preparation that suggest boiling the optimal amount of water, for 
instance.
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considered are the same as those from Humbert et al. 
(2009), but the results are substantially different. While 
instant coffee remains the environmentally preferable 
solution, drip and capsule espresso have changed places, 
with the capsule system having nearly twice the impacts 
of a drip filter system.

Dubois et al. (2011) 
is another LCA performed by Quantis for Nestlé comparing 
their current Al capsules with generic varieties of cap- 
sules that have been introduced by competitors. The 
Nespresso capsule is made from only Al (NN in Figure 4.4), 
and the others are a PP capsule with Al-polyethylene (PE) 
membrane (GP1), a PP capsule with polyethylene-
terephthalate (PET) membrane (GP2), and a bioplastic 
capsule with a paper membrane (GP3). This is a detailed 
analysis looking at real end-of-life scenarios in the Swiss 
and French markets (although GP2 and GP3 are only 
available in France).

The primary results from the study are summarized in 
the very complicated Figure 4.4. It shows, yet again, that 
the Nespresso Al capsules are the environmentally 
preferable option (in GHG emis- sions), when recycled. 
When thrown in the trash the capsule has a slightly larger 
impact. Nevertheless, the entire range of products and 
end-of-life scenarios varies by only 30–35%. The main 
variation comes from increased distribution impacts of 
more massive capsules and energy consumption from 

different material manufacturing processes.
Notably, the biodegradable capsules performed quite 

poorly, due in part to elevated production impacts 
combined with CO2 emitted during end-of-life.

Conclusion
One important conclusion from this literature review is 
that packaging matters. For some foodstuffs, the 
agricultural, transport, and industrial impacts from the 
food value chain overwhelm any impacts from the life-
cycle of the packaging. Capsule coffee has a high 
proportion by mass of packaging to coffee, so choice of 
packag- ing has a noticeable effect on overall 
environmental impact. It is in none of the three studies 
the most important element, but is indeed a leverage 
point available to producers and consumers alike.

The review also puts into relief the sensitivity of LCA to 
system boundaries, functional units, and available data. All 
of the analyses were performed considering consumption 
in Switzerland. But as Nespresso is expanding their reach 
into global markets with recycling systems and energy 
mixes substantially different from Switzerland, it is unwise 
to extend the conclusions from these LCAs to the rest of 
the world. The analyses therefore are useful in helping the 
company to continue to optimize their product from an 
industrial side, but should not be used to claim 
environmental preferability outside of a very narrow 
scope.

Figure 4.4: Greenhouse gas emissions for Nespresso and competitor capsules with different end-of-life scenarios
in Switzerland and France. NN – Al Nespresso; GP1 – Al-PE; GP2 – PP-PET; GP3 – bioplastic (PLA, starch); DFS – direct 

fuel substitution; AD. anaerobic digestion; IC – industrial composting; EOL – end-of-life. From Dubois et al. (2011).
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Nespresso capsule coffee, like many products, is 
characterized by many attributes simultaneously.3 The 
practical challenge to the sustainability community is to 
improve the environmental performance of the product 
without sacrificing any of the functional performance, or 
when necessary, to offer new, appealing attributes in 
trade. This is particularly difficult when aspects of the 
product are informed or even defined by certain materials, 
forms, etc. of the product or product packaging.

To stimulate the process of optimizing the 
environmental perfor- mance of Nespresso capsules, we 
disaggregate the product into a list of its attributes and 
identified how Nespresso addresses each. We also identify 
options for achieving similar attributes in an 
environmentally preferable manner. This information is 
tabulated in Table 4.1. It is unlikely that any innovation will 
allow the retention of all of the characteristics that define 
Nespresso while being substantially more environmentally 
friendly.

Two characteristics that are not included in Table 4.1 
are the role of the product in material cycles and its 
influence on social behavior. The former is quite interesting 
because in one product you have high value biological 
(coffee grounds) and technical (Al) nutrients, à la Cradle to 
Cradle. Aluminum is highly recyclable, but only if it is 
actively collected. There are also arguments for and 
against using biological materials as heating fuel versus 

FUNCTIONAL ANALYSIS fertilizer (see next section). Nespresso capsules use virgin 
aluminum as well, so there is room for improvement in 
terms of closing material loops from the production end.

Social behavior is also affected by the Nespresso 
product. Aside from its luxurious brand that lets 
consumers feel like they are part of an exclusive club,4 the 
use of the capsule machine also influences the way people 
drink coffee. Compared with conventional brewing 
techniques, Nespresso seems high-tech, which brings an 
element of novelty and fun to the coffee brewing process. 
It can also thrust the brewing process to the center of a 
social event, as is the case in some markets where the 
brand is still new, according to anecdotal evidence from 
Brazil. In small office settings, the breadth of flavors allows 
people to quasi-personalize their coffee experience, an 
appealing development from the standard bitter coffee 
often found in break rooms. And, despite repeated claims 
by various private sector representatives that they simply 
respond to market pressure, Nespresso tapped what was 
at most a latent demand, or a demand for a product that 
most people did not know they wanted. It has created a 
new generation of espresso devotees, fundamentally 
changing coffee culture and market worldwide. Like all of 
the other non-physical attributes of Nespresso, this is a 
complicated property vis-à-vis environmental impact. So 
much of the social experience can be linked with the 
packaging, the coffee, the variety, the convenience, etc. 
Any change will affect the experience; the trick is to 
identify those changes that enhance the Nespresso 
experience while improving its environmental 
performance.

Table 4.1: List of functional and descriptive attributes of the Nespresso 
capsule coffee and potentially environmentally preferable options for each.
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Table 1: List of functional and descriptive attributes of the Nespresso capsule coffee and potentially environmentally preferable options for each.

Attribute Nespresso capsules Environmentally preferable option

Single cup Individual capsule and optimized water use Reusable capsules can also optimize water without dispos-
ing packaging

Portable Small-sized primary and secondary packaging Dematerialized secondary packaging while retaining porta-
bility

Environmental robustness a Aluminum is a perfect O
2

and H
2

O barrier Grinding coffee on-site eliminates the need for aluminum
packaging, since ground coffee oxidizes much quicker than
whole-bean coffee due to the former’s very high ratio of
surface area to volume.

Consumer convenience Quality espresso at the push of a button, requiring no
significant cleaning of equipment

Few other coffee brewing techniques are as convenient as
Nespresso, considering both time and quality. If an environ-
mentally preferable capsule is developed, this would apply
here.b

Exclusivity and luxury Advertisements with George Clooney, sleek, under-
stated visual brand, metal materials

This is another challenge, since frequently luxury is associ-
ated, although not intentionally, with unnecessary consump-
tion.

Diversity of flavors Individual packaging allows for many available fla-
vors simultaneously

Again, environmentally preferable capsules would satisfy
this.

Infrastructure-based Dedicated coffee machine and recycling system It is not clear that a dedicated machine is environmentally
optimal. Humbert et al. (2009) and Hischier (2011) disagree
on this one. Certainly eliminating the machine and recy-
cling infrastructure would decrease environmental impact if
brewing coffee by hand were done without wasting heat or
water.

a Distinct from ecological robustness, environment here refers to the oxidizing et al. properties of the atmosphere.
b Biodegradable capsules seem like they could satisfy this requirement, but current biomaterials have a larger environmental footprint than Al
(Dubois et al. 2011).

3 Details about Nespresso and capsule recycling were found on the 
Nespresso Ecolaboration website nespresso.com/ecolaboration, by 
visiting the Nespresso Boutiques in Zurich, and in conversation with Urs 
Schenker from Nestlé.

4 This is a masterful marketing achievement, considering the pace at 
which the “exclusive club” is growing: 25%/year!
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Present end-of-life of Nespresso capsules in Switzerland
Following public criticism on the amounts of waste 
generated by the capsule system, Nespresso launched its 
own recycling system in Switzerland in 1991. It is currently 
extending and adapting it to other countries with the aim 
of recycling 75% of its capsules by 2013. The Nespresso 
recycling system first relies on consumers bringing back 
their used capsules (consisting mainly of Al packaging and 
coffee grounds) to Nespresso boutiques, stores selling 
Nespresso capsules, or collection points operated by 
communities. The capsules are then transported to 
recycling facilities where the coffee grounds are me- 
chanically separated from the aluminum packaging. 
Aluminum scrap is sold to the metal industry while coffee 
grounds are mainly dried and burned to provide process 
heat to the two Nespresso factories. However, if the supply 
of coffee grounds surpasses the needs of the factory, it is 
sold to nearby farmers or gardeners as fertilizer. A prob- 
lematic aspect of the use of coffee grounds for composting 
is its high acidity, so adaptations are needed with respect 
to the microorganisms active in the composting process. 
Figure 4.5 gives an impression of the present Nespresso 
recycling system. Figure 4.6 gives an overview of processes 
of the present management of discarded Nespresso cap- 
sules.

Outpresso, a firm independent from Nestlé, has 
developed a de-vice to separate manually the coffee 
grounds from the Al capsule (see Figure 4.7). The grounds 
can be either composted for use at home or collected 
together with green waste by the municipality. In the 
worst case, it will be thrown into the garbage bin and 
incinerated. The aluminum package can be collected 
together with metal packages. The implications of 
collecting empty capsules with metal packages on Swiss 
and European levels will be discussed below. However 
useful, the device appeals only to a specific category of 

OPTIMIZING THE END-OF-LIFE

consumers willing to actively participate in preserving the 
environment.

Present end-of-life of metal packaging and compost
In Switzerland, aluminum (e.g. beer cans, paste tubes) and 
steel (e.g. tin cans and lids) packages are collected together 
in a bring-system. Consumers walk, bike, or drive to 
collection points and dispose of metals usually together 
with glass. The industry selling goods pack- aged with 
such materials is responsible by law for recycling at least 
75% of each packaging material. Recycling associations, 
which rep- resent the industry, support collection and 
transport of the scrap through so-called Anticipated 
Recycling Contributions (ARCs). The ARCs are included in 
the price of the goods, so that consumers are ultimately 
financing the system. This scheme follows the “polluter 
pays principle” enshrined in Swiss environmental 
legislation. In 2009, 7,900 tons of aluminum packages and 
11,760 tons of steel packages were recycled, representing 
0.7% of municipal solid waste (MSW) collected separately 
or 0.4% of total MSW generated in Switzerland (BAFU, 
2010).

Green waste is also source-separated. Depending on 
the community type, it is either part of curbside collection 
or must be brought by consumers to collection points. A 

Figure 4.5: Processes of the present management of discarded 
Nespresso capsules.

Figure 4.6: Discarded Nespresso capsules on a conveyor belt prior 
to mechanical sorting (top). Mechanical sorting of discarded 

Nespresso capsules (bottom). Source: Nespresso.
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large amount of green waste is also composted directly in 
households for garden use. In 2009, 930,000 tons were 
collected separately to provide energy in the form of heat, 
electricity and methane and/or soil conditioners such as 
fer- tilizers (i.e. 33% of MSW collected separately and 17% 
of total MSW generated in Switzerland (BAFU, 2010).
Figure 4.7 gives an overview of processes of the 
management of metal packages and green waste.

Nespresso AutoSort
The present end-of-life of Nespresso can be improved by 
generalizing the separation of coffee grounds from 
aluminum package at  household level . Such 
generalization could be achieved by introducing a coffee 
machine, the Nespresso AutoSort machine, which 
automatically sorts the two fractions following coffee 
making. For instance, the movement of lifting the 
machine lid to remove the capsule could serve to empty 
the capsule from its coffee ground. Two buckets would 
collect the fractions (replacing the single bucket in 
today’s machines for the used filled capsules). As in the 

the Nespresso AutoSort machine. On the positive side, 
besides simplified recycling logistics, recycling rates 
would rise thanks to the conve- nience of the alternative 
end-of-life for consumers. A screening LCA showed that 
the total environvvmental impact of recycling the capsule 
amounts to some 20% of that of incinerating it, while the 
cumula- tive energy demand of recycling is worth 15% of 
that of incinerating. Also, Nespresso would reinforce its 
image with respect to environmental commitment. A 
new market niche would be created for coffee machine 
manufacturers. Finally, the alternative management 
would follow the normative principal of source separation.
On the contrary, we might observe a higher vulnerability 
of coffee machines with respect to breakdowns as well as 
the need to clean new parts. Some uncertainties exist 
with respect to the future use of the Nespresso recycling 
facilities. Finally, public administrations tend to fear that 
requiring changes in recycling habits of the population 
might lead to system instability.

Outpresso case, empty capsules can then be discarded 
together with metal packages5 and the coffee grounds 
can be composted at home or collected together with 
green waste (see Figure 4.8).

Economic and environmental savings would 
potentially result from dismantling the dedicated 
Nespresso recycling system. Furthermore, the empty 
capsules would be considered as packaging waste both 
on European (Packaging and Packaging Waste Directive) 
and Swiss (Ordinance on Beverage Packages) levels. In 
Switzerland, this would probably mean that Nespresso 
would join the organizations supporting the collection 
and transport of metal packages. It would have to apply 
an ARC on its capsule to contribute to the collection and 
transportation effort for discarded aluminum packages.

In Table 4.2 are listed the pros and cons of introducing 
Figure 9: Processes of the alternative management 

of discarded Nespresso capsules.

Figure 4.7: Processes of the management 
of metal packages and green waste.

Figure 4.8: Device designed to separate manually the coffee 
grounds from the aluminum package (source: Outpresso).

5 Chris Rüegg, IGORA, personal communication, 14 July 2011.
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more cleaning than do current machines. The pouch can 
then be composted with the rich coffee grounds, either 
through municipal green waste collection or home 
gardening.

This takes care of role 2 from above. Roles 1 and 3 are 
addressed by transferring the environmental isolation and 
luxury to robust, reusable secondary packaging. Three 
design options follow, each reflecting the fact that none of 
the ideas currently address all of the at- tributes of the 
current Nespresso product. Each design idea, however, 
brings new, potentially desirable, attributes to the product 
system.

The first design concept, called the Nespresso Coffee 
Flower (Figure 4.11), takes inspiration from the pine cone 
and other natural secondary packaging solutions as well as 
the medieval European bisamapfel (perfume apple). The 
dual objective of the packaging is to provide atmospheric 
isolation to the coffee, preserve variety of choice, be 
reusable, and communicate luxury. The Coffee Flower has 12 
hinged and sealed compartments each containing a single 
compostable coffee pouch. Each flower can contain a single 
flavor of coffee or can be purchased with a combination of 
flavors. Until each petal is opened, the ground coffee inside 

The driving motivation for our long-term redesign of 
capsule coffee is waste elimination. The idea of closed loops 
of technical nutrients like aluminum is compelling but 
requires a robust global recycling infrastructure exceeding 
that which currently exists, considering many of the 
emerging markets that Nespresso is expanding into. So, 
how do we eliminate waste without sacrificing the 
convenience, luxury, variety, and social aspects of the 
current product? The solution we chose to pursue is to 
transfer the important functions offered by the aluminum 
capsules to other, more permanent parts of the product 
system. The three roles the aluminum capsules currently 
play are 1) environmental isolation, allowing pre-grinding, a 
long shelf life and a large variety of coffee; 2) structural 
integrity in the high-pressure environment of espresso 
brewing; and 3) a luxurious and appealing visual.

Our design concept replaces the capsule with a bio-
degradable fiber pouch which is inserted into the machine 
just as the metal capsule is inserted today. The difference is 
that there is a metal capsule inside the machine that 
provides the structure for the high temperature and high 
pressure brewing environment. The pouch is ejected just as 
capsules are today, leaving the internal vessel needing no 

LONG TERM DESIGN CONCEPTS

Figure 4.10: Preliminary design sketches.
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will have been isolated from the outside environment, just 
like the current aluminum capsules. The CO2 off-gassing 
from the roasted coffee that currently helps to prevent O2 
infiltration6 will continue to do so.

The flower can come in a variety of colors, and retains 
the un- derstated aesthetic of the current Nespresso 
products. It will be substantial enough to strongly 
discourage people from discarding it, behavior that can be 
reinforced with financial incentives. The life- cycle 
environmental impact of this product will clearly be 
different from that of current capsule coffee - for instance, 
the ratio of packaging to coffee will be even higher for this 
product than for current Al capsules, so transport impacts 
will be elevated. However, the hope is that the production 
impacts can be amortized over many coffee pouches. It is 
not practical to perform even a rudimentary LCA on a still 
highly idealized product, but useful to evaluate potential 
impacts in a qualitative manner.

environmental analysis of nespresso capsule coffee 10

Pros

Simplify recycling logistics

Increase recycling rates

Positive image for Nespresso

Innovation in coffee machine
manufacturers

Source separation

Cons

Higher vulnerability of coffee
machines

Cleaning of coffee machines

Uncertainties with respect to
Nespresso recycling facilities

Disturb recycling habits of con-
sumers

Table 2: Positives and negatives of the
proposed Nespresso AutoSort machine.

the aluminum capsules to other, more permanent parts of the prod-
uct system. The three roles the aluminum capsules currently play
are 1) environmental isolation, allowing pre-grinding, a long shelf
life and a large variety of coffee; 2) structural integrity in the high-
pressure environment of espresso brewing; and 3) a luxurious and
appealing visual.

Figure 10: Preliminary design sketches,
continued below.

Our design concept replaces the capsule with a bio-degradable
fiber pouch which is inserted into the machine just as the metal cap-
sule is inserted today. The difference is that there is a metal capsule
inside the machine that provides the structure for the high temper-
ature and high pressure brewing environment. The pouch is ejected
just as capsules are today, leaving the internal vessel needing no more
cleaning than do current machines. The pouch can then be com-
posted with the rich coffee grounds, either through municipal green
waste collection or home gardening.

This takes care of role 2 from above. Roles 1 and 3 are addressed
by transferring the environmental isolation and luxury to robust,
reusable secondary packaging. Three design options follow, each re-
flecting the fact that none of the ideas currently address all of the at-
tributes of the current Nespresso product. Each design idea, however,
brings new, potentially desirable, attributes to the product system.

The first design concept, called the Nespresso Coffee Flower

(Figure 11), takes inspiration from the pine cone and other natural
secondary packaging solutions as well as the medieval European
bisamapfel (perfume apple). The dual objective of the packaging is
to provide atmospheric isolation to the coffee, preserve variety of
choice, be reusable, and communicate luxury. The Coffee Flower
has 12 hinged and sealed compartments each containing a single
compostable coffee pouch. Each flower can contain a single flavor of
coffee or can be purchased with a combination of flavors. Until each
petal is opened, the ground coffee inside will have been isolated from
the outside environment, just like the current aluminum capsules.

Figure 4.11: Preliminary design sketch 
of the Nespresso Stack.

Figure 4.12: Preliminary design sketch 
of the Nespresso Coffee Flower.

Table 4.2: Positives and negatives of the 
proposed Nespresso AutoSort machine.

The second concept, tentatively called the Nespresso 
Stack (Figure 4.11), is constructed from modular containers, 
each containing a compostable coffee pouch as before. 
Much of the previous scenario is retained in this concept, 
but it is much easier to manufacture. A notable 
characteristic is that each container can be used as the cap 
for the capsule underneath, minimizing the number of 
small pieces that must be returned for cleaning and 
refilling.

This design is also scalable. Roasted and ground coffee 
does retain freshness for some period of time after 
exposure to air. Each container in some versions of the 
Stack could contain multiple capsules, for instance in high 
consumption volume scenarios like a business or large, 
coffee-drinking family.

The final concept is also tailored to this high-
throughput scenario. The Nespresso Dispensery (Figure 
4.13) closely resembles its name-sake, dispensing the 
pouches of Nespresso coffee with a pull of the lever. This 
product provides less environmental isolation than the 
previous two, but with clever engineering only a small 
volume of air would enter the dispenser each time a packet 
of coffee is removed.

5 Urs Schenker, Nestlé Research, personal communication, 12 July 2011.
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Figure 4.13: Nespresso Dispensery.
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Figure 4.14: Nespresso Stack, shown in multiple colors and 
demonstrating how the pouches are stored within the containers.
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Coffee capsules seem at odds with the eco-minded virtue 
of purchasing food in bulk, so considered largely because 
bulk food bypasses the need for many packaging 
materials, which often invoke visceral reactions in the 
“green” community. And rightfully so, in light of so many 
cases where food is overpackaged, the food industry 
relying on cheap disposable materials rather than 
supporting more local food systems, and too much of the 
packaging ending up in a landfill for all eternity or, worse 
yet, contaminating nearly every ecosystem on the planet.
Take a closer look at nature, however, and one will find 
that cap- sule coffee may have more ecological 
antecedents than previous thought. Nature is a harsh, 
vicious place. Organisms have evolved over the eons to 
maximize their chance of survival by encapsulating their 
seeds, offspring, and even entire bodies in tough, often 
seem- ingly over-engineered containers. This has led to an 
environment of just enough, with food being provided to 
species higher up the food chain in convenient, bite-sized 
pieces, leaving no opportunity for food to spoil in a 
warehouse, market, or the back of a cabinet somewhere.7 

The major distinction—one that cannot be overstated— 

between our technical packaging materials and nature’s is 
that the shell of a walnut, left on the ground after the 
contents have been consumed by a hungry squirrel, is 
rapidly converted into nutrients useful to grow next year’s 
walnut. Even the inorganic shells of sea creatures, while 
not participating in rapid biological metabolism, are still 
made of the few elements that life needs to thrive and, in 
a longer time horizon, do play their part in the global 
biogeochemical cycles of elements. The technical recycling 
industry has a long way to go before it would resemble 
this natural process.

We humans are also subject to nature’s portion control 
scheme. Fruit like oranges and bananas comes in its own 
packaging - and if one were unfamiliar with the concept, it 
may seem excessive and wasteful. Why would a tree spend 
so much energy and resources manufacturing an orange 
peel that has no role in its procreation? This is the same 
question we ask of our industry: Why spend so much 
energy and resource on packaging? The answer to both is 
that the storage and protection enabled by the (rind/
packaging) is crucial to outlast system shocks, distribute 
the (genetic material/food products) into new locations 

DISCUSSION

Figure 11: The Nespresso Coffee Flower, inspired by the pinecone and the “perfume apple.” (Image sources http://
www.superstock.com/ stock-photos-images/1848R-339903 and http://de.academic.ru/dic.nsf/dewiki/174736).

7 This is obviously not the only model by which nature feeds itself, but 
biomimicry yields as many lessons as nature is willing and able to teach.
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that for fruit helps with evolutionary adaptation and for 
modern society helps to distribute food from where it is 
grown to where people eat it - increasingly two separate 
places. So, perhaps that which is ecologically alien about 
portion-controlled coffee capsules is not the capsules 
themselves but the centralized industry upstream and 
downstream! The Cradle to Cradle concept advocates the 
cycling of technical nutrients alongside that of biologi- 
cal nutrients, but even the most recyclable product 
cannot be recycled if there is no industry in place to 
perform such a task. This can be thought of as a dire 
shortage of the industrial analogue of decomposers. To be 
sure, much packaging is unnecessary and our modern 
expectation of a variety of food with extremely long shelf 
lives is difficult to rationalize with principles of 
sustainability. But individual packaging itself may not be 
the villain environmentalists are fond of making it out to 
be. Biodiversity is the surest route to resilient ecosystems; 
a variety of packaging solutions is similarly necessary for 
resilient societies.

Design thoughts
There is an expectation throughout industry and in parts 
of the technologically optimistic environmental 
community that innovation can allow the environmental 
impacts of current products to be evolution- arily 
improved. A material substitution here, a process 
improvement there, and eventually a sustainable product 
will emerge. This concept is perplexing. What is the 
rationale to expect that the functions and attributes of 
product concepts designed without the constraints of 
sustainability in mind will be retained when those 
constraints are retroactively applied? Perhaps optimizing 
the environmental performance of packaging materials 
without considering the broader impacts the product has 
on our global society is simply making something less 
bad, when what we really need are products thatare good.

Conclusions
•	 Packaging is not just packaging. It is linked at many points 

with the product within, and a pursuit of “environmentally 
fr iendly packaging” without  considering the 
environmental performance of the product is ultimately 
futile.

•	 Nespresso Al capsules are environmentally impactful, but 
better than alternatives in certain optimized markets.

•	 Recycling is crucial to the environmental preferability of 
Al capsules. In markets without recycling infrastructure, 
Al capsules may not be the best.

•	 Consumer behavior is an important driver of the 
environmental impact of coffee.

•	 Capsule coffee is a complex, multi-attribute product. It is 
a challenge to achieve significant environmental gains 
without modifying certain expectations of the product 
attributes.

•	 There are possibilities to provide many of the functions of 
Al capsules with more material efficient solutions.

•	 The luxury and exclusivity associated with Nespresso 
complicates the implementation of transformational 
environmental innovation.

•	 Automating separation of grounds from Al capsule can 
increase the recycling rate and thereby reach the potential 
offered by using such a highly-recyclable material. Home 
compost or municipal green waste management can 
make use of nutrient-rich coffee grounds.

•	 Economic and environmental gains can be realized by 
dismantling the dedicated Nespresso recycling system.

•	 Transferring functional responsibilities of the Al capsules 
to reusable containers eliminates non-compostable 
waste from the product end-of-life.

•	 Single portion coffee can be seen as an analogy to some 
natural phenomena. Fulfilling the analogy requires 
synergy between the packaging materials and the ability 
of industry to reclaim, reprocess, and reuse the materials. 
Otherwise efforts must be made to move from technical 
to biological cycles so that nature can close the loop that 
we cannot.
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