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Nomenclature 
 

Abbreviation Explanation 
AP Acidification Potential 
bn billion 
BRC British Retail Consortium 
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EOL End-of-Life (the recycling and/or disposal after use) 
EP Eutrophication Potential 
GQL General Qualification Level 
GWP Global Warming Potential 
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HD-PE High density polyethylene 
ISO 14040 ff. ISO standards 14040, 14041, 14042, 14043, 14044 on Life Cycle As-
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ISO 9001 ISO standard on Quality Management 
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LCE Life Cycle Engineering 
LCI Life Cycle Inventory 
LCWE Life Cycle Working Environment 
LD-PE Low density polyethylene 
MJ Mega Joule 
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ODP Ozone Depletion Potential 
PE Polyethylene 
POCP Photochemical Ozone Creation Potential 
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1 Background and Introduction 
Every day, thousands of goods make their way from the producer to the consumer. An 
essential part of this process is the packaging. Packaging systems play an essential part 
in the logistic chain such as protecting, labelling and stacking of valuable or fragile con-
tents. 

Before products reach the point of sale, they have already passed through several proc-
esses. Suitable packaging is required for various stages along the process chain, at har-
vest, during storage and during final transportation of products. Fresh fruit and vegetables, 
for example, have to arrive in excellent shape regardless of where they are coming from. 
Sales depend on the speed and safety of the transport channel. To meet this requirement, 
several packaging systems, as well as different logistics solutions for product-specific 
transportation have been established over the years. 

For packaging fruit or vegetables, wooden boxes, cardboard boxes and plastic crates are 
most commonly used. While the first two are non-returnable packaging systems and nor-
mally disposed of or partly recycled after one use, plastic crates as a rule are returnable 
packaging, washed and reused many times. A prerequisite for returnable packaging sys-
tems is the consideration of supply chains not only for filled crates, but also for empty 
crates as well.  

For the fresh fruit and vegetable situation, the supply chain has to work at least Europe 
wide – since production and consumption take place at different locations sometimes sev-
eral thousand kilometres apart.  

According to the opening press release for the most important European fruit and vegeta-
ble fair [FRUIT LOGISTICA 2005] in 2004, 95 Mio t of fruit and vegetables were produced 
in Europe, of which 35 Mio t were fruits, and about 60 Mio t were vegetables. Thereof 
22 Mio t fresh fruit and vegetables were traded in Europe in 2004 and transported in a 
comparable way as considered in this study [FRUIT LOGISTICA 2005].  

Until now the environmental impacts of the European wide fruit and vegetable distribution 
have not been greatly analysed. Some studies have analysed different transport packag-
ing systems, but their understanding the important life-cycle aspects and the sensitivity of 
the parameters within the life-cycles of the different packaging solutions is far from suffi-
cient.  

The packaging industry is now taking a further step towards sustainability in the fruit and 
vegetable transportation sector.  

This study attaches great importance to reproducing a situation of fruit and vegetable 
transport that is representative for the whole of Europe as opposed to a more specific 
situation. To give this study a rather general scope – in contrast to rather specific single 
transport tasks – the most relevant packaging options (wood, cardboard, plastic) of repre-
sentative and relevant transport goods (fruit and vegetables) in an overall European 
transport situation, covering the most relevant producer and consumer countries.  

It is assumed that each packaging option shows advantages under specific conditions in 
their life cycle. Therefore the analysis of their individual ecological performance over their 
lifetime and life-cycles is important, in order to identify environmental favourable packag-
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ing system for fruit and vegetables according to specific boundaries. Concurrently, optimi-
sation potentials to further reduce the impacts of packaging can be identified.  

Every packaging system has advantages and disadvantages, depending for example on 
the kind of impacts considered, the defined transport task and the geographical spread. 
Hence it is more useful to analyse the strengths and weaknesses of the potential solu-
tions, rather than to appoint a “winner”. The reality is complex, and the life-cycle model 
should reflect this complexity and not neglect important facts.  

To identify the relevance of the individual optimisation potentials a certain comparison and 
related variations of boundary conditions (used as benchmark) of the different options 
over the life cycle is needed.  

The environmental part of this study is undertaken using a Life Cycle Assessment (LCA) 
following ISO 14040 ff. 

A sustainability evaluation as an extension of an ecological evaluation but including eco-
nomic and social aspects has never been done. By covering the ecological, economic and 
social effects of a system, the environmental information is framed by these two important 
aspects towards an overall sustainability assessment in its broadest sense. 

The most recognised study dealing with the topic of transport packaging of fruits comes 
from France [ADEME 2000]. Following the study entitled “LCA of wooden boxes, card-
board boxes and plastic crates for apples”, the issue of the LCA of different crates and 
boxes used to transport vegetables and fruit became highly sensitive in France. The re-
sults of this study which are valid for the specific French situation of apple transport, are 
very controversial and remained confidential over a long period of time.  

In this study a different approach compared to the “one-point study”, which consider fixed 
sets of boundary conditions and situations, is desired. A representative base case is cho-
sen, relevant parameters influencing environmental impacts in the life cycle are identified, 
varied and then quantitative changes on the result are discussed. 

The main question to be answered in this study is not “which solution is better in a particu-
lar situation1”, but rather “under what conditions do the solutions perform in the desired 
way”. 

As a starting point, all existing relevant studies and information sources on fruit and vege-
table transports were evaluated [ADEME 2000, CAGNOT 2000, CAPUZ ET AL. 2005, 
EKUPAC 2005, FHGIVV 1994A, FHGIVV 1994B, IWIS 2003, ÖÖI 2005, RPCC 2004, and 
WAGNER 2003]. A comprehensive overview on the studies evaluated is given Supplement 
A. These studies analyse more specific (geographical scope, country specific recycling 
options, etc.) transport situations leading to specific results. These results are not neces-
sarily in contrast with this study, but based on different goal and scope. 

 

 

                                                 
1 LCAs that promote special single point results, without quantifying and interpreting possible variations of technology, 

model or boundary conditions are often simpler to understand, but often not solid enough to describe representative re-
sults in relation to varying reality. 
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2 Definition of Goal and Scope 
In accordance with ISO standard [ISO 14040 FF] the following structure is used for this 
study. In chapter 1 “Background and Introduction” the motivation for the background to 
this study is provided. Chapter 2 provides (conform to ISO) the scope and the goal of the 
study. The life-cycle models used within this study including their specific parameters for 
wooden and cardboard boxes and plastic crates are presented in chapter 3. The calcu-
lated results of the life cycle assessment are listed in chapter 4, and the conclusions from 
these results are drawn in chapter 5. 

2.1 Goal of the study 
In accordance with the wishes of the client “Stiftung Initiative Mehrweg” (SIM) the follow-
ing goals, intended applications, reasons for carrying out the study and intended form and 
forum are defined. The goal of the study in turn defines the scope of the analysis. 

The goal of the study is an analysis of the environmental impacts of the production, utilisa-
tion and “end of life” of three packaging systems (wooden boxes, cardboard boxes and 
plastic crates). This includes the individual distribution systems such as one-way or multi-
way for the transport of fruit and vegetables in Europe. 

Initially, the standard European fruit and vegetable marketing dimensions for different 
types of packaging will be modelled. At this stage, alongside the environmental impacts – 
which make up the core of this study – other aspects pertaining to sustainability will be 
integrated, including cost factors over the entire life cycle and social characteristics of the 
examined products and process chains. The environmental analysis is based on the 
ISO 14040 ff. and placed within the context of cost and social factors to enable conclu-
sions leading to an improved sustainability of the fruit and vegetable packaging and trans-
portation system.  

Primary goal of the comparison is the identification of the relevance of the individual opti-
misation potentials. Therefore in the conclusions special attention is given to the life cycle 
related optimisation potentials of the different options and additional technical aspects 
influencing the application.  

The level of quantitative detail for economic and social impacts is more aggregated than 
for environmental impacts analyzed in the preceding steps. The evaluation is done on a 
combined quantitative and qualitative basis. However, the existing environmental informa-
tion and LCA data is much better than the broader `sustainability` information on costs 
and social indicators. Moreover, the social indicators are still under development. 

Special attention is paid to the adequate integration of features of one-way and multi-way 
systems. The logistic chain and cleaning steps within the multi-way system, in contrast to 
the conditioning and utilization of used packaging units in the one-way systems, are of 
central importance. Also important is the market share of each system in order to know 
their relevance in the European context. 

2.1.1 Reasons for carrying out the study 
Further information demand was identified related to environmental impacts associated 
with the European wide fruit and vegetable distribution in general - and favourable options 
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within the packaging system in environmental terms in particular. At best it has been dis-
cussed somewhat controversially.   

The controversial nature of these discussions has often been due to differing information 
levels. Either not all relevant environmental impacts are considered or technical facts have 
been differently interpreted, leading to different boundary conditions of the life-cycle mod-
els.  

To overcome these problems a life-cycle study that is able to quantify the influence of dif-
ferent parameter settings (e.g. production efficiencies, lifetime, recycling shares etc.) 
throughout the life-cycle of fruit and vegetable packaging with the most common solutions 
in Europe is proposed. To make this investigation more robust, experienced partners in 
Italy, France and Spain were invited to give their input during the study’s formulation. 

This study is carried out to objectively assess the environmental impacts of transport of 
fruit and vegetables in Europe based on technical facts. As an extension of the ecological 
evaluation the study is supplemented with an economic and a social evaluation. These 
three dimensions build up the sustainability assessment. 

2.1.2 Intended application 
In the first instance, the analysis of the environmental, economic and social impacts of 
packaging provides a more objective basis for an internal discussion on sustainable pack-
aging in the fruit and vegetable sector 

The main application of the study is the provision of a fact-based LCA for decision sup-
port. This LCA can be used for determining the most sustainable form of packaging for the 
European context. In particular: 

 The results can be used to identify and justify, which are the most favourable 
boundaries of the packaging and transport systems for fruit and vegetable distribu-
tion throughout Europe (in a representative average situation) and under what cir-
cumstances. 

 The study is also motivated by the amendment to the European Packaging Direc-
tive [EU 2004]. The project offers a scientific basis for discussing important as-
pects of the sustainability of packaging systems for fruit and vegetable. 

 The results can be used for identification of optimisation potentials of the packag-
ing options from a system point of view. 

 Improved understanding provides the orderer with important arguments for market-
ing as well as for external communication. 

2.1.3 Intended audience 
The study’s intended purpose is to provide a reliable basis for the packaging industry, the 
logistic service providers and the consumers to decide for the adequate kind of packaging, 
as the case may be according to ecological viewpoints and aspects of sustainability. 

The audience for this study are - in the first instance - stakeholders in the “packaging- and 
logistic systems” industry. The stakeholders referred to are along the entire packaging 
chain including fruit and vegetable producer, crate producer, transport companies, carri-
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ers, potential customers, politicians (national and EU-wide) and/or interindustrial consum-
ers. 

Later, the study may be published to a broader and external audience, after a critical re-
view has been performed. According to ISO 14040 ff for comparative LCAs, a critical re-
view by an independent external expert or consortium prior to publication is necessary. 

2.2 Scope of the study 
This chapter describes the different circumstances and boundary conditions of the study, 
which are vitally important to understanding the systems under comparison and allow the 
correct interpretation of the results. Precisely defining the scope of the study ensures that 
the sustainability of the three different packaging systems can be compared in a consis-
tent way.  

2.2.1 Product systems studied and functions of the system  
Three different packaging systems are analysed for the transport of fruit and vegetable in 
Europe. Subject to comparison are wooden boxes and cardboard boxes as one-way sys-
tems and plastic crates as multi-way system (Table 2-1). Knowing that the different pack-
aging options may fulfil very specific transport tasks related to specific customer or prod-
uct related requirements, it has to be stated that some properties of the different packag-
ing systems show additional and/or intangible benefits for specific boundary conditions, 
like  

 flexibility of design, shapes, appearance 

 free choice of supplier 

 printing, labelling, suitability for bar codes or RFID tags and other logistics systems 

 hygiene, occupational health and safety issues 

 light weight, easy handling, stacking.  

These properties play an important role in the performance and the choice of a packaging 
systems beside economic or environmental reasons and therefore should not be ne-
glected. In the main part of the study life cycle related aspects come to the fore (see also 
chapter 5).  
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Table 2-1 Systems analysed 

 Wooden boxes Cardboard boxes Plastic crates 

Production (Material) Wood Cardboard Polypropylene and 
Polyethylene 

Transportation One way One way Multi way 

Reuse - - Distribution 
Cleaning 

End of Life Energy recovery 
Material recycling 

Energy recovery 
Material recycling 

Energy recovery 
Material recycling 

    
Weight of box [kg] 0,9 0,785 2 
Dimensions exterior [mm] 600x400x240 600x400x240 600x400x240 
Load weight (max.) [kg] 15 15 15 
Boxes per pallet "filled" 36 36 36 
Layers 9 9 9 
Pallets per truck 33 33 33 
Crates per pallet "folded" - - 213 
Crates per truck "folded" - - 7029 

 
Reference time 2003 / 2004 2003 / 2004 2003 / 2004 

 
Producer countries  
(fruit & vegetables) 

Spain, Italy, France, The Netherlands, Germany 

Consumer countries  
(fruit & vegetables) France, The Netherlands, Germany, Great Britain 

 

In the case of wooden boxes and cardboard boxes, the crates are produced and trans-
ported to fruit and vegetable producing locations (production phase). After filling, they are 
transported to consumers and unloaded (service life). Thereafter they are transported 
either to material recycling and/or energy recovery (end of life) (Figure 2-1). 
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Figure 2-1: Functions of the systems analysed 

In the case of plastic crates, production and the first loading is as described above. Due to 
the multi-way system, after unloading, the crates are collected, inspected and washed and 
again transported to fruit and vegetable producing locations in order to undertake further 
transportation tasks. During the loops, broken crates are replaced by new crates. At the 
end of the lifetime of the crate pool, the crates are transferred to recycling (Figure 2-1). 

2.2.2 Functional unit 
The chosen functional unit defines the basis of the comparison. Any option must be able 
to fulfil the same functional unit. If this is the case, any resulting sum of environmental 
impact is described in relation to the functional unit. 

In this case the following functional unit was chosen: 

 

The functional unit is distribution of 1.000 tons of fruit/vegetables 

either transported in wooden boxes, cardboard boxes (both one-way systems) 

or in plastic crates (multi way system). 
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The transport task according to the functional unit is the transport of 1000 t of 
fruit/vegetables in crates or boxes of comparable dimensions (600 mmx400 mmx240 mm) 
loaded with 15 kg vegetables/fruit each2. To fulfil this transportation task, in each system 
66.667 crates are needed initially. The plastic crates have an average weight of 2 kg, the 
wooden boxes 0,9 kg and the cardboard boxes 0,785 kg. 

Once initially produced, plastic crates (multi-way system) - as mentioned above - can bear 
further transportation tasks within their lifetime. The total number of transportation tasks is 
dependant on 

 the total lifetime (in years) of the crate pool and 

 the number of rotations per year. 

To take the multi-use capability into account, the timeframe of the analysis – which re-
flects the total performance of the crates – has to be chosen according to the lifetime of 
the longest lasting system; in this case the initially produced plastic crates.  

This means 66.667 plastic crates as well as wooden and cardboard boxes are needed to 
transport the 1000 t of vegetables. The wooden boxes and the cardboard boxes are not 
reused, but the plastic crates are used for further transportation tasks of fruits/vegetables 
50 - 100 times during their lifetime. 

From this, it follows that the service life (number of rotations during lifetime) of the plastic 
crates defines the number of wooden boxes and cardboard boxes needed to fulfil the 
same transportation task. Since the number of rotations (or the lifetime of plastic crates 
respectively) is a relevant parameter and influences the results of all systems, two scenar-
ios are calculated as described later in chapter 2.2.3. 

The initial functional unit is, as mentioned above, the “distribution of 1.000 tons of fruit / 
vegetables either transported in wooden boxes, cardboard boxes (both one-way systems) 
or in plastic crates (multi way system)”. The extension to the technical lifetime makes it 
necessary to also extend the functional unit to the greater lifetime of 10 years.  

 

The extended functional unit is the distribution of 3.333.350 filled boxes/crates, 
each with 15 kg of fruit/vegetables, either transported in wooden boxes, card-
board boxes (both one-way systems)or in plastic crates (multi way system). 

 

Thus in the following chapters the calculations and assumptions are mainly related to the 
extended functional unit which is equivalent to the “conservative scenario” defined in detail 
in the following chapter. 

2.2.3 Scenarios investigated 
Two different scenarios are calculated for each box/crate system in relation to two pa-

                                                 
2 If smaller cardboard box dimensions are taken (640mm*400mm*180mm, 14 kg load), as published in FEFCO ET AL. 2003, 

and dimensions are not scaled to those of wood and plastic crates (640mm*400mm*240mm), the impacts are reduced 
(see e.g. Figure 4-1 and Figure 4-2 but capacity is also 7% smaller; 14 kg instead of 15 kg for wood and plastic crates). 
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rameters (lifetime of the plastic crates and rotations per year): 

 Conservative scenario  

(10 years lifetime, 50 rotations, 66.667 * 50 = 3.333.350 fillings) 

 Technical scenario  

(20 years lifetime, 100 rotations, 66.667 * 100 = 6.666.700 fillings) 

To fulfil this transportation task (Figure 2-2) with the one-way-systems (wood and card-
board) 3.333.350 (conservative scenario) and 6.666.700 (technical scenario) crates are 
produced, used and disposed of for the two, one-way-systems. 

In the case of the multi-way scenario, 80.000 (conservative scenario: 10 years lifetime, 50 
rotations) respectively 93.333 (technical scenario: 20 years lifetime, 100 rotations) plastic 
crates are produced and disposed, but require other necessities during lifetime such as 
washing, replacement and return transports.  
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Figure 2-2: Overview of the mass flows (number of boxes/crates) during the life-cycle 
of the systems (conservative scenario) 

Details of the scenarios investigated for all three types of crates or boxes are given in 
Table 2-2. The base case for the research is the conservative scenario as mentioned be-
fore (10 years lifetime, 50 rotations, 66.667 * 50 = 3.333.350 fillings). The choice of the 
scenarios of 10 and 20 years lifetime adequately reflects the real life situation. The techni-
cal lifetime of plastic boxes already exceeds 10 years. The current figures for the number 
of transport containers taken out of use per year (due to breakage or damage) indicate an 
average lifetime of 20 years according to EURO POOL SYSTEM 2005 and IFCO 2005.  

As such, to heighten the study’s reliability, 10 and 20 years are chosen for consideration 
within the scope of the study. The number of broken crates are calculated from the break-
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age rate of 0,4 %. 

 

Table 2-2: Overview of the scenarios investigated (with parameters lifetime and rota-
tions per years) 

Wooden boxes Production Service life End-of-Life 
Conservative 
scenario 

3,33 mio new crates 
produced and distrib-
uted to grower coun-
tries 

3,33 mio fillings,  
ca. 3,36 bn crate*km 
transport 

3,33 mio old crates 
incinerated in waste 
incineration with energy 
recovery to supply en-
ergy for further use 

Technical 
scenario  

6,66 mio new crates 
produced and distrib-
uted to grower coun-
tries 

6,66 mio fillings, 
ca. 6,72 bn crate*km 
transport 

6,66 mio old crates 
incinerated in waste 
incineration with energy 
recovery to supply en-
ergy for further use 

Cardboard boxes Production Service life End-of-Life 
Conservative 
scenario 

3,33 mio new boxes 
produced and distrib-
uted to grower coun-
tries 

3,33 mio fillings,  
ca. 3,36 bn crate*km 
transport 

80 % of 3,33 mio old 
boxes incinerated in 
waste incineration with 
energy recovery to 
supply energy for fur-
ther use, 20 % input as 
recovery pulp to pulp 
and paper industry 

Technical 
scenario 

6,66 mio new boxes 
produced and distrib-
uted to grower coun-
tries 

6,66 mio fillings, 
ca. 6,72 bn crate*km 
transport 

80 % of 6,66 mio old 
boxes incinerated in 
waste incineration with 
energy recovery to 
supply energy for fur-
ther use, 20 % input as 
recovery pulp to pulp 
and paper industry 

Plastic crates Production Service life End-of-Life 
Conservative 
scenario 

80.000 new crates pro-
duced and distributed 
to grower countries 
(66.667 crates initially 
produced and 13.333 
crates replacing broken 
crates over lifetime) 

3,33 mio fillings,  
3,25 mio washings, 
ca. 3,36 bn crate*km 
transport 

80.000 old crates re-
granulated, recycled 
and substituting 70 % 
of initial value of virgin 
material in further ap-
plication 

Technical 
scenario 

93.333 new crates pro-
duced and distributed 
to grower countries 
(66.667 crates initially 
produced and 26.667 
crates replacing broken 
crates over lifetime) 

6,66 mio fillings,  
6,57 mio washings, 
ca. 6,72 bn crate*km 
transport 

93.333 old crates re-
granulated, recycled 
and substituting 70 % 
of initial value of virgin 
material in further ap-
plication 

 

Besides the two scenarios in service life, potentially relevant parameters in production and 
“End-of-life” that possibly influence the result are also analysed and their impact quanti-
fied. This does not influence the functional unit. It is a relevance check of the influence on 
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the results when the functional unit is placed under varying circumstances. This ensures 
that all relevant influences on the results can be quantified and interpreted accordingly. 

The production and “end-of-life” parameters analysed (on a benchmark basis) are: 

 

For wooden 
boxes: 

 Share of pine, spruce, poplar in crate production 

 Wood losses during production of crates 

 Share of wood dried during crate production 

 Share of poplar wood steamed prior to peeling 

 Share of wood to incineration 

 Products from incineration 

For cardboard 
boxes: 

 Share of Semichemical Fluting in cardboard 

 Share of Kraftliner in cardboard 

 Share of Testliner in cardboard 

 Share of Wellenstoff in cardboard 

 Share of cardboard to incineration 

 Products from incineration of cardboard 

 Share of cardboard to secondary pulp 

 Value of fibres in relation to Wellenstoff 

For plastic 
crates: 

 Share of primary plastic material in production of crates 

 Share of primary polyethylene material in production of crates 

 Share of primary polypropylene material in production of crates 

 Granulate losses during production of crates 

 Damaged crates prior to washing in relation to total crates in-
spected 

 Share of plastic to secondary granulate 

 Value of secondary granulate in relation to primary granulate 

 

2.2.4 Product system boundaries 
The analyses will cover the whole life cycle of the three kinds of boxes/crates from raw 
material extraction, production, distribution and utilisation to end of life recycling and/or 
disposal. This includes the exploitation of raw materials and fossil fuels, the forestry, the 
needed supply of energy and utilities, all needed transport of primary materials and re-
sources and the long distance transports of the fruit and vegetable crates and boxes 
throughout Europe over the lifetime. 
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This study considers five producer countries (ES, IT, FR, NL, DE) and four consumer 
countries (FR, DE, NL, GB). The five producer countries chosen represent five of 
Europe’s largest fruit and vegetable producers. The four consumer countries chosen rep-
resent a good portion of Europe’s consumed fruit and vegetables. 

Machinery is not included in the before mentioned three systems. In general, it is not rele-
vant due to high through-put per machine. 

 

wood production 
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box production
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monomer production
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Figure 2-3: Overview of the system boundaries (details see chapter 3)  

2.2.5 Allocation procedures 
Life cycle inventory analysis relies on being able to link unit processes within a product 
system using simple material or energy flows. In practice, few industrial processes yield a 
single output or are based on a linearity of raw material inputs and outputs. In fact, most 
industrial processes yield more than one product, and they recycle intermediate or dis-
carded products as raw materials. Therefore, the materials and energy flows as well as 
associated environmental releases are allocated to the different products according to 
clearly stated procedures [ISO 14040 FF]. The relevant allocation procedures in the ana-
lysed life cycles are described below. 

For all systems, refinery products like diesel, naphtha, fuel oil and lubrication oil are allo-
cated by mass in relation to the refinery emissions and energy demands and allocated by 
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energy content in relation to the crude oil consumption. 

In the case of wooden boxes, mass allocation is done for spruce and pine in saw mills 
between the timber and the by-products (like bark, wood chips and saw dust). 

In the case of cardboard boxes, during pulp and paper production mass allocation was 
used between the different paper qualities [FEFCO 2004]. 

For plastic crates allocation based on energy content is performed at the steam cracker 
products. Ethylene and propylene as monomers for the polypropylene and polyethylene 
production are allocated with by products like butadiene, pyrolysis gases, hydrogen and 
heating gas. 

2.2.6 Choice of relevant categories and impact assessment in LCA 
Generally LCA is understood as the environmental ´part´ of a sustainability assessment. 
In life cycle impact assessment, inventory data are evaluated in relation to the significance 
of their potential impact in order to make statements about to the overall impact. The data 
collected in the life cycle inventory analysis therefore represents the basis for the impact 
assessment.  

In the international standard [ISO 14040 FF] no impact categories are defined for applica-
tion in LCA. However, the requirements for the choice of specific impact categories are 
defined. The choice of the impact categories should generally aim towards sustainable 
development, preserving resources, the global protection of the eco-sphere, protecting 
human health and the stability of the ecosystems [BUND 1993], [KREISSIG & KÜMMEL 

1999]  

In accordance with the above-mentioned aspects, the impact categories have been cho-
sen under the following criteria:  

 The choice of generally important impact categories, 

 Comprehensive choice of environmental issues in relation to the product, 

 Arguments for the choice taken, 

 Explanation and description of the categories and working mechanisms, 

 International acceptance of the impact categories. 

All flows contributing to the selected categories in a relevant way are considered in the 
calculations. The following impact categories have been chosen to be evaluated within the 
scope of this study. 

Environmental factors and impact categories 
The CML2001 indicators have been chosen because they are based on the utmost scien-
tific and fully developed calculation method of the several indicators. The ISO has a criti-
cal view on single indicators, which are not adequate for a differentiated interpretation of 
the results. Thus the relevant mid-point indicators have been chosen. The study focuses 
on the following environmental indicators and impacts: 

 Primary energy use, separated into renewable and non-renewable energy use 
in [MJ] as a summary of the consumption of energetically used resources. 
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 Global warming potential – “greenhouse effect” (GWP) in [kg CO2 equivalents] 

 Ozone depletion potential – „ozone hole“ (ODP) in [kg R11 equivalents] 

 Acidification potential – “acid rain” (AP) in [kg SO2 equivalents] 

 Eutrophication (= Eutrophication) potential – “over-fertilization“ (EP) in [kg 
PO4

3- equivalents] 

 Photochemical ozone creation potential – „summer smog“ (POCP) in [kg C2H4  
equivalents]  

Describing climate change, the Global Warming Potential (GWP) is a generally and glob-
ally accepted impact category. Greenhouse gas emissions, especially those in the energy 
and the transport sector have to be quantified. To consider an appropriate period of time, 
mostly a time horizon of 100 years is chosen in LCA, reflected by the selection of the im-
pact category GWP100. In accordance with the Kyoto Protocol of the United Nations 
Framework Convention on Climate Change [UNFCCC 1997], the EU strives to fulfil its 
commitment of an 8 % reduction in greenhouse gas emissions by 2008-12 (compared to 
1990 levels for the European Community). 

In the priority of nature and biodiversity, the protection from damaging pollution is the pri-
mary goal, which leads to the impact categories Acidification Potential (AP) and Eutrophi-
cation Potential (EP). As seen in the past, the protection of forest and soil specifically de-
pends on low emission rates of SO2 and NOx [EU 2002]. 

The general goal to protect environment, health and quality of life can be related to the 
ground level ozone (summer smog) addressed in the impact category Photochemical 
Ozone Creation Potential (POCP). The international Gothenburg Protocol [UNECE 1999] 
on environmental protection leads to the analysis of the impact categories AP, EP and 
POCP. According to the Gothenburg Protocol [UNECE 1999], throughout the EU the fol-
lowing goals should be reached by 2010 (compared to 1990 emissions levels): 75 % re-
duction of SO2, 49 % reduction of NO2, 15 % reduction of NH3, 57 % reduction of VOC. 

A further impact category is the Ozone Depletion Potential (ODP) which refers to the 
Montreal Protocol on ozone depleting substances [UNEP 2000], and which is also in-
cluded under the broad goal of “protection of environment, health and quality of life”. Un-
der the Montreal Protocol [UNEP 2000] the European Union prohibited usage of 
chlorofluorohydrocarbons, halons and other substances and defined reduction goals for 
ozone depleting substances [EU 2000]. 

Abiotic Depletion Potential (ADP) is not considered within this study. The difference in 
impacts resulting from the use of renewable and non-renewable resources is sufficiently 
treated under the topic “primary energy use” (see above). 

The ISO requests the choice of relevant impact categories for the specific scope of the 
study so toxicity has been neglected. The impact factors for toxic emissions within LCA 
are still afflicted with extreme uncertainties and are controversially discussed between 
experts (see e.g. documents of the UNEP-SETAC-Life-Cycle Initiative: „Life Cycle Impact 
Assessment definition study: Background document III“ and „Final report of the LCIA Defi-
nition study, 24.12.2003“. Due to the fact that at the transport of food, both in the produc-
tion of the boxes and the transport, no toxic substances are expected. Toxicity might play 
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a minor role for the transport in the same way as for the transport sector in general, 
namely the negative impacts of traffic and traffic congestion in highly populated areas 
(e.g. inner cities), which are not within the scope of the study. The production of fruit & 
vegetable, were toxic substances (e.g. pesticides) play a major role, are also out of the 
scope of the study. Therefore the consideration of toxic impacts is abandoned in this 
study.  

The impact assessment is based on the methods and data compiled by the Centre for 
Environmental Science at Leiden University [HEIJUNGS ET AL. 1992, GUINÈE ET AL. 2001]. 
For a description of the environmental parameters and impacts see Supplement A. 

The results in the several impact categories are not weighted amongst each other. Ac-
cording to the goals defined above, the single impact categories are assessed separately 
to allow a differentiated interpretation of the results.  

2.2.7 Further consideration of the indicators affecting sustainability  

Economic indicators 
The primary reason for a customer to choose a specific transportation system over an-
other is the costs that accrue to the customer. These costs are comprised of the price for 
buying or renting boxes / crates as well as the costs from handling. In the finality, all costs 
which arise during the operation of a transport system will be met by the customer. It 
therefore makes sense to include all costs arising over the lifetime of the system in the life 
cycle costing analysis and not to be concerned with to whom the different costs accrue. 

Economic scenarios and the analysis of a possible future scenario are carried out to iden-
tify weak points and optimization potential. The following costs are considered in the dif-
ferent life cycle phases: 

For the box/crate production, the price of the different boxes is taken into account. 
Strictly speaking these prices do not only comprise costs, but also revenues for the box 
producer, but as this price occurs as a cost for the customers it is considered as such. 

The transport of the new boxes/crates to the growers produces transport cost. 

For the plastic crates, additional costs for the washing, sorting and crate replacement 
after they have been used have to be considered. 

Transports during the service life take into account the cost for transporting empty 
boxes back to the growers and other transport cost related to the logistical tasks of a re-
usable transport packaging pool provider. 

“Edge protection” is the cost for the protection of cardboard edge of the full pallets if 
they are loaded with wooden or cardboard boxes to enhance stability and protection of the 
freight. 

The “Bonner Notiz” is a charge for non-reusable transport packaging being 0,6 % of the 
value of the transported goods.  

Cost “End of Life” denotes the cost for getting rid of wood waste in case of the wooden 
boxes, while the revenue “End of Life” denotes the revenue for cardboard waste and 
used plastic crates. 
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The transportation cost of the full crates from producer countries (growing areas) to con-
sumer countries is not considered in the cost analysis. The only difference between the 
crate systems originates from the different weight of the boxes/crates. This can lead to 
additional diesel consumption by the trucks loaded with plastic crates in comparison to 
trucks loaded with wooden or cardboard boxes. However, the effect is estimated to be 
almost the same for all three crate systems. 

The additional weight of the heavier crates is negligible in comparison to the weight of the 
load and the weight of the truck itself. The additional diesel consumption therefore is sub-
ject to much higher fluctuations by specific driving behaviour of the truck driver or mete-
orological conditions and therefore is not considered here. 

Social indicators 
The social dimension of sustainability and the assessment of these indicators has gained 
more importance in recent years. Methodologically the integration of social aspects into 
LCA is still in the development stage. Contrary to the ecological LCA, there are no 
databases available for social LCA that already provide data for the upstream processes 
of most products or preliminary products. Another difficulty is the lack of agreement about 
which indicators should be included and how they should be assessed. This is a 
discussion currently taking place in the scientific community on an international level. 

The focus in this study therefore was on indicators which have proved to be assessable 
and which are most likely to ´survive´ the ongoing discussions and can be directly linked 
to process chain information within LCA. They comprise 

 Total time of work [s] 

 Total time of women work [s] 

 Differentiation of the working time into qualificational levels [s] 

 Lethal and non-lethal accidents 

The total time of work (in seconds) comprises all human labour conducted in order to 
produce the goods or operate the service under assessment including all human labour 
related to the provision of preliminary products, raw materials and/or energy. It can be 
seen as an important indicator influencing the employment situation. 

The total time of women´s work (in seconds) indicates the amount of working time 
conducted by women. It is a share of the total time of work. This indicator can be seen as 
a measure for the accomplishment of equal opportunities women. 

The differentiation of working time into qualification levels is a refinement of the indicator 
“total time of work”. The amount of total working time is split into work of five different 
qualification levels A to E. Level A requires the highest qualification, Level E requires no 
qualification. The General Qualificational Level was developed for the LCWE methodology 
(Life Cycle Working Environment) and uses the International Standard Classification of 
Education [ISCED 1997] as a basis. It addresses the required qualification of a job 
position rather than the actual qualification of the employees [BARTHEL ET AL. 2005]. 

Lethal and non-lethal accidents comprise the total number of accidents that are caused by 
the production of the good or operation of the service under assessment including all 
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accidents related to the provision of preliminary products, raw materials and/or energy. As 
accidents occure very rarely during most of the processes, the numbers are gathered from 
long term statistics to ensure comparability. The accidents are a general indicator for the 
safety of the production routes. 

For all of these indicators the methodology of Life Cycle Working Environment (LCWE) 
developed in the EU-project “BIOFOAM” is used [BIOFOAM 2004].  

Contrary to the environmental effects, where generally less impact is always better, some 
of the social indicators only gain a designation of “better” or “worse” when considered in 
the context of the current social situation and a particular viewpoint. 

An entrepreneur for example would not prefer a technology which demands a higher 
amount of human labour as it usually increases production costs. Politicians on the 
contrary might promote such technologies as they are creating additional jobs. 

Regarding the influence of the current situation it has first to be stated that, theoretically 
speaking, a technology with a higher demand in human labour is only beneficial as long 
as the unemployment rate is above zero. In practice we can not imagine full employment. 
Therefore for the time being this question is superfluous. But this might not be the case for 
other social indicators, so the fundamental question remains. 

In this way work place effects have to be related to the situation in the region. 

In Germany, as in other European countries, unemployment is high. A high proportion of 
the unemployed are poorly qualified. Political measures trying to tackle unemployment 
should ideally aim at the reduction of the mismatch between available jobs and their 
qualification requirement and the qualification level of the unemployed. On the one hand, 
this can be achieved by better or further education of the under-qualified. But that will not 
lead to a perfect solution as some of these people might not be able to elevate their 
education or simply do not want to. Therefore, additionally political measures have to aim 
at creating jobs with a lower qualification requirement. 

This reality has to be taken into account when it comes to evaluation of the qualificational 
profile of the different systems. 

The geographical distribution of the work places was not considered explicitly in this 
study, but might be very important considering specific questions. For example, it might be 
of interest to the European Union if jobs are created inside the EU or outside. This shows 
clearly how much it depends on a particular viewpoint as to whether a social outcome is 
rated a positive or a negative. 

So for the evaluation of working time both the geographical distribution as well as the 
qualification distribution of the jobs created should be compared with the current 
employment situation in the different areas. Or, more simply, should be rated against 
already defined aims. The same applies to the work of women. 

2.2.8 Data collection and source of data 
The data basis of the environmental analysis with the sustainability aspects of the packing 
systems is relevant, actual and representative for the respective life cycles. The life cycle 
includes the production of primary products and materials, the production of packing units, 
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the use phase with its logistic chain as well as the reuse, recycling or thermal utiliza-
tion/disposal of the packaging systems at the end of life.  

For data collection, LBP and PE developed three questionnaires about environmental 
parameters, costs and social issues, which were sent to the international project partners 
and to industrial companies willing to support the study with data. 

To cover the European dimension and to provide acceptable Europe-wide results, several 
European partners are involved for country specific data collection in the project. The con-
sortium includes partners from Italy, Spain and France and is therefore in the position to 
provide broadly generalisable, as well as detailed country-specific information. The follow-
ing international partners are involved:  

 FEBE EcoLogic (Ravenna, Italy) 

 Escola Superior de Comerç Internacional (ESCI), Universitat Pompeu Fabra 
Barcelona (Barcelona, Spain) 

 Bio Intelligence Services (Ivry-sur-Seine, France) 

For a short description of the involved project partners please see Supplement F. 

FEBE EcoLogic provided European data after evaluation of the following sources: [GIFCO 

2005, SCA BIOPACK 2005, FUSTELPACK 2005, INTERNATIONAL PAPER 2005, ISTAT 2005, 
INAIL 2005, FEDERLEGNO 2005, RILEGNO 2005, CPR 2004]. 

ESCI provided European data after evaluation of the following sources: [AGROSOL 2005, 
ASOFRUIT 2005, ASYFE 2005, CIPRIANO 2005, DISFRIMUR 2005, FEARMAGA 2005, 
FEDEMCO 2005, IHOBE 2000, MURCIA 2005, SWBP 2005] 

Bio Intelligence Services provided European data after evaluation of the following 
sources: [INSEE 2005, FMI 2005, CCIP 2005, ONDEF 2005, BIOIS 2001, BIOIS 2004, 
CTBA  2005, SNRP 2005, ADELPHE 2005] 

All relevant background data such as energy, transport, and auxiliary material are taken 
from the database of the software system GaBi 4. Most of the datasets used are publicly 
available and public documentation exists [GABI 2005]. The GaBi data sets originate from 
the years 1998 – 2003. 

The data on forestry and timber was collected from two main information sources [EYERER 

& REINHARDT 2000, DGFH 1997A, DGFH 1997B]. The production of wooden boxes is 
quite heterogenous. Very small companies with a lot of manual work flow and fully auto-
mated production lines exist. For the production of wooden boxes it was attempted to in-
volve crate machinery producers [CORALI 2005, VON BOELTZIG 2005]. However, although 
the production line is well known, no information could be attained regarding the specific 
energy consumption. 

Data source for the production data on cardboard boxes is the “European Database for 
Cardboard Life Cycle Studies 2003” [FEFCO ET AL. 2003]. The data considered there rep-
resent the weighted averages of the inputs and outputs from the productions sites per ton 
of saleable product for the year 2002. An example box with the dimension information 
needed and all relevant environmental figures are presented in the FEFCO report.  

For plastic crates, the key players along the supply chain of plastic crates were identified 
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and asked to provide data. The cradle-to-gate data on polypropylene and polyethylene 
granulate was taken from an actual study of the German Umweltbundesamt [UBA 2000]. 
Another option would be to take the eco-profile-data of the Association of the Plastics 
Manufacturer of Europe (APME) [APME 1993]. The updated PlasticsEurope data was not 
available at the time of modelling. However as it is available now it is mentioned here.  

The used data of the German Umweltbundesamt is quite comparable to the (meanwhile 
available) updated PlasticsEurope [PLAEU 2005] datasets. The data for primary energy 
demand, Eutrophication, Acidification and Global warming are in a close range of +/- 5-10 
percent deviation. In contrast the older APME showed higher levels for primary energy 
demand, factor 5-10 higher values for Eutrophication and Acidification as well as a 30 % 
lower Global Warming Potential. 

Therefore both data sources - PlasticsEurope and German Umweltbundesamt - reflect the 
current situation in a similar way. 

  

At that time also Data on the logistics of the plastic crates, the distribution, lifetime, num-
ber of circulation, sanitation, washing, breakage rates etc. were discussed and delivered 
or reviewed by the companies IFCO and EUROPOOL. According to a study performed by 
EKUPAC [EKUPAC 2005], IFCO and EUROPOOL achieve between them approximately 
600 Mio. fillings per year, which corresponds to around 77 % of market share in the logis-
tics of reusable plastic containers for food transportation in Europe. Since both are market 
leaders in fruit and vegetable transportation logistics, the most important players in this 
field are incorporated in the data collection proceedings. The data for the production of 
plastic crates are provided by the three companies Bekuplast, Didak Injection and Schoel-
lerArcaSystems. These are the main producers of plastic crates for IFCO and EURO-
POOL, and thus can be seen as the most important representatives of plastic box pro-
ducer. They provided data or information on: 

 Mass flows (what kind and how much fruit/vegetables are produced and where?, 
what kind and how much fruit/vegetables are consumed and where) 

 Market shares of the three packaging systems in the different European countries 

 Transportation distances resulting from the mass flows 

 Average utilization in transit (producer to consumer, consumer to producer) 

 Distribution chains 

 Average turnover figures for the multi-way system “plastic crates” 

 Input and output for the cleaning and sterilizing of the multi-way system “plastic 
crates”, (power, heat, steam, water, detergents, outer packaging for cleaned 
crates, waste water etc.) 

 The use phase (number of circulations, transport distances and cleaning efforts).  

 Component suppliers and subcontractors, 

 End of life scenarios with recycling options.  

In addition to the questionnaires, Internet research is undertaken to close data gaps within 



 Definition of Goal and Scope 

 33 

all three transportation systems. In order to complete the data found in the literature and 
on the internet, interviews of the various stakeholders and actors identified (producers of 
crates, various federations, ink manufacturers, fruit and vegetable producers) are also 
undertaken. 

For confidentiality reasons, industry data derived from different companies producing 
comparable products are averaged. Non-available information is estimated according to 
best knowledge and expert judgement (see chapter 2.2.11 “Cut-off criteria, assumptions, 
estimations”). 

2.2.9 Data quality 
Overall the data quality is considered “good”. Data quality is judged by its precision 
(measured, calculated or estimated), completeness (e.g. are there unreported emis-
sions?), consistency (degree of uniformity of the methodology applied on a study serving 
as a data source) and representativeness (geographical, time period, technology). To 
cover these requirements and to ensure reliable results, first-hand industry data in combi-
nation with consistent, background LCA information from the GaBi 4 database [GABI 

2003, GABI 2005] is used. This background information from the GaBi 4 database is 
widely distributed and used with the GaBi 4 Software. The data sets have been used in 
LCA-models world wide for several years in industrial an scientific applications without any 
negative feedback on shortcomings from users. In the process of providing these data 
sets they have been cross-checked with other data bases and experience values from 
industry and science. 

Precision and completeness 

 Precision: The report indicates which data are either measured or modelled 
based on primary information or are data from the database. As the relevant data 
are primary data or modelled based on information from the owner of the 
technologies no further description of the data precision is required. It should be 
noted that sensitive data are analysed and using a sensitivity analysis. 

 Completeness: All relevant, specific processes for the different options are 
considered and modelled to represent each specific situation. Any background 
processes are taken from the GaBi databases (see GaBi 4 documentation). 

Consistency and reproducibility 

 Consistency: To ensure consistency only primary data of the same level of detail 
and background data from the GaBi databases are used. While building up the 
model cross-checks concerning the plausibility of mass and energy flows are 
continuously conducted.  

 Reproducibility: The reproducibility is given for internal use since the owners of 
the technology provided the data and the models are stored and available in a 
database. Sub-systems are modelled by ´state of art´ technology using data from a 
publicly available and internationally used database. For the external audience it is 
possible that no full reproducibility will be available for confidentiality reasons. 
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Representativeness  

 Time related coverage: The reference time (if not otherwise stated) are the years 
2003 and 2004. If possible the annual average data are taken to compensate for 
seasonal variation.  

 Geographical coverage: For the production of the crates, the European average 
is modelled. For diesel, electricity and thermal energy production European 
average is also used. Specific national conditions are modelled for distribution, all 
transport and logistic processes during the service life and take-back from 
retailers. End-of-Life processes are European average for incineration or Central 
European average for re-granulation. 

 Technological coverage: For any required material-, energy-, and utility-
production the “state of the art” technology is used. 

2.2.10 Data validation 
The data collected from the industry partners, associations and project partners was vali-
dated at PE International and LBP. The collected data are validated using existing data 
from published sources [e.g. EYERER 1996, EYERER & REINHARDT 2000, GABI 2003, IKP 

2005] or life cycle engineering know-how of experts from PE International and LBP. 

2.2.11 Cut-off criteria, assumptions, estimations 
No relevant cut offs are known.  

It is assumed that poplar forestry demands about 70 % of energy of the spruce and pine 
forestry [SCHWEINLE 1997]. 

The transport distance of wooden boxes from the crate producer to the fruit and vegetable 
growers is quite different. Some sources [like HDH 2005] say nearly all wooden boxes are 
produced in Eastern Europe, other sources such as some crate producer [ANNIS 2005, 
BAUMANN 2005, ENGEL 2005], reported delivering only to local growers. Hence an average 
is estimated to be 500 km for Germany (min. 30 km, max. 900 km). For Spain and France 
figures are provided. It is assumed that Italy is a comparable situation to France (average 
100 km). The situation in The Netherlands is assumed to be comparable to Germany, 
therefore 600 km are assumed. 

The value of the re-granulate is defined by the kind of use in its secondary application. In 
this case beer crates are a common application. After discussions with crate producers, 
the value of secondary material was considered to be 70 % of the value of the primary 
material. 

In average cardboard production, approx. 80 % of the cardboard is going to recycling after 
use. However, in the case of fruit and vegetable boxes, the amount of recycled fibres in 
production of corrugated board is significantly less.  

In this case it is assumed that approx. 20 % of cardboard returns to the pulp and paper 
industry after use. This corresponds with the amount of waste paper used in the produc-
tion of fruit and vegetable crates. The value of the recycled paper is estimated to be 90 % 
of Wellenstoff. It is assumed that the remaining 80 % of the cardboard is incinerated in-
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cluding energy recovery.  

No misuse or theft of crates is considered.  

The metallocen catalysts in plastic production of polyethylene and polypropylene (approx. 
0,05 g to 0,16 g per kg granulate) are estimated. It is assumed that the environmental 
impact is comparable to the production of an equivalent amount of substance on basis 
benzene and metal.  

The granulate waste from plastic crate production (1,5 % - 6 %) is used in a closed loop 
fashion in granulate production. 

The residues (e.g. packaging, filter dust), wooden boxes and cardboard boxes are 
incinerated in an average European incineration plant with dry off-gas treatment and 
energy recovery. The average distance to the incineration plant is 50 km.  

2.2.12 Simulation and calculation tools 
For the simulation and calculation of the balancing the software system GaBi 4 for life 
cycle engineering is used, which was jointly developed by LBP (former IKP), University of 
Stuttgart, and PE International (former PE Europe) [GaBi 2003]. The data for the transpor-
tation task is deposit from internal calculation models of Euro Pool System [EURO POOL 

SYSTEM 2005] and IFCO [IFCO 2005], the basis for the cost model is the calculation tool 
“Scope”, developed by Euro Pool System [EURO POOL SYSTEM 2004] together with the 
“Fraunhofer-Institut für Materialfluss und Logistik IML” [FHGIML 2004]. 

2.2.13 Critical review 
In order to fulfil the requirements according to ISO 14040 ff. of comparative assertions 
disclosed to the public, a critical review of an independent external expert or expert panel 
is necessary, if the study is intended to be published.  

Five Winds International was commissioned in July 2006 to lead the Critical Review in 
accordance with ISO 14040/44, in collaboration with co-reviewers. The review panel 
comprised the following experts: 

 Angeline de Beaufort-Langeveld — expertise on paper and cardboard; 

 Dipl.-Ing. Sebastian Rüter and Prof. Dr. Arno Frühwald, University of Hamburg —
expertise on wood; 

 Dr.-Ing. Ivo Mersiowsky, Five Winds International — co-ordination and expertise 
on plastics. 

The conclusions of the Critical Review are: 

 The study was conducted in accordance with ISO 14040 and 14044. 

 The purpose and intended use of the study as well as the life cycle model and the 
data categories are transparently documented. The data, models and methods 
employed are appropriate, given the goal and scope of the study. The modelling, 
calculations and aggregation into indicator results were supported by a 
professional life cycle assessment software (GaBi by PE International). 
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 The unit process data were derived from surveys in industry and expert organisa-
tions or from the GaBi life cycle assessment database. Data quality was demon-
strated in terms of consistency, geographic and temporal scope. 

 Some assumptions remain contentious between experts. These issues are noted 
and commented upon below. Since they are transparently documented, this 
circumstance was not deemed to affect the overall outcome of the critical review. 

 While the study was conducted in such a way as to potentially support a 
comparative assertion of the examined packaging systems, this critical review 
does not imply an endorsement of any such comparative assertion based on this 
LCA study. The full report of the critical review can be found in Supplement G: Critical Review Re-

port. 
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3 Description of the Life-Cycle-Models 
For modelling, the software system GaBi 4 for lifecycle engineering is used [GaBi 2003]. A 
modular structure of the scope is developed within the professional LCE-software. This 
guarantees a detailed analysis and assessment of the environmental criteria, if adequate 
data is used. For each packaging system, a separated ecological model of the whole life 
cycle „from the cradle to the grave“ is set up (Figure 3-1), resulting in a life cycle inventory 
analysis quantifying all energy and material flows out of and into the environment (e.g. 
material removal from the environment as well as emissions into air/water/soil). This mod-
elling and life cycle inventory analysis subsequently becomes the basis for further analy-
ses.  

 

  

Figure 3-1: Overview of the modelling of the life cycles of wooden boxes, cardboard 
boxes and plastic crates from „cradle to grave“ (conservative scenario, 
Stück = pieces) 

In the following chapters, the production, the service life and the end-of-life of the three 
packaging systems are described in detail.  

An overview of all assumed numbers for transported wooden and cardboard boxes and 
plastic crates with their related transport distances for the conservative scenario in the life 
cycle models can be found in Supplement B. 



 Description of the Life-Cycle-Models 

 38 

3.1 Production of boxes / crates 
For any of the boxes and crates all relevant process steps from resource to crate are 
considered. 

3.1.1 Wooden boxes 
The production of wooden boxes is separated in three major process steps: wood 
production and supply from forestry, saw mill or peeling and box production. 

Forestry and wood supply 
The modelling of wood production is based on published data from literature [FRÜHWALD 

1996], which were completed and matched by the PE International experts to the GaBi 
software data standards [GABI 2003]. In the model “forestry production of wood” all steps 
between planting of young trees to harvest of logs are included. 

Most one-way wooden boxes are produced from slats of poplar, beech, spruce, pine and 
other wood. In Europe, the fast growing and rather cheap poplar is the wood most often 
used (in Germany up to 90 %) in box production.  

Since poplar production is less input- and energy intensive compared to average wood 
production (e.g. mixed forests), the model employs only 70 % of the average demands. 
While poplar is peeled (Figure 3-2), other logs like pine and spruce have to be sawn in 
sawmills (Figure 3-3).  

 

Figure 3-2: Peeling of poplar for wooden box production (per 1000 kg timber)3 

In peeling, around 13 % wood losses occur that are used as input in the particle board 
industry. Composting and thermal energy generation are not considered to be relevant 

                                                 
3 Remark: The process “Input to particle board production” does not represent the particle board production as such, but the 

preparatory processes to be able to feed the wood residues into the particle board production, which is outside the system 
boundaries. 
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use of the residues. It was reported [SCHWEINLE 2005, VON BOELTZIG 2005] that poplar is 
neither steamed prior to peeling nor dried after peeling. Because the processing of pine 
and spruce do not differ much from each other, only the plan for pine is shown for the 
sawing process. Pine logs are sawed and approx. 20 % of the timber is technically dried. 

 

Figure 3-3: Sawing of pine for wooden box production (per 1000 kg timber) 

The next figure considers the timber mix going into box production. For the European 
average, rates of 70 % poplar, 17 % pine and 13 % spruce go into box production. 
Nowadays only a portion of the saw mills (approx. 35 %) have an integrated box 
production-system where regional wood is handled. The rest of the cut timber has to be 
transported to the site of box production.  

32517 kg32517 kg

 

Figure 3-4: Mixed timber supply for wooden box production  
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Data found on the average transport distance from forest via saw mills (in case of pine 
and spruce) to the site, where wooden boxes are produced differ between “very close - 
within 30 km” and “long distance - up to 1000 km for imported wood”. Wood imports – 
mainly from East European countries – are playing an increasingly important role [HDH 

2005]4.  

The distance between wood production and box production is therefore set to an average 
of 690 km with a payload being “full” for outgoing transports and “empty” for return 
transport.  

Box production 
In most cases logs arrive at the production site in diameters between 300 - 750 mm and 
are debarked, cut to the right length and peeled. The advantage of peeling is less wood 
waste, resulting in a wood-exploitation rate of 60 – 80 %. Veneers with a thickness of 1 – 
6 mm are peeled and the veneers are cut into the right measures for the slats of the 
boxes. 

For the corner blocks of the boxes pine measuring 35 x 35 mm is most often used. 
Squared timber is cut first to the length needed depending on the height of the box and 
then split into two triangular blocks. 

 

400 mm

600 mm

70 – 330
mm

400 mm

600 mm

70 – 330
mm

  

Figure 3-5: Construction of the wooden boxes considered in this study. 

The final process is the stapling, where slats and blocks are put together. This is done 
either by hand, semi-automatically or fully automatically in stapling machines. For the 
stapling process itself, nails, staples or endless wire is used. For modelling purposes, an 
input of 30 g of staples per box as an average is assumed. Using fully automatic 
machinery, a production capacity of between 100 to 4000 boxes per hour is possible 
depending on the size and efficiency of the machines. Boxes are either distributed directly 
to the growers or stored for some days mainly outdoors. Artificial drying is not applied. 

During box production, an average of 30 % wood losses occurs. About one third of the 

                                                 
4 If very close transport distances are chosen (e.g. if a special German situation is considered) the resulting impacts (see 

Figure 4-1) for wooden boxes are lowered by 3-5 %. 
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residues are converted into thermal energy for internal use, the remaining two thirds are 
used as input for particleboard production at a different location. 

The weight of the wooden boxes considered in the modelling is 0,9 kg per box, as shown 
in Table 3-1 which aggregates to 3 million kg of material, which complies with the 3,33 
million boxes needed in total.  

 

Table 3-1: Specifications of wooden box 

Specifications of wooden boxes Representative 
Model - 
Weight of wooden box [kg] 0,9 
Dimensions exterior [mm] 600x400x240 
Load weight (max.) [kg] 15 
Boxes per pallet "filled" 36 
Layers 9 
Pallets per truck 33 

 

Nevertheless – the authors own investigations of collected boxes and inquiries with fruit 
and vegetable growers reveal that box weight can differ significantly due to the water 
content of the wood. Since growers favour shipping some of their fruit/vegetables with 
high humidity to keep them fresh, boxes are often moistened prior to filling. 

 

Figure 3-6: Production of wooden boxes 
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As already stated in chapter 2.2.11, the information on transport distance of wooden 
boxes from the box producer to the fruit and vegetable growers varies markedly. Some 
sources such as box producers [ANNIS 2005, BAUMANN 2005, ENGEL 2005] reported deliv-
ering only to local growers. For Germany, the correlation between the location of wooden 
box producers and the major fruit and vegetable growing areas is quite close (Figure 3-7). 

Palatine
(vegetable)

Upper Rhine
Valley (vegetable)

Lake Constance
Area (fruit)

„Altes Land“
(fruit)

 

Figure 3-7: Correlation between wooden box producers (red dots) and major fruit and 
vegetable growing areas (green circles) in Germany 

Other sources [e.g. HDH 2005] say nearly all wooden boxes are produced in Eastern 
Europe. Hence an average transport distance between box producers and fruit and vege-
table growers is estimated to be 500 km for Germany (min. 30 km, max. 900 km). For 
Spain it is 40 km, and for France figures of 100 km are provided. It is assumed that Italy is 
in a comparable situation to France (average 100 km). The situation in The Netherlands is 
assumed to be rather comparable to Germany, therefore 600 km is assumed. The Nether-
lands have the highest transport distance due to the fact that most of the wood used for 
the box production is imported from other European countries. All assumed transport dis-
tances are listed in the following Table 3-2. 

Table 3-2: Transport distance from box producers to growers 

Growers: DE ES FR IT NL 
Distance [km] 500 40 100 100 600 

 

Throughout Europe, the wood packaging industry is mainly comprised of small and me-
dium size enterprises. The number of employees per company rarely exceeds 20 [HDH 

2002].  

3.1.2 Cardboard boxes 
The data for the production of cardboard boxes is published and provided by the industry 
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association FEFCO (Fédération Européenne des Fabricants de Carton Ondulé) and is 
considered to be very suitable for undertaking LCA studies. All information needed is 
available and the data has an adequate degree of detail. The production of cardboard 
boxes is described in detail and all allocation rules and assumptions are described prop-
erly and are understandable. For readers wishing to find more detail on this topic we rec-
ommend the publication “European Database for Cardboard Life Cycle Studies” [FEFCO 

ET AL. 2003]. 

The main process steps in cardboard box production are forestry, pulp and paper 
production and cardboard box production. 

The raw materials are hard and soft logs from forestry and waste paper and wooden resi-
dues. The up-stream processes for forestry are comparable to those from wood (see 
chapter 3.1.1 – Forestry and wood supply) 

Cardboard is made from paper made up of cellulose fibres, which are either virgin or recy-
cled. Two sheets of paper called “liners” are combined and glued to a corrugated inner 
medium called “fluting”. These three layers of paper are assembled in a way which gives 
the overall structure a greater strength than that of each distinct layer. This ingenious con-
struction forms a series of connected arches that are well known for their ability to support 
strong weights. This structure gives cardboard considerable rigidity and resistance. The 
cardboard is then cut and folded into shape and sizes to become corrugated packaging 
[FEFCO 2005]. The packaging is then palletised and ready to be shipped flat to the cus-
tomer. 

 

 

 

Figure 3-8: Examples of the construction of the cardboard boxes considered in this 
study [FEFCO 2004]. 
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The production process is modelled according to the detailed “European Database for 
Cardboard Life Cycle Studies 2003”, published by FEFCO et al. 2003 (Figure 3-9) and 
supplemented with data on forestry, energy, fuel supply and chemical production from PE 
International and the GaBi 4 databases. It is aimed to represent FEFCO Code 0411. 

In pulp and paper production the differing amounts of logs, wood chips and waste paper 
are input to produce specific paper qualities. Differing amounts of pulp and paper qualities 
are used and some energy as a by-product is produced. This energy is used in the 
production process itself. Several different chemicals are used in quite small amounts to 
produce the final cardboard. The cardboard is then cut and glued into a box. 

 

Figure 3-9: Production of cardboard boxes (according to FEFCO ET AL. 2003 related to 
750 kg of boxes) corrugated board 

For fruit and vegetable boxes of FEFCO Code 0411 a high amount of fluting and Kraftliner 
is needed according to [FEFCO ET AL. 2003]. Therefore the boxes for fruit and vegetable 
are much more demanding of resources than an average cardboard box. As such, it 
should be noted that the cardboard is representative for this specific application, but can-
not be considered as representative of average cardboard.  

The process is providing surplus thermal energy and steam. This energy products are 
used in further industrial processes. Hence credits are given according to a certain Euro-
pean average on thermal energy production. Basis of this steam production mix is the 
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country specific composition of the related UCTE electricity mix. 

According to [FEFCO ET AL. 2003] the transport of log wood is included in the systems of 
semichemical fluting, Kraftliner, Testliner and Wellenstoff. 

The average weight of the cardboard boxes considered in the modelling is 0,785 kg per 
box, which aggregates to 2,6 million kg of material, complying with the 3,33 million boxes 
needed in total. The specifications of the cardboard box used for the purpose of this study 
are listed in Table 3-3 below. 

For calculating the transport distances of wood raw materials harvested in the forests to 
paper-mills, the very detailed figures published in the “European Database for Cardboard 
Life Cycle Studies” [FEFCO ET AL. 2003] are used.  

 

Table 3-3: Specifications of cardboard boxes [FEFCO 2004] 

Specifications of cardboard boxes   
Model FEFCO Code 4011 Representative 
Weight of cardboard box [kg] 0,654 0,785 
Dimensions exterior [mm] 600x400x180 600x400x240 
Load weight (max.) [kg] 14 15 
Boxes per pallet "filled" Not specified 36 
Layers Not specified 9 
Pallets per truck Not specified 33 

 

To meet the functional unit of 15 kg load weight per box, the dimension is slightly scaled in 
height (from 180 to 240 mm). This aims to guarantee comparability. Otherwise the card-
board boxes (14 kg) would not have the same capability than wooden boxes and polymer 
crates (15 kg each). Furthermore the height is often referred being customer specific (see 
Figure 3-8). It was aimed to set up a suitable and representative mean value for different 
customer specific fruit and vegetable boxes according to the FEFCO report [FEFCO 

2004]. 

The FEFCO Annual Statistics 2004 [FEFCO 2004] states that in 2004, 749 production 
plants for cardboard are operated in Europe (e.g. Germany 110, Spain 98, Italy 91, 
France 78 and The Netherlands 15). Calculating the number of paper-mills in each coun-
try and the respective land area and assuming that the plants are equally distributed, the 
average distance is almost 50 km. Therefore, for all countries considered in the study, the 
average transport distance from the box producer to the fruit/vegetable growers is set to 
50 km as shown in Table 3-4. 

Table 3-4: Transport distance from box producers to growers 

Growers: DE FR ES IT NL 
Distance [km] 50 50 50 50 50 
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3.1.3 Plastic crates 
The data for the production of plastic crates are provided by industry representatives, 
such as Bekuplast, Didak Injection and Schoeller Arca Systems, producing plastic crates 
from polyethylene and polypropylene. Polypropylene (PP) crates, such as those used by 
IFCO, and high density polyethylene (HD-PE) crates, as used by EUROPOOL are 
employed in this context.  

Production of Polyethylene 
The basis for the production of both polyethylene and polypropylene is crude oil. 
Polyethylene is polymerised from ethylene, which is extracted by cracking naphtha or gas 
oil in a steam-cracker. High-density polyethylene is produced in a low-pressure process 
which are classified, according to the phase in which the reaction occurs, into: 

 solution process 

 suspension process 

 gas phase process  

The most commonly used process variants for polymerisation according to [ULLMANN'S 

2005] are: 

 Suspension process in a stirred tank reactor (autoclave) with Ziegler catalyst and 
hexane as a solvent 

 Suspension process in a loop reactor with chromium oxide catalyst ("Phillips 
process") and isobutane as a solvent 

 Gas phase process in a fluidized bed reactor. 

Because of its high market share, the gas phase process in a fluidized bed reactor is cho-
sen as reference process for the production of polyethylene. LCA data within this project 
refer to the gas phase process in a fluidized bed reactor. Figure 3-10 shows a principal 
flow-sheet for the Union Carbide fluidized-bed process.  

The gaseous ethylene enters the reactor through a distributor plate which provides an 
even distribution of gas and must also prevent powder falling through when the gas flow is 
stopped. The fluidized bed functions more or less as a continuous stirred-tank reactor in 
which mass transfer provides back mixing of material and heat throughout the reactor. 
There is an up-flow at the centre and down-flow at the walls. The conversion per pass is 
approx. 2 % for HD-PE. 
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a)  Catalyst hopper and feed valve;  

b)  Fluidized-bed reactor; 

c)  Cyclone;  

d)  Filter;  

e)  Polymer take-off system;  

f)  Product recovery cyclone;  

g)  Monomer recovery compressor;  

h)  Purge hopper;  

i)  Recycle compressor; 

j)  Recycle gas cooler 

 
 

Figure 3-10: Fluidized bed reactor [ULLMANN'S 2005] 

A cyclone and/or filter prevent fine particles reaching the recycle cooler and compressor. 
The polymer is removed via a sequenced valve to a powder cyclone, from which residual 
monomers are recovered and recompressed. The main recycle compressor circulates gas 
at a high flow rate, but with a small pressure rise [ULLMANN'S 2005].  

More detailed information and specification about industrial production processes of poly-
ethylene, is given in technical literature [ULLMANN'S 2005, WEISSERMEL 2003, 
CHEMSYSTEMS 1988]. 

Production of Polypropylene 
Polypropylene is also produced from crude oil by cracking naphtha or gas oil in a steam 
cracker. For polypropylene many different polymerisation processes exist, such as 

 solution polymerisation 

 bulk polymerisation in liquid propene (propylene), and several 

 gas-phase processes. 

The LCA data, used in this project refers to a 50:50 combination by weight of two gas 
phase processes, the gas phase process in a fluidised bed reactor by Union Carbide / 
Shell [MEYERS 2005], and the gas phase process in a vertical reactor, like the one oper-
ated by BASF [MEYERS 2005], because of their industrial importance [ULLMANN'S 2005]. 
The general process of the polymerisation is similar to the production of polyethylene, 
which is described above.  

More detailed information and specification about industrial production processes of poly-
propylene is given in the technical literature [ULLMANN'S 2005, WEISSERMEL 2003, 
CHEMSYSTEMS 1988]. 

Share of PE and PP 
In general, the study assumes a representative standard granulate, to produce represen-
tative standard plastic crates. According to the market share of IFCO and EUROPOOL 
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this means a weighted average mixed granulate life cycle inventory is calculated from the 
life cycle inventory data from PE and PP, to represent the plastic raw material. 

In plastic crate production 58,4 % of PE and 41,6 % PP are used. No secondary granulate 
is used (Figure 3-11) in the basic assumptions, due to some of the box producers only use 
primary granulate for the production of the plastic crates for fruit and vegetable transport. 
The influence of the use of secondary granulate up to 30 %, which suits well to the current 
average value of about 29 % of secondary granulate used within the pool of the plastic 
crates currently operated by IFCO and EUROPOOL will be investigated in chapter 4.1.5 
by conducting parameter variations.  

 

Figure 3-11: Share of PP (IFCO) and PE (EUROPOOL) within plastic crate production 

Additives 
Pure plastic granulate is in general not stable against light, heat, etc. Thus, for different 
product applications several additives are compounded, e.g. light or heat stabilizers. In 
this context mainly standardised UV-absorbers and antioxidants for food applications in 
common amounts are employed to achieve a use phase as long as possible.  

In the LCA model 0,13 % standard HALS UV-absorber and 0,5 % of antioxidants are 
assumed to be used in the representative granulate to produce the plastic boxes. These 
values are averaged values, provided by the box producers noted previously. 

Production of plastic crates 
For the LCA model a representative plastic crate is calculated from the data of the chosen 
crates from IFCO and EUROPOOL. The most important technical specifications for both 
the “real” crates and the calculated “representative” crate used in the LCA model are listed 
in Table 3-5 [EURO POOL SYSTEM 2005, IFCO 2005]  
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Table 3-5: Specifications of PE and PP plastic crates [EURO POOL SYSTEM 2005, IFCO 
2005] 

Specifications of plastic crates PE PP Representative 
Model Model 24 6424  
Weight of plastic crate [kg] 1,95 2,075 2 
Dimensions exterior [mm] 600x400x241 600x400x250 600x400x240 
Dimensions interior [mm] 566x366x212 578x372x230  
Load weight (max.) [kg] 20 20 15 
Crates per pallet "filled" 40 36 36 
Layers 10 9 9 
Folded height in stack [mm] 61 34,3  
Crates per pallet "folded" 152 256 213 
Height (crates + pallet) [mm]  2350  
Pallets per truck 33 33 33 
Crates per truck "folded" 5016 8448 7029 

 

Both, the polyethylene and the polypropylene crates are produced by a common injection 
moulding process. According to [EURO POOL SYSTEM 2005] and [IFCO 2005] 100 % of 
virgin plastic granulate is used for the production of the plastic crates. The granulate is fed 
into the tunnel, as shown in the principal process figure below (see Figure 3-12), and plas-
ticized by thermal energy and friction energy from screwing. 

The melted plastic is injected into the closed form mould using high pressure, depending 
on the material, mass, machine, etc. After cooling down, the formed work piece is re-
moved and assembled together with the other necessary parts to fabricate the crate as 
shown below (see Figure 3-13).  

 

 

Figure 3-12: Principle Injection Moulding Process [EYERER 2005] 
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Figure 3-13: Examples for PE and PP plastic crates [EURO POOL SYSTEM 2005, IFCO 
2005] 

From the data provided by the three crate producers, a representative averaged injection 
moulding process could be calculated. For the production of one crate 50 to 70 seconds is 
needed. Approximately 1,88 kWh of electric energy and less than 0,001 l of lubrication oil 
are needed for the production of one crate. Between 1,5 % und 6 % of scrap occurs in the 
production process, leading to an average value of nearly 2,8 % of scrap. This seems to 
be a realistic value for scrap, which is reused after re-granulation in other injection 
moulding applications, such as the production of beer crates. The re-granulation can take 
place internally or at another company.  

For the new boxes different packaging systems with different waste amounts are utilised; 
it is assumed that the two packaging systems are used on a 50 % to 50 % (ribbon band 
and pallet stretch foil) basis. In the case of packaging with LD-PE (low density 
polyethylene) stretch foil between 143 and 700 g is used per pallet, as an average value 
282 g were calculated. Packaging with ribbon band is done with about 10 g of PP ribbon 
band. The LCA modelling of the plastic crate production is shown in Figure 3-14. In general the 
polymerisation of PP and PE is either carried out at the refinery directly or in chemical 
companies producing ethylene or propylene via steam cracker from naphtha. Compound-
ing can take place directly at the refinery or at the plastic fabricator, depending on the 
preferences of the latter. The representative transport distance from the granulate pro-
ducer to the box producer is calculated from the data provided by the three regarded plas-
tic box producers. The polymers are transported approximately 320 km to the box produc-
ers with 32 t or 40 t trucks, with an average utilization of nearly 85 % by mass.  
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Figure 3-14: Production of plastic crates 

From the crate producer the plastic crates are delivered directly to the grower / customer. 
In the case of plastic crates, the crate production site can be seen as a virtual depot. The 
distances are calculated to an average value from data provided by the three plastic crate 
producers [BEKUPLAST 2005], [DIDAK INJECTION 2005] and [SCHÖLLER ARCA SYSTEMS 

2005]. Schöller operates production sites in Germany, France and Spain, Bekuplast has 
its main site in Germany, and Didak produces the plastic crates which are related to this 
study in Belgium. 

The assumed distances for the transport of the new crates from the production sites to the 
growers in the producer countries are listed in Table 3-6. The transport is undertaken by 
trucks with an overall weight of 40 t and a load capacity of 27 t. 

Table 3-6: Transport distance from crate producers to growers 

Growers: DE FR ES IT NL 
Distance [km] 400 450 800 700 150 

 

For the production of polyethylene and polypropylene crude oil is needed as material 
feedstock. Approximately the same amount of energy is required to manufacture the 
monomers from petroleum feedstock, and for the conversion into a polymer. At present, 
most of the power comes from burning fossil fuels which causes carbon dioxide and water 
vapour emissions to the atmosphere [ULLMANN'S 2005].  
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Under normal operating conditions the impact on the environment of polyethylene and 
polypropylene production plants is minimal. Some volatile organic compounds from diffuse 
sources and particle emissions from the gas phase process can occur. 

Within the injection moulding, no significant emissions occur. Waste from production is 
shredded and recycled for other injection moulding applications such as beer crates either 
by internal or external re-granulation, depending on the fabricator. Electric energy is 
needed for the injection moulding process; most of it is needed to plastify/melt the plastic 
granulate and to provide the high pressure in the form mould. After production, the plastic 
crates are packed on a pallet and wrapped with LD-PE stretch film or with a PP ribbon 
band. 

 

3.2 Service life 
To be able to compare the different transport systems (wooden boxes, cardboard boxes 
and plastic crates) they have to accomplish the same task (see also chapter 2.2.2 
Functional unit). For that reason a transport task is defined that will be the same for all 
three systems under comparison. The basis for this transport task is the transport of fruit 
and vegetables using the EUROPOOL and the IFCO System. The transport task is further 
defined in section 3.2.1. 

The transport of fruit and vegetable from the producer to the consumer is split up into two 
parts: the first part is from grower to the hypermarket/distribution centres, which can be 
assessed in a matrix of international transportation (Transport Matrix Europe). The second 
one is the transport from the hypermarket/distribution centre to the local 
supermarkets/retailer or other stores. 

Having determined the task of transporting a defined amount of fruit and vegetables 
across Europe according to the transportation matrix, there are additional transports of 
empty crates which have to be considered: 

The newly produced boxes/crates first have to be brought from the box/crate producers to 
the growers in the producer countries. This transport is considered for all crate types in 
the respective production processes. The depots for the plastic as well as for the 
cardboard and wooden boxes are strategically located, usually close to important growing 
areas for fruit and vegetable. 

After the goods have been sold at the local supermarkets/retailer the used empty crates 
have to be brought back to the hypermarket/distribution centre. From the hypermar-
ket/distribution centre, the empty wooden and cardboard boxes are transported to their 
respective recycling or disposal site and the plastic crates are washed and returned to the 
growers in the producer countries (Figure 3-15). 

For all three crate systems it was found that 36 crates fit onto one pallet; 33 pallets into 
one truck amounting to 1188 crates per truck. For each crate an average load of 15 kg 
fruit or vegetables is assumed, resulting in a combined fruit and vegetable weight of 
540 kg per pallet (without the weight of the crates).  
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Figure 3-15: Routes of crates undertaking the transport tasks 

Table 3-7 lists the truck loads used in this project. Calculating the maximum truck load by 
weight, the resulting overall weight of one pallet of full plastic crates would be approxi-
mately 624 kg (12 kg for the pallet itself, 2 kg per plastic crate and additional packaging 
material). Under these assumptions the truck load weighs about 20,6 t. Taking into ac-
count an allowed load capacity of 27 t per truck, the load is approximately 76 %. With a 
maximum load of the crates being 20 kg (given by [IFCO 2005] and [EURO POOL SYSTEM 

2005]), the truck load would be around 26,5 t, which corresponds to a pay load of 99 %.  

Table 3-7: Truck loads considered in this study 

wooden boxes cardboard boxes plastic crates
load weight per box/crate [kg] 15                15                     15               
box/crate weight [kg] 0,9               0,785                2                 
pallet weight [kg] 12                12                     12               
boxes/crates per pallet 36                36                     36               
weight per full pallet [kg] 584,4           580,26              624             
pallets per truck 33              33                   33               
truck load [kg] 19.285       19.149           20.592        

maximum truck load by weight

 

The weight of a pallet loaded with 36 full wooden boxes is 584,4 kg and for cardboard 
boxes it is 580,26 kg. Therefore when using wooden or cardboard boxes more fruit or 
vegetables can be transported in one truck (by mass). Even with the maximum load of 
20 kg per box, the maximum load of 27 t per truck is not reached, but the question 
remains whether this would be possible in terms of available volume in the truck. 
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To conclude: With a load of 15 kg fruit/vegetables and 36 boxes/crates per pallet and 33 
pallets per truck (due to volume limitation) in all three systems, the maximum allowed load 
of 27 t is not reached, and thus the same amount of trucks is needed for the transport of 
1000 tons fruit and vegetables.  

The theoretical maximum truck load by volume for a truck is 33 pallets, each stacked 
with 40 crates (PE crates [EURO POOL SYSTEM 2005]), resulting in 1320 crates per truck. 
Assuming the theoretical maximum load of 20 kg per crate, a crate weight (for plastic 
crates) of 2 kg and a pallet weight of 12 kg, the truck load would be about 29,4 t. Because 
of the maximum load capacity of 27 t per truck, the truck would be allowed to transport at 
most 30 pallets with fully loaded plastic crates, or 33 pallets with plastic crates loaded with 
maximum of 18,15 kg each (shown in Table 3-8).  

Table 3-8: Limitations of truck load by weight and by volume 

wooden
boxes 

cardboard
boxes 

 plastic
crates 

crate weight [kg] 0,9                  0,785              2                     
number of crates per pallet 40                   40                   40                   
pallets per truck 33                33                33                  
number of crates per truck 1.320           1.320           1.320             
load per crate [kg] 19,25           19,37           18,15             
pallet weight [kg] 12                   12                   12                   
truck load [kg] 27.000         27.000         27.000           
thereof:

packaging [kg] 1.584              1.432              3.036              
fruit & vegetable [kg] 25.416            25.568            23.964            

admissible truck load [kg] 27.000         27.000         27.000            

wooden
boxes 

cardboard
boxes 

 plastic
crates 

crate weight [kg] 0,9                  0,785              2                     
number of crates per pallet 40                   40                   40                   
pallets per truck 31                32                30                  
number of crates per truck 1.240           1.280           1.200             
load per crate [kg] 20                20                20                  
pallet weight [kg] 12                   12                   12                   
truck load [kg] 26.288         26.989         26.760           
thereof:

packaging [kg] 1.488              1.389              2.760              
fruit & vegetable [kg] 24.800            25.600            24.000            

admissible truck load [kg] 27.000         27.000         27.000            
 

With respect to wooden boxes and cardboard boxes, a limitation by weight is reached 
when 40 boxes (instead of 36) are loaded on one pallet with the maximum of 20 kg per 
box (33 pallets per truck). In the case of wooden boxes the maximum load of the truck (by 
weight) is reached with 19,3 kg fruit and vegetables per box or with 20 kg per box at a 
load of 31 pallets. In the case of cardboard boxes the maximum load of the truck (by 
weight) is reached at 19,4 kg fruit/vegetable per box or with 20 kg per box at a load of 
around 32 pallets (shown in Table 3-8). Due to the lower packaging weight in the wooden 
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and cardboard systems in comparison to plastic crate system, a maximum of 6 % addi-
tional fruit and vegetables load can be transported on one truck, given the above men-
tioned assumptions of 100 % loading. 

In the following two figures, the modelling of the transport for cardboard boxes (Figure 
3-16) and plastic crates (Figure 3-17) are shown. Since the number of wooden boxes 
transported is the same as in the case of cardboard boxes, that figure has been omitted. 

The “Transport Matrix Europe” is shown as well as the “Delivery and Take-back” for each 
of the consumer countries. “Delivery and Take-back” comprises the transport of full crates 
from the hypermarket/distribution centre to the supermarkets/retailer and the transport of 
the empty crates back to the hypermarket/distribution centre. In the case of plastic crates 
additional steps of “inspection, cleaning and hygiene” and the “back transport matrix” are 
displayed.  

All these transport tasks and other processes related to the service life of the different 
crate systems and the source of the numbers taken into account in the modelling are 
described in the following paragraphs. 

 

Figure 3-16: Transport of cardboard boxes (Stück = pieces)  
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Figure 3-17: Transport of plastic crates (Stück = pieces) 

3.2.1 Core element of Service Life: The international transport matrix 
The matrix of international transports (Figure 3-185) comprises the transports of filled 
boxes/crates from the growers in the producer countries to the hypermarket/distribution 
centre in the consumer countries. “International” might be not the right term for all of the 
connections as some countries are considered as producer and consumer at the same 
time and therefore transport inside these countries is also considered by this matrix. (see 
Figure 3-18, Z11, Z23 and Z45). Nevertheless this term has been chosen as this part of the 
transport chain is responsible for the distribution of fruit and vegetable across Europe. 
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Figure 3-18: Matrix of international transport as basis for the modelling of the fruit and 
vegetable transport in Europe 

                                                 
5 Z is a variable, the numbers stand for the transport from the related producer country to the accordant consumer country. 
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These transports define a representative transport task on a European level. As it is the 
same for all three systems, the influence on the comparison of choosing one specific 
transport task or another is minimal. However, to quantify the impact of the transport in 
comparison to the production phase, the end of life phase and – for the plastic crates – 
the washing and return transport of the empty crates the transport matrix has to be fully 
developed. 

This procedure also ensures that the model provides a `real life` situation and therefore 
makes the results more comprehensible. 

Parameters for the characterisation of transport processes 
This study considers five producer countries (ES, IT, FR, NL, DE) and four consumer 
countries (FR, DE, NL, GB) resulting in the 20 possible transportation connections shown 
in Figure 3-18. For each of these transportation connections (Z11 – Z45) the number of 
transported boxes/crates, the transport distance, the load of the trucks and the kind of 
trucks have to be considered. The truck size is considered to be the same for all interna-
tional transports as well as for the long distance transport inside each country. For each of 
the remaining values, a separate matrix is used to collect the data. As the transport of the 
full boxes/crates is managed by haulage companies a load of 85 % was assumed which 
proved to be an average value for haulage companies. 

The transport distances and the amount of boxes/crates for each transportation 
connection were gathered into one matrix each. 

Distances for the transport of full crates 
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Figure 3-19: Transport distances6 considered in this study 

The matrix with the transport distances is shown in Figure 3-19. The distances from coun-
try A to country B are different from country B to country A for most of cases. This is be-
cause the starting point for the transport is the areas in the countries where fruit and vege-
tables are grown, but the destination is the areas where fruit and vegetables are con-
sumed. This means that the average transport distance e.g. from Germany to France dif-
fers significantly from the average transport distance from France to Germany. 

                                                 
6 Partly collected at distributors, partly calculated 
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The distances for which no data were available are determined by route planning pro-
grams choosing big cities in the centre of the respective country as starting point and des-
tination. For further details see Supplement D “Transportation matrix”. 

Availability of transportation data 
Both EUROPOOL and IFCO made transport data available for the transportation of the 
empty crates from the collecting points in the consumer countries to the outlets in the 
producer countries. However, no data is available on the number (and ways) for full crates 
on their way to the hypermarket/distribution centres in the consumer countries. The 
number of crates rented out in the producing countries as well as the number of crates 
collected in the consumer countries can be specified with the available data. But what 
happens in between and its influence on the transport distance of the crates and therefore 
potentially on the results of the study can not be assessed without a tracking system.  

The reason, why the transport distance of the full crates can not be assessed directly is 
shown in the following example (Figure 3-20): 

From the available data both cases could be built. They differ considerably in the total 
distance the full crates have to be transported. The dotted arrows show the transportation 
of the empty crates for which the exact data is available. By the nature of the logistics 
systems these distances are optimised to be as small as possible. There are other 
aspects such as utilisation ratio of the washing centres, peaks in demand for empty crates 
for the different seasons in different regions, etc. These are factors mitigating against 
minimised transport distances. Therefore in reality the theoretical minimum of transport 
distances will never be reached as the logisticians are aiming for the economic overall 
optimum. This can also be seen below in the different scenarios which have been 
developed on the basis of the data provided by IFCO and EUROPOOL. 

 

Example:
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Collected: 1 box in Germany; 1 box in France
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Figure 3-20: Uncertainty in the assessment of the transportation distance 
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Amount of transported full crates 
IFCO and EUROPOOL provided data on the movements of the empty crates in their 
systems from which the number of crates rented out in the producer countries and the 
number of collected empty crates in the consumer countries could be determined. The 20 
possible transportation connections have been rated according to the distance. 
Subsequently the calculated empty crates which were rented out and the calculated col-
lected crates were allotted to the different transportation connections starting with the 
transport connection with the biggest distance. This resulted in the theoretical maximum of 
the transportation performance (the transportation performance is the “number of crates” 
times the “transport distance” leading to the unit [crate*km]) Accordingly to get the 
theoretical minimum the numbers of crates being rented out and being collected have to 
be allotted to the transport connections starting with the connection with the lowest 
distance. The matrix of the theoretical minimum and of the theoretical maximum have been put 
together to build an average. Due to the fact that in both cases there were some of the 
possible 20 transportation connections which did not undertake any transport (as they had 
already been used up on other connections) the averaged matrix also does consider 
some of the connections as zero which surely are not zero in reality. 

Also the matrix had to be adjusted to the circumstances which were considered in this 
study (five producing countries, four consuming countries). E.g. in the data provided by 
EUROPOOL and IFCO Great Britain was not considered as a consuming country be-
cause neither of them have customers there. Nevertheless, Great Britain should be con-
sidered as consuming fruit and vegetables in this study. Therefore this averaged matrix for 
the amount of transported crates was modified into a reasonable transportation matrix 
shown in Figure 3-21. 

 

 

Figure 3-21: Transportation matrix modelled 

The transportation performance is the indicator characterising the influence of the trans-
port matrices on the results. The transportation performance is expressed in the amount 
of crates times the transported kilometres [crate*km]. It is the only transport parameter 
influencing the results. Table 3-9 gives an overview on the different cases and the range 
of the resulting transportation performances. 
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Table 3-9: Transportation performance and respective mean transportation distance 

 Min Max Mean Modelled Empty 
crates 

Transportation perfor-
mance [bn crate*km] 2,150 4,539 3,344 3,357 2,320 

Mean transportation 
distance [km] 645 1.361 1.003 1.007 696 

 

It can be seen that the transportation performance for the scenario matrix is nearly the 
same as the one for the averaged matrix. So the numbers seem to be reasonable. 

The transportation matrix for the backhaul of the empty crates gives a transportation 
performance close to the theoretical minimum. This also makes sense as the logisticians 
try to minimise the transportation performance of empty crates but will never reach this 
due to other constraints mentioned above. 

The following figure shows how the international transport matrix is modelled in the 
software. 

Differences between the different crate systems arise from the different weight of the 
crates. The plastic crates are heavier than wooden and cardboard boxes. This results in 
higher fuel consumption and higher emissions for all transport processes. 

 

Figure 3-22: Flows of fruit and vegetable boxes/crates throughout Europe (Stück = 
pieces) 
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3.2.2 Local transports 
In Figure 3-23 the “Delivery and Take-back” is shown in more detail. It comprises the 
transports described in the chapters below (see chapter “Transport from hypermar-
ket/distribution centre to supermarket/retailer” and chapter “Transport from supermar-
ket/retailer to hypermarket/distribution centre”. 

The biggest part of a truck’s fuel consumption is needed for the truck itself. The minor part 
is caused by the additional weight of the goods transported. So the entire consumption of 
the truck has to be allocated to the load. 

 On the transport to the supermarket/retailer the load consists of fruit/vegetables 
and packaging.  

 On the return transport the load is only empty crates.  

The fuel consumption caused by the fruit/vegetables is omitted here due to the fact that it 
is the same for all three systems and therefore does not lead to differences between the 
systems and the overall influence on the results proved to be negligible. Of interest here is 
only the fuel consumption due to the weight of boxes/crates. 

Both cases given above are shown in Figure 3-23. Only the diesel consumption caused by 
the crates is shown. On the left hand side the consumed fuel is allocated to the trans-
ported fruit and vegetables and to the crates, but shown is only the consumption caused 
by 1.000 kg of boxes/crates. On the right hand side (return transport) the consumed fuel is 
fully allocated to 1.000 kg of transported empty boxes/crates. 

 

Figure 3-23: Example for modelling the “Delivery and Take-back” between Hypermar-
ket/Distribution Centre and Supermarket/Retailer (Example shows the 
situation for The Netherlands) 

Transport from hypermarket/distribution centre to supermarket/retailer 
From the hypermarket/distribution centre the fruit and vegetables are transported to the 
supermarkets/retailer. The payload for this transport was assumed to be 70 %. With haul-
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age companies reaching mean values as high as 85 %, this number is reasonable, as 
these trucks have tours to stock several supermarkets. At each supermarket the load is 
reduced due to partial unloading resulting in a lower average load than transports where 
the truck is loaded once and unloaded only once at the destination. 

For the distance from hypermarket/distribution centre to supermarket/retailer the following 
transport mean values are used for each of the four consumer countries separately. 

Table 3-10: Transport distance from hypermarket/distribution centre to supermar-
ket/retailer 

 DE FR GB NL 
Distance [km] 42 50 50 63 

Data Source BAITZ 1995 ADEME 2000 
Assumption  
(similar to 
France) 

EUROPOOL  
(value for Belgium) 

Transport from supermarket/retailer to hypermarket/distribution centre 
Used empty crates are usually transported back to the hypermarket/distribution centre. 
This is true for all three crate systems so far. However, in the future it is planned to ship 
empty plastic crates directly from the supermarket/retailer to a cleaning depot where they 
are sorted, washed, and stored, ready for the next user. This will remove one link from the 
transportation chain because crates will not have to be transferred to the 
hypermarket/distribution centre first.  

The empty crates are either collected by extra trucks, or by the same truck which delivers 
the fruit and vegetables. For the modelling it was assumed that the same trucks are used 
to return the empty crates to the retail stores, though with a very low payload of 5 to 15 % 
(10 % assumed in the model) which is partly due to the low weight of the empty crates 
and partly accounts for the extra trucks mentioned above. The distances between 
supermarket/retailer and hypermarket/distribution centre are the same as those taken into 
account for the transport from hypermarket/distribution centre to supermarket/retailer. 

Transport from hypermarket/distribution centre to recycling/disposal   
For the end-of-life of the wooden boxes there are three options: recycling into 
particleboard, incineration in a waste incineration plant and composting. 

Due to the metal fraction in the wooden chips produced from used fruit and vegetable 
crates and the costly separation of the wood from the metal fraction, the particle board 
producers in Germany and other European countries are not using wood chips from 
recycled fruit and vegetable crates. In some southern countries, e.g. Italy, these chips are 
used in the particleboard production. Therefore a transport distance of 1500 km is used in 
the model as a mean value for the wooden chips which have to be transported to Italy, in 
order to be recycled to particle board. 

Waste incineration plants are well distributed among the countries under consideration 
and in metropolitan areas. So 50 km as a mean value for the transportation distance to 
the waste incineration plant is taken into account for all kinds of boxes and crates. 
Composting sites are also well distributed among the countries. For the transportation 
distance to the composting plant 50 km is also the figure used. 
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Recyclers for cardboard boxes are found all over Europe. However, there are not as 
many waste incineration plants and composting sites. Therefore the transportation 
distance for the cardboard from hypermarket/distribution centre to the recycler is 
determined to be 150 km. In relation to the incineration, 50 km as a mean value for the 
transportation distance is used (see above). 

The plastic crates accrue at the washing plant as the broken crates are sorted out there. 
Hence, the transport of the broken crates is from the washing centre to recycling/disposal, 
not from hypermarket/distribution centre to recycling/disposal. The additional transport 
from hypermarket/regional distribution centre to washing plant is covered as part of the 
next section (chapter 3.2.3). 

The transportation distance from the washing centre to the granulate producers, who as 
well re-granulate the crates, is determined to be 250 km. The distance to the next 
incineration plant is set to 50 km (see above). 

3.2.3 Return transport for plastic crates 
For wooden boxes and cardboard boxes there is no return transport as they are only used 
once. The transporting back is an aspect of the plastic crates solely. From the 
hypermarket/distribution centre they are brought to a washing centre, where they are 
subsequently washed and checked. The broken crates sorted out in this process are 
transported to recycling/disposal.  

In most cases the washed empty crates are transported back to the growers in producer 
countries. Again these transports can be accounted for in a matrix. In fact the matrix of 
returning the washed empty plastic crates to the growers was the starting point to develop 
the matrix of international transports as the data for these transports could be provided by 
EUROPOOL and IFCO (see 3.2.1 Core element of Service Life: The international trans-
port matrix). 

The following numbers are taken into account for the return transport: 213 folded crates fit 
onto one pallet with 33 pallets per truck. Each crate has a mass of 2 kg, leading to a load 
of 7029 crates or 14058 kg per truck. This equals a payload of 53 %. For 3.320.000 crates 
approximately 473 trucks are needed. The average travel distance for return transports is 
700 km. 

The issue of return transport is discussed in depth. It is recognized that return transports 
may play a major role in logistics and costs but a rather minor role in environmental 
comparisons. In the case of plastic crates, a certain number of empty folded crates has to 
be transported southwards. Due to the folding and the transport capacities the plastic 
crates can be shipped efficiently. Depending on the system one truck can ship four to over 
seven times more empty crates to the growers than taking full crates back. That means in 
the worst case one truck filled with empty crates and three totally empty trucks are needed 
by the grower in order to ship four truck loads of fruit or vegetables from the grower´s area 
to the consumer countries. 

Most fruit and vegetable are transported from the southern countries to northern countries 
because the warmer climate is better suited to growing fruit and vegetables which can not 
be grown in the northern countries. This results in the situation that you have overcapaci-
ties of empty trucks going south in order to pick up fruit and vegetables there. The trucks 
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used for food transport are liable to several regulations restricting them to only a few kinds 
of goods which can be transported (Figure 3-24). 

It is sometimes stated that trucks going south loaded with empty crates could otherwise 
be used to transport other goods to the south. The relevance of this case is argued in the 
following example: 

To be able to transport 1000 truck loads of fruit or vegetables from the south to the north 
you have to bring 1000 trucks from the north to the south either beforehand or after the 
transportation of the goods. If you assume the worst case for foldable plastic crates of a 
ratio of four to one 250 of the southbound trucks are loaded with empty crates. The 
remaining 750 trucks are completely empty. 

 

Plastic crates – multi-way
(per 1000 trucks)

Wooden/Cardboard boxes – one-way
(per 1000 trucks)

North

South

1000 trucks
(full)

750
trucks

(empty)

250 
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with
empty
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North

South
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1000
trucks
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South
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1000
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Figure 3-24: Situation of one-way and multi-way transports 

This clearly demonstrates the assertion that in a comparative assertion from an 
environmental point of view only the difference in load weight for the minor amount of 250 
return trucks has to be considered. This means, the majority of trucks are travelling south 
under the same conditions (supply, market, costs, pay load, demand), regardless, whether 
they are empty or loaded (difference between plastic crates and one-way crates is zero). 

In case the share of the trucks loaded with other goods which are going south exceeds 
the 75 % (in our example the 750 trucks) there would be another difference that has to be 
taken into account: The 250 trucks loaded with empty crates could not be used for other 
transports, but the ones used in the one-way example could. 

In this case the transport of the southbound trucks would not have to be allocated to fruit 
and vegetable transports as they are going south in order to transport other goods there. 
They then would already be available in the south to pick up the fruit and vegetable and 
only the transport to the north would need to be considered for the one-way packaging. At 
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the same time the empty multi-way crates still need to be returned to the south and the 
related full fuel consumption and emissions accounted for. 

As already mentioned there are two reasons why this is not the case: 

1. The trucks used for food transport are liable to regulations. This means that to 
avoid subsequent contamination of the food only a very limited number of goods 
can be transported within these trucks. This is especially true for fruit and 
vegetables which are not enclosed in a tight packaging and can have contact with 
the interior of the trucks. 

2. Particularly in relation to these kind of goods, the transports from the south to the 
north are much higher than the ones from the north to the south. Therefore in 
reality the share of 75 % of trucks going south being loaded with other goods is 
usually not reached 

For these reasons, with respect to the difference between the three systems, only the 
higher emissions of the 250 trucks going south due the higher payload caused by the 
empty crates is taken into account. More than half of the environmental impacts of the 
transport are due to driving the (empty) truck itself; the other half is due to load. 

So trucks taking washed crates south consume more fuel and cause more emissions than 
the empty trucks (the delta between empty trucks and trucks loaded with washed crates). 
Figure 3-25 shows how this is represented in the model. 

 

 

Figure 3-25: Modelling the return transports of plastic crates to the fruit/vegetable 
grower (Stück = pieces) 

On the top, the transport of the empty crates is modelled. In order to subtract the fuel 
consumption and the emissions of the empty trucks going south these are accounted for 
as negative transportation (or movements of empty trucks) at the bottom. The same 
distance is considered as for the trucks loaded with empty, folded crates. 

3.2.4 Use of wooden boxes and cardboard boxes 
The use phase of wooden boxes and cardboard boxes is characterized as a one-way 
system by its “single life”. Once they are produced, they fulfil one transport task before 
they are transferred to recycling and/or incineration. That means that all environmental 
impacts of the one-way systems during their use phase derive from their transport. Since 
the majority of the transport distances are the same as the plastic crates, during the use 
phase only their reduced weight (compared to plastic crates) is the factor of relevance. 
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3.2.5 Use of plastic crates 

Life time and number of circulations per year 
In relation to the lifetime of plastic crates and the number of circulations per year two 
different scenarios are calculated. The advantage of modelling more than one scenario 
considering different lifetimes and number of rotations is the identification of the critical 
parameters and the amplitude of their influence on the results. 

The first scenario is a rather conservative assumption being 5 circulations of crates per 
year over a period of 10 years. The figure of circulations per year was calculated on the 
basis of published figures provided by IFCO and EUROPOOL (number of rotations per 
year divided by amount of crates in pool). The figure of lifetime was estimated. Both 
figures were checked and commented on by IFCO and EUROPOOL as “lower end” or 
“minimum” expected figures.  

The second scenario is modelled to consider the more realistic lifetime of 20 years (with 5 
circulations of crates per year) to show potentials and effects of longer lifetimes. Both, 
IFCO and EUROPOOL state, that the real lifetime of a pool is only known at the end of a 
certain pool. But both companies show figures on currently pools having a lifetime of 12 – 
13 years already and still being in operation. Due to better technical appearance of the 
crates (joints), it is expected, that the lifetime of the new crate generation could easily be 
15 to 20 years with the same number of rotations per year. Table 3-11 summarizes the 
lifetime scenarios considered in this study. 

Table 3-11 Lifetime scenarios analysed 

Scenario Total lifetime 
[years] 

Number of  
circulations per year 

Total number of  
fillings 

Conservative 10 5 50 
Technical 20 5 100 

Inspection and breakage rate 
Prior to washing, the crates are inspected for breakage and, if necessary, sorted out. The 
average breakage rate during the lifetime of plastic crates given by IFCO and 
EUROPOOL is 0,4 %. This means 13.333 new plastic crates are needed to replace 
broken plastic crates during the use phase (0,4 % * 3.333.350 fillings) in the case of the 
conservative scenario. When the technical scenario is applied, 26.667 new plastic crates 
are needed to replace the broken ones. For inspection, no other inputs but manpower is 
required. 
Cleaning and sanitation of crates 
Used plastic crates are cleaned mainly in commercially driven plants. In most cases they 
are operated by the logistics companies themselves and act as collecting and storage 
point as well. They are located in a net throughout Europe in either the fruit/vegetable 
producer or consumer countries – preferably where product flows converge. The facility's 
fully automatic systems clean both rigid and foldable containers. The loading of the wash-
ing plants is done manual or automatically, folded crates are erected automatically. The 
modular assembly of the washing plants allows the operator to adapt temperature, wash-
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ing duration, detergent and throughput. After washing the crates are dried using either 
blowers or centrifuges, sealed and placed on pallets. 

Most modern facilities are designed to handle around 7.000 containers per hour, which 
leads to a cleaning capacity of thirty million containers per year with an operation on a 
three-shift basis. 

The washing plants meet stringent standards in terms of hygiene and food safety. Quality 
control systems for suppliers of foodstuffs and packaging such as BRC, ISO 9001 and 
HACCP standards and guidelines are followed. 

Modelling the washing process is based on figures from EUROPOOL and IFCO (amount 
of water, energy, detergent ….). Representative data on the waste water composition 
derived from actual waste water analysis (year 2004) is provided by EUROPOOL. The 
waste water is treated at the washing plant. 

The total number of crates washed is 3.253.350 pieces (equivalents 6.506.700 kg). The 
average transport distance between hypermarket/distribution centre and washing centre is 
assumed to be 150 km with a pay load of 53 % with respect to return transport 
considerations. The crates delivered in Great Britain are assumed to be washed on the 
continent since not all of the pool operators run service centres in Great Britain. 
Nevertheless the location of the washing process within Europe will not have any 
influence to the overall results. 

 

Figure 3-26: GaBi plan of the washing process for the plastic crates 
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3.3 End of Life / Recycling / Reuse 
In the following chapters the different End of Life possibilities and assumptions of the 
three transportation systems are described.  

3.3.1 Wooden boxes 
The “End of Life” (EoL) for wooden boxes is modelled in a way that the wood can be in-
cinerated or recycled into particle-board (or even composted, which is not analysed in 
detail here). The parameter setting in the example given below (Figure 3-27) considers a 
100 % incineration with the subsequent production of electricity (and steam). It is as-
sumed, that the transport distance from the hypermarket/distribution centre to EoL incin-
eration is 50 km (at least one incinerator in the vicinity of major cities). The use of secon-
dary wood in particleboard industry is not common in Central Europe but may be attractive 
in Southern Europe. Therefore a transport distance of 1.500 km between hypermar-
ket/distribution centre to EoL is assumed. Most Central European companies claim prob-
lems such as metal contents from clamps and nails and the price of wood waste or the 
cost of treatment respectively as main hurdles. 

 

Figure 3-27: „End of Life“ of wooden boxes (Scenario: 100 % incineration) 

Since for packaging (including wood based packing material) an obligation for “take-back” 
does exist, during recent years ambitious efforts have been made to build up systems for 
recovery and recycling of wood packaging. GROW International (Group Recycling of 
Wood) e.g. a voluntary association of wooden box producers organizing the take back of 
used wooden boxes [GROW 2005]. GROW (with organizations in Spain, Benelux, France 
and Germany) takes care that packaging material, besides the thermal recovery, is con-
veyed into material recycling such as particle or insulation board production.  

Later in the study a parameter variation is done to show effects of different EoL options for 
wooden boxes.  
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Composting was not chosen as an adequate EoL option here, because no product - in the 
sense of a industrial product – is recovered. The bounded CO2 is released and therefore 
emitted again and as a product “only” compost is gained. This has a very low value 
compared to other recycling products and energy. 

3.3.2 Cardboard boxes 
The End-of-Life of cardboard boxes is considered as follows: The respective paper quality 
(share of the paper qualities Fluting, Wellenstoff, Testliner and Kraftliner) for the 
production of corrugated board for fruit and vegetable boxes allows for a certain amount of 
recycling pulp. This is about 20 % of the input. Hence 20 % of the cardboard boxes are 
considered to go back into pulp and paper production after use to satisfy this needed 
input. The rest of the cardboard is incinerated in the waste incineration and energy is 
recovered. Later a parameter variation is done to show effects of different shares of cardboard being 
recycled and incinerated. For average cardboard (not suitable in fruit and vegetable 
boxes) approx. 55 % of the pulp is recycled. 

 

Figure 3-28: „End of Life“ of cardboard boxes (Scenario: 80 % incineration, 20 % fibre 
recycling) 

3.3.3 Plastic crates 
The damaged crates are sorted out in the washing centre just before washing. They are 
replaced by new plastic boxes (to keep the needed capacity constant). The damaged 
crates are gathered and transported to a recycling site. There the crates are normally 
shredded in a mill or shredder. Afterwards the mill material is re-granulated and com-
pounded to a secondary granulate. The mill and the granulation units are operated with 
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electrical energy. The residues occurring during milling and re-granulating are incinerated 
in a municipal waste incinerator. 

The modelling of the End of Life of the reusable plastic containers is shown in Figure 3-29. 
The secondary granulate can be used in different applications. Depending on colour, 
pureness, food safety, etc., the secondary granulate is often used to produce new con-
tainers, partly for fruit and vegetable transport, but more likely for other applications like 
beer crates or gardening articles. Therefore in the base case an open-loop recycling is 
assumed and the value of the secondary granulate is set to 70 % of the virgin material 
(see below for further explanation). 

The value of the secondary granulate is influenced by its price in comparison to primary 
material and the price of the product that is made from the secondary granulate. 

The price of virgin plastics is around 1,20 €/kg (primary PE and PP) and the price of sec-
ondary plastics is between 0,60 and 0,80 €/kg (secondary PE and PP) at the moment 
[KIWEB 2005], the ratio is about 2:1. These values are valid for first time of reuse and for 
a high quality secondary material (without heavy metals, suitable for food) as found in fruit 
and vegetable containers. This leads to a value of 50 - 60 % of primary material. Accord-
ing to [BEKUPLAST 2005] it can be assumed that 40 - 60 % of the costs of a crate are due 
the production of the plastic crates (machines, electrical energy, maintenance, personnel 
costs, etc.) and the remaining 60 - 40 % from material costs.  

 

Figure 3-29: „End of Life“ of plastic crates (Scenario: 100 % re-granulation) 
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A (non-food contact) beer crate made of secondary plastic material would achieve 60 -
 80 % of the value of a crate made of 100 % virgin material. Therefore the value of the 
secondary material was set at 70 % in the base case. This is later built into in the 
parameter variation and the impacts quantified. 

Later, a parameter variation is done to show the effects of different shares of plastic crates 
going to recycling and incineration. Further the influence of varying qualities of the re-
granulate is assessed. 
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4 Results 
The main question is not “which solution is better in a special situation7”, but rather “under 
which conditions are the solutions performing in a desired way”. The results are split into 
an environmental, economic and social part.  

4.1 Environmental results and analysis 
If proper data, tools and standardized approaches are used, LCA does deliver correct 
facts. These facts alone do not often cover all possible situations of a huge network of 
processes in many different countries. However, these facts can be interpreted in different 
ways, according to different situations, which is one of the strength of LCA. 

Most often the results depend on the influence of technical or organizational parameters 
such as lifetime, efficiencies, amount of uses, kind of pathway chosen etc. These 
parameters influence the results. Of course the parameters should not be chosen 
randomly, but in most cases more than one set of parameters is possible and can be 
representative under certain circumstances.  

Therefore representative key scenarios – with the corresponding parameter settings – are 
calculated. Possible representative situations will then be within the ranges of the scenario 
results. The results from these calculations have to be interpreted carefully within the 
context of the specific situation. The results have to be interpreted knowing that a model is 
a mirror of a variable reality. A single “truth” rarely exists in reality and this should be 
reflected by LCA as well. 

In the first step of the analysis, the parameter settings and the range of the overall 
relative results is given, taking the “conservative scenario” as a basis and the “technical 
scenario” as a realistic feasibility. A representative parameter set is used for both 
scenarios and stays constant. The key parameters “lifetime/rotations of plastic crates 
during service life” are varied: Conservative scenario (10 years lifetime, 50 rotations), 
Technical scenario (20 years lifetime, 100 rotations). All related information (amount of 
crates produced, transported, recycled,…) is automatically adapted according to the 
chosen scenario. In the second step the lifecycles (“conservative scenario”) of wooden, plastic and 
cardboard boxes are discussed in further detail showing absolute values and taking into 
account emitted and avoided emissions. In addition, the impacts are given in relation to 
the contribution to the annual European emissions total. Finally the differences in results 
for the “Technical Scenario” are quantified.  

In the third step the relevance of life cycle phases and single processes in the 
different lifecycles of the different solutions are analyzed and discussed.  

In a fourth and final step the influence of parameters in the lifecycle is analyzed, 
discussed and interpreted. 

Table 4-1 gives an overview of the main parameter settings, which are chosen as a refer-
ence for the results discussion.  

                                                 
7 LCAs that promote special single point results, without quantifying and interpreting possible variations of technology, 

model or boundary conditions are often simpler to understand, but often not solid enough to describe representative re-
sults in relation to varying reality  
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Table 4-1: Overview of the main parameter settings (conservative scenario) 

Main service life parameters of plastic crates (benchmark basis)  
Lifetime 10 years 
Rotations 5 per year 
Main production and EOL parameters (benchmark basis)  
Wooden box production  
Share of poplar in crate production 70 % 
Share of pine in crate production 17 % 
Share of spruce in crate production 13 % 
Wood losses during production of crates 30 % 
Share of wood dried during crate production 20 % 
Share of poplar wood steamed prior to peeling 0 % 
Cardboard box production  
Share of Semichemical Fluting in cardboard 45 % 
Share of Kraftliner in cardboard 43 % 
Share of Testliner in cardboard 9 % 
Share of Wellenstoff in cardboard 0 % 
Share of glue fluting in cardboard 3 % 
Plastic crate production  
Share of primary plastic material in production of crates 100 % 
Share of primary polyethylene material in production of crates 58 % 
Share of primary polypropylene material in production of crates 42 % 
Granulate losses during production of crates 2,75 % 
Damaged crates prior to washing in relation to total crates inspected 0,4 % 
End of Life  
Share of wood to incineration 100 % 
Products from incineration of wood electricity 
Share of cardboard to incineration 80 % 
Products from incineration of cardboard electricity 
Share of cardboard to secondary pulp 20 % 
Value of fibres in relation to Wellenstoff 90 % 
Share of plastic to secondary granulate 100 % 
Value of secondary granulate in relation to primary  70 % 

 

The first 2 parameters (lifetime and rotations) are the main service life parameters of 
plastic crates that act as benchmark basis for the comparison. The second set composes 
of various parameters regarding production and End-of-Life of the different solutions. The 
second set of parameters is independent of the first set. 

The second set of parameters (main production and EOL parameters) is independent 
from the conservative scenario and technical scenario. The parameters are varied 
later to check their relevance and impact on the result. 

The conservative scenario was defined with view on the following aspects: 
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 Representative for relevant shares within a European situation regarding product 
flows, production processes of boxes and crates, distribution situation within 
relevant producer and consumer countries as well as end-of-life and recycling 
options.  The variation of the parameters aims to quantify changing or specific boundaries for the 

different packaging systems.  

Most relevant parameters (see Figure 4-7, Figure 4-8) are:  

 Value of secondary granulate in relation to primary for plastic crates. 

 Sold steam products from incineration in MSWI for wooden and cardboard boxes. 

 Share of Semi-chemical Fluting, Kraftliner, Testliner and Wellenstoff in cardboard 
boxes. 

 Share of poplar wood steamed prior to peeling for wooden boxes. 

 Share of wood to incineration (rest particle board industry) for wooden boxes. 

 Share of plastic to secondary granulate for plastic crates. 

 Share of cardboard to secondary pulp for cardboard boxes. 

Useful variation intervals may depend on a specific situation. Therefore general 
indications of variation interval are given (see table 4-18).  

4.1.1 Results in relative terms 
The results are firstly presented in a range according to the two identified scenarios 
“Conservative scenario” and “Technical scenario” and briefly interpreted. Later the results 
are discussed in more detail. 

In the following the overall results of the “Conservative scenario” and the “Technical 
scenario” are given in relation to 7 aspects:  

 5 environmental impacts taking into consideration the incorporation of CO2 during 
the growth of renewable resources (like wood) and the substitution effects due to 
“avoided” or “substituted” primary production of used by-products, energy or sec-
ondary materials (Figure 4-1, Figure 4-2). 

 2 kinds of energy resources used (Figure 4-3). 

Firstly the results of the 5 environmental impacts are shown. The results are normalized to 
the biggest contributor and displayed in relative figures for better readability. Absolute 
terms are discussed later.  
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Figure 4-1: Environmental impacts (relative) within the Conservative Scenario8 

It can be stated that for fruit and vegetable transport in Europe, plastic crates and wooden 
boxes seem to have advantages in the chosen impact categories in comparison to 
cardboard boxes. In the “Conservative Scenario” wood performs best in Ozone Depletion.  

The plastic solution is best in Eutrophication. In Summer Smog, Global Warming and 
Acidification the results can be understood as equivalent between wood and plastic, as 
the differences are minor. The cardboard boxes may be further optimised with view on 
design and shape which may lead to less material demand for the same capacity. 

These tendencies do not significantly change looking at the normalised values of the 
“Technical Scenario”. The plastic solution gains advantages, particularly in Summer 
Smog. Whereas the overall results change to a minor extent, the shares of the different 
life cycle phases contributing to the overall results vary more significantly. For example, 
production processes for wood and cardboard boxes show increased emissions in the 
technical scenario because more crates are produced, while for plastic crates the use 
phase becomes more important e.g. due to the fact that they have to be washed more 
often. Therefore the normalized results (to 100 %) are not significantly changing. Absolute 
values are discussed later in detail. 

 

                                                 
8 If smaller cardboard box dimensions are taken (640mm*400mm*180mm, 14 kg load), as published in FEFCO ET AL. 2003, 

and dimensions are not scaled to those of wood and plastic crates (640mm*400mm*240mm), the impacts are reduced (but 
capacity is also 7% smaller; 14 kg instead of 15 kg for wood and plastic crates). 
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Figure 4-2: Environmental impacts (relative) within the Technical Scenario 

The differences in relative results between the “Conservative scenario” and “Technical 
scenario” in respect to the two energy demands/substitutions are minor. Therefore the 
normalized relative results are displayed only once for the conservative scenario in the 
following table (Table 4-2) and figure (Figure 4-3).  
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Table 4-2: Primary Energy Demand Conservative Scenario 

CONSERVATIVE SCENARIO 
LIFE-CYCLE 

WOODEN 
BOXES 

LIFE-CYCLE 
CARDBOARD 

BOXES 

LIFE-CYCLE 
PLASTIC 
CRATES 

Primary Energy Demand  
non renewable consumption MJ 14.678.821 43.679.588 18.897.103 

Primary Energy Demand  
renewable consumption MJ 85.926.857 56.337.975 288.670 

Primary Energy Demand  
total consumption MJ 100.605.678 100.017.563 19.185.773 

     
Primary Energy Substitution  
non renewable MJ -36.622.604 -27.122.893 -2.907.093 

Primary Energy Substitution  
renewable MJ -24.773.454 -7.682.900 -55.055 

Primary Energy Demand  
total substitution MJ -61.396.058 -34.805.793 -2.962.148 

     

Primary Energy recovery rate  
(Substitution total / Demand total) -61% -35% -15% 

     
Primary Energy Demand  
non renewable total MJ -21.943.783 16.556.696 15.990.010 

Primary Energy Demand  
renewable total MJ 61.153.403 48.655.075 233.615 

Primary Energy Demand total MJ 39.209.620 65.211.770 16.223.625 
     
Primary Energy Demand  
non renewable total MJ -36% 27% 26% 

Primary Energy Demand  
renewable total MJ 100% 80% 0% 

 

Energetic figures shown here (see Figure 4-3) represent a primary energy demand. The 
primary energy demand is measure of used energy resources. Energy resource use can 
be split in to renewable and non-renewable resource consumption. The non-renewable 
part of the energy resource consumption is by definition a depletion (fossil energy re-
sources), whereas the renewable part is not depleted in this sense. 
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Figure 4-3: Energy demand (relative) of the three systems investigated in relation to 
the highest contributor (100% is renewable energy demand for wooden 
boxes) for the conservative scenario 

The plastic crate system consumes the highest amount of non-renewable resources and 
the wooden boxes consume the highest amount of renewable resources. The effects of 
potentially substituting non-renewable resources in the wooden box system, is due to the 
effect of energy recovery in incineration and substitution of fossil based energy.  

The primary energy demand of wooden boxes is mainly based on solar energy bound in 
photosynthesis. The wooden solution recovers the highest amount of the used energy 
(61 %9) and therefore substitutes more non-renewable energy than used (-36 % non-
renewable energy, see figure). 

The cardboard boxes have the second highest overall energy demand, of which the re-
newable share is 80 % in relation to wooden renewable demand. The non-renewable de-
mand is 27 % in relation to wooden renewable demand. The cardboard solution recovers 
about (35 %9) of the total energy.  

The plastic crates have the highest non-renewable energy demand (26 % in relation to 
wooden renewable demand, see figure), but lowest total energy demand, as very much 
less renewable energy is needed. The plastic solution recovers about 15 %9 of the total 
energy.  

 

4.1.2 Results in absolute terms 
The following results display the absolute values for the “conservative scenario” split into 

                                                 
9 additional information, can not be seen in figure above 
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the parts  

 Emitted impacts (any impact due to an emission during the lifetime) 

 Avoided impacts or incorporated substances (any avoided impact due to the 
substitution effects of saved primary production and effects due to incorporated 
substances like carbon 

 Sum of the impacts 

The “emitted” figures are the releases over the life cycle; the “avoided or incorporated” 
figures are the effects due to incorporation of carbon dioxide during growth and the effects 
of substituting primary material due to recycling. The “sum” figures describe the balance of 
both (EMITTED minus AVOIDED/INCORPORATED). Table 4-3 and Figure 4-4 give an 
overview of the results of the total life cycles. Further details follow in later chapters. 

Table 4-3: Overview on the absolute results of the systems compared (conservative 
scenario) 10 

 
LIFE-CYCLE 

WOODEN  
BOXES 

LIFE-CYCLE 
CARDBOARD 

BOXES 

LIFE-CYCLE 
PLASTIC  
CRATES 

Used material [kg] ~ 3.000.000 ~ 2.617.000 ~ 160.000 

EMITTED    
Eutrophication kg PO4 Equivalent 1.287 4.542 894 
Ozone Depletion kg R11 Equivalent 0,31 0,60 0,54 
Summer Smog kg C2H4 Equivalent 1.400 2.115 1.572 
Global Warming kg CO2 Equivalent 10.326.914 9.074.087 1.259.288 
Acidification kg SO2 Equivalent 8.774 20.303 6.362 

AVOIDED OR INCORPORATED  

Eutrophication kg PO4 Equivalent 64 179 61 
Ozone Depletion kg R11 Equivalent 0,06 0,03 0,15 
Summer Smog kg C2H4 Equivalent 108 141 499 
Global Warming kg CO2 Equivalent 9.360.056 6.727.233 190.426 
Acidification kg SO2 Equivalent 1.623 1.304 528 

SUM  

Eutrophication kg PO4 Equivalent 1.223 4.363 833 
Ozone Depletion kg R11 Equivalent 0,25 0,57 0,40 
Summer Smog kg C2H4 Equivalent 1.292 1.974 1.073 
Global Warming kg CO2 Equivalent 966.858 2.346.855 1.068.861 
Acidification kg SO2 Equivalent 7.150 18.999 5.834 

 

                                                 
10 Cardboard boxes if smaller dimension (600mm*400mm*180mm) are chosen. SUM: Nitrification 3.842 kg PO4 Equivalent, 

Ozone Depletion 0,53 kg R11 Equivalent, Summer Smog 1.783 kg C2H4 Equivalent, Global Warming 2.527.360 kg CO2 
Equivalent, Acidification 16.807 kg SO2 Equivalent (for further explanation see footnote 8 on page 75). 
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Figure 4-4: Environmental impacts (absolute) of the three systems investigated (con-
servative scenario) 
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Topic Eutrophication: Under the given boundaries, the nitrifying effects from emissions 
in water and air are lowest for the plastic solution, followed by wood and cardboard. 

The nitrifying effects of cardboard are mainly due to the production of Kraftliner and Flut-
ing (94 % of total over the life-cycle). The cardboard for fruit and vegetable crates de-
mands a high share (88 %) of the high quality pulp systems “Kraftliner” and “Semi-
chemical Fluting” [FEFCO ET AL. 2003], because of the humid atmosphere in which they 
are used. In other cardboard applications more Wellenstoff and Testliner are used, which 
are less demanding (see chapter 3.1.2 for further details). 

The nitrifying effects of wooden boxes are mainly due to the box production (approx. 
40 %) with approx 20 % due to wood supply, 20 % due to service life including all 
transports and 20 % due to end-of-life.  

The nitrifying effects of plastic crates are driven by the service life. About 60 % of the 
emissions are due to transport. Further washing and the production of the crates do 
significantly contribute with over 10 % of emissions coming from this source. 

Taking the same number of crates, the plastic solution has approx. the same nitrifying 
emissions in the production phase than cardboard boxes; the same amount of wooden 
boxes releases less than 20 % of the nitrifying emissions of the other crates.  

The strength of multi-way is of course the multiple use and hence the reduced production 
of plastic crates. The lower number of crates needed has therefore the most positive 
effects for the plastic solution. 

The “avoided figures” of any of the solutions are due to the positive effects in recovering 
energy in thermal treatment units like incineration plants or due to recovering secondary 
materials in recycling. The electricity is sold and is substituting average electricity and the 
secondary materials are substituting primary to a representative extent. 

 

Topic Ozone Depletion: In relation to ozone depletion the most important impact comes 
from the supply of energy carriers like electricity and fossil fuels. In the exploration of fossil 
fuel, ozone depleting auxiliaries are used and in electricity generation, ozone depleting 
emissions occur. Therefore the use of energy is a major influence. 

The plastic solution and the cardboard solution emit comparable amounts, while taking 
into consideration that more cardboard boxes are needed by an approx. factor 40 
(conservative scenario) respectively factor 70 (technical scenario). In plastic crate 
production the energy supply in the use phase (transport and washing) and the energy 
demand in the production phase contribute equal shares, whereas the cardboard systems 
is dominated by the energy consumption in production of pulp. 

Wood only contributes to a minor extent to Ozone Depletion, with electricity demand in 
production of the crates being the most import factor. 

The plastic crates substitute a significant share in the recycling process, due to the fact 
that secondary granulate is used further. 
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Topic Summer Smog: What has been said above in relation to Ozone Depletion is, in 
principle, valid for Summer Smog as well. The same contributors are playing the most 
important roles, because the energy supply and consumption are the main drivers of the 
impacts.  

The only difference from Ozone Depletion is that the wood supply does contribute a 
significant share (approx. 15 %) to summer smog formation, because of the demand for 
energy and fuels in forestry. 

 

Topic Global Warming: Trees from which wooden boxes are made incorporate carbon 
dioxide during growth. This carbon dioxide is released again during incineration of the 
boxes where electricity is produced and is substituting/avoiding average electricity 
production (which has more carbon dioxide emissions).  

Cardboard boxes emit a comparable amount of CO2 in production similar to wooden 
boxes, but show less CO2 incorporation (approx. 50 % of wood) as only a portion of the 
input materials and chemicals are wood based. Therefore the effects of “many boxes 
produced” and “less CO2 incorporated” drive up the total CO2 emissions. This despite the 
fact that the cardboard boxes are by far the lightest boxes and therefore emit less CO2 in 
the “Service life” due to road transport in comparison to wood and plastic. 80 % of the 
cardboard is incinerated (CO2 released again) and 20 % are needed to satisfy a 
secondary pulp demand in production of the fruit and vegetable crates. 

Plastic crates emit much less carbon dioxide in production as fewer crates are needed, 
but of course do not have incorporation of carbon dioxide prior to production. Due to the 
recycling of the crates with substitution of primary material and the incineration and 
energy recovery of production residues beneficial effects are found at End-of-Life. 

 

Topic Acidification: What has been said above in relation to Eutrophication is in principle 
valid for acidification as well. The same contributors play the most important roles and the 
results are similar. 

 

Topic: Energy demand from renewable and non-renewable resources: As shown in 
Table 4-4, wooden boxes primarily consume renewable energy. Approx. 15 % is from 
non-renewable energy sources. Due to the fact that the crates and their bound renewable 
energy are incinerated and the energy content is partly turned to electricity, a relative high 
share of non-renewable energy (from substituted average electricity production) can be 
saved. Some by-products (wood chips etc.) from production are further used elsewhere 
and substitute primary wood. 

Cardboard boxes consume non-renewable and renewable energy to a substantial 
amount. A relatively high share of non-renewable energy can be recovered as electricity 
(80 % incinerated in base case), the renewable share can only be recovered to a lesser 
extent. About 20 % goes back into secondary pulp, because this amount of secondary 
pulp is needed to produce primary cardboard of the desired composition. 
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Plastic crates primarily consume non-renewable energy. A certain share of the energy, 
which is embodied in the plastic, can be used as secondary granulate to substitute pri-
mary plastic production in further applications. 

Table 4-4: Energy demand from renewable and non-renewable resources (conserva-
tive scenario) 

  
LIFE-CYCLE 

WOODEN BOXES 
LIFE-CYCLE  

CARDBOARD BOXES 
LIFE-CYCLE 

PLASTIC CRATES 

Primary Energy Demand 
non renewable [MJ] 14.678.821 43.679.588 18.897.103 

Primary Energy Substitution 
non renewable [MJ] - 36.622.604 - 27.122.893 - 2.907.093 

Primary Energy Demand 
renewable consumption [MJ] 85.926.857 56.337.975 288.670 

Primary Energy Substitution 
renewable [MJ] - 24.773.454 - 7.682.900 - 55.055 

 

Contribution to the annual European emissions total: The absolute calculated specific 
results are related to Europe’s total emissions contributing to the accordant impact 
categories in the year 2001. The results above describe the circumstances between the 
different solutions. The main contributors were discussed briefly as well. But which 
emissions are contributing more with respect to a yearly European emission total? The 
answer to this question does not provide evidence which emissions are the most relevant 
or important, but does give a hint as to which environmental impacts in relation to crate 
systems and their use and recycling are more relevant to analyze than others.  

The contribution of the crate systems to a yearly European total11 is most significant for 
Global Warming and Acidification, followed by Eutrophication and Summer Smog. Ozone 
Depleting impacts play the least relevant role with respect to the annual European emis-
sions total (Table 4-5, Figure 4-5). 

 

Table 4-5: Contribution of the crate systems to the annual European emissions total 
(ppm) 

 LIFE-CYCLE  
WOODEN BOXES 

LIFE-CYCLE  
CARDBOARD BOXES 

LIFE-CYCLE  
PLASTIC CRATES 

Eutrophication [ppm] 0,10 0,35 0,07 
Ozone Depletion [ppm] 0,003 0,0069 0,005 
Summer Smog [ppm] 0,16 0,24 0,13 
Global Warming [ppm] 0,20 0,50 0,23 
Acidification [ppm] 0,26 0,69 0,21 

 

                                                 
11 figures are taken from the GaBi 4 software and databases 
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Figure 4-5: Contribution of the crate systems to the annual European emissions total 

 

Comparison of absolute results between “conservative” and “technical scenario”: 
Table 4-6 is the central table considering the impacts of the “conservative“ and “technical” 
scenarios. Even if complex to read, the table presents an important overview. 

The wooden boxes and cardboard boxes double their impact, because twice as many 
fillings are possible with the plastic crates and twice as many wooden boxes and card-
board boxes must be produced, transported and recycled/disposed in comparison to the 
conservative scenario. The values in the brackets (Table 4-6) are the percentage increase 
in relation to the “conservative scenario”. 

The plastic crates have to be washed twice as often and the difference in weight (the 
plastic crate is the heaviest) results in higher transport impacts in the use phase. 
Furthermore, some 13.000 new crates must be produced additionally to cover the higher 
breakage. The avoided and substituted share only increases slightly, as most effects 
happen in the utilization phase and only some more crates are going to recycling. 

The longer the lifetime of the plastic crates, the better the result in comparison to wood 
and cardboard. The only exception is Global Warming, because of the carbon dioxide 
incorporation in wood. 
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Table 4-6: Comparison of absolute results between “conservative” and “technical” 
scenario 

 WOODEN BOXES CARDBOARD BOXES PLASTIC CRATES 

Scenario con-
servative technical con-

servative technical con-
servative technical 

EMITTED 

Eutrophication  
kg PO4 Equivalent 

1.287 2.575  
(+100%) 4.542 

9.085 
(+100%) 

894 1.692  
(+89%) 

Ozone Depletion  
kg R11 Equivalent 

0,31 0,62  
(+100%) 0,60 

1,20 
(+100%) 0,54 0,88 

(+62%) 

Summer Smog  
kg C2H4 Equivalent

1.400 2.801 
(+100%) 2.115 

4.229 
(+100%) 1.572 2.600  

(+65%) 

Global Warming  
kg CO2 Equivalent 

10.326.914 20.653.828 
(+100%) 9.074.087 

18.148.175
(+100%) 

1.259.288 2.202.461
(+75%) 

Acidification  
kg SO2 Equivalent 

8.774 17.547  
(+100%) 20.303 

40.607 
(+100%) 6.362 11.705  

(+84%) 

AVOIDED OR INCORPORATED 

Eutrophication  
kg PO4 Equivalent 

64 
129 

(+100%) 179 
358 

(+100%) 61 
71 

(+17%) 

Ozone Depletion  
kg R11 Equivalent 

0,06 
0,12 

(+100%) 0,03 
0,05 

(+100%) 0,15 
0,17 

(+17%) 

Summer Smog  
kg C2H4 Equivalent

108 
216 

(+100%) 
141 

281 
(+100%) 

499 
583 

(+17%) 

Global Warming  
kg CO2 Equivalent 

9.360.056 
18.720.113

(+100%) 6.727.233 
13.454.466

(+100%) 190.426 
222.163 
(+17%) 

Acidification  
kg SO2 Equivalent 

1.623 
3.247 

(+100%) 1.304 
2.608 

(+100%) 528 
617 

(+17%) 

SUM  

Eutrophication  
kg PO4 Equivalent 

1.223 
2.446 

(+100%) 
4.363 

8.727 
(+100%) 

833 
1.621 

(+95%) 

Ozone Depletion  
kg R11 Equivalent 

0,25 
0,50 

(+100%) 0,57 
1,15 

(+100%) 0,40 
0,71 

(+78%) 

Summer Smog  
kg C2H4 Equivalent

1.292 
2.585 

(+100%) 1.974 
3.948 

(+100%) 1.073 
2.018 

(+88%) 

Global Warming  
kg CO2 Equivalent 

966.858 
1.933.716 
(+100%) 

2.346.855 
4.693.709 
(+100%) 

1.068.861 
1.980.298 

(+85%) 

Acidification  
kg SO2 Equivalent 

7.150 
14.301 

(+100%) 18.999 
37.999 

(+100%) 5.834 
11.089 
(+90%) 

 

Table 4-7 shows the increase of the primary energy demand when changing from the 
conservative to the technical scenario. While the energy demand for wooden and card-
board boxes doubles the increase for plastic crates is only approximately 80 % (see also 
Figure 4-6). 
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Table 4-7: Increase of Primary Energy Demand 

 
WOODEN  

BOXES 
CARDBOARD  

BOXES 
PLASTIC  
CRATES 

Primary Energy Demand total MJ 
(Conservative Scenario) 39.209.620 65.211.770 16.223.625 

Primary Energy Demand total MJ 
(Technical Scenario) 78.419.240 130.423.540 29.165.191 

Increase of Primary Energy Demand  
due to doubling the transportation task 
from the conservative scenario to the 
technical scenario 

100% 100% 79,8% 

 

79,8%

100%

100%

0% 20% 40% 60% 80% 100%

CARDBOARD BOXES
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Figure 4-6: Increase of Primary Energy Demand due to doubling the transportation 
task from the conservative scenario to the technical scenario 

 

4.1.3 Relevance of the different phases in the life-cycle for all options 
In the following section, the life cycles of the different crate options are discussed step by 
step. In this sub-section, the shares of the different life cycle phases are shown.  

 

Shares of life cycle phases of wooden boxes: Table 4-8 shows for wooden boxes, in 
which life cycle phase the emissions and benefits occur and to what extent. These relative 
figures correspond to the absolute figures in Table 4-6. 
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Table 4-8: Shares of life cycle phases of wooden boxes 

 WOODEN BOXES 

EMITTED (1)  
PRODUCTION 

(2)  
SERVICE LIFE 

(3) 
END-OF-LIFE 

Eutrophication kg PO4 Equivalent 62% 20% 17% 
Ozone Depletion kg R11 Equivalent 69% 29% 2% 
Summer Smog kg C2H4 Equivalent 70% 21% 9% 
Global Warming kg CO2 Equivalent 43% 2% 55% 
Acidification kg SO2 Equivalent 67% 17% 17% 

AVOIDED OR INCORPORATED (1)  
PRODUCTION 

(2)  
SERVICE LIFE 

(3)  
END-OF-LIFE 

Eutrophication kg PO4 Equivalent 0% 0% 100% 
Ozone Depletion kg R11 Equivalent 0% 0% 100% 
Summer Smog kg C2H4 Equivalent 0% 0% 100% 
Global Warming kg CO2 Equivalent 98% 0% 2% 
Acidification kg SO2 Equivalent 0% 0% 100% 

 

The benefits (AVOIDED OR INCORPORATED) of wooden boxes are gained due to the 
incorporation of carbon dioxide in the growth phase of wood, which is considered as a part 
of the production phase. All other benefits are due to the supply of energy in “end-of-life” 
incineration. 

Regarding emissions (EMITTED), the production phase of wooden boxes is the most 
dominant in all impacts but global warming. The End-of-life phase is important for global 
warming, acidification and eutrophication emissions (resulting from incineration). The 
service life is important for smog formation and ozone depletion with regard to oil 
consuming processes (Diesel) in transport. Due to the high amount of carbon dioxide 
emissions and incorporations, the carbon dioxide from the service life plays a minor role. 

The comparison with the technical scenario would show the same relative result figures 
for wooden boxes. Although absolute figures would double (due to twice as many crates 
produced) the relevance of the life cycle phases to each other has not been addressed. 

 

Shares of life cycle phases of cardboard boxes: Table 4-9 shows for cardboard boxes, 
in which life cycle phase the emissions and benefits occur and to what extent. These rela-
tive figures correspond to the absolute figures in Table 4-6. 
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Table 4-9: Shares of life cycle phases of cardboard boxes 

 CARDBOARD BOXES 

EMITTED (1)  
PRODUCTION 

(2)  
SERVICE LIFE 

(3) 
END-OF-LIFE 

Eutrophication kg PO4 Equivalent 94% 5% 1% 
Ozone Depletion kg R11 Equivalent 85% 13% 2% 
Summer Smog kg C2H4 Equivalent 84% 12% 3% 
Global Warming kg CO2 Equivalent 58% 2% 40% 
Acidification kg SO2 Equivalent 92% 6% 2% 

AVOIDED OR INCORPORATED (1)  
PRODUCTION 

(2)  
SERVICE LIFE 

(3)  
END-OF-LIFE 

Eutrophication kg PO4 Equivalent 17% 0% 83% 
Ozone Depletion kg R11 Equivalent 25% 0% 75% 
Summer Smog kg C2H4 Equivalent 35% 0% 65% 
Global Warming kg CO2 Equivalent 95% 0% 5% 
Acidification kg SO2 Equivalent 20% 0% 80% 

 

The benefits (AVOIDED OR INCORPORATED) of cardboard boxes are in the production 
and the end-of-life phases. During cardboard production energy is produced as a by-
product and sold to the electricity grid. In end-of life the energy recovery after incineration 
does produce energy that is also provided to the grid. 

With respect to the emissions (EMITTED), the production phase is the dominant phase, 
because in comparison to plastic many more crates are needed and in comparison to 
wood the production is more demanding in terms of energy consumption and 
environmental impact. The environmental impacts of end-of-life are only relevant in terms 
of the incineration and the related carbon dioxide emissions. Other impacts in end-of-life 
play a minor role. 

The comparison with the technical scenario would show the same relative result figures 
for cardboard boxes. Although absolute figures would double (due to twice as many boxes 
produced) the relevance of the life cycle phases to each other has not been addressed. 

 

Shares of life cycle phases of Plastic crates (conservative scenario): Table 4-10 
(conservative scenario) shows for plastic crates in which life cycle phase the emissions 
and benefits occur. These relative figures correspond to the absolute figures of Table 4-6. 

The benefit (AVOIDED OR INCORPORATED) of plastic crates are 100 % at the end-of 
life due to the substitution of primary granulate and the incineration and energy recovery 
of residues. 
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Table 4-10: Shares of life cycle phases of plastic crates (conservative scenario) 

Conservative scenario PLASTIC CRATES 

EMITTED (1)  
PRODUCTION 

(2)  
SERVICE LIFE 

(3) 
END-OF-LIFE 

Eutrophication kg PO4 Equivalent 11% 87% 1% 
Ozone Depletion kg R11 Equivalent 44% 54% 2% 
Summer Smog kg C2H4 Equivalent 40% 58% 1% 
Global Warming kg CO2 Equivalent 26% 70% 5% 
Acidification kg SO2 Equivalent 15% 81% 4% 

AVOIDED OR INCORPORATED (1)  
PRODUCTION 

(2)  
SERVICE LIFE 

(3)  
END-OF-LIFE 

Eutrophication kg PO4 Equivalent 0% 0% 100% 
Ozone Depletion kg R11 Equivalent 0% 0% 100% 
Summer Smog kg C2H4 Equivalent 0% 0% 100% 
Global Warming kg CO2 Equivalent 0% 0% 100% 
Acidification kg SO2 Equivalent 0% 0% 100% 

 

For the emissions (EMITTED) the production phase is less dominant in comparison to 
wood, because many fewer crates are needed, but can still be considered relevant. As the 
plastic system is a multi-way-system, the service life including washing and distribution is 
more relevant than for wooden boxes. The washing activities play a relevant role in 
service life, with approx. 10 – 20 % of the impacts over the total life cycle. Later some 
details on washing will be shown. The environmental impacts of end-of-life are minor. 

 

Shares of life cycle phases of plastic crates (technical scenario): Taking the technical 
scenario (Table 4-11), the relative figures for the benefits (AVOIDED OR INCORPO-
RATED) at “end-of-life” of plastic crates stay constant, because only the utilization (ser-
vice life) is changed. For emissions (EMITTED), the service life becomes even more 
dominant. This occurs, because a few more crates are produced and recycled at end-of-
life to double the filling capacity during service life (twice as many fillings). 

Table 4-11: Shares of life cycle phases of plastic crates (technical scenario) 

Technical scenario PLASTIC CRATES 

EMITTED (1)  
PRODUCTION 

(2)  
SERVICE LIFE 

(3) 
END-OF-LIFE 

Eutrophication kg PO4 Equivalent 7% 92% 1% 
Ozone Depletion kg R11 Equivalent 32% 67% 1% 
Summer Smog kg C2H4 Equivalent 28% 71% 1% 
Global Warming kg CO2 Equivalent 17% 80% 3% 
Acidification kg SO2 Equivalent 10% 88% 3% 
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4.1.4 Relevance of single process steps within the life-cycle for all options 
In this chapter the contribution of single process steps is analyzed, to enable the 
identification of the most important processes in the life-cycle. The following tables give an 
insight into the importance of the process steps for the different crate systems. For each 
material, the first table shows absolute values, the second one the relative contributions. 

 

Wooden boxes: The contribution of single process steps to the overall environmental 
impacts of the wooden box system is shown in Table 4-12 and Table 4-13. 

Table 4-12: Relevance of single process steps in the life-cycle of wooden boxes  
(absolute values) 

Total

EMITTED
Wooden 
Crates

Forest + 
timber prod.

Prod. of 
crates

Distri-
bution of 

new 
crates to 
grower

Delivery 
and 

Takeback

Long 
Distance 
Transport

Transport 
to incin-
eration

Incin-
eration

Steam 
recovery

electricity 
recovery

Eutrophication 1.287 337,9 426,4 39,8 103,3 156,7 7,8 215,4 0 0
Ozone Depletion 0,31 0,12 0,08 0,01 0,03 0,1 0,003 0,003 0 0
Summer Smog 1.400 523,3 405,1 45,6 120,2 179,6 8,9 117,9 0 0
Global Warming 10.326.914 1.192.160 3.218.713 38.311 93.474 150.963 7.500 5.625.793 0 0
Acidification 8.774 2.231 3.395 225 581 885 44 1.413 0 0
AVOIDED OR INCORPORATED
Eutrophication 64 0 0,002 0 0 0 0 0 0 64
Ozone Depletion 0,06 0 0 0 0 0 0 0 0 0,06
Summer Smog 108 0 0 0 0 0 0 0 0 108
Global Warming 9.360.056 8.897.324 282.603 0 0 0 0 0 0 180.129
Acidification 1.623 0 0 0 0 0 0 0 0 1.623

Production Service life End-of-Life

 
 

Table 4-13: Relevance of single process steps in the life-cycle of wooden boxes 
(relative contributions) 

Total

EMITTED
Wooden 
Crates

Forest + 
timber prod.

Prod. of 
crates

Distri-
bution of 

new 
crates to 
grower

Delivery 
and 

Takeback

Long 
Distance 
Transport

Transport 
to incin-
eration

Incin-
eration

Steam 
recovery

electricity 
recovery

Eutrophication 100% 26% 33% 3% 8% 12% 1% 17% 0% 0%
Ozone Depletion 100% 40% 25% 5% 11% 18% 1% 1% 0% 0%
Summer Smog 100% 37% 29% 3% 9% 13% 1% 8% 0% 0%
Global Warming 100% 12% 31% 0% 1% 1% 0% 54% 0% 0%
Acidification 100% 25% 39% 3% 7% 10% 1% 16% 0% 0%
AVOIDED OR INCORPORATED
Eutrophication 100% 0% 0% 0% 0% 0% 0% 0% 0% 100%
Ozone Depletion 100% 0% 0% 0% 0% 0% 0% 0% 0% 100%
Summer Smog 100% 0% 0% 0% 0% 0% 0% 0% 0% 100%
Global Warming 100% 95% 3% 0% 0% 0% 0% 0% 0% 2%
Acidification 100% 0% 0% 0% 0% 0% 0% 0% 0% 100%

Production Service life End-of-Life

 
 

In relation to the emissions (EMITTED) - within production - the forest and timber 
production and the crate production play a comparable role. This means the demands and 
impacts of forestry and of box production should not be neglected. The distribution of 
crates from the crate producers to the growers plays a minor role in the European 
situation. Many crate producers are in the local vicinity.  
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Within service life, the long distance transports are most important but the local 
distribution transports are far from negligible. 

At End-of-Life, incineration plays the major role of course, especially for the carbon 
dioxide emissions. 

Looking at the benefits (AVOIDED OR INCORPORATED) the incorporation of carbon 
dioxide is the most important factor within the production phase. The substitution effects of 
providing electricity and steam to the grid during EoL are of importance as well. During the 
production of the crates small substitution effects occur due to the incineration of 
production residues and the use of small amount of auxiliaries from renewable resources. 

 

Cardboard boxes: The contribution of single process steps to the overall environmental 
impacts of the cardboard box system is shown in Table 4-14 and Table 4-15. 

Table 4-14: Relevance of single process steps in the life-cycle of cardboard boxes  
(absolute values) 

Total

EMITTED

Corru-
gated 
Board 
Crates

Forest + 
wood 
prod.

Pulp and 
paper 
prod.

Board 
prod.

Delivery 
and 

Take-
back

Long 
Dis-

tance 
Trans-

port

Trans-
ports in 

recyc-ling Mill
Incin-

eration 

Elec-
tricity re-
covery

Steam 
re-

covery

Re-
covered 

pulp
Eutrophication 4.542 53 3.808 403 90 136,7 11,7 3,8 36,4 0 0 0
Ozone Depletion 0,6 0,01 0,40 0,10 0,03 0,05 0 0 0 0 0 0
Summer Smog 2.115 176 1.309 298 105 156,6 13,4 6,5 50,3 0 0 0
Global Warming 9.074.087 43.628 4.658.082 537.957 81.530 131.673 11.265 10.757 3.540.668 0 0 58.528
Acidification 20.303 333 15.312 2.960 507 771,8 66,0 96,9 256,4 0 0 0
AVOIDED OR INCORPORATED
Eutrophication 179 0 30 0 0 0 0 0 0 11 0 137
Ozone Depletion 0,03 0 0 0 0 0 0 0 0 0 0 0
Summer Smog 141 0 49 0 0 0 0 0 0 19 0 73
Global Warming 6.727.233 5.602.830 471.976 295.223 0 0 0 0 0 31.636 0 291.664
Acidification 1.304 0 260 0 0 0 0 0 0 285 0 759

Production Service life End-of-Life

 
 

Table 4-15: Relevance of single process steps in the life-cycle of cardboard boxes 
(relative contributions) 

Total

EMITTED

Corru-
gated 
Board 
Crates

Forest + 
wood 
prod.

Pulp and 
paper 
prod.

Board 
prod.

Delivery 
and 

Take-
back

Long 
Dis-

tance 
Trans-

port

Trans-
ports in 

recyc-ling Mill
Incin-

eration 

Elec-
tricity re-
covery

Steam 
re-

covery

Re-
covered 

pulp
Eutrophication 100% 1% 84% 9% 2% 3% 0% 0% 1% 0% 0% 0%
Ozone Depletion 100% 2% 67% 16% 5% 8% 1% 1% 0% 0% 0% 0%
Summer Smog 100% 8% 62% 14% 5% 7% 1% 0% 2% 0% 0% 0%
Global Warming 100% 0,5% 51% 6% 1% 1% 0% 0% 39% 0% 0% 1%
Acidification 100% 2% 75% 15% 2% 4% 0% 0% 1% 0% 0% 0%
AVOIDED OR INCORPORATED
Eutrophication 100% 0% 17% 0% 0% 0% 0% 0% 0% 6% 0% 77%
Ozone Depletion 100% 0% 25% 0% 0% 0% 0% 0% 0% 39% 0% 37%
Summer Smog 100% 0% 35% 0% 0% 0% 0% 0% 0% 14% 0% 52%
Global Warming 100% 83% 7% 4% 0% 0% 0% 0% 0% 0% 0% 4%
Acidification 100% 0% 20% 0% 0% 0% 0% 0% 0% 22% 0% 58%

Production Service life End-of-Life

 
 

In evaluating the emissions (EMITTED), pulp and paper production dominates the results 
within production. The processes include all steps from forestry rough to the different pa-
per qualities needed to produce cardboard for fruit and vegetable crates. The cardboard 
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production is also relevant, but far less important than the pulp and paper production that 
precedes it. The forestry is of lesser importance in this context. 

It needs to be kept in mind that the high contribution of pulp and paper production to 
emissions is due to the extremely high content of semi-chemical fluting and kraftliner, 
which are needed for fruit and vegetable crates. Semi-chemical fluting and kraftliner are 
particular paper types that demand more energy and auxiliaries than average cardboard.  

The service life phase plays a minor role. The emissions from the service life of cardboard 
boxes are the lowest for all solutions. This is due to the fact that cardboard boxes are the 
lightest (about 2,5 times lighter than plastic crates and about 1,15 times lighter than 
wooden boxes). The total for all transports contributes between 2 %– 13 %. 

At End-of-Life the only important impact is from incineration in relation to carbon dioxide 
emissions which contribute to Global Warming. The milling of the 20 % share of fibres 
needed in cardboard production as input plays a minor role. 

The figures for the benefits (AVOIDED OR INCORPORATED) show that during growth 
the wood used incorporates about 40 % of all carbon dioxide totally released over the life-
time by any process.  

Further, in pulp and paper production, energy as a by-product is produced and sold to 
grid. This leads to substitution effects of about 10 % of the Global Warming emissions 
released during production. Some other impacts are avoided as well to a minor extent. 

In the End-of-Life phase, the substitution effects are due to the recovered energy carriers 
in incineration and the recovered secondary pulp, which is used in cardboard production 
again. 

 

Plastic crates: The contribution of single process steps to the overall environmental im-
pacts of the plastic crate system is shown in Table 4-16 and Table 4-17. 

With respect to the emissions (EMITTED) during the production, the so-called upstream 
processes up to polypropylene and polyethylene granulates play the most important role. 
These processes include the crude oil extraction, refinery processes, steam cracker to 
ethylene and propylene and the final polymerization and compounding. The crate 
production as such seems to play a minor role.  

Within service life the long distance transports are most important. The local distribution 
transports are less important in relation to the total life-cycle because the long distance 
transports are more relevant, due to the higher weight of the crates. The back transport 
into the grower countries is a logistical task, but does not play a very relevant role from an 
environmental point of view. Quite relevant is the washing of the crates. This process 
contributes between 10 – 20 % of emissions to the total life cycle. 

End-of-Life with recycling plays only a minor role as well. 

Regarding the benefits (AVOIDED OR INCORPORATED), the avoided impacts are 
concentrated almost 100 % on the further use of the re-granulate. The avoided impacts 
are between 60 – 80 % of those for the primary production of granulate. 
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Table 4-16: Relevance of single process steps in the life-cycle of plastic crates  
(absolute values) 

Total

EMITTED
Polymer 
Crates

Prod. of 
polymer 

granulate

Prod. 
of 

crates

Distri-
bution of 

new 
crates to 
grower

Delivery 
and 

Take-
back

Long 
Distance 
Trans-

port

Back-
trans-
port

Inspec-
tion and 
washing

Trans-
ports in 
recyc-

ling

Mill + 
Re-

granu-
lation

Incin-
eration 

of 
residues

Energy 
recovery

Re-
covered 
granulte

Eutrophication 894 86,1 8,6 6,8 229 355,1 65,9 129 2,8 9,4 0,4 0 0
Ozone Depletion 0,54 0,23 0,01 0,002 0,08 0,2 0 0,1 0 0,01 0,0 0 0
Summer Smog 1.572 588,6 37,4 7,9 267 463,1 14,8 173,9 3,3 15,8 0,5 0 0
Global Warming 1.259.288 290.187 24.901 6.508 207.719 344.510 67.301 260.430 2.745 26.354 28.632 0 0
Acidification 6.362 723 205 39 1.292 2.022,0 356,9 1.469 16,1 237 2,4 0 0
AVOIDED OR INCORPORATED
Eutrophication 61 0 0 0 0 0 0 0 0 0 0 0,8 60,1
Ozon Depletion 0,15 0 0 0 0 0 0 0 0 0 0 0 0
Summer Smog 499 0 0 0 0 0 0 0 0 0 0 1 498
Global Warming 190.426 0 0 0 0 0 0 0 0 0 0 2.295 188.131
Acidification 528 0 0 0 0 0 0 0 0 0 0 21 508

End-of-LifeProduction Service life

 
 

Table 4-17: Relevance of single process steps in the life-cycle of plastic crates 
(relative contributions) 

Total

EMITTED
Polymer 
Crates

Prod. of 
polymer 

granulate

Prod. 
of 

crates

Distri-
bution of 

new 
crates to 
grower

Delivery 
and 

Take-
back

Long 
Distance 
Trans-

port

Back-
trans-
port

Inspec-
tion and 
washing

Trans-
ports in 
recyc-

ling

Mill + 
Re-

granu-
lation

Incin-
eration 

of 
residues

Energy 
recovery

Re-
covered 
granulte

Eutrophication 100% 10% 1% 1% 26% 40% 7% 14% 0% 1% 0% 0% 0%
Ozone Depletion 100% 42% 2% 0% 14% 28% 0% 12% 0% 2% 0% 0% 0%
Summer Smog 100% 37% 2% 1% 17% 29% 1% 11% 0% 1% 0% 0% 0%
Global Warming 100% 23% 2% 1% 16% 27% 5% 21% 0% 2% 2% 0% 0%
Acidification 100% 11% 3% 1% 20% 32% 6% 23% 0% 4% 0% 0% 0%
AVOIDED OR INCORPORATED
Eutrophication 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 99%
Ozone Depletion 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 99%
Summer Smog 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100%
Global Warming 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 99%
Acidification 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 4% 96%

Production Service life End-of-Life

 
 

4.1.5 Relevance of the different parameters and influences on the results 
In the following section the influence of production and end-of-life parameters are 
analyzed, discussed and interpreted. 

The variations were done using the GaBi 4 Analyst function of the Life-Cycle-Software 
GaBi 4. All types of parameters can be varied using the Analyst and the resulting values 
can be transferred to a balance for analysis. In addition, the GaBi Analyst allows the 
simulation of changes and variations to environmental impact categories. The GaBi 
Analyst includes four analysis tools (scenario analysis, parameter variation, sensitivity 
analysis and Monte Carlo analysis) that produced the results presented in this chapter. 

For better identification, the varied parameters are numbered from 1 – 14. Furthermore, a 
variation of the parameter is undertaken in a meaningful range. The representative mean 
value is the value chosen in the study as the base case. The influence of the variation on 
the result of any solution is investigated (Table 4-18). 
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Table 4-18: Overview of parameters varied including the degree of variation 

No. Main production and EOL parameters  
(benchmark basis) 

Representative 
mean value 

Varied to 
value 

1 Share of primary plastic material in production of crates 100 % 70 %12 
2 Value of secondary granulate in relation to primary 70 % 100 %13 
3 Share of primary polypropylene material in crate production 42 % 100 %14 
4 Share of primary polyethylene material in crate production 58 % 100 %14 
5a Granulate losses during production of crates 2,75 % 1,5 %15 
5b Granulate losses during production of crates 2,75 % 6 %15 
6a Damaged crates in relation to total crates inspected 0,4 % 0,17 %15 
6b Damaged crates in relation to total crates inspected 0,4 % 0,71 %15 
7a Share of poplar in crate production 70 % 0 %16 
7b Share of poplar in crate production 70 % 100 %16 
8 Sold steam products from incineration in MSWI 0 % 100 %17 
9 Share of Semi-chemical Fluting in cardboard 45 % 10 %18 
9 Share of Kraftliner in cardboard 43 % 21 %18 
9 Share of Testliner in cardboard 9 % 33 %18 
9 Share of Wellenstoff in cardboard 0 % 33 %18 
10 Share of wood dried during crate production 20 % 50 %19 
11 Share of poplar wood steamed prior to peeling 0 % 100 %20 
12a Share of wood to incineration (rest particle board industry) 100 % 0 %21 
12b Share of wood to incineration (rest particle board industry) 100 % 50 %21 
13 Share of plastic to secondary granulate (rest MSWI) 100 % 50 %22 
14 Share of cardboard to secondary pulp (rest MSWI) 20 % 60%23 
 

The results of the sensitivity analysis can be seen in Figure 4-7. If the bars have scores 
lower than zero the environmental impact of the respective crate system is lower (better). 
If the bars have scores higher than zero the environmental impact of the respective crate 
system is higher (worse). The percentage means: better or worse in relation to the repre-
sentative base case (see table above). Most influence can be observed at the Global 
Warming Potential.  

                                                 
12 30 % secondary granulate considered as realistic for possible secondary granulate use (even more possible) 
13 100 % value means that the secondary granulate would be used in vegetable crates again 
14 only PP crates used or only PE crates used respectively 
15 range of collected data 
16 only poplar or no poplar used for wooden boxes 
17 steam from waste incinerators is not salleable in some regions 
18 average cardboard boxes assumed (not suitable for fruit and vegetable boxes, just for verification purposes) 
19 20 % drying reported. 50 % assumed as higher value for regions with higher humidity or lower temperatures 
20 check of influence of steaming 
21 no incineration of wooden boxes or 50 % incineration of wood crates considered 
22 50 % incineration of polymer crates considered 
23 average share (60 %) of recycled pulp considered (20 % is normal for fruit and vegetable boxes) 
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Figure 4-7: Sensitivity of parameters varied (all impact categories shown) 
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The Global Warming Potential is very sensitive (between -130 % and -90 %) to lower 
(better) values in relation to the parameter:  

 8  - sold steam products from incineration in MSWI,  

and higher (worse) in relation to the parameters: 

 11 - share of poplar wood steamed prior to peeling,  

 12 - share of wood to incineration (rest to particle board industry). 

To be able to identify further relevant parameters for other crates the Global Warming 
Potential is hidden in the following graph (Figure 4-8). 

It can be seen that the other environmental impact effects (Eutrophication, Ozone 
Depletion, Summer Smog and Acidification) are influenced between +/- 5 % – 60 % for the 
parameters: 

 1  - Share of primary plastic material in production of crates, 

 2  - Value of secondary granulate in relation to primary, 

 7  - Share of poplar in crate production, 

 9  - Share of Fluting, Kraftliner, Testliner and Wellenstoff in cardboard, 

 10  - Share of wood dried during crate production, 

 13  - Share of plastic to secondary granulate (rest MSWI), 

 14  - Share of cardboard to secondary pulp (rest MSWI). 
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Figure 4-8: Sensitivity of parameters varied (all impact categories besides GWP 
shown) 
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The following parameters have minor influence (less than 3 %) and are therefore not 
discussed further: 

 3  - Share of primary polypropylene material in production of crates, 

 4  - Share of primary polyethylene material in production of crates, 

 5  - Granulate losses during production of crates, 

 6  - Damaged crates in relation to total crates inspected, breakage rate. 

In Supplement B the complete range of parameters and their respective influence can be 
seen. In the following, the most sensitive parameters and their influence are discussed. 

 

Parameter 1 (Share of primary plastic material in production of crates) 

This parameter describes the amount of primary material used in the production of plastic 
crates. The data collection showed that some of the participating companies used 100 % 
primary plastic. However, some of the companies also use secondary granulate, because 
crates from secondary material can show similar technical performance. In the benchmark 
basis 100 % of primary material use was assumed as a conservative scenario. Therefore 
a parameter variation was done using 30 % of secondary material and only 70 % of pri-
mary material (Table 4-19), which represents almost the current situation with an average 
use of secondary granulate in the box production of the participating companies of about 
29 %.  

Due to use to secondary material in the production of the crates the environmental impact 
of the plastic crates is reduced to between 1 % and 6 %. This is because it is used in a 
closed loop in the same high quality application rather than used in other applications of 
lower quality or value. The use of secondary material replaces an extensive process chain 
from oil extraction through to polymerization. 

The results of wooden and cardboard boxes remain unchanged. The overall results (see 
figures in chapter 4.1.1 Results in relative terms) do not significantly change, if this single 
parameter is varied. 

Table 4-19: Results of parameter 1 variation (30 % of secondary material and only 
70 % of primary material instead of 100 % primary material) 

PARAMETER 1 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  0% 0% -1% 
Ozone Depletion  0% 0% -6% 
Summer Smog  0% 0% -3% 
Global Warming  0% 0% -3% 
Acidification  0% 0% -1% 
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Parameter 2 (Value of secondary granulate in relation to primary) 

This parameter describes the value of the secondary material, if it is not used in the same 
application (vegetable crates) again. Data collection at participating companies showed 
that the secondary material from broken or faded plastic crates is desirable, even if today 
they are not commonly used in production of fruit/vegetable crates again. The secondary 
material is often used in the production of beer crates. The average value of a beer crate 
made of secondary material from vegetable crates is around 70 %. To check the impor-
tance of the choice of application, where the secondary material is used, a parameter 
variation was done increasing the value of the secondary product to 100 % of the material 
used in primary crate production (Table 4-20). 

The effects show that if the secondary material totally replaces a primary material of 
100 % quality in comparison to primary material (rather than 70 %), the impacts driven by 
the oil extraction and chemical industry process chain (like summer smog) are reduced 
significantly (ozone depletion is reduced as well but plays a minor role in this context (see 
Table 4-5, Figure 4-5). Global warming effects are reduced anyway by approx. 8 %.  

Table 4-20: Results of parameter 2 variation (value of secondary material, varied from 
70 to 100 %) 

PARAMETER 2 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  0% 0% -3% 
Ozone Depletion  0% 0% -16% 
Summer Smog  0% 0% -20% 
Global Warming  0% 0% -8% 
Acidification  0% 0% -4% 

 

The results of wooden and cardboard boxes remain unchanged. 

The overall results (see figures in chapter 4.1.1 Results in relative terms) only change 
significantly for summer smog, as plastic is now only 15 % worse than the wooden solu-
tion, if this single parameter is varied. 

 

Parameter 7a and 7b (Share of poplar in crate production) 

In wooden box production a high share of poplar timber is used, which was determined in 
the data collection to be around 70 %. According to forestry scientists, the forestry of pop-
lar trees is less demanding than other trees such as spruce and pine [SCHWEINLE 2005]. 
To check the influence of possibly changing timber, a parameter variation (Table 4-21) 
was done using 100 % of wood from other trees (0 % poplar) with a comparably higher 
demand in forestry and - in second variation - only timber from poplar (100 % poplar).  
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Table 4-21: Results of parameter 7 a (no poplar) and 7b (only poplar) variation 

PARAMETER 7a 
(no poplar) 

WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  +1% 0% 0% 
Ozone Depletion  +4% 0% 0% 
Summer Smog  +3% 0% 0% 
Global Warming  +7% 0% 0% 
Acidification  +4% 0% 0% 

PARAMETER 7b 
(only poplar) 

WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  0% 0% 0% 
Ozone Depletion  -1% 0% 0% 
Summer Smog  -1% 0% 0% 
Global Warming  -2% 0% 0% 
Acidification  -1% 0% 0% 

 

If no poplar (0 %) is used and only spruce and pine timber, the environmental impacts for 
wooden boxes increase. The main effects are from the more demanding forestry inputs 
and from the saw-mills for spruce and pine which are considered to be more energy 
intensive than the peeling of poplar. 

If only poplar (100 %) is used and no spruce and pine timber, the environmental impacts 
for wooden boxes are decreased. The effects are vice versa to the effects discussed 
above. Of course - the decreasing effects are less dominant, as 70 % of poplar is already 
used in the base case. 

The results of plastic crates and cardboard boxes remain unchanged. 

The overall results (see figures in chapter 4.1.1 Results in relative terms) do not signifi-
cantly change, if this single parameter is varied. 

 

Parameter 8 (used steam products from incineration in MSWI) 

In any of the three options there are residues and wastes over the life cycles that go to 
waste incineration (MSWI). In the case of wood and cardboard the incineration is the main 
end-of-life option as well.  

The use of the hereby produced steam is viable and state of the art in several countries in 
the EU. However, in the European average it plays a minor role, due to the unavailability 
of steam consumers or steam grids at the solid waste incineration plants. Hence for the 
base case (conservative scenario) this option was not considered. Instead the influence of 
the option to sell the steam as high value product is assessed in this parameter variation.  

The incineration of the different components and residues of the different life-cycles 
(wood, plastic, cardboard) is modelled as standard incineration of each component to-
gether with average municipal solid waste. An average European incinerator with up-to-
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date technology i.e. dry flue gas treatment and energy recovery (boiler and generator) is 
assumed. Outputs of these incinerators are ashes, electricity and steam as well as 
cleaned off-gas with some emissions. 

The produced electricity can easily be supplied into the electricity grid. But in several 
cases the use of the thermal energy or steam is not easily possible as surrounding infra-
structure or a demand is missing. Therefore the influence of selling steam to a network or 
a user nearby is analyzed (Table 4-22). 

Table 4-22: Results of parameter 8 variation (steam products used from incineration)  

PARAMETER 8 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  -15% -2% -0,2% 
Ozone Depletion  0% 0% 0,0% 
Summer Smog  -19% -6% -0,2% 
Global Warming  -131% -24% -1,1% 
Acidification  -25% -4% -0,3% 

 

The overall results are significantly influenced, if this single parameter is varied.  

If the steam can be used (sold), decreasing impacts for all options are the case. The 
environmental impacts of the wooden boxes decrease the most, followed by cardboard 
and plastics. For the wooden boxes a drastic decrease of the global warming potential 
may occur, because the incinerator emissions are now related not only to the usage of the 
crates and the produced electricity but also to the sold steam. 

One hundred percent of wooden boxes and 80 % of the cardboard boxes go to 
incineration in the base case. Therefore the wooden boxes are influenced the most by 
increasing values for summer smog, acidification and global warming potential. The 
missing product – steam - is the reason.  

In terms of global warming the wooden boxes reach significantly better values compared 
to plastics and in acidification and summer smog wood shows less impact in comparison 
to plastic crates. 

 

Parameter 9 (Share of Fluting, Kraftliner, Testliner and Wellenstoff in cardboard 
boxes) 

In this parameter variation, the specific share of different pulps and papers in the produc-
tion of the cardboard boxes is varied. According to information from the related associa-
tion [FEFCO ET AL. 2003] the composition for fruit and vegetable boxes is characterized by 
high shares of Fluting and Kraftliner (two demanding paper types), to withstand the humid 
atmosphere during transport of fruit and vegetable.  

This parameter variation is therefore not really an option in this functional unit of “trans-
porting a certain tonnage of fruit and vegetables with 3 different packaging systems 
through Europe”, because this specific paper quality is simply a must. Nevertheless, a 
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variation gives some indication of the importance of this parameter. 

The results of the parameter variation show – not surprisingly – very significant reductions 
if average cardboard could be used (Table 4-23 and Figure 4-9). 

But it needs to be kept in mind that this is not within this functional unit. The results only 
provide insight about the significance of this parameter in the overall context. 

 

Table 4-23: Results of parameter 9 variation (average pulps and papers qualities in-
stead of quality used for fruit and vegetable boxes) 

PARAMETER 9 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  0% -55% 0% 
Ozone Depletion  0% -53% 0% 
Summer Smog  0% -43% 0% 
Global Warming  0% -1% 0% 
Acidification  0% -52% 0% 

 

SUM (EMITTED - BOUND/SUBSTITUTED) SCENARIO AVERAGE CARDBOARD
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Figure 4-9: Effect of parameter 9 variation (average pulps and papers qualities in-
stead of quality used for fruit and vegetable boxes) 
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Parameter 10 (Share of wood dried during crate production) 

To get insights about the relevance of the technical drying process in the life-cycle of the 
wooden boxes, the amount of dried wood is set to 50 % instead of the investigated aver-
age of 20 %. The results are given in Table 4-24. 

There is almost no influence visible. Only the amount Global Warming Potential is slightly 
increased. However, the overall results (see figures in chapter 4.1.1 Results in relative 
terms) do not significantly change, if this single parameter is varied. 

Table 4-24: Results of parameter 10 variation (50 % wood dried during crate produc-
tion instead of 20 %) 

PARAMETER 10 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  +1% 0% 0% 
Ozone Depletion  +2% 0% 0% 
Summer Smog  +1% 0% 0% 
Global Warming  +4% 0% 0% 
Acidification  +2% 0% 0% 

 

Parameter 11 (share of poplar wood steamed prior to peeling) 

According to the data collection, the poplar wood was normally not steamed prior to peel-
ing. However, it may be the case that steaming is used to prepare the poplar logs. As in-
formation gathering in this industry was very difficult due to the small, partly – family 
owned – companies, some assumptions had to be made to calculate this scenario. The 
steam demand was estimated by the state variables of saturated steam in an estimated 
30 m3 chamber with 24 m3 poplar. The steam demand was estimated to be 0,6 tons per 
ton poplar with 10 % losses. This leads to quite a significant total steam demand. The 
important question is from which sources the steam demand is supplied. Taking into ac-
count that in the timber industry most often wooden residues in a suitable quantity are 
present, the assumption of a thermal energy supply from wood residues seem most ade-
quate (Table 4-25 and Figure 4-10). 

Table 4-25: Results of parameter 11 variation (100 % poplar wood steamed prior to 
peeling instead of no steaming) 

PARAMETER 11 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  +7% 0% 0% 
Ozone Depletion  0% 0% 0% 
Summer Smog  +7% 0% 0% 
Global Warming  +27% 0% 0% 
Acidification  +12% 0% 0% 
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Taking this situation, the overall results (see figures in chapter 4.1.1 Results in relative 
terms) do change a bit in relation to global warming, acidification and summer smog. The 
wooden boxes emit now approx. as much CO2 as they are substituting and incorporating 
(balance approx. 0). In acidification and summer smog the wooden boxes now show 
slightly higher impacts than plastic crates. 
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Figure 4-10: Effect of parameter 11 variation (100 % poplar wood steamed prior to peel-
ing instead of no steaming) 

 

Parameter 12a and 12b (share of wood to incineration, rest particle board industry) 

There are often discussions about the fade of wooden residues. Some claim that 
composting is the best option, because the residues are going back into a natural cycle. In 
principle this is correct, but it should be noted that in composting the incorporated CO2 is 
released again and no “valuable product” in the sense of an industrial production for 
further use is gained. Hence all of the incorporated CO2 would be released again (balance 
= 0) and the global warming emissions from all the other activities during the life cycle 
(transports, electricity consumption, etc.) would bring the global warming emissions close 
to those of the plastic crates. 

More often, the possibilities of wooden residues going to the particleboard industry as raw 
material are mentioned. According to the investigations, this option only plays a role in 
Southern Europe, as it is not an option in Central Europe. Therefore transports to 
Southern Europe are considered (only the share of additional fuel consumption due to the 
weight of the wood, to make the figures independent from a transport demand 
discussion).  

Due to the fact that further processing steps (shredding/milling) and transports are neces-
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sary and further the substitution effects of the waste incinerator products (electricity and 
steam) are missing, the overall result is influenced if 100 % of the wood goes as input to 
particleboard industry (Table 4-26, Figure 4-11).  

 

Table 4-26: Results of parameter 12a variation (No wood to incineration, 100 % to par-
ticleboard industry) 

PARAMETER 12 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  +2% 0% 0% 
Ozone Depletion  +60% 0% 0% 
Summer Smog  +21% 0% 0% 
Global Warming  +31% 0% 0% 
Acidification  +24% 0% 0% 

 

With respect to global warming another effect is seen: The wood chips are carrying the 
bounded CO2 into another application (particleboard). The end-of-life of the particleboard 
cannot be considered here (i.e. incineration). Hence the incorporated CO2 must be shifted 
to the other life-cycle and considered there24. 
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Figure 4-11: Effect of parameter 12a variation (no wood to incineration, 100 % to parti-
cle board industry) 

The wooden boxes increase their impact significantly over all impact categories, if this 

                                                 
24 This effect only plays a role if analysing incorporated and emitted CO2 separately. The overall balance is not influenced. 
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single parameter is varied.  

In the case of 50 % of the wood going to the particleboard industry, the figures given in 
Table 4-26 decrease significantly. The resulting overall results are as shown in Figure 
4-12. 

SUM (EMITTED - BOUND/SUBSTITUTED) SCENARIO 50% WOODEN BOXES TO 
PARTICLE BOARD INDUSTRY

0%

20%

40%

60%

80%

100%

Eutrophication Ozone Depletion Summer Smog Global Warming Acidification

wooden boxes cardboard boxes plastic crates 

 

Figure 4-12: Effect of parameter 12b variation (50 % wood to incineration, 50 % to par-
ticle board industry) 

 

Parameter 13 (Share of plastic to secondary granulate, remainder to MSWI) 

The amount of broken plastic crates going to re-granulation is considered to be 100 % in 
the base case. According to the data collection this is the case for the investigated plastic 
crate system. Nevertheless it is of interest to see the influence of a changing end-of-life 
option for plastic crates. Therefore a scenario is calculated that shows the impacts of 
sending 50 % of the plastic crates to incineration (Table 4-27 and Figure 4-13).  
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Table 4-27: Results of parameter 13 variation (50 % of plastic to secondary granulate, 
50 % to incineration)  

PARAMETER 13 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  0% 0% +3% 
Ozone Depletion  0% 0% +16% 
Summer Smog  0% 0% +22% 
Global Warming  0% 0% +24% 
Acidification  0% 0% 0% 

 

The impacts of ozone depletion, summer smog and global warming (first two primarily due 
to 50 % decreased potential of being future secondary granulate and substitute primary 
material) are higher.  

The global warming effects result primarily from the incineration of the plastics. For 
acidification and eutrophication the emission effects of the incineration plant are approx. in 
balance with the substitution effects of the provided electricity and steam.  

The overall results show higher impacts for plastic crates in ozone depletion, summer 
smog and global warming if 50 % of the crates go to incineration and only 50 % are re-
granulated. 
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Figure 4-13: Effect of parameter 13 variation (50 % of plastic to secondary granulate, 
50 % to incineration) 
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Parameter 14 (Share of cardboard to secondary pulp, remainder to MSWI) 

This parameter variation considers higher shares of cardboard going back in the pulp and 
paper industry as a secondary resource. In the representative base case 20 % was used, 
because these are the figures for the needed paper quality for crates for fruit and vegeta-
bles, but on average, about 55 % is recycled [FEFCO ET AL. 2003]. The rest of the card-
board is incinerated. 

The impacts of global warming are reduced by 46 %, but in relation to plastic crates this is 
still twice as high. 

Concerning the other impacts, the overall results (see figures in chapter 4.1.1 Results in 
relative terms) do not significantly change, if this single parameter is varied (Table 4-28). 

 

Table 4-28: Results of parameter 14 variation (60 % of cardboard to secondary pulp, 
instead of 20 %, balance to incineration)  

PARAMETER 14 WOODEN BOXES 
Better (-) or worse (+) 

CARDBOARD BOXES
Better (-) or worse (+) 

PLASTIC CRATES 
Better (-) or worse (+) 

Eutrophication  0% -6% 0% 
Ozone Depletion  0% -1% 0% 
Summer Smog  0% -7% 0% 
Global Warming  0% -89% 0% 
Acidification  0% -7% 0% 
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4.2 Comparison of costs 
The evaluation of costs over the life cycle of the three systems compared is quite 
demanding since data collection turned out to be difficult. It is quite understandable, that 
for confidentiality reasons – especially for wooden boxes and cardboard boxes - most 
stakeholders along the chain are reserved in providing exact production and distribution 
costs.  On the other hand, for calculating the costs of the plastic crate system, the logistic 
companies IFCO and EUROPOOL have the data on demand in their own software 
systems to optimize their cost-efficiency.  

4.2.1 Costs of the three systems considering the two scenarios 
The life cycle costing analysis is performed over the given transport task being 3.333.350 
fillings (for the conservative scenario) or 6.666.750 fillings (for the technical scenario) of 
fruit and vegetables transported in Europe according to the international transport matrix. 
The cost analysis is carried out using the base scenario (no parameter variation 
considered).  

The cost evaluations is split up into the life cycle phases production, service life and end 
of life in order to demonstrate, where major costs in which systems occur (Figure 4-14). 
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Figure 4-14: Costs of the three systems compared considering the two scenarios; ag-
gregated over the life cycle phases.  

For wooden boxes and cardboard boxes the highest share of costs occurs in the 
production phase, while for plastic crates the service life is the main cost driver. In the 
case of wooden boxes, end of life costs occur because of disposal costs for wood. Due to 
their monetary residual value at the end of life, plastic crates and cardboard boxes show a 
credit. 
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Figure 4-15 shows a more detailed cost calculation. In the case of plastic crates, during 
service life, the costs for the transportation tasks and the washing/sanitation processes 
within the scenarios are almost the same. The production costs of the crates are minor in 
both scenarios and get smaller compared to the overall costs with higher numbers of rota-
tions. Washing and transportation are the main causes of cost.  

For wooden boxes and cardboard boxes the main costs are caused by the crate 
production. The costs during service life for both systems are dominated by the fee 
”Bonner Notiz” charged for the disposal of one-way packaging. 
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Figure 4-15: Costs of the three systems compared considering the two scenarios; de-
tailed 

4.2.2 Influence on costs due to doubling the transportation task 
Regarding the doubling of the transportation task from about 3,3 Mio crates (conservative 
scenario) to about 6,6 Mio crates, in the case of wooden boxes and cardboard boxes the 
difference in costs between the two scenarios is simply a doubling effect. The plastic 
crates show a lower increase of costs when the transportation task is doubled from the 
conservative scenario to the technical scenario. This value of 87 % corresponds to the 
value found in the environmental impacts (Figure 4-16). The economic advantages of the 
plastic crates system increase with the number of rotations of the plastic crates. 



 Results 

 111 

87%

100%

100%

0% 20% 40% 60% 80% 100%

Wooden boxes
Cardboard boxes
Plastic crates

 

Figure 4-16: Increase of costs due to doubling the transportation task from the con-
servative scenario to the technical scenario 



 Results 

 112 

4.3 Comparison of social aspects 
Most of the data used in the assessment of the social aspects was gathered during this 
project in specific questionnaires. Due to the general difficulties in the assessment of so-
cial aspects based on the Life Cycle Assessment methodology mentioned in chapter 
2.2.6, data gaps had to be closed by using statistical data from the respective industry 
branch. 

4.3.1 Human labour 
Figure 4-17 shows the amount of seconds of human labour needed to produce one crate 
of the respective material. The different crates are differently used (multi-way vs. one-way) 
and therefore not comparable in terms of the same use. Nevertheless this figure shows 
the relation between the efforts to produce one of each crate. The share of women work is 
about 20 % for all wooden boxes and plastic crates. For cardboard boxes the share of 
women work is lower (less than 5 %). 
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Figure 4-17: Crate production - total work and women share 

4.3.2 Qualification level 
The qualification levels are ranging from “A” for the highest qualification to “E” for the low-
est qualification (Table 4-29). They correspond to the International Standard Classification 
of Education (ISCED) which was designed by UNESCO in the early 1970’s, but in addition 
qualification on the job and the generally required capability of the jobs are considered. 

The description of the qualification levels is given in the following table as well as the 
attributed ISCED-Levels. 
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Table 4-29: Qualification Levels 

Qualification 
Level Description ISCED-Description ISCED-

Level 

A Masters degree and above or 
bachelor plus work experience 

Second stage of tertiary 
education Level 6 

B Bachelor's degree First stage of tertiary 
education 

Level 5 

C 
Post secondary education, technical 
school, "Foreman", Work experience 
in related profession 

Post-secondary non-tertiary 
education 

Level 4 

D 
(Mid- and long-term on the job 
training): Trained workers, partly with 
postsecondary education 

(Upper) secondary education Level 3 

Lower secondary or second 
stage of basic education 

Level 2 

Primary education or first 
stage of basic education 

Level 1 
E (Short-term on the job training): 

Untrained or short term trained 
workers 

Pre-primary education Level 0 

 

The next three figures show a more differentiated picture of the crate production. The 
whole amount of work is split up into five different qualification levels (see chapter 2.2.6 ) 
and into different origins.  

For the plastic crates, the amount of human labour is split up into the production of the 
granulate and the production of the crates; for the wooden boxes the shares for logging, 
sawing and drying and for the crate production itself is shown, the production of the 
cardboard boxes is split up into pulp production (including logging) and the actual 
cardboard boxes. 

Figure 4-18 shows an overall profile for the wooden box production. Most of the work can 
be done by people with a very low level of education. This is, in principle, true for all three 
kinds of crates. Logging requires trained personnel (Level D) but wooden box production 
requires mainly workers with low qualifications. For the sawing and drying, the main share 
of the work is conducted by personnel on qualification level E. Most of the work is related 
to the crate production itself. 
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Figure 4-18: Wooden box production – qualification profile 

 

Cardboard box production - qualification profile
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Figure 4-19: Cardboard box production – qualification profile 

In Figure 4-19 it is seen that for the cardboard boxes most of the work is at lower levels of 
qualification. However, the amount of work is shifted to higher qualification levels. Less 
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work is provided at level E, but more at the levels A, B and C in relation to the total 
amount of work. In the cardboard production itself the highest share of work is provided at 
level C. 

Figure 4-20 shows an overall profile for the plastic crates being very similar to the one for 
cardboard boxes. Most of the work is at lower levels of qualification. Having a look at the 
granulate production shows that there is little work involved which does not need any 
qualification (Level E). The crate production itself provides work at this level. 
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Figure 4-20: Plastic crate production – qualification profile 

4.3.3 Lethal and non-lethal accidents 
The lethal accidents are shown in Figure 4-21. The high number of accidents for wooden 
boxes comes from the high rate of accidents in the logging sector. This is also the case for 
the high values in cardboard box production. 

In Figure 4-22 the figures for the non-lethal accidents are shown. It can be seen that the 
number of accidents during the crate production process for the plastic crates is very high 
in comparison to the others. However, it has to be kept in mind that a plastic crate is used 
many times whereas the other two are only used once. Also because these numbers are 
taken from statistics it does not necessarily mean that the risk for accidents is higher dur-
ing the production of one plastic crate. It only means that during the production phase of 
plastic crates, these non-lethal accidents are more often reported. On the other hand, it 
can be assumed that lethal accidents always find their way into the statistics.  

In the previous paragraphs only the production of one crate each was assessed and 
compared. This was done in order to show the relativities. But more significant are the 
effects on the whole system over the operating life time. The effects of the end-of-life are 
not accounted for due to the unavailability of data. 
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Figure 4-21: Lethal accidents per produced crate 
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Figure 4-22: Non-lethal accidents per produced crate 
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4.3.4 Working time effects related to the production 
In the next paragraph the working time effects are considered in relation to the production 
of the different crates and the efforts to run the service. The results are based on the con-
servative scenario (see chapter 2.2.3). 

Figure 4-23 shows the working hours related to the transport task and the assumptions for 
the conservative scenario defined in chapter 2.2.3. 
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Figure 4-23: Working hours for production and operation per extended functional unit 

Looking at production only, it can be seen that the amount of work for the plastic crates is 
significantly lower than for the production of wooden or cardboard boxes. This is due to 
the fact that the plastic crates are re-used many times. 

3,33 mio crates have to be produced in case of cardboard boxes or wooden boxes com-
pared to 80.000 plastic crates fulfilling the same transport task.  

The washing and sorting of the plastic crates compensates partly for the less work in the 
production phase, resulting in overall working hours of 86.000 h, whereas the wooden box 
system requires 109.000 h, the cardboard system only 71.200 h. 

The amount of work related to transportation is the same for all three systems. It is shown 
in this figure to give an idea of the relativities. 

The re-granulation of the broken plastic crates during the operation of the system is so 
small (290 h) that it can hardly be seen in the graph. 

In relation to this study – although the spatial distribution was not assessed explicitly – 
some statements are possible: 
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The pool system with plastic crates in general requires less work than the wooden boxes. 
Apart from the jobs created in the transportation sector (which are nearly the same in both 
cases) the pool system mainly creates jobs due to the washing process at the washing 
sites. The wooden box system is only creating jobs in the production phase (mainly 
directly in the fruit producing countries). But no advantage or disadvantage of one or the 
other system is seen to be deducible from this data. 

Looking at the qualificational profile, the production of the plastic crates requires higher 
skills than the production of the wooden boxes. For the whole system this difference is 
levelled out due to the high fraction of low qualificational level work in the washing depots 
of the plastic crates resulting in an almost identical overall qualification profile of plastic 
crates versus wooden boxes. 
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5 Conclusions 
The environmental impact of fruit and vegetable packaging systems was analyzed in two 
different scenarios, with representative parameter settings and 14 parameter variations to 
consider different technical situations and boundary conditions. Cost and social figures 
complete the picture towards for a more sustainable solution. 

The data and the results for this study are presented in Chapters 1 – 4. The conclusions 
drawn below are based on these data and results. 

It has to be stated that some properties of the different packaging systems show 
additional and/or intangible benefits for specific boundary conditions, like  

 flexibility of design, shapes, appearance 

 free choice of supplier 

 printing, labelling, suitability for bar codes or RFID tags and other logistics systems 

 hygiene, occupational health and safety issues 

 light weight, easy handling, stacking.  

These properties play an important role in the performance and the choice of a packaging 
systems beside economic or environmental reasons and therefore should not be 
neglected.  

Extensive parameter variation has been undertaken. Therefore a certain representative 
base case had to be chosen. Nevertheless by chosing most appropriate parameters sets 
a variety of conclusions for individual cases can be drawn. Within this study we focus on 
more general conclusions in an European dimension. 

Identified optimisation potential of packaging options 

Wooden boxes:  

 Reduction of wood transports, especially long distance transports of wood imports 

 Reduction of weight of wooden boxes (weight varies partly almost factor two for 
same capacity depending on design and the moisture of the wood) 

 Kind of used wood: As poplar seems to be less intensive in forestry and box 
production, the broader use of poplar seems to be favourable. 

 Energy use in end-of-life: Due to the fact that wooden boxes are not recycled into 
particle board in central Europe certain transport distances to southern European 
sites apply. The energetic use of wooden boxes in central Europe therefore seems 
to be the most appropriate end-of-life option. In contrast to combustion (electricity 
and steam products) composting does not produce high value products 

Cardboard boxes:  

 The box dimensions and therefore the amount of used material is a possible 
aspect of further optimisation as this appears to have a relevant influence on the 
results. 

 Further the composition of papers concerning the primary and secondary fibre 
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content plays a relevant role. Regarding information collected in this study a rather 
small amount of secondary fibre is used in the production of fruit and vegetable 
cardboard boxes. If the share of secondary fibre could be increased impacts could 
be reduced. 

 Energy use in end-of-life: Due to the fact that fruit and vegetable cardboard boxes 
are not recycled into fruit and vegetable cardboard boxes again different options 
for end-of-life apply. The energetic use of cardboard boxes seems to be an 
appropriate end-of-life option as electricity and steam products are resulting. 

Plastic crates: 

 The amount of loops of plastic crates has an influence on the overall results as the 
washing and hygiene as well as maintenance has less influence than primary 
production. Therefore the overall results are optimised with an increasing number 
of loops (therefore a conservative number of loops was chosen as base case). 

 Amount of secondary granulate in the production of the crates: The increase of 
secondary granulate in the production of fruit and vegetable crates would 
significantly improve the overall results. 

 If closed loop recycling is not possible open loop recycling into high value 
applications should apply. In this case most of the secondary granulate is used in 
beer crate production (70 % of primary granulate value in fruit and vegetable crate 
production). 

 Further the washing and hygiene process step is of relevance within the life cycle. 
Therefore any effective reduction in consumption and emissions as well as 
improvement of efficiencies lead to an overall optimisation (remind high number of 
loops).  

 

Environment: Influence of the different life cycle phases 

 For wooden boxes the main life cycle phase in terms of emitted substances is the 
production phase (forest, timber, crate production, transports during production) for 
the impacts eutrophication, ozone depletion, summer smog and acidification. For 
global warming the production and end-of-life (incineration) have about the same 
relevance. The service life (emissions caused by the weight of the crates due to 
the transports thought Europe) is less important. This is due to the fact that the 
wooden box system is a one-way system. 

 For cardboard boxes the main life cycle phase in terms of emitted substances is 
the production (forest, log wood, pulp and paper production, cardboard box 
transports during production) for all impacts. This is due to the fact that cardboard 
boxes are also a one-way system. For global warming, the end-of-life phase plays 
a certain role due to the incineration of the main share of the cardboard. The 
service life has even less relevance than for wooden boxes, because the 
cardboard boxes are lightest. 

 For plastic crates the main life cycle phase in terms of emitted substances is the 
service life regarding eutrophication, global warming and acidification. There are 
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two reasons for this: Firstly the plastic crates are heavier than the other solutions 
and therefore cause higher consumption of fuel and related emissions in trans-
ports. Secondly the washing process demands additional energy and causes 
waste water emissions in comparison to the other systems. For summer smog and 
ozone depletion (typical crude oil chain emissions) the production phase (oil ex-
traction, transport to Europe, refinery, fuels and chemicals, polymerization, crate 
production) and service life have about the same relevance. The service life is im-
portant due to the fact that plastic crates are a multi-way system. The end-of-life 
phase with re-granulation has a very small relevance. Plastic crates gain credits 
due to the recovery of secondary granulate at the end-of-life. 

 

Environment: conservative and technical scenario 

 Global warming potential: For global warming the wooden boxes and plastic 
crates show almost similar results in the conservative scenario with a slight 
advantage for the wooden boxes. Cardboard boxes perform more poorly by a 
factor of more than two. The incorporated CO2 is released again during 
incineration, but products like electricity and steam can be recovered leading to a 
virtual overcompensation. 

In the technical scenario the difference between wooden boxes and plastic crates 
decreases due to the higher lifetime of plastic crates. The advantage of plastic 
crates over cardboard boxes increases. 

Wooden boxes gain high global warming credits for incorporated CO2 during 
growth of trees and due to the recovery of energy in end-of-life incineration. 
Cardboard boxes gain less global warming credits for incorporated CO2 during 
growth of renewables than do wooden boxes. They gain credits due to the 
recovery of pulp and energy in end-of-life. 

 Ozone depletion: The wooden boxes perform best both in the conservative and in 
the technical scenario. Emissions leading to ozone depletion contribute the least to 
European annual average. As a result, the optimization potential of the box and 
crate systems in terms of ozone depletion is low. Hence the ozone damaging 
emissions associated with the production and use of transport packaging are 
negligible in comparison to the emissions from other sources.   

 Summer smog: Wooden boxes and plastic crates show comparable results in the 
conservative as well as in the technical scenario for summer smog with a slight 
advantage for the plastic crates, which increases in the technical scenario. 
Cardboard boxes have double the impact. 

 Acidification: Wooden boxes and plastic crates show comparable results in the 
conservative scenario for acidification potential with an advantage for the plastic 
crates, increasing in the technical scenario. Cardboard boxes have a higher impact 
by a factor of 2 to 3 times. 

 Eutrophication: For eutrophication plastic crates perform best in both scenarios 
with wooden boxes second and cardboard third. This is due for the conservative 
and the technical scenario. 
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 Primary energy demand: In relation to the use of primary energy, the highest 
overall amount is used by cardboard boxes, followed by wooden boxes and plastic 
crates. Plastic crates having less energy consumption by a factor of 4 compared to 
cardboard boxes in the conservative scenario. 

Most of the energy demand for the wooden boxes is covered by renewable 
resources (85 %). Cardboard boxes cover 56 % of their energy demand with 
renewable resources. The plastic crates cover only a small share using renewable 
resources. 

While the energy demand for wooden and cardboard boxes doubles when 
changing from the conservative to the technical scenario, the increase for plastic 
crates is only approximately 80 %. 

 

 To conclude: The effect of both scenarios (conservative scenario and technical 
scenario) is that the multi-way system saves emissions and resources in 
comparison to the other systems, if lifetime of the crates is increased. The demand 
in energy and the caused emissions of the washing and logistics of the plastic 
crates industry is increasing more slowly than the demand for energy and caused 
emissions in production and end-of-life of the higher number of wooden boxes and 
cardboard boxes. Hence the lifetime of plastic crates should be made as long as 
possible. 

 

Environment: Parameter variation 

 If no poplar wood (0 %) and only spruce and pine timber (parameter 7) are used, 
the environmental impacts for wooden boxes increase. The main effects are the 
more demanding forestry inputs and the saw-mills for spruce and pine are 
considered to be more energy intensive than the peeling of poplar. If only poplar 
(100 %) and no spruce and pine timber are used, the environmental impacts for 
wooden boxes decrease. Of course - the decreasing effects are less dominant, as 
70 % of poplar is used already in the base case. 

 Wooden products are very sensitive regarding the global warming balance if the 
recovered steam from incineration could be used (parameter 8) due to good 
infrastructure or demand. In this case the global warming emissions of wooden 
boxes within this functional unit are lower when compared with plastic crates. For 
acidification, eutrophication and summer smog the impacts are also sensitive to 
recovered steam. In this context, wooden boxes are better than plastic crates. 

 If the technical drying process in the life-cycle of the wooden boxes is set to 50 % 
instead of the investigated average of 20 % (parameter 10), there is almost no 
influence visible except for a slight increase (by 4 %) in Global Warming Potential. 

 If poplar wood has to be steamed prior the peeling (parameter 11) the global 
warming balance of wood is significantly increased. The wooden boxes emit in this 
case approx. as much CO2 as they are substituting and incorporating (balance 
approx. 0). In acidification and summer smog the wooden boxes show slightly 
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higher impacts than plastic crates under these conditions. The steam demand is 
estimated over thermo-dynamic relations. 

 Wooden products are further sensitive to the global warming balance if the wood 
is used predominantly in the particleboard industry rather than in incineration 
(parameter 12). This is due to the fact that further processing steps 
(shredding/milling) and transports are necessary and the substitution effects of the 
waste incinerator products (electricity and steam) are missing. For acidification, 
eutrophication and summer smog the impacts are also sensitive, hence wooden 
boxes become relatively worse than plastic crates. 

 

 If cardboard boxes could be used with an average paper quality (parameter 9), 
rather than the high quality required for fruit and vegetable boxes, the impacts of 
cardboard would be reduced by about 40 %. This is not a real option in this case, 
because the functional unit is focuses on fruit and vegetable boxes, but it is 
important to interpret the results properly and in their broadest sense. 

 For cardboard boxes the share of corrugated board to secondary pulp (remainder 
MSWI) was changed to 60 % (parameter 14). The rest of the cardboard was 
incinerated. Under these conditions, the impacts of global warming can be reduced 
significantly. In relation to the other impacts, the overall results do not significantly 
change.  

 

 The plastic crates are sensitive to the share of secondary plastic material used 
(parameter 1). If 30 % secondary material is used, most environmental impacts 
would decrease by about 3 % to 6 %. 

 The plastic crates would decrease their environmental impact for global warming, 
summer smog and ozone depletion between 10 % and 20 % if the value of the 
secondary material was equivalent to the value of the used primary material 
(parameter 2). For this to happen, all re-granulate must go in a closed loop back to 
crate production or into another plastic application with the same value of a plastic 
crate produced from primary material. 

 If only 50 % of plastic crates are re-granulated and 50 % go to incineration 
(parameter 13) the environmental impact of plastic crates increases for summer 
smog, ozone depletion and global warming by around 20 %, hence as much as 
possible crates should go to re-granulation.  

 

 The parameters 3 (share of primary polypropylene material in production of 
crates), 4 (share of primary polyethylene material in production of crates), 5 
(granulate losses during production of crates) and 6 (damaged crates in relation to 
total crates inspected, breakage rate) have a minor influence (less than 3 %)  
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Costs 

 For wooden boxes and cardboard boxes the highest share of costs occur in the 
production phase, while for plastic crates the service life is the main cost driver. In 
the case of wooden boxes, end of life cost occur because of disposal costs for 
wood. 

 Due to their residual monetary value at the end of life, plastic crates and cardboard 
boxes receive a credit advice. 

 In the case of plastic crates, during service life, the costs for the transportation 
tasks and the washing/sanitation processes are almost the same within the 
scenarios. 

 In relation to the doubling of the transportation task from about 3,3 mio crates 
(conservative scenario) to about 6,6 mio crates, in the case of wooden boxes and 
cardboard boxes the difference in costs between the two scenarios is simply a 
doubling effect. The plastic crates show a lower increase of costs (87 %) when the 
transportation task is doubled from the conservative scenario to the technical 
scenario. Hence the lifetime of plastic crates should be as long as possible. 
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Social effects 

 The work qualification level for production is highest for cardboard boxes, followed 
by plastic crates. The overall qualification level for the production of wooden boxes 
is low. 

 For the production phase, the amount of work for the plastic crates is significantly 
lower than for the production of wooden or cardboard boxes. This is due to the fact 
that the plastic crates are re-used several times. 

 The washing and sorting of the plastic crates compensates partly for the less work 
during production. This is even more effective considering the technical scenario. 

 The highest number of accidents occurs in the wooden box solution mainly as a 
result of the high rate of accidents in the logging sector. Also the cardboard box 
production shows a high rate of accidents due to the used wood. It has to be noted 
that the figures show numbers for the production of one box/crate each. 
Considering the whole system the values for cardboard and wooden boxes are 
higher by an approx. factor of 40 (conservative scenario) respectively a factor of 
70 (technical scenario). A comparison of the whole system was not possible as the 
numbers for the use phase were only partially available. 

 The pool system with plastic crates requires less work than the wooden box 
system. The pool system creates jobs mainly at the washing centres with a low 
required qualification level. 

 The wooden box system requires jobs mainly in the production phase. These are 
generally located in the fruit and vegetable producing countries. 

 The production of plastic crates requires higher skilled workers than the production 
of wooden boxes. For the whole system this difference is levelled out due to the 
high fraction of low qualification level work in the washing depots of the plastic 
crates. This leads to an almost identical overall qualification profile for plastic 
crates versus wooden boxes. 

 The share of women’s work in the production is about 20% for the wooden boxes 
and plastic crates. The share of women work in the cardboard box production is a 
little less than 5%. Even 20% is still considerably lower than the average share of 
women employment. It is probably due to the fact that the production involves 
mostly technical jobs, where the share of women is still especially low. 

 In Europe (as in other regions, too) especially the rural areas are lacking job 
opportunities. Against this background the creation of jobs in the growing areas of 
fruit and vegetables, like provided by the wooden box solution, seems to be 
favourable. The washing centres of the plastic crate solution create jobs wherever 
the washing centres are being built. The choice of the location might as well fall 
into an area of fruit/vegetable production or in another area where the required 
staff is available. 
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Supplement A Description of result parameters 

Supplement A 1 Primary energy consumption 
Primary energy demand is often difficult to determine due to the various types of energy 
source. Primary energy demand is the quantity of energy directly withdrawn from the 
hydrosphere, atmosphere or geosphere or energy source without any anthropogenic 
change. For fossil fuels and uranium, this would be the amount of resource withdrawn 
expressed in its energy equivalent (i.e. the energy content of the raw material). For 
renewable resources, the energy-characterised amount of biomass consumed would be 
described. For hydropower, it would be based on the amount of energy that is gained from 
the change in the potential energy of the water (i.e. from the height difference). As 
aggregated values, the following primary energies are designated: 

The total “Primary energy consumption non renewable”, given in MJ, essentially 
characterises the gain from the energy sources natural gas, crude oil, lignite, coal and 
uranium. Natural gas and crude oil will be used both for energy production and as material 
constituents e.g. in plastics. Coal will primarily be used for energy production. Uranium will 
only be used for electricity production in nuclear power stations. 

The total “Primary energy consumption renewable”, given in MJ, is generally 
accounted separately and comprises hydropower, wind power, solar energy and biomass. 

It is important that the end energy (e.g. 1 kWh of electricity) and the primary energy used 
are not miscalculated with each other; otherwise the efficiency for production or supply of 
the end energy will not be accounted for.  

The energy content of the manufactured products will be considered as feedstock energy 
content. It will be characterised by the net calorific value of the product. It represents the 
still usable energy content. 

Supplement A 2 Global Warming Potential (GWP) 
The mechanism of the greenhouse effect can be observed on a small scale, as the name 
suggests, in a greenhouse. These effects are also occurring on a global scale. The 
occuring short-wave radiation from the sun comes into contact with the earth’s surface 
and is partly absorbed (leading to direct warming) and partly reflected as infrared 
radiation. The reflected part is absorbed by so-called greenhouse gases in the 
troposphere and is re-radiated in all directions, including back to earth. This results in a 
warming effect at the earth’s surface. 

In addition to the natural mechanism, the greenhouse effect is enhanced by human activi-
ties. Greenhouse gases that are considered to be caused, or increased, anthropogenically 
are, for example, carbon dioxide, methane and CFCs. Figure A 1 shows the main proc-
esses of the anthropogenic greenhouse effect. An analysis of the greenhouse effect 
should consider the possible long term global effects. 
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The global warming potential is 
calculated in carbon dioxide 
equivalents (CO2-Eq.). This means 
that the greenhouse potential of an 
emission is given in relation to CO2   

Since the residence time of the gases 
in the atmosphere is incorporated into 
the calculation, a time range for the 
assessment must also be specified. A 
period of 100 years is customary. 

CO2 CH4

CFCs

UV - radiation

Absorption
Reflection

Infrared
radiation

Trace gases in the atm
osphere

Figure A 1: Greenhouse effect 
(KREISSIG & KÜMMEL 1999) 

 

Supplement A 3 Acidification Potential (AP) 
The acidification of soils and waters occurs predominantly through the transformation of 
air pollutants into acids. This leads to a decrease in the pH-value of rainwater and fog 
from 5.6 to 4 and below. Sulphur dioxide and nitrogen oxide and their respective acids 
(H2SO4 und HNO3) produce relevant contributions. This damages ecosystems, whereby 
forest dieback is the most well-known impact.  

Acidification has direct and indirect damaging effects (such as nutrients being washed out 
of soils or an increased solubility of metals into soils). But even buildings and building 
materials can be damaged. Examples include metals and natural stones which are 
corroded or disintegrated at an increased rate.  

When analysing acidification, it should be considered that although it is a global problem, 
the regional effects of acidification can vary. Figure A 2 displays the primary impact path-
ways of acidification. 

The acidification potential is given in 
sulphur dioxide equivalents (SO2-Eq.). 
The acidification potential is described 
as the ability of certain substances to 
build and release H+ - ions. Certain 
emissions can also be considered to 
have an acidification potential, if the 
given S-, N- and halogen atoms are 
set in proportion to the molecular 
mass of the emission. The reference 
substance is sulphur dioxide.  

SO2

NOX

H2SO44

HNO3

 

Figure A 2: Acidification Potential 
(KREISSIG & KÜMMEL 1999) 
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Supplement A 4 Eutrophication Potential (EP) 
Eutrophication is the enrichment of nutrients in a certain place. Eutrophication can be 
aquatic or terrestrial. Air pollutants, waste water and fertilization in agriculture all 
contribute to eutrophication.  

The result in water is an accelerated algae growth, which in turn, prevents sunlight from 
reaching the lower depths. This leads to a decrease in photosynthesis and less oxygen 
production. In addition, oxygen is needed for the decomposition of dead algae. Both 
effects cause a decreased oxygen concentration in the water, which can eventually lead 
to fish dying and to anaerobic decomposition (decomposition without the presence of 
oxygen). Hydrogen sulphide and methane are thereby produced. This can lead, among 
others, to the destruction of the eco-system. 

On eutrophicated soils, an increased susceptibility of plants to diseases and pests is often 
observed, as is a degradation of plant stability. If the eutrophication level exceeds the 
amounts of nitrogen necessary for a maximum harvest, it can lead to an enrichment of 
nitrate. This can cause, by means of leaching, increased nitrate content in groundwater. 
Nitrate also ends up in drinking water.  

Nitrate at low levels is harmless from a 
toxicological point of view. However, 
nitrite, a reaction product of nitrate, is 
toxic to humans. The causes of eutro-
phication are displayed in Figure A 3. 
The eutrophication potential is calcu-
lated in phosphate equivalents 
(PO4-Eq). As with acidification poten-
tial, it’s important to remember that the 
effects of eutrophication potential differ 
regionally. 

Waste water

Air pollution

Fertilisation

PO4
-3

NO3
-

NH4
+

NOX
N2O

NH3

Waste water

Air pollution

Fertilisation

PO4
-3

NO3
-

NH4
+

NOX
N2O

NH3

Figure A 3:  Eutrophication Potential 
(KREISSIG & KÜMMEL 1999) 

Supplement A 5 Photochemical Ozone Creation Potential (POCP)  
Despite playing a protective role in the stratosphere, at ground-level ozone is classified as 
a damaging trace gas. Photochemical ozone production in the troposphere, also known as 
summer smog, is suspected to damage vegetation and material. High concentrations of 
ozone are toxic to humans.  

Radiation from the sun and the presence of nitrogen oxides and hydrocarbons incur 
complex chemical reactions, producing aggressive reaction products, one of which is 
ozone. Nitrogen oxides alone do not cause high ozone concentration levels.  

Hydrocarbon emissions occur from incomplete combustion, in conjunction with petrol 
(storage, turnover, refuelling etc.) or from solvents. High concentrations of ozone arise 
when the temperature is high, humidity is low, when air is relatively static and when there 
are high concentrations of hydrocarbons. Because CO (mostly emitted from vehicles) re-
duces the accumulated ozone to CO2 and O2, high concentrations of ozone do not often 
occur near hydrocarbon emission sources. Higher ozone concentrations more commonly 
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arise in areas of clean air, such as forests, where there is less CO (Figure A 4). 

Supplement A 6 Ozone Depletion Potential (ODP) 
Ozone is created in the stratosphere by the disassociation of oxygen atoms that are 
exposed to short-wave UV-light. This leads to the formation of the so-called ozone layer in 
the stratosphere (15 - 50 km high). About 10 % of this ozone reaches the troposphere 
through mixing processes. In spite of its minimal concentration, the ozone layer is 
essential for life on earth. Ozone absorbs the short-wave UV-radiation and releases it in 
longer wavelengths. As a result, only a small part of the UV-radiation reaches the earth.  

Anthropogenic emissions deplete ozone. This is well-known from reports on the hole in 
the ozone layer. The hole is currently confined to the region above Antarctica, however 
another ozone depletion can be identified, albeit not to the same extent, over the mid-
latitudes (e.g. Europe). The substances which have a depleting effect on the ozone can 
essentially be divided into two groups; the fluorine-chlorine-hydrocarbons (CFCs) and the 
nitrogen oxides (NOX). Figure A 5 depicts the procedure of ozone depletion.  

One effect of ozone depletion is the warming of the earth's surface. The sensitivity of 
humans, animals and plants to UV-B and UV-A radiation is of particular importance. 
Possible effects are changes in growth or a decrease in harvest crops (disruption of 
photosynthesis), indications of tumors (skin cancer and eye diseases) and decrease of 
sea plankton, which would strongly affect the food chain. In calculating the ozone 
depletion potential, the anthropogenically released halogenated hydrocarbons, which can 
destroy many ozone molecules, are recorded first. The so-called Ozone Depletion 
Potential (ODP) results from the calculation of the potential of different ozone relevant 
substances. 

In Life Cycle Assessments, 
photochemical ozone creation 
potential (POCP) is referred to in 
ethylene-equivalents (C2H4-Äq.). 
When analyzing, it’s important to 
remember that the actual ozone 
concentration is strongly influenced by 
the weather and by the characteristics 
of the local conditions. 

Hydrocarbons
Nitrogen oxides

Dry and warm
climate

Hydrocarbons

Nitrogen oxides

Ozone

Hydrocarbons
Nitrogen oxides

Dry and warm
climate

Hydrocarbons

Nitrogen oxides

Ozone

Figure A 4: Photochemical Ozone Creation Po-
tential (KREISSIG & KÜMMEL 1999) 
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This is done by calculating, first of all, 
a scenario for a fixed quantity of 
emissions of a CFC reference (CFC 
11). CFC 11 is also known as R11, 
which means Refrigerant 11. This 
results in an equilibrium state of total 
ozone reduction. The same scenario 
is considered for each substance 
under study whereby CFC 11 is 
replaced by the quantity of the 
substance. This leads to the ozone 
depletion potential for each respective 
substance, which is given in CFC 11 
equivalents. An evaluation of the 
ozone depletion potential should take 
into consideration the long term, 
global and partly irreversible effects. 

CFCs
Nitrogen oxide

Stratosphere
15 - 50 km Absorption Absorption

UV - radiation

CFCs
Nitrogen oxide

Stratosphere
15 - 50 km Absorption Absorption

UV - radiation

Figure A 5:  Ozone Depletion Potential 
(KREISSIG & KÜMMEL 1999) 
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Supplement B Overview on the studies analysed 
 

Table B 1: Overview on the studies analysed  

Title of study Ordering Party Author Year Coun-
try 

LCA 
study Comparison of Goods 

transported 

Critical 
Review 

according to 
ISO 14040 ff 

Transportgebinde  
im ökologischen  
Vergleich 

IWIS 
Interessenge
meinschaft 
der 
Wellkartonind
ustrie Schweiz 

Wagner & 
Partner SA 
(former:  
Dr. Ing. Ernst 
Bischoff SA) 

2003 CH yes PP crates 
(multi-way) vs. 
Cardboard 
boxes (one-
way) 

Fruit and 
vegetable 
besides 
others 

EMPA 

Comparative Life 
Cycle Assessment 
of corrugated board 
boxes and foldable 
plastic crates used 
for the export of 
fruit and vegetables 

 Polytecnic 
University of 
Valencia;  

Packaging, 
Transport and 
Logistics 
Research 
Institute  

2005 ES yes Foldable 
plastic crates 
(multi-way) vs. 
Cardboard 
boxes (one-
way) 

7 kg 
Tomato 

Autonoma 
University of 
Barcelona 

Analyse de cycle 
de vie des en bois, 
carton ondulé et 
plastique pour 
pommes 

Agence de 
l’Environneme
nt et de la 
Maîtrise de 
l’Energie, 
ADEME 

Ecobilan,  
F-92200 Neuilly-
sur-Seine 

2000 FR yes Foldable 
plastic 
containers, 
cardboard 
boxes, 
wooden boxes 

1000 kg 
apples in 
France 

Dr. Khalifa 
Khalil, 
Consult. ACV-
Conseil 
indépendant 

Mehrwegtransportv
erpackungen in der 
Obst- und 
Gemüsedistribution 

 Kuhn & Partner 
Consultants 

2005 DE no Foldable 
plastic 
containers 

  

Cost-efficiency of 
packaging recovery 
systems: 
The case of 
France, 
Germany,  
The Netherlands 
and the UK 

Commission 
of the 
European 
Communities 

DG Enterprise 

TAYLOR  
NELSON 
SOFRES  
Consulting 

2000 DE  
FR  
NL  
UK 

no cost-efficiency 
analysis of re-
cycling 
including the 
comparison 
with 
alternative 
treatment 
routes. Glass, 
Paper, Plastic, 
Tinplate , Alu 

  

Lebenswegbilanze
n von 
Transportverpacku
ngen 

 Fraunhofer-
Institut für 
Lebensmittel-
technologie und 
Verpackung 

EAR Umwelt-
forschungs 
GmbH 

1994 DE yes Polymer 
crates (multi-
way) vs. 
Cardboard 
boxes (one-
way) 

300 kg with 
1 m³ 
volume 

 

Sensitivitätsanalys
en zu 
Lebenswegbilanze
n von 
Transportverpacku
ngen  

 Fraunhofer-
Institut für 
Lebensmittel-
technologie und 
Verpackung 

EAR Umwelt-
forschungs 
GmbH 

1994 DE partia
l 

Polymer 
crates (multi-
way) vs. 
Cardboard 
boxes (one-
way) 

300 kg with 
1 m³ 
volume 
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Title of study Ordering Party Author Year Coun-
try 

LCA 
study Comparison of Goods 

transported 

Critical 
Review 

according to 
ISO 14040 ff 

„MTV“: Verstärkter 
Einsatz von 
Mehrwegtransportv
erpackungen im 
Wiener 
Lebensmittelhandel 
für Obst- und 
Gemüsetransporte 

INITIATIVE 
„Abfallvermeid
ung in Wien“, 
Stadt Wien 

Österreichisches 
Ökologie-Institut 

2005 AT no  Fruit and 
vegetable 

 

Mehrwegtransportv
erpackungen 

 R .Ullrich,  
Diplomarbeit 
Universität 
Augsburg 

1996 DE  plastic 
containers, 
cardboard 
boxes, 
wooden boxes 

  

Life Cycle 
Inventory of 
reusable plastic 
containers and 
display ready 
corrugated 
containers used for 
fresh produce 
applications  

Reusable 
Pallet and 
Container 
Coalition, Inc 

FRANKLIN 
ASSOCIATES  

A DIVISION OF 
EASTERN 
RESEARCH 
GROUP, INC 

2004 US yes Plastic crates 
and cardboard 
boxes 

shipping 
fresh 
produce 

 

Economic-
environmental 
assessment of 
packaging systems 
for fruits and 
vegetables 

CPR System University of 
Bologna; 
Department of 
Agricultural 
Economics and 
Agricultural 
Engineering 

2004 Emilia 
Roma
gna 
Region
, Italy 

yes Plastic crates 
and cardboard 
boxes 

Fruit and 
vegetables 

 

 

These studies analyse more specific (geographical scope, country specific recycling op-
tions, etc.) transport situations leading to specific results. These results are not necessar-
ily in contrast with this study, but based on different goal and scope (see 2.1 Goal of the 
study).  
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Supplement C Number of transported boxes and crates and 
related transport distances 

Table C 1: Number of transported boxes and crates and related transport distances 
in the conservative scenario 
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Table C 2: Number of transported wooden boxes and related transport distances in 
the conservative scenario 

DE ES FR IT NL
1.033.339      1.033.339      300.001          633.336      333.335      

DE ES FR IT NL
500                40                  100                 100             600             

to\from DE ES FR IT NL
DE 651.000         248.000         90.000            380.000      83.333        
FR 175.666         175.666         120.000          95.000        50.000        
GB 103.333         217.000         60.000            95.000        33.333        
NL 103.333         392.666         30.000            63.333        166.666      

to\from DE ES FR IT NL
DE 230                1.962             1.020              1.006          247             
FR 250                1.233             408                 879             513             
GB 1.084             1.972             904                 2.001          832             
NL 135                2.135             1.062              1.625          102             

DE FR GB NL
1.452.333      616.332         508.666          755.998      

DE FR GB NL
42                  50                  50                   63               

DE FR GB NL
1.452.333      616.332         508.666          755.998      

DE FR GB NL
42                  50                  50                   63               

3.333.350       

50                   
1.500              

50                 

Wooden boxes

to incineration

1. Boxproducer to grower

2. Grower to distribution center

3. distribution center to retailer

4. retailer to distribution center

5. distribution center to recycling/incineration (wooden and cardboard boxes)
Number of crates

to incineration
(to particle board production)
(to compost)

Transport distances [km]

Transport distances [km]

Transport distances [km]

Number of crates

Number of crates

Number of crates

Number of crates

Transport distances [km]

Transport distances [km]
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Table C 3: Number of transported cardboard boxes and related transport distances 
in the conservative scenario 

DE ES FR IT NL
1.033.339      1.033.339      300.001          633.336      333.335      

DE ES FR IT NL
50                  50                  50                   50               50               

to\from DE ES FR IT NL
DE 651.000         248.000         90.000            380.000      83.333        
FR 175.666         175.666         120.000          95.000        50.000        
GB 103.333         217.000         60.000            95.000        33.333        
NL 103.333         392.666         30.000            63.333        166.666      

to\from DE ES FR IT NL
DE 230                1.962             1.020              1.006          247             
FR 250                1.233             408                 879             513             
GB 1.084             1.972             904                 2.001          832             
NL 135                2.135             1.062              1.625          102             

DE FR GB NL
1.452.333      616.332         508.666          755.998      

DE FR GB NL
42                  50                  50                   63               

DE FR GB NL
1.452.333      616.332         508.666          755.998      

DE FR GB NL
42                  50                  50                   63               

2.666.680       
666.670          

50                   
50                 

to incineration
to recycling

Cardboard boxes

to incineration

1. Boxproducer to grower

5. distribution center to recycling/incineration (wooden and cardboard boxes)

4. retailer to distribution center

3. distribution center to retailer

2. Grower to distribution center

Number of crates

to recycling

Transport distances [km]

Transport distances [km]

Transport distances [km]

Number of crates

Number of crates

Number of crates

Number of crates

Transport distances [km]

Transport distances [km]
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Table C 4: Number of transported plastic crates and related transport distances in 
the conservative scenario 

DE ES FR IT NL
24.800           24.800        7.200              15.200        8.000          

DE ES FR IT NL
400                450             800                 700             150             

to\from DE ES FR IT NL
DE 651.000         248.000      90.000            380.000      83.333        
FR 175.666         175.666      120.000          95.000        50.000        
GB 103.333         217.000      60.000            95.000        33.333        
NL 103.333         392.666      30.000            63.333        166.666      

to\from DE ES FR IT NL
DE 230                1.962          1.020              1.006          247             
FR 250                1.233          408                 879             513             
GB 1.084             1.972          904                 2.001          832             
NL 135                2.135          1.062              1.625          102             

DE FR GB NL
1.452.333      616.332      508.666          755.998      

DE FR GB NL
42                  50               50                   63               

DE FR GB NL
1.452.333      616.332      508.666          755.998      

DE FR GB NL
42                  50               50                   63               

3.333.350       

150                 

80.000            

250                 
50                   

80.000            

100               to box producer

to washing centre

Plastic crates

6. distribution center to washing (plastic crates)

7. washing to polymer recycling

8. polymer recycling to crateproducer

to granulation
(to incineration)

1. Crateproducer to grower

2. Grower to distribution center

3. distribution center to retailer

Transport distances

Number of crates

Number of crates

Number of crates

Transport distances [km]

Transport distances [km]

Transport distances [km]

4. retailer to distribution center

Number of crates

Number of crates

Number of crates

Number of crates

Transport distances [km]

Transport distances [km]

Transport distances [km]
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Supplement D Transportation matrix 

Supplement D 1 Transportation matrix (distances) 
The distances the empty crates are transported back have been reported by the pool 
operators. The same distance has been assumed for the full boxes to be transported into 
the consumer countries as these distances approximate the distance between growers 
and consumers which have to be taken into account. 

As Great Britain is not served by our data suppliers the distances had to be taken from a 
route planer. They have been assessed using the following big cities (preferably in the 
middle of the respective country) as starting/end point: 

Table D 1: Cities used to calculate the transport distance to Great Britain 

Country City 
DE (Germany) Würzburg 
ES (Spain) Madrid 
FR (France) Bourges 
IT (Italy) Rome 
NL (The Netherlands; +BE +LUX) Antwerp 
GB (Great Britain) Birmingham 

 

Table D 2: Transportation matrix full crates – distance [km] 

Distance [km] 
to\from Producer country 
Consumer country DE ES FR IT GB NL 
DE 230 1.961,5 1.020 1.006 - 246,5 
ES - 410 219 - - 2.223 
FR 250 1.232,5 407,5 879 - 513 
IT 1.559 1.990,1 1.339,1 538,5 - - 
GB 1.084,4 1.972 903,6 2.001,1 - 832,3 
NL 135 2.135 1.062 1.625 - 102 
 

Supplement D 2 Transportation matrices (amount of transported crates) 
These are the numbers of foldable plastic crates transported from the consumer countries 
where they have been collected to the producer countries, where they are rented out. As 
there are no customers in Great Britain, the values in the respective column and row are 
zero. 

This would mean a transport performance of 2.320 mio crate*km (empty crates) or an 
average transport distance of 696 km per transported crate. 
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Table D 3: Transportation matrix empty crates – yearly numbers 

Amount in mio crates 
to\from Consumer country 
Producer country DE ES FR IT GB NL Total 
DE 64,9 0 7,6 0 0 0,1 72,6 
ES 18,9 29,4 4,9 0,1 0 18,6 71,9 
FR 4,3 0,6 10,2 0,9 0 5,66 20,8 
IT 12,0 0 0,9 30,0 0 2,0 44,9 
GB 0 0 0 0 0 0 0 
NL 10,2 0 0,4 0 0 13,3 24,0 

Total 110,3 30,0 24,0 30,2 0 39,7 234,2 
 

By building the sum over the different columns as well as over the different rows, these 
numbers lead to the following table, showing the amounts of crates rented out and crates 
being collected in each country. 

Table D 4: Crates rented out and recollected – yearly numbers 

 crates rented out (in mio crates) crates re-collected (in mio crates) 
DE 72,6 110,3 
ES 71,9 30,0 
FR 20,8 24,0 
IT 44,9 30,2 
GB 0 0 
NL 24,0 39,7 

 

These numbers represent the share of boxes rented out and being collected by our data 
providers, covering a fair amount of the considered European countries. The same share 
is going to be applied to the chosen extended functional unit of 3.333.350 transports of 
crates. 

The following table therefore is showing these downscaled numbers, which are 
considered in the software model of the system: 

Table D 5: Crates rented out and recollected – scaled to the model 

 crates rented out (in 1.000) crates re-collected (in 1.000) 
DE 1.033,5 1.569,9 
ES 1.022,9 427,4 
FR 295,9 341,3 
IT 639,7 429,7 
GB 0 0 
NL 341,4 565,1 
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Knowing how many crates are rented out in each country and how many crates are 
collected in each country enables to build scenarios on what happens to them in between. 
As explained earlier, the question “what is usually happening in between” could only be 
assessed with an appropriate tracking system. 

To build the scenario for the maximum of accumulated transport distance the “available” 
crates from the above table are allotted to the different producer country – consumer 
country connections starting with the most distant connections (here e.g. from the Nether-
lands to Spain; see “Transportation matrix – distance” (Table D 2) for the distances 
above)  

This leads to a theoretical maximum transport performance of 4.538 mio crate*km or an 
average transport distance of 1.361 km per transported crate. 

Table D 6: Transportation matrix full crates – maximum transport performance 

Amount in 1.000 crates 

to\from Producer country 
Consumer country DE ES FR IT GB NL 

DE 262,5 457,8 295,9 553,7 0 0 
ES 0 0 0 86,0 0 341,4 

FR 341,3 0 0 0 0 0 

IT 429,7 0 0 0 0 0 

GB 0 0 0 0 0 0 

NL 0 565,1 0 0 0 0 

 

To build the scenario for the minimum of the accumulated transport distance the “avail-
able” crates are similarly allotted to the different producer country – consumer country 
connections starting with the shortest connections (here e.g. from the Netherlands to the 
Netherlands; see “Transportation matrix – distance” (Table D 2) for the distances above). 

Table D 7: Transportation matrix full crates – minimum transport performance 

Amount in 1.000 crates 
to\from Producer country 
Consumer country DE ES FR IT GB NL 
DE 1.033,5 30,6 295,9 209,9 0 0 
ES 0 427,4 0 0 0 0 
FR 0 341,3 0 0 0 0 
IT 0 0 0 429,7 0 0 
GB 0 0 0 0 0 0 
NL 0 223,7 0 0 0 341,4 

 

This leads to a theoretical minimum transport performance of 2.150 mio crate*km or an 
average transport distance of 645 km per transported crate. Thus the boundaries have 
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been established in between which the real scenario should be. 

To get another indicator the mean value between the maximum and the minimum amount 
of transported crates for each producer-country – consumer country connection is built, 
leading to the following matrix: 

Table D 8: Transportation matrix full crates - mean 

Amount in 1000 crates 
to\from Producer country 
Consumer country DE ES FR IT GB NL 
DE 648,0 244,2 295,9 381,8 0,0 0,0 
ES 0,0 213,7 0,0 43,0 0,0 170,7 
FR 170,6 170,6 0,0 0,0 0,0 0,0 
IT 214,9 0,0 0,0 214,9 0,0 0,0 
GB 0,0 0,0 0,0 0,0 0,0 0,0 
NL 0,0 394,4 0,0 0,0 0,0 170,7 

 

The resulting matrix is still not suitable as realistic scenario to describe the transportation 
task in our model. First e.g. we did not consider Spain and Italy as consumer countries 
and second, the shares of fruit and vegetable going from one country to the others are to 
“extreme”. E.g. France is not delivering 100 % of their fruit and vegetable production to 
Germany only or the Netherlands do not get their fruit and vegetables only from Spain 
(apart from their own production). 

Therefore in the next table the share of the different destinations for each producer 
country are shown.  

Table D 9: Transportation matrix full crates – share mean 

Share of transported crates per producer country 
to\from Producer country 
Consumer country DE ES FR IT GB NL 
DE 63% 24% 100% 60% 0% 0% 
ES 0% 21% 0% 7% 0% 50% 
FR 17% 17% 0% 0% 0% 0% 
IT 21% 0% 0% 34% 0% 0% 
GB 0% 0% 0% 0% 0% 0% 
NL 0% 39% 0% 0% 0% 50% 

 

Those which should be zero are shared out to the other destination in the next table to 
give a more realistic picture of the transports. Also the 100 % from France to Germany 
and the transports from the Netherlands are reallocated to the different destinations. 
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Table D 10: Transportation matrix full crates – share modelled 

Share of transported crates per producer country 
to\from Producer country 
Consumer country DE ES FR IT GB NL 
DE 63% 24% 30% 60% 0% 25% 
ES 0% 0% 0% 0% 0% 0% 
FR 17% 17% 40% 15% 0% 15% 
IT 0% 0% 0% 0% 0% 0% 
GB 10,4% 21% 20% 15% 0% 10% 
NL 10,4% 39% 10% 10% 0% 50% 

 

The resulting absolute numbers are used as realistic scenario in the software model and 
are shown in the following table: 

Table D 11: Transportation matrix full crates - modelled 

Amount in 1.000 crates 
to\from Producer country 
Consumer country DE ES FR IT GB NL 
DE 648,0 244,2 88,8 381,8  85,4 
ES       
FR 170,6 170,6 118,3 95,9  51,2 
IT       
GB 107,4 213,7 59,2 95,9  34,1 
NL 107,4 394,4 29,6 64,0  170,7 

 

This leads to a transport performance of 3,357 bn crate*km or an average transport 
distance of 1.007 km per transported crate. 

 

The following table shows the transport performance and the average transport distance 
for the different cases calculated above all related to the extended functional unit of 
3.333.350 crate transports: 

Table D 12: Transportation performance and respective mean transportation distance 

 Min Max Mean Modelled Empty 
crates 

Transportation perfor-
mance [bn crate*km] 2,150 4,539 3,344 3,357 2,320 

Mean transportation 
distance [km] 645 1.361 1.003 1.007 696 
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Supplement E Complete results of parameter variation 

Table E 1: Complete results of parameter variation 

SUM
1 wooden 

boxes 1 plastic crates
1 cardboard 

boxes
2 wooden 

boxes 2 plastic crates
2 cardboard 

boxes 3 wooden boxes 
3 plastic 
crates

3 cardboard 
boxes

Eutrophication 0,0% -0,9% 0,0% 0% -3,1% 0% 0% -0,2% 0%
Ozone Depletion 0,0% -6,3% 0,0% 0% -15,8% 0% 0% -0,1% 0%
Summer Smog 0,0% -2,5% 0,0% 0% -19,9% 0% 0% 1,9% 0%
Global Warming 0,0% -2,9% 0,0% 0% -7,5% 0% 0% -0,3% 0%
Acidification 0,0% -1,1% 0,0% 0% -3,7% 0% 0% -0,2% 0%

SUM
4 wooden 

boxes 4 plastic crates
4 cardboard 

boxes
5a wooden 

boxes 5a plastic crates
5a cardboard 

boxes 5b wooden boxes 
5b plastic 

crates
5b cardboard 

boxes
Eutrophication 0% 0,3% 0% 0% 0,0% 0% 0% 0,1% 0%
Ozone Depletion 0% 0,2% 0% 0% -0,1% 0% 0% 0,3% 0%
Summer Smog 0% -2,7% 0% 0% -0,1% 0% 0% 0,3% 0%
Global Warming 0% 0,4% 0% 0% -0,1% 0% 0% 0,2% 0%
Acidification 0% 0,3% 0% 0% -0,1% 0% 0% 0,3% 0%

SUM
6a wooden 

boxes 6a plastic crates

6a 
cardboard 

boxes
6b wooden 

boxes 6b plastic crates
6b cardboard 

boxes 7a wooden boxes 
7a plastic 

crates
7a cardboard 

boxes
Eutrophication 0% -0,6% 0% 0% 0,8% 0% 0,7% 0,0% 0,0%
Ozone Depletion 0% -2,4% 0% 0% 3,3% 0% 3,7% 0,0% 0,0%
Summer Smog 0% -1,3% 0% 0% 1,8% 0% 2,7% 0,0% 0,0%
Global Warming 0% -1,6% 0% 0% 2,2% 0% 6,8% 0,0% 0,0%
Acidification 0% -1,1% 0% 0% 1,5% 0% 3,6% 0,0% 0,0%

SUM
7b wooden 

boxes 7b plastic crates

7b 
cardboard 

boxes
8 wooden 

boxes 8 plastic crates
8 cardboard 

boxes 9 wooden boxes 
9 plastic 
crates

9 cardboard 
boxes

Eutrophication 0,0% 0,0% 0,0% -14,9% -0,2% -1,9% 0,0% 0,0% -55,2%
Ozone Depletion -0,9% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% -52,6%
Summer Smog -1,2% 0,0% 0,0% -19,4% -0,2% -5,8% 0,0% 0,0% -42,7%
Global Warming -2,5% 0,0% 0,0% -131,1% -1,1% -24,5% 0,0% 0,0% -0,8%
Acidification -1,2% 0,0% 0,0% -25,2% -0,3% -4,3% 0,0% 0,0% -51,6%

SUM
10 wooden 

boxes 10 plastic crates

10 
cardboard 

boxes
11 wooden 

boxes 11 plastic crates
11 cardboard 

boxes
12a wooden 

boxes 
12a plastic 

crates

12a 
cardboard 

boxes
Eutrophication 0,0% 0,0% 0,0% 6,6% 0,0% 0,0% 7,0% 0,0% 0,0%
Ozone Depletion 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 59,7% 0,0% 0,0%
Summer Smog 0,0% 0,0% 0,0% 6,7% 0,0% 0,0% 21,3% 0,0% 0,0%
Global Warming 0,0% 0,0% 0,0% 26,8% 0,0% 0,0% 36,6% 0,0% 0,0%
Acidification 0,0% 0,0% 0,0% 11,6% 0,0% 0,0% 24,3% 0,0% 0,0%

SUM
12b wooden 

boxes 12b plastic crates

12b 
cardboard 

boxes
13 wooden 

boxes 13 plastic crates
13 cardboard 

boxes 14 wooden boxes 
14  plastic 

crates
14 cardboard 

boxes
Eutrophication -1,8% 0,0% 0,0% 0,0% 2,5% 0,0% 0,0% 0,0% -6,2%
Ozone Depletion 29,8% 0,0% 0,0% 0,0% 16,0% 0,0% 0,0% 0,0% -0,9%
Summer Smog 10,6% 0,0% 0,0% 0,0% 21,8% 0,0% 0,0% 0,0% -6,9%
Global Warming 12,6% 0,0% 0,0% 0,0% 24,1% 0,0% 0,0% 0,0% -88,7%
Acidification 12,2% 0,0% 0,0% 0,0% 0,1% 0,0% 0,0% 0,0% -6,6%

30% recyclate polymer crate production
100% value of secondary material in relation to 

primary 100% PE crates

100% PP crates 1,5% losses in crate production 6% losses in crate production 

0,17% breakage rate in inspection 0,71% breakage rate in inspection 0% poplar used for wooden crates

100% poplar used for wooden crates
SUM (EMITTED - BOUND/SUBSTITUTED) 

SCENARIO STEAM SUPPLIED FROM MSWI average cardboards used

50% of timber dryed for crate production poplar timber is steamed
100% of wooden crates to particle board 

industry in EOL

50% MSWI, 50% of wooden crates to particle 
board industry in EOL

50% MWSI, 50% of plastic crates to regranulation 
in EOL 60% of cardboard to recycling pulp
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Supplement F Project Partners 

Supplement F 1 Dept. Life Cycle Engineering, University of Stuttgart 
 

Department Life Cycle Engineering  

Dipl.-Ing. Leif Barthel 
Dipl.-Ing. Stefan Albrecht  

 Hauptstrasse 113 
D – 70771 Leinfelden – Echterdingen 

 Phone   +49 (0) 711 48 99 99 – 0 
Fax  +49 (0) 711 48 99 99 – 11 

 E-mail  gabi@lbp.uni-stuttgart.de 
 Internet  www.lbpgabi.uni-stuttgart.de 

 

The department Life Cycle Engineering (LCE, German "GaBi") at the Chair for Building 
Physics (German "LBP") at Stuttgart University (Germany) was founded by Prof. Dr.-Ing. 
Peter Eyerer in 1989 within the Institute for Polymer Testing and Polymer Science (IKP). 
In 2006, the department moved due to internal administrative reasons to the Chair for 
Building Physics led by Prof. Dr.-Ing. Dipl.-Phys. Klaus Sedlbauer.  

The interdisciplinary team of currently 12 full-time academic staff provides independent 
ecological, economic and technical decision-support along the life cycle of products, 
processes, and services. Well over 150 industry and research projects were carried out 
world-wide, so far. The LBP-GaBi group forms - together with its spin-off company PE 
International - the world's largest working group in the field of Life Cycle Assessment and 
Life Cycle Engineering. LBP- 's research focus is on methodologies in LCI modelling, 
LCIA, and societal sustainability. Various PhD theses have been successfully finished and 
several are on-going. The know-how is transferred to students in two university courses.  

Life-cycle assessment has been and is applied at LBP in numerous primarily industrial 
projects. LBP offers more than 100 personnel years of experience in project management. 
Among our clients are e.g. Audi AG, BASF AG, DSM, Fiat AG, Hydro Aluminium, Krupp, 
DaimlerChrysler AG, Shell AG, Siemens AG, Volkswagen AG as well as a vast number of 
worldwide raw material and material producers. Furthermore we look back to a very good 
past and present cooperation with UBA, BMBF, the EU and further public contractors. 

The engineering background, the extensive project experience and the successful linking 
of research with practical application in industry leads to high qualitative, reliable and 
customer-oriented solutions. In addition to research and consulting work, LBP-GaBi 
develops comprehensive but user-friendly software solutions and databases for use in 
industry practice, research and consultancy in the field of sustainability. 
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Supplement F 2 PE International 
 

PE International 

Dr. Sabine Deimling 
Dr. Martin Baitz 
 

 

 Hauptstrasse 111 – 113 
D – 70771 Leinfelden – Echterdingen 

 Phone   +49 (0) 711 34 18 17 – 0 
Fax  +49 (0) 711 34 18 17 – 25 

 E-mail  info@pe-international.com 
 Internet  www.pe-international.com 

 

Sustainability awareness is the road to long-term corporate operation and a preserved 
environment. PE INTERNATIONAL has been steadily guiding companies all over the 
world along this road since 1989. Today, PE INTERNATIONAL is the international market 
leader in strategic consultancy, software development and extensive services in the field 
of sustainability. The operation is a global one, with offices in Stuttgart, Vienna, Tokyo, 
Perth and Boston.  

PE INTERNATIONAL provides conscientious companies with efficient methods, in-depth 
knowledge and an unprecedented spectrum of experience, to make both corporate 
operations and products more sustainable. Applied methods include implementing 
management systems, developing sustainability indicators, life cycle analyses, eco-design 
and environmental product declarations, technology benchmarking, eco-efficiency 
analyses and emissions management.  

Moreover, PE INTERNATIONAL offers two leading software solutions, with the GaBi 
software for product sustainability and the SoFi software for corporate sustainability. Over 
500 companies and institutes world-wide put their trust in PE INTERNATIONAL’s 
consultancy and software, including several market and branch leaders such as Alcan, 
Allianz, Bayer, DaimlerChrysler, Deutsche Post/DHL, Rockwool, Siemens, Toyota, 
ThyssenKrupp and Volkswagen.  
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Supplement F 3 FEBE-EcoLogic (Italy) 
 

FEBE ECOLOGIC 

Balázs Sára 
Emanuela Scimìa  

 
Via Canalazzo, 44 
48100 Ravenna (RA) 
Italy 

 Phone  +39 0546 664971  
Fax  +39 0546 664971 

 E-mail  balazs.sara@febe-ecologic.it 
 Internet  www.febe-ecologic.it   

 

FEBE ECOLOGIC offers consulting, training and tools to integrate environmental 
parameters into decision making by assessment, management, communication and 
improvement of environmental performance. Services are based on the application of 
methods and tools for the quantification of potential environmental impacts with life cycle 
approach. FEBE ECOLOGIC was founded as a "spin-off" of ENEA (Italian National Agency for New 
technologies, Energy and the Environment) and promoted by public authorities of Bologna 
(City and Province) for the creation of an innovative and high-tech company.  

FEBE ECOLOGIC has offered consultancy in various industry sectors (construction, 
wood, textile, furniture, electronic, waste management, water treatment, tourism, 
packaging, food and agriculture etc.), supplied technical support to ENEA and 
collaborated with different universities (Stuttgart, Bologna, Pescara, Florence, Naples, 
Foggia etc.). FEBE has been partner in EU funded projects (ECOLIFE II, PNEUMA, 
INTEND). FEBE is sales partner of PE International for distribution and technical 
assistance regarding GaBi products in Italy and Hungary.  

FEBE ECOLOGIC offers service packages: 1) to verify and demonstrate the 
environmental quality of a product; 2) to be able to choose the environmentally most 
preferable solution: in product design, product improvement, selection of a supplier or 
identification of waste management options; 3) to control the environmental quality of a 
product and to be able to manage, improve and communicate it; 4) to have the right tools 
for the integration of environmental parameters and to be able to apply them correctly. 

Particular skills and experiences of FEBE regard the application of Life Cycle 
Assessment, Life Cycle Engineering, Design for Environment, Environmental labelling and 
Environmental Management Systems.  
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Supplement F 4 Escola Superior de Comerç Internacional (Spain) 
 

Escola Superior de Comerç 
Internacional,  

Dr. Pere Fullana 
Cristina Gazulla 
Ester Xicota 

 

 
Passeig Pujades, 1. 
08003 Barcelona  
Spain 

 
Phone   +34 93 295 47 10  
Fax  +34 93 295 47 20 

 E-mail  pere.fullana@admi.esci.es 
 Internet  www.esci.es  

 

Qualification and capacity 

ESCI (Escola Superior de Comerç Internacional, International Trade Business School) 
was created in 1993 from an initiative by the Government of Catalonia. It is a University 
centre assigned to Universitat Pompeu Fabra. This is the only university school in Spain 
that prepares, with a four years program, in corporate international business. One of the 
main features of these studies is that all subjects are oriented from an international point 
of view. Therefore, all ESCI lecturers have a good knowledge of the international aspects 
of theirs respective subjects. Special attention in devoted to topics related to the European 
Union. Environmental issues are taught in the fourth year within a especial subject but 
there is an on-going initiative to include those issues all along the career. This fact makes 
ESCI a well-prepared organisation to make any research that deals with managerial 
issues, trade and environment. 

The researchers of our group on Environmental Management work, through different EU 
and national projects, on topics like technologies on renewable energies, ecodesign, 
human and ecotoxicity assessment, life cycle assessment and gathering of environmental 
databases, ecoturism, environmental management systems, ecolabelling, environmental 
impact assessment on land, environmental communication, etc. 

The ESCI research group (concentrated in three members: Dr. Pere Fullana, Ms. Cristina 
Gazulla and Ms Alba Bala) consists primarily of academic members and research associ-
ates with significant involvement and experience in the field of environmental manage-
ment tools applied to different industrial and service sectors like cosmetics and deter-
gents, packaging, chemistry, energy, construction, tourism, banks, etc. The group is a 
very young one, only four year old, so its experience comes from previous activities in 
former affiliations in consultancies like Randa Group, and academic institutions like 
Autonomous University of Barcelona and Elisava Dessign School. In those organisations, 
the core members of the group have coordinated more than 100 projects related to LCA 
and other IPP related topics at international and national levels. 
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Supplement F 5 Bio Intelligence Service (France)  
 

BIO Intelligence Service S.A.S. 

Véronique Monier 
Cécile des Abbayes  

 
1, rue Berthelot 
94 200 Ivry-sur-Seine 
France 

 Phone   +33 (0) 1 56 20 28 98 
Fax  +33 (0) 1 58 46 09 95 

 E-mail  bio@biois.com 
 Internet  www.biois.com 

 

As one of European's leading environment and strategy consulting firms, BIO develops 
recommendations to help clients from private and public sector solving the environmental 
challenges they are facing.  

BIO offers clients multi-disciplinary expertise and experience in the following areas: 

 Environmental impact assessment through life cycle assessments (LCA) and 
derived methodologies, 

 Eco-design (or Design for Environment), 

 Multi-criteria analyses and impact assessment (Extended Impact Assessment, 
technico-economic analyses, Cost-Efficiency Analysis, Cost-Benefit Analysis…),  

 Communication of environmental information, in particular related to product life-
cycles, 

 Environmental marketing. 

BIO’s clients include European government departments, private companies and industry 
associations as well as research agencies in all sectors (packaging, waste, energy, 
transport, urban environment, chemistry, building, agribusiness...). We have also a strong 
scientific expertise in the field of health and environment. 

Our consulting services are innovative and responsive to client needs and are provided 
with an uncompromising commitment to quality.  

BIO has been one of the leading European organizations developing and promoting LCA 
in Europe since end 80s.  

BIO is member of SETAC-Europe (Society of Environmental Toxicology and Chemistry), 
participates to national (AFNOR) and international (ISO) standardisation works about 
LCA. 

BIO is also a founding member of APEDEC in France (Professional Association of 
Experts for the Development of Eco-design). 
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Supplement G Critical Review Report 
The following six pages contain the report of the review panel carrying out the critical 
review of the present study “The Sustainability of Packaging Systems for Fruit and 
Vegetable Transport in Europe based on Life-Cycle-Analysis” confirming that the 
environmental part of the study was conducted in accordance with ISO 14040 and 14044. 
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SUMMARY 
 
The Department Life Cycle Engineering at the University of Stuttgart and PE Europe were 
commissioned by Stiftung Initiative Mehrweg (SIM) to conduct a Life Cycle Assessment 
(LCA) study on different fruit and vegetable transport packaging systems. 
 
Since this comparative LCA study examines the strengths and weaknesses of different 
packaging systems and materials – cardboard, wood, and plastics – a Critical Review by an 
independent review panel was incorporated into the overall study plans. 
 
Five Winds International1 was commissioned in July 2006 to lead the Critical Review in 
accordance with ISO 14040/44, in collaboration with co-reviewers. The review panel 
comprised the following experts: 
 
•  Angeline de Beaufort-Langeveld — expertise on paper and cardboard; 
•  Dipl.-Ing. Sebastian Rüter and Prof. Dr. Arno Frühwald, University of Hamburg — 

expertise on wood; 
•  Dr.-Ing. Ivo Mersiowsky, Five Winds International — co-ordination and expertise on 

plastics. 
 
The review process comprised the following steps: 
 
•  two telephone conferences of the review panel in order to identify gaps in information 

(methods and data) based on the draft report and to evaluate the responses of the 
practitioners; 

•  one face-to-face meeting with the practitioners in order to discuss certain key assumptions 
and to conduct spot checks on the LCA model and database. 

 
The conclusions of the Critical Review are: 
 
•  The study was conducted in accordance with ISO 14040 and 14044. 
•  The purpose and intended use of the study as well as the life cycle model and the data 

categories are transparently documented. The data, models and methods employed are 
appropriate, given the goal and scope of the study. The modelling, calculations and 
aggregation into indicator results were supported by a professional life cycle assessment 
software (GaBi 4, www.gabi-software.com). 

•  The unit process data were derived from surveys in industry and expert organisations or 
from the GaBi life cycle assessment database. Data quality was demonstrated in terms of 
consistency, geographic and temporal scope. 

•  Some assumptions remain contentious between experts. These issues are noted and 
commented upon below. Since they are transparently documented, this circumstance was 
not deemed to affect the overall outcome of the critical review. 

•  While the study was conducted in such a way as to potentially support a comparative 
assertion of the examined packaging systems, this critical review does not imply an 
endorsement of any such comparative assertion based on this LCA study. 

                                                 
1 Since December 2006, Five Winds International and PE International have a Joint Venture (PE Americas) to 
promote LCA in North America. 
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RESULTS OF THE CRITICAL REVIEW PROCESS 
 
SPECIFIC COMMENTS 
 
The following issues (mentioned in no particular order of priority) were discussed in the 
review panel meetings and brought to the attention of the practitioners. Thus they were 
resolved to the satisfaction of the review panel: 
 
1. The review panel appreciates that the declared goal and intended use of the study is the 

identification of optimisation potentials of the three different packaging systems. 
Therefore, the summary and conclusion chapters were re-organised to clearly point out the 
optimisation potentials for each material and only then compare them by life cycle phase 
and indicator. 

2. The review panel recognises that the study aims to fill gaps in the existing knowledge 
about the different packaging systems. To this aim, a literature review (annex) had been 
conducted and evaluated. Previous studies examined specific situations of single 
countries. The introduction was modified to highlight that this study examines a more 
general scope which aims to be representative and relevant for a European transport 
scenario. 

3. The review panel noted that the study addresses economic and social aspects as well: it 
was emphasised that only the environmental aspects as examined with the Life Cycle 
Assessment methodology were subject to the critical review according to ISO 14040 and 
14044. 

4. The review panel and the practitioners discussed the multi-functional nature of packaging 
systems and their implications for the definition of the functional unit. While the 
functional unit is based exclusively on the carrying capacity of each system, further 
properties like design aspects, suitability for specific logistics systems, and occupational 
health and safety issues are acknowledged as potentially relevant for the decision-maker. 

5. The review panel acknowledged the choice of life cycle impact indicators, in particular 
the omission of toxicity indicators. In view of scientific debates around the development 
of appropriate toxicity indicators and the expected relevance for the investigated 
packaging systems, the rationale for not addressing these impact categories has been made 
more transparent. 

6. The review panel noted that life cycle inventory (LCI) data for plastics were derived from 
studies of the German Environmental Agency (UBA) rather than from industry federation 
PlasticsEurope: a sensitivity analysis showed that this choice renders overall comparable 
and rather conservative results. 

7. The review panel noted that the dimensions of the cardboard box examined in the report 
by industry federation FEFCO are somewhat smaller than the generic cardboard box 
considered in the present study: in order to address the effect and any possible bias due to 
the scale-up, appropriate margin indicators were introduced in the presentation of the life 
cycle impact indicator results. 

8. The review panel and the practitioners discussed the logistics model (transport matrix) and 
found it to be conclusively explained and appropriate for the study. While this study 
considers a European weighted average to achieve the requisite representativeness, the 
investigation of distance-related optimisation potentials is outside the present scope and 
would likely hold potential for future studies. 



  Critical Review 

Five Winds International  5:6  08/02/2007 

9. The review panel and the practitioners discussed the presentation of the primary energy 
demand indicator with regard to the special case of incorporated solar energy that is fixed 
in biomass. It was emphasised that the primary energy demand indicator addresses the use 
of raw energy resources for the production of a product (technosphere) as opposed to the 
effective energy or the calorific value of a product. The energy embodied in wood and 
paper mainly originates from solar energy (photosynthesis) and has therefore to be 
specified as such. 

 
ISSUES FOR FURTHER RESEARCH 
 
Upon conclusion of the critical review process, the following issues remained where expert 
opinions diverged or where further research may be warranted. 
 
Recycling of Corrugated Board 
 
The question arose whether the study appropriately reflects the current practice of recycling 
corrugated board from the investigated packaging system. 
 
The study was conducted with the understanding that due to the shortening of fibres during 
recycling, recycled board will not allow for sufficient carrying capacity as to be used in fruit 
and vegetable transport again, in particular due to the potential exposure to moisture in cooled 
vehicles. Hence, the assumption was made that the majority of used cardboard boxes are 
disposed of in municipal waste incineration – a practice confirmed by logistics companies – 
and a credit for possible energy recovery was awarded. Industry federation FEFCO indicates 
that transport boxes are almost exclusively made from virgin material, which seems to support 
this approach. 
 
By contrast, the view is held that, although the majority of the fruit and vegetable corrugated 
boxes are made from primary fibre, this does not mean that the crates are not recycled. On the 
contrary, CEPI statistics show that 80 % of packaging board are in fact recycled. Throughout 
the EU, efficient collection systems for commercial paper-based packaging have been set up 
to ensure compliance with the Packaging Waste Directive recycling targets. Very high 
collection rates are achieved, already clearly exceeding the 60 % target set for end of 2008. 
 
Corrugated material is baled and collected separately at the super markets. It is a valuable raw 
material for the corrugated base materials, which contain over 80 % of recycled fibres, most 
of it originating from corrugated boxes. It would even be impossible to reach such a level of 
recycled fibre if products containing mainly primary fibre were incinerated and not recycled. 
Producers have to pay for packaging they put on the market and get refunds when it is 
recycled. They would not benefit from incineration of the material. The collection rate of 
paper based packaging from households may be lower, but fruit and vegetable corrugated 
boxes are not consumer packaging. 
 
As a consequence, the review panel concluded that further evidence would be needed to fully 
confirm the validity of the assumptions for the recycling of corrugated board. The 
practitioners refer to the pertinent parameter variation (parameter 9) to address the effect of 
these assumptions. 
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Recycling Models for Corrugated Board and for Plastics 
 

In conjunction with the above issue, the question was raised whether the differing recycling 
models for corrugated board and for plastics imply a bias. 
 
For plastic crates, a material recovery was assumed, with recycled plastics being used for beer 
crates (as a non-food contact application), i.e. an open-loop recycling into a different product 
system. Material credits, discounted for value losses, were awarded accordingly. 
 
For cardboard boxes, however, mainly incineration was assumed as described above, 
awarding energy credits. By contrast, the view is held that used corrugated fruit and vegetable 
packaging could rather be recycled into different other types of corrugated packaging. This 
would imply a material credit rather than an energy credit. 
 
The rationale for the assumptions in the study is given above. The practitioners refer to the 
pertinent parameter variation (parameter 13–14) to address the effect of these assumptions. 
 
Life Cycle Interpretation 
 
In order to facilitate the interpretation of life cycle inventory and impact analysis, the 
practitioners conducted contribution and sensitivity analyses. The review panel noted that the 
contribution of the service life (vehicle transport processes) to emissions is found to be 
substantial in case of the plastic crates whereas it is of significantly less importance in case of 
both wooden and cardboard boxes. 
 
The sensitivity analysis addressed several parameters relevant for the production and waste 
management stages of the life cycle. The review panel acknowledged that uncertainties and 
variations pertaining to the service life were addressed with the conservative and technical 
scenarios, i.e. in terms of the total transport performance (lifespan and number of tours). This 
variation showed only minor effects on the relative performance of the three different 
packaging systems, so that the qualitative outcome of the study remains unaffected. Further 
variations of the transport-related service life parameters were not part of the goal and scope. 
 
As a consequence, the review panel emphasised that the conclusions need to be viewed in 
light of the underlying scenario of a generic European transport situation as defined in the 
goal and scope of the study: while addressing a pan-European scope, the given transport task, 
as reflected in the functional unit, imposes specific logistic needs. Therefore, a general 
preferability of any single packaging system or material cannot be deduced; rather, other 
specific transport tasks would need to be investigated with a similar methodological 
framework in order to derive the specific strengths and optimisation potentials of the various 
eligible packaging systems. 


