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Abstract

Increasing consumption and transportation gears the use of transport utilities which cause 
environmental effects over the globe. Environmental performance of three different types of 
pallets such as Re-load, plastic and corrugated fibreboard pallets are evaluated in this project. 
LCA tool is used to assess and compare their environmental performance in all phase of their 
life cycle but more focusing on end of life phase.

This study gives more emphasis to waste treatment options such as incineration, landfilling 
and recycling. Three different end of life scenarios have been used in this study such as 100% 
incineration, 100% landfilling and 100% recycling. 

This study includes results of all the phases of all three types of pallets which are analysed in 
this report. More detailed results could be seen in excel sheets. Results of impact analysis tells 
that landfilling contributes to 14793 Kg CO2 of global warming potential in case of 
corrugated pallets. Incineration contributes to 12148.6 Kg CO2 of global warming potential. 
Recycling contributes to 7136 Kg CO2 of global warming. Re-load pallets show the major 
contribution of global warming is from landfilling approx 813.2 Kg CO2 of global warming 
potential. Recycling and incineration contribute to 438 Kg CO2 and 726.7 Kg CO2 of global 
warming potential respectively. In plastic case incineration contributes the most to global 
warming approximate 1183.8 Kg CO2 of global warming potential. Landfilling and recycling 
contribute almost the same approximate 932.6 Kg CO2 of global warming potential and 924.5 
Kg CO2 of global warming potential respectively. Acidification impact show corrugated
pallets cause high emissions when they are treat with landfilling and give negative values of 
incineration. In Eutriphication impact corrugated pallets are considered better in a sence they 
are inbetween 150 and 100 kg of PO-4. Re-load pallets give the least values when they are 
applied to different end of life scenarios.

According to the results recycling could be replace other waste treatment options because of 
less impact through out the end of life. Secondly, Reload pallets represent a environmental 
friendly product which can be improved more after this study. Lack of LCI data is the major 
problem in this study because it is not easily accessible and it is very time consuming part of 
this study. Results might be different if more data is available.

This study can be helpful for further study, for instance more replaceable scenarios will show 
different results for all three types of pallets. Moreover, it helps to compare more pallet types 
which are already in the market or propose to come in the market.



3

Acknowledgment

I am very thankful to my company supervisor Sabina Eklund from Re-load AB who not only 
give me opportunity to work on this thesis also helped me a lot. As well as I would like to 
thank Mr. Fröling Morgan for supervising my work. He helped me at all stages by giving me 
valuable comments and suggestions.

I would like to thanks for Halmstad University and Gothenburg University where I have 
studied my courses which gave me ability and insight to work on my own.

Another acknowledgment must be mentioned is the LCA book by Baumann and Tillman 
which was heavily used for this thesis as a base for not only performing the thesis but also for 
the report writing. 

Finally, I am thankful to all the people and the most important our family, friends who helped 
and supported me during this project.

Thanks to all!

Azhar Ali



4

Contents

Abstract..................................................................................................................................2
1.0 Introduction ......................................................................................................................7

1.1 Background ...................................................................................................................7
1.2 Research purpose...........................................................................................................8
1.3 Research question..........................................................................................................8

2.0 Methodology ....................................................................................................................9
2.1 Preparation for data collection .......................................................................................9
2.2 Strategies for data collection and calculation .................................................................9
2.3 Literature studies and general data...............................................................................10

3.0 Objective and Scope .......................................................................................................11
3.1 Objectives ...................................................................................................................11
3.2 Functional Unit............................................................................................................11
3.3 Description of the system ............................................................................................11

3.3.1 Boundaries of the system under study ...................................................................13

3.3.2 Boundaries within the technical system and assumptions involved........................14

3.3.3 Data quality ..........................................................................................................14

3.3.4 Impact Assessment Categories ..............................................................................14

4.0 Inventory analysis...........................................................................................................15
4.1 Production ...................................................................................................................15

4.1.1 Production of Re-load pallet .................................................................................15

4.1.2 Production of plastic pallet....................................................................................16

4.1.3 Production of corrugated fiberboard pallet ............................................................17

4.2 Use phase ....................................................................................................................18
4.3 End of life ...................................................................................................................19

5.0 Inventory Results............................................................................................................21
5.1 Emissions during life cycle phase of three types of pallets ...........................................21

5.1.1 Production ............................................................................................................21

5.1.2 Use Phase .............................................................................................................21

5.1.3 End of Life ...........................................................................................................22

5.2 Impact Analysis...........................................................................................................22
5.2.1 Global Warming ...................................................................................................22

5.2.2 Acidification.........................................................................................................24

5.2.3 Eutrophication ......................................................................................................24

6.0 Discussion and conclusion ..............................................................................................26
6.1 Discussion ...................................................................................................................26
6.2 Limitations and assumptions........................................................................................27

6.3 Future study.............................................................................................................27

6.4 Conclusion ..............................................................................................................27



5

References............................................................................................................................29
6.0 Appendix........................................................................................................................30

6.1 Appendix A.................................................................................................................30
6.2 Appendix B .................................................................................................................39

List of tables

Table 3.1 Comparison of Re-load, plastic and corrugated pallets ..........................................13
Table 5.1: Estimation of emissions during production of Re-load, Plastic and Corrugated 
pallets...................................................................................................................................21
Table 5.2: Emissions during use of Re-load, plastic and corrugated pallets ...........................21
Table 5.3: Emissions of end of life of Re-load, plastic and corrugated pallets .......................22

List of figures

Figure 3.1 Re-load pallets.....................................................................................................12
Figure 3.2 Plastic pallet ........................................................................................................12
Figure 3.3 Corrugated fibreboard pallet ................................................................................13
Figure 4.1 flow sheet for life cycle of a Re-load pallet ..........................................................15
Figure 4.2 flow sheet for life cycle of a plastic pallet ............................................................17
Figure 4.3 flow sheet for life cycle of a corrugated fiberboard pallet.....................................18
Figure 4.4 Energy recycling of munciple solid waste ............................................................19
Figure 4.5 Munciple landfill process.....................................................................................20
Figure 4.6 Recycling of pallet waste .....................................................................................20
Figure 5.1 Global warming potential of all types of pallet.....................................................23
Figure 5.2 Acidification potential of all types of  pallet.........................................................24
Figure 5.3 Eutrophication potential of Re-load pallet ............................................................25



6



7

1.0 Introduction

1.1 Background

Increasing consumption with the globalized market and increasing transportation leads to 
increase the transport utilities which cause to environmental damage. It is very important to 
minimize environmental impacts from transport of goods. Pallets are important for transport 
goods from one place to another place. This is also very important to study environmental 
impacts of pallets where/how they are produced, used and final disposed of after their end of 
life in a favourable environmental way to save environment. Different pallet types have 
different environmental impacts. For example wooden pallets behave different to 
environment, plastic and other ones differently. There are many phases of life of a product 
like production, use and end of life but I gave more emphasis to changing behaviour of end of 
life phase with relation to other phases of pallets.

Life cycle Assessment (LCA) is used as a tool for decision support in many production as 
well as waste management areas (Hogaas Eide, 2002; Guinee et al., 2001). Life Cycle 
Assessment (LCA) has been used in the last decade to compare the environmental impacts of 
different options for the handling of waste. Different types of pallets have different End-of-
Life options such as recycling, incineration, landfill etc. These pallets cause environmental 
impacts during manufacturing, use and their waste treatments.

The National Wooden Pallet and Container Association states, "Pallets move the world." 
Pallets, particularly wooden pallets, are the basic units used to transport goods throughout the 
country. Approximately 90 percent of those manufactured were wooden pallets while the 
remaining 10 percent were manufactured from corrugated, metal, or plastic. Pallet industry 
has been growing too fast since 1960 in Europe (Carls M. et al 2008).

Several materials are used for transport packaging. Corrugated board is used most (11.7 Mt), 
followed by wood (about 5 Mt) and plastics (about 3.5 Mt). Production of packaging material 
requires a huge amount of energy. Energy consumption and emission of CO2 can be reduced 
by energy efficiency and material improvement (M.P Hekkert et al. 2000).

These pallets are used to transport goods from one place to another place in a safety 
perspective so they perform their functions during their use phase very well but at the end of 
their life they turned into waste and become a burden on the environment (Hischier et al. 
2005). 

European Confederation of Woodworking Industries reported that wood has a several 
environmental advantages compared to other material types such as plastic and steel. They 
say that wood is a flexible, non corrosive material with a high resistance to heat and frost. 
Wood packaging can be reused and recycled. The European pallet and packaging industry 
uses about 20 million m3 of timber, the equivalent of 350 million pallets, light-weight and 
industrial packaging ((European Confederation of Woodworking Industries 2006).

Wood material is not based on carbon of fossil origin. Wood stores carbon during their whole 
life cycle and during the recycling phase. At the end of their life cycle they can be used to 
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replace fossil energy for energy and heat production. (CEI‐Bois Memorandum to the 
European Institutions Brussels, September 2009).

The Directive 2004/12/EC of the European Parliament and of the Council of 11 February 
2004 amending Directive 94/62/ EC on packaging and packaging waste (EU 2004) promotes 
a better environmental management of container waste by means of its recovery or 
incineration with energy recovery. Special emphasis is made to package waste recycling, 
which is a favourable environmental option as has been demonstrated by Rivela et al. (2006a), 
Arena et al. (2003) and Mata and Costa (2001) for the wood, plastic and glass (Carles M. et al 
2008).

1.2 Research purpose

The research purpose is to develop end of use scenarios of Re-Load pallets comparing with 
other types of pallets. The purpose is not to generate a general LCA/LCI data model but to 
investigate the importance of the End of Life phase relative to other life cycle phases.

In this study LCA is used to compare the environmental impacts of different options for the 
handling of waste and how differences in end of use influence the life cycle performance of 
pallets. Different types of pallets have different End-of-Life options such as;

• Recycling
• Incineration
• Landfilling

Different types of pallets are widely used in all over the world. In this study I am going to 
choose;

 Re-load pallet which is made of wood and plastic, 
 HDPE plastic pallet and 
 Corrugated fibreboard pallet

1.3 Research question

This study is trying to find my research question, ‘Will the rank of what pallet alternative is 
better change with different end of life scenarios’?
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2.0 Methodology

During conducting an LCA the most time consuming part is to collect data, both site specific 
and general data. This chapter explains the methodology used and the data collection process. 
It takes not only solid LCA background but also good planning, soft skills, decision making, 
reading, excellence in excel and word, calculation, interpretative and result oriented approach, 
abilities  to perform an LCA and to write about it.

2.1 Preparation for data collection

Re-load AB is established a few years ago and making nail-free pallets of wood and plastic.
This company has many consumers in all Europe. There are many other companies like 
Valvo, Nefab etc manufacturing other types of pallets such as plastic and corrugated 
paperboard pallets. Those companies also have a lot of costumers in Europe. Specific data 
was taken from costumers about the use of pallets. Prior to gather site specific data from lead 
costumers, it was suggested to know about the product and materials summary, weight %, 
pallet life, and other general information of pallet material.

The internal information system at Re-load AB provides information about material summary, 
material composition, pictures, drawing etc. Furthermore the material information can also be 
obtained from IMDS (International material data system). Information of Plastic and 
corrugated pallets are also taken through internet.

After getting data during use phase of pallets it is difficult to identify what happens at the end 
of their use. Moreover, it is also need to identify material treatment companies such as 
recycling units, incineration plants. These treatment companies provide much information 
about end of life of these pallets. It was really very helpful to contact with these companies. 
Some of which did not give me any data. There is need to prepare one excel file where you 
have all the list of components and name of the suppliers and all the info that you will attach 
with those. But this is not the ideal one; there might be some other things that can be always 
added.

2.2 Strategies for data collection and calculation

The priority is given to get mostly site-specific data from the consumers. A questionnaire 
could be formed for the consumers but it would be difficult to distribute in all Europe. So I 
did not do so.

Most of the site specific data was collected by the consumers, they were very co-operative 
and gave out the data but some were very reluctant. But due to confidential matters, there 
were difficulties to gather 100% site-specific data. Re-load AB has few costumers so Re-load 
pallets are not common in Europe but used in Sweden. Plastic and corrugated are used in all 
over the world.

Another strategy I used that I just search some of users of the pallets through internet and call 
them to demand relevant data. Most of them did not reply me but some gave a short piece of 
data about use and end use of pallets.
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Usually, many and costumers responded as: why you are doing this? Why you want our 
confidential information? Re-load told me some costumers while my project was going on 
and it helped us a lot. Manufacturing companies or treatment companies hide some data and 
do not disclose to student. Sometimes, it is better to tell them that I am a master student but 
sometimes it was better to approach them as on behalf of Re-load Company. 

Since data collection is a continuous process it is advisable to start writing report as well as 
planning to calculate the huge data. It is easier to calculate if the data is put into the excel file 
as it comes to the analyst. At first it is advisable to take any information that comes from 
companies. 

It was the strategy from beginning to do all calculations in the excel sheet to get good 
understanding of the LCA although there are many softwares developed for this purpose. My 
supervisor suggested me to do calculation by own on a paper sheet first then make excel 
sheets by putting the data on it.

2.3 Literature studies and general data

It is also very difficult to decide which type is better for this kind of thesis and for which part 
the data will be site specific and general. Different online LCA data bases are utilized to 
gather the general data which normally contain data for the raw material (cradle to grave or 
gate), transportation phase and end of life phase. Different LCA databases are utilized to 
gather general data for instance, Center for environmental Assessment of product and material 
system, Chalmers (CPM LCA Database), European Commission Joint Research Center 
(European LCA data base). It is suggested to keep yourself upto few databases, since later on 
it’s difficult to calculate because of the different format of the database data. While taking 
data from these databases one has to be careful about the data itself and other aspects of the 
data such as metadata which is a data about the data e.g. the year of data collection, cradle to 
gate approach and the units. Reading about the data and deciding which one to take is a 
crucial step in the general data collection. Some of data I could not find which I supposed to 
fit for my thesis. Database data has many inputs and outputs and it is suggested to keep these 
under manageable numbers since during calculations it becomes impossible to deal with it. 
Sometimes looking for LCI data in the international journals may also prove to be helpful.
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3.0 Objective and Scope

3.1 Objectives

My main objective is to develop End of Life scenarios of Re-Load pallets comparing with 
other types of pallets on a life cycle basis. And also identification and quantification of the 
most important environmental burdens related to the alternatives under analysis as a basis the 
final disposal of the pallet waste by using LCA methodology.

This study includes different end of life scenarios in terms of recycling, incineration and 
landfill. The following ‘what-if’ waste cases for the pallets are compared:

• Scenario I –– 100% Incineration

• Scenario II –– 100% landfill

• Scenario III –– 100% recycling

Scenarios I–III represents hypothetical forms through which I can make different assumptions 
for different disposal options. Current scenario is not taken in this study because current 
situation of waste treatment for the three types of pallets in Europe is different in every 
country. Waste treatment of Re-load is proposed yet not passing through any waste treatment. 
Some of data about waste treatment of plastic is not available because plastic is not degraded 
in landfill due to organic in nature so it is mostly recycled with municipal solid waste. These 
three different scenarios assumed that all pallets undergo these different types of waste 
treatment. Data for plastics was taken mostly from European LCA data base.

3.2 Functional Unit

Pallet systems are analyzed on the basis of 1000 pallet loads of product delivered. For each 
system, the number of pallets required for 1000 pallet trips depends on the pallet’s lifetime 
trip rate and weight of pallets.

3.3 Description of the system

This study includes three different types of pallets such as Re-load, plastic and corrugated 
pallets. Re-load pallets are designed by the Re-load company consisting of 12 kg wood and 2 
kg HDPE plastic. The forest industry seems to think it is good because the more they break 
the more wood they can sell. Nailed pallets are bended when pushed by a truck. Re-Load has 
a go through bult/vertical element that is strong and makes it more durable. The 
fogningsteknik/lock system of the plastic element is very strong for pulling force too. And it 
will never move due to change in air humidity. Wood is an aliving material and moves in 
humidity changes etc. Nails will migrate out – not Re-Load locking system. Re-load pallet has 
a life time of 40 numbers of trips with a load bearing capacity of 1000- 1500 kg.



12

Figure 3.1 Re-load pallets

 There are many different kinds of plastic pallets with different sizes and load bearing 
capacities. Favourable characteristics of a plastic pallet contribute to their durability 
and long-lasting performance. For instance, they are water-resistant and able to 
withstand extremely low temperatures. Plastic pallets are very hygienic, as they can be 
sterilized at temperatures reaching 120 degrees centigrade and can be high pressure 
washed. They are non-absorbent and impervious to odors, acids, fats, solvents, molds 
and bacteria. Plastic pallets are made from durable plastics such as HDPE, PP, PE and 
PET. They are lightweight and may be used up to 500 times before repair and 
maintenance is required. My study includes plastic pallets with a weight of 15-25 
having 50 – 100 trips life with a load bearing capacities of 700-1500 kg.

Figure 3.2 Plastic pallet

Corrugated pallets are not very strong and durable as plastic and wood are. They have only 1 
life trip with a load capacity of 600 kg. Paper is the most recycled material in the world. 
Every corrugated board can be recycled or composted. Comparison of above these pallets is
given in table 3.1. 
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Figure 3.3 Corrugated fibreboard pallet

Pallet mateiral

Number of 
trips

Repair-
Able

Recycled
Content

Base
Weight
(kgs.)

Load
Capacity
(kgs.)

Re-load
(wood+plastic) 40 Yes Yes 14 1000-1500

Plastic 50-100 No Yes 15-25 700-1,500

Corrugated
Fiberboard 1 No Yes 6-12 500-1,000

Table 3.1 Comparison of Re-load, plastic and corrugated pallets

3.3.1 Boundaries of the system under study

Every pallet has its own life cycle stages, however general flow sheet is common in all types 
of pallets except a bit changes at the beginning stage in plastic pallets. The start point of my 
study was raw material extraction. 

Raw material is timber which is mostly from pine trees. The process includes tree falling log 
debarking, natural drying at saw mill. Sometimes composting is carried out for the wood 
waste so their environmental impacts are allocated to this process. Other raw materials are; 
diesel fuel and gasoline. Outputs of this system is air emission during vehicle and equipment 
use and solid waste during cutting etc. For plastic pallets crude oil is used as a raw material.

Second stage is pallets manufacturing and assembling. During this stage wood is sawn to 
specific shape and size including preparation of wood slabs. Then different pieces are 
assembled. In this stage wood as well as plastic is used from scrap, recycled and virgin 
material.

Third stage is use and maintenance phase. Pallets are mainly used in the transport sector and 
their related industries like automotive, beverages, grocer, fresh fruits and vegetables etc. 
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costumers are using these pallets for transport their goods but at the end of their use costumers 
get back to manufacturing companies to repair, this is time to decide whether the pallets can 
be reused or need some maintenance, if pallets are considered waste then sent to the disposal 
sites. 

Final stage is end of life of pallets and was the most focused area of this study. There are three 
options for the waste treatment of these pallets;

a) recycling by wood grinding and particle board manufacturing,

b) energy recovery by means of incineration and,

c) landfilling

Some of the system we can see in the expanded boundaries, where government authorities and 
private companies collect the pallet waste and send to recycling companies or incineration 
plant. Landfilling is somehow banned in Sweden and most of the part in Europe.

3.3.2 Boundaries within the technical system and assumptions involved

Capital cost or total cost of production of pallets other aspects of environmental related to 
personnel will not be included in the study. Study does not handle issues related to working 
environment. This study focuses on end of life of three different types of pallet.

3.3.3 Data quality

My study will contain inventory of the material of the product, the LCA is stand alone and 
accounting type and I am more focusing on end of life of different pallet types. This leads to 
certain data requirements on the study. Data used will mostly be from manufacturing 
companies, consumers and waste treatment companies. Wherever data is unavailable other 
methods may have to be use e.g. literature survey, other LCA studies etc. 

Most of the data were gathered from European Commission Joint Research Center (European 
LCA data base). If any data is not available due to any reason it is assumed to be similar as in 
case of some similar processes. Sometimes websites of the company was used to fetch the 
necessary data.

Data for recycling was taken from The Hitch Hiker's Guide to LCA".

3.3.4 Impact Assessment Categories

LCA methodology is used to assess all environmental impacts associated with product by 
evaluating recourse consumption and emission. Impact assessment categories are to be taken 
in this study are global warming, acidification and eutrphication.
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4.0 Inventory analysis

This chapter includes description of all phases of life cycle of Re-load, plastic and corrugated 
fiberboard pallets.

4.1 Production

4.1.1 Production of Re-load pallet
Re-load pallet is manufactured and assembled in Sweden and distributed in all Europe. After 
its utilization it goes to waste treatement (End of life). Raw materials for Re-load pallet are 
wood and HDPE plastic. Wood is mainly taken from pine trees. First process is to produce 12 
kg of pine wood and 2 kg of plastic for a Re-load pallet. Manufacturing of raw material takes 
place all over the Europe and transported by road and air. LCI data sets are taken from 
European LCI data base.

Figure 4.1 flow sheet for life cycle of a Re-load pallet



16

Figure 4.1 describes all the phases of life cycle of a Re-load pallet. Production boxes indicate 
manufacturing of wood and HDPE. The primary product for production is trunk wood. The 
process includes tree falling, log debarring, natural drying at saw mill. Transportation is 
involved in production process of wood, the average distance is 144 km from forest to saw 
mill site. Deisel, lubricants and electricity are the main inputs of sawing. Energy includes 
coal, crude oil, natural gas and uranium which are designed to country specific import. Wood 
wastes (bark, wood chips and saw dust) from this stage are obtained and then designated to 
composting as a sub product (European LCI data base-- pine wood; timber; production mix at 
saw mill; 40% water content).

For HDPE, the process includes mining of crude oil and gas. There are a lot of chemical 
activities included in the production of 1 kg of HDPE. Electricity used according to the 
country specific situation. Input materials used for producing electricity are fossil fuels like 
coal, oil and gas, here coal mining has not been shown in production boxes in fig; 4.1. Inputs 
for transportation are included in the inventory analysis of this study. Overseas transport to 
and from major ports of crude oil imports are included. Emissions from transportation also 
have been considered in this study. Energy is modelled according to the production and 
supply of crude oil to Western Europe. Further process includes distillation, disaltation of 
crude oil to make a mass of HDPE as output. These raw materials are sent to HDPE blocks 
manufacturing. Further process chain includes 2 kg of HDPE is used for pallet manufacturing 
and assembling (Eurpean LCI data base-- polyethylene high density granulate (PE-HD); 
production mix, at plant).

4.1.2 Production of plastic pallet

Figure 4.2 describes all the life cycle phases of a plastic pallet. All flows are same as in HDPE 
production for a Re-load pallet. The process includes mining of crude oil and natural gas. The 
distillation, desaltation and hydrotrating of crude oil is carried out. And natural gas is 
processed on other side. Next process is the production of ethylene which is the raw material 
to manufacture HDPE blocks. Plastic pallets are manufactured, assembled and then 
transported in all over the Europe. Emissions from transportation also have been considered in 
this study. Energy is modelled according to the production and supply of crude oil to Western 
Europe. Further process includes distillation, disaltation of crude oil to make a mass of HDPE 
as output. These raw materials are sent to HDPE blocks manufacturing. Further process chain 
includes 15 kg of HDPE is used for pallet manufacturing and assembling (Eurpean LCI data 
base-- polyethylene high density granulate (PE-HD); production mix, at plant). Emissions 
from each box of production and transportation have been calculated and shown in inventory 
results, the difference finds only when data normalized to 15 kg of HDPE.
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Figure 4.2 flow sheet for life cycle of a plastic pallet

4.1.3 Production of corrugated fiberboard pallet

Figure 4.3 shows life cycles stages of a corrugated fiberboard pallet sometimes called a 
cardboard pallet. Sweden is famous for pulp and paper production and mostly cardboard 
pallets are produced in Sweden. The process flow starts from cutting/harvesting of trees and 
tree logging. Further process includes wood manufacturing then pulp and paper following to 
cardboard manufacturing. Emission are calculated to each stage of production process. Main 
inputs include fuels, electricity and additives. Outflows include byproducts, emissions to air, 
water emissions and residues. Cardbords sheets are then sent to pallet manufacturing and 
assembling. These pallets are transported in all over the Europe. Data have been obtained 
from European LCI data base. This data is basically for corrugated board boxes; technology 
mix; production mix, at plant; 16,6 % primary fibre, 83,4 % recycled fibre - 1000 kg (Mass). 
This data is assumed for corrugated pallets which is normalized to 1 kg mass in the invertory.
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Figure 4.3 flow sheet for life cycle of a corrugated fiberboard pallet

4.2 Use phase

Use phase concerns only emission during transportaion and weight of all three types of 
pallets. Flow starts from consumer use of pallet and further distributes other secondary 
consumers. After use of pallets they need maintenance and repair. If they are fixed properly 
they are used again otherwise they sent to further waste treatment. Input flows are mainly 
fuels from transportation. This pallet has a life of 40 trips with a total weight of 14 kg. Mostly 
data is unavailable so therefore some of data is assumed in this study. Distance of a single trip 
is calculated 500 km which is assumed in this study. Emissions are calculated considering its 
life, total weight and distance of one trip. There are very few users of these pallets so far. 
They are mainly used in the transport sector and its related industries e.g; automotive, 
beverages, grocery, fresh fruit and vegetables etc.
Plastic pallet has a weight of 15 kg with a life of 50 trips. Its emissions are calculated the 
same as in Re-load pallet. A good market has been developed due plastic durability. 
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Corrugated pallet has a weight of 6 kg with a life of 1 trip. Distance of one trip is assumed to 
calculate its use phase emissions.

4.3 End of life

Pallets are going to be inspected after use to decide that they can be use directly reused or 
they need some maintenance. If they are considered waste then they directly sent to waste 
treatment. Emissions are calculated including each waste scenario separately to find out which 
alternative behaves better in this system. There are three waste scenarios described in figure
4.1,4.2 and 4.3,

a) energy recovery by means of incineration, 
b) waste directly sending to engineered landfill and 
c) recycling

Environemental impacts for waste collection, transport and pre-treatment in this study due to 
lack of data. Results will may vary if data is available.

Figure 4.4 describes end of life inventory for the thermal treatment of a specific waste fraction 
in an average European Waste-to-Energy plant. Pallet waste is mixed with munciple solid 
waste, they are sent to incineration plant for energy recovery. Inventory includes emissions 
and consumption for the incinetation plant. After incineration process electricity  is generated 
and ash is sent to landfill and emissions are calculated in this study (European LCI data base).

Figure 4.4 Energy recycling of munciple solid waste

Figure 4.5 represents landfilling pallet waste waste mixed with other waste fraction. Waste is 
dupmed into landfill body in the flow. Compactor is used to compress the waste to raise the 
space of landfill. Emission from compactors are considered in this study. Landfill gas is 
collected to produce energy and emissions are considered (European LCI data base).
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Figure 4.5 Munciple landfill process

Figure 4.6 shows process of recycling. Flow includes waste collection then waste sent to 
recycling unit, here transportaion is included in this study. Futher process includes sorting, 
crushing and material saparation to produce raw material for further manufacturing of pallets.
Relevant data is not available for inventory analysis of recycling, if it is available results may 
vary. Inventory includes emission from electricity consumption during recycling process. 
Inventory data is taken from The Hitch Hiker's Guide to LCA".2008, page 415-491. In 
recycling unit wood is simply crushed, grind to make raw material. Cardboard is pulped 
which is screened, rolled and dried into different layers and sold to box-board plant to 
reproduce new cardboard. Recycling one ton of cardboard saves 3 tons of wood pulp. It saves 
the equivalent of 3,000 kilowatt hours of the energy needed to process one ton of corrugated 
cardboard from fresh pulp. The plastic are shredded, baled, or chipped before it is shipped to 
the reprocessing plant. Resins are melted and remolded into new products. Recovered 
material from plastic recycling saves energy. In addition, 90% of the manufacturing process 
energy needed to produce new plastics is saved by recycling ( Oregon recycling opportunity).

Figure 4.6 Recycling of pallet waste
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5.0 Inventory Results

The inventory results considering air emissions of Re-load, plastic and corrugated pallets in 
production, use and end of life phases are described as followed with the brief description of 
the tables. Further analysis of the results can be found in impact analysis. Rest of detailed 
inventory can be seen in the appendices.

5.1 Emissions during life cycle phase of three types of pallets

5.1.1 Production

Types of Pallets
Re-Load Plastic corrugated

Air Emissions
(Kg)

CO2 85.5 470 6578.7
CH4 0.72 4.3 10.0
SO2 0.21 1.2 9.3
Nox 0.20 0.97 12.4

Table 5.1: Estimation of emissions during production of Re-load, Plastic and Corrugated 
pallets

Noted CO2 value of Re-load pallet is 85.5 kg which is less than others types of pallets 470 kg 
in plastic and 6578.7 in corrugated pallet (table; 5.1).

Corrugated pallet shows high values than other types of pallets. Although production of 1 Kg 
corrugated pallet produces CO2 of 1.09 Kg which is less than 1 Kg plastic pallet. Corrugated 
pallet has only 6 Kg weight and a life of only one trip, so 1000 number of pallets can be
delivered to costumer use, so therefore it effects the production phase and use phase. End of 
life will also show high results because a lot of pallets are going to be disposed of. If I use one 
pallet only then results may be different. Pallet type depends on its life and demand of use in 
the market.

CH4 shows the lowest value of 0.72 kg in Re-load as compared to 4.3 kg and 10 kg in plastic 
and corrugated respectively.

SO2 and NOx values show the same rank. Re-load seems better than others in production 
phase according to the table 5.1.

5.1.2 Use Phase

Types of Pallets
Re-Load Plastic corrugated

Air Emissions CO2 329 352.5 141
(Kg) CH4 0 0 0

SO2 0.084 0.09 0.036
Nox 2.1 2.25 0.9

Table 5.2: Emissions during use of Re-load, plastic and corrugated pallets
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This table (5.2) shows high emissions in plastic pallet (352.5 kg) and lowest (141kg) in 
corrugated case. This is due to base weight and life of a pallet. Weight of corrugated pallet is 
only 6 kg and its life is only 1 trip. So therefore it shows lowest emissions during 
transportation and its further use even though corrugated pallets are using in a large numbers. 
In plastic case 15 kg weight and 50 trips of pallet produces more emission, though they are in 
less quantity. Emissions regarding Re-load pallets are little bit close to plastic ones because 
plastic material is used in this pallet to join the wooden bars. SO2 values are 0.084 kg, 0.09
kg, 0.036 of Re-load, plastic and corrugated pallets respectively, this depicts use phase is 
contributing more to acidification than other phases of the system.

5.1.3 End of Life

Types of Pallets
Types of waste 
Scenarios

Air Emissions
(Kg) Re-Load Plastic corrugated

Incineration CO2 314.1 306 5368
CH4 -0.7 -1.4 -9.5
SO2 -1.44 -2.9 -19.2
Nox -0.55 -1.2 -2.8

Landfill CO2 146.5 18.3 2929.5
CH4 0.1 0.1 230.5
SO2 0.05 0.04 0.9
Nox 0.2 0.1 3.0

Recycling CO2 6.9 11.8 118.7
CH4 0.56 0.3 0.2
SO2 1.4 0.8 0.75
Nox 0.4 0.2 0.2

Table 5.3: Emissions of end of life of Re-load, plastic and corrugated pallets

Table 5.3 shows a different scenario. Corrugated pallets show high values here. Re-load 
pallets also have a greater value than plastic pallets in incineration case as well as in landfill 
case. In recycling Re-load looks better than other types of pallet. CO2 value is 6.9 kg which is 
less than 11.8 kg and 118.7 kg in plastic and corrugated pallets respectively. As usual 
corrugated pallets considered worst in three different waste scenarios.

5.2 Impact Analysis

Impact analysis of three types of pallets is displayed from the aggregated values of 
production, use and end of life phase.

5.2.1 Global Warming

Figure 5.1 represents global warming potential of all phases of Re-load pallets, plastic pallets 
and corrugated fibreboard pallets. This also shows production phase and use phase combined 
with three waste scenarios separately to compare which scenario works better than other two. 
High rise buildings of corrugated pallets show that these pallets contribute much in global 
warming as compared to Re-load and plastic. High demand of cardboard makes the earth 
warm. When corrugated pallets applied to different waste treatments landfilling was the worst 
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case. In the figure landfilling contributes to 14793 Kg CO2 of global warming potential in 
case of corrugated pallets. 

Figure 5.1 Global warming potential of all types of pallet

Incineration contributes to 12148.6 Kg CO2 of global warming potential. Recycling 
contributes to 7136 Kg CO2 of global warming potential. This global warming potential is 
due high demand of corrugated pallet by the suppliers and buyers.

Applied waste treatments on Re-load pallets show the major contribution of global warming is 
from landfilling approx 813.2 Kg CO2 of global warming potential. This is due to high values 
of CO2 and methane during landfill process. Recycling contributes to 438 Kg CO2 of global 
warming potential. Incineration contributes to 726.7 Kg CO2 of global warming potential.

Plastic pallets show little high values than Re-load ones. Here incineration contributes the 
most to global warming approximate 1183.8 Kg CO2 of global warming potential. This is due 
to high amount of CO2 emissions during production phase. Moreover, high energy demand is 
also responsible of this high emission during mining and manufacturing of raw material. 
Apart from production, transportation is also responsible for global warming. There is also a 
contribution of weight plastic pallet which is about 15 kg. Incineration process itself produce 
healthy amount of CO2. Landfilling and recycling contribute almost the same approximate 
932.6 Kg CO2 of global warming potential and 924.5 Kg CO2 of global warming potential
respectively.
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5.2.2 Acidification

Figure 5.2 Acidification potential of all types of pallet

Figure 5.2 describes the acidification impacts arising from Re-load, plasitc and corrugated 
pallets along its whole life cycle comparison with different waste treatment applications. 
Corrugaeted pallets have a high impact of acidification than other pallet types ranking at top 
position in comparison. Figure presents high values for corrugated pallets in case of 
landfilling and recycling but shows negative values in incineration. This is because of high 
emission of NOx and SO2 during landfilling and recycling process but not in the case of 
incineration. Same case with plastic pallets, landfilling and recycling have almost a same 
impact on acidification but incineration shows the negative values. Re-load pallets have 
lowest impact on acidification. Recycling has a bit high values for Re-load than other waste 
treatments. Production phase is contributing more to acidification. Use phase is also 
contributing to environmtal damage due to fuel combustion during transportation of pallets. 
End of life options represent landfilling is more vulnerable to acidification for corrugated 
pallet waste.

5.2.3 Eutrophication

Figure 5.3 presents eutrophication potential of all phases of life cycle with comparison of end 
of life options of Re-load, plastic and corrugated pallet respectively.

In this figure it is clear that eutrophication category is dominated by again raw material and 
transportation due to mateiral excavations from earth and its manufacturing as well as higher 
air transportation of raw material and components. This figure presents corrugated pallets 
ranked on the top worse  to environemtal impacts and again Re-load pallets lowest. Here 
results may vary if we change functional unit and all the data is available as well. For all 
pallet types, landfilling contributes more to eutrophication because of high emissions of NOx, 
NH3 and PO-4 but a bit more in case of corrugated pallets. There is some minor differernce 
between recycling and incineration but also have a high impact of eutrophication. More 
detailed results are given in excel sheets.
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Figure 5.3 Eutrophication potential of Re-load pallet
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6.0 Discussion and conclusion

6.1 Discussion

According to this study corrugated fiberboard pallets make a huge difference in all impact 
catagories. They are showing catastrophic results in all impact catagories. Global warming 
sticks out more in some cases. A huge amount of CO2 has been evolved during production 
phase (see table 5.1). The main factor is the large number of pallets required throughout the 
system under study needed to satisfy the functional unit, which impacts all the stages of life 
cycle. Moreover, because the weight of corrugated pallet is only 6 kg having life only one trip 
within the system, the impact of transport stage depends on number of trips and distance of
trip as well. They are producing and using more than other types of pallets because they are 
not heavy and are easy to handle. But in use phase their values are less as compared to other 
types of pallets because a large numer of pallets are to be loaded in a single carry truck. Due 
to less life they need to dispose of after using one time. So therefore values are higher in all 
phases of their life cycle except use phase. But interesting thing is that impacts of landfill for 
corrugated pallets are highest than Re-load and plastic pallets. It is to be observed that, SO2 
and NOx emissions are mostly originated from  production phase but less than in use phase.
These emissions are very less in all end of life treatments of corrugated pallets. In landfilling, 
the CO2 and CH4 emissions for corrugated waste are much high than those of Re-load and 
plastic waste. For global warming landfill emissions are causing high environemtnal damage 
if corrugated pallets are subjected to 100% landfilling. Second worst scenario is incineration 
for corrugated waste which indicates the high amount of emissions from production stage that 
causes global warming. But the result of incineration in acidification is negative that 
demonstrate additional functions by subtracting emission to reduce environmental impacts.
Recycling of corrugated waste is also causing high damage to the environment in all impact 
catagories but less than landfilling.

Plastic pallets have a long life, durable but they are heavy and costly. Plastic pallets produce 
high emissions during all phases of their life cycle as shown in above figures especially in 
production and use phase. They are not giving any better environmental performance when 
they are treating with different waste treatment methods. Plastic pallets are derived from 
crude oil, natural gas and coal, they must have possible environemtal impacts, table 5.1 ranks 
plastic pallets are on second top to environmental damage in production phase, but it can be 
supposed that plastic pallets will be on top if we make comparison between single Re-load, 
plastic and corrugated. Another interesting thing is that when we study life cycle inventory of 
plastic pallets with respect to applied different waste treatments, we see incineration causing 
high impacts of global warming and recycling causing least impacts on environment. This is 
because of high CO2 emissions during incineration process (energy recycling) of waste. It is 
to be noted in impact of acidification, incineration values are negative thus they are avoiding
impacts so plastic pallts are favourable when they are subjected to incineration. Landfilling 
and recycling have almost the same impact on acidification. In eutrophication, incineration is 
causing the least damage than other waste scenarions and  landfilling is contributing the most 
because there is always a chance of risk to leach a high amount of nutrients.

In case of wood, the main material used is wood throughout the system. The consumption of 
wood in the raw materials extraction and maintenance stages implies a reduction in the global 
warming impact category (Carles M. G, Ramon. F.2008). But Re-load pallet is made of wood 
and plastic, so extraction, production and use of plastic definite have high impact on global 
warming but over all impact is less than plastic pallets due to less HDPE quantity (see table 
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5.1 and 5.2). For global warming, bars of waste scenarios in figure 5.1, 5.2, 5.3 presents that 
Re-load pallets are more environmental favourable products than other pallet types. The 
impact of end of life stage behaves differently, landfill emissions from Re-load waste shows 
high loads of environmental burden in case of 100% landfilling, where all material goes to 
landfill and large amount of CO2 evolves in case of landfilling. Recycling of Re-load pallet 
causes least impact on global warming and looks the best option in the resulting ranking 
because recycling emission does not displayed high environmental loads in case of 100% 
recycling. 100% incineration lies in middle between other two scenarios. According to this 
study all result of Re-load pallet is environmentally favourable compared to other types of 
pallet.

6.2 Limitations and assumptions

I faced many problems during my study; one of them is exact data finding. I had to compare 
end of life option of three different types of pallets so I had to go through whole life cycle of 
those three pallet categories. Finding data about cradle to gate in LCA system is easy but data 
of end of life is very time consuming. As Re-load pallet is a new product in the market it is 
not yet to be disposed of, so this is proposed case in my study. The results may vary if exact 
data is available. If we change the functional unit, results may also vary, so this is important 
to take functional unit into account.

There was no any data available for recycling, I took values of recycling from ”The Hitch 
Hiker's Guide to LCA" and assumed energy in the system then normalized the data. Re-load 
pallet is only one type, means it has 14 kg weight and 40 trips life, but plastic and corrugated 
pallets ate of many types so I took plastic pallet and corrugated pallet with 15 kg having a life 
of 50 trips and 6 kg having a life of 1 trips respectively. I also assumed total distance of one
trip. If exact trip distance is available the result may vary during their whole life cycle.

6.3 Future study

Global warming, acidification and eutrophication are calculated in this study.  This study can 
be enhanced by working on more impact categories. This study can be useful for other further 
studies like if comparing other types of pallets such as Euro pallets which are commonly
running in the market. In this study 100 % incineration, landfilling and recycling is used 
separately, so this study can be used for further variable percentages like 50% or any other 
exact percentage used in any country. This study might be used in future for the development 
of more green products by identifying hot spots during manufacturing.

6.4 Conclusion

The most concerning difference in comparing three types of pallets when they are subjected to 
different waste scenarios is the impact of global warming. There is also a bit tricky to say 
which pallet type is better change with different end of life scenarios. Rank of compared 
alternatives will definitely change with different end of life treatments. According to whole 
life cycle of all pallet types, production phase is dominant for global warming. The reason 
behind it is the large amount of energy required for production of three types of pallets.
Corrugated fibreboard pallets seem the worst in this system because a large amount of CO2 is 
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emitting during cradle to gate stages due to large number of pallets have been used in the 
system to satisfy functional unit. System will show corrugated pallets are best alternative of 
transport utallites if they have been used in same numbers as Re-load or plastic pallets. 
Landfilling in this scence seems the worst waste scecanrio than incinetation and recycling for 
the corrugated pallet waste. Incineration is more favourable in some cases for corrugated 
pallets. For plastic pallets, they are on the second top worse in all impact catagories. In all 
waste scenarios, incineration behaves different in each impact category. Impact of 
incineration is high in global warming and lower in eutrophication but in acidification it 
reduces the emission. Overall results rank Re-load pallet are least damaging product to 
environment in all impact catagories. Finally this alternative is better change when they are 
subjected to different waste scenarios.
Further study needs to be done to improve the waste management system of the pallet waste.
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6.0 Appendix
Appendix includes excel sheets of use phase, end of life (recycling) and impact assessment catagories.

6.1 Appendix A

Use phase of Re-load pallet

2. Use Phase of Re-load Pallet

Inflows Data as collected Unit Normalie per activity Unit Flow passing through system boundary Unit

Fuels 0,65
MJ/ton 
Km 182 MJ/Unit 4550 MJ/functional unit

0 0

Outflows 0 0

CO2 0,047 Kg 13,16 Kg/Unit 329 Kg/functional unit

Nox 0,3 g 84 g/Unit 2,1 Kg/functional unit

HC 0,078 g 21,84 g/Unit 0,546 Kg/functional unit

CH4 g 0 g/Unit 0 Kg/functional unit

PM 0,0054 g 1,512 g/Unit 0,0378 Kg/functional unit

SO2 0,012 g 3,36 g/Unit 0,084 Kg/functional unit

CO 0,05 g 14 g/Unit 0,35 Kg/functional unit

Comments:

Unit wieght of Re-load pallet 0,014 tons

Distance of trip per Pallet (assumed) 500 km

Trip per Pallet 40

Goods Description Parameters Source, emission data

Vehicle type Heavy duty lorry with trailer

Max load 40 tons

Engine and fuel type Euro 3, Mk 1

Exhaust after-treatment Saknas Scania 1999

Fuel consuption 4,9 l/10 km

Distance outside urban areas 1 km

Load factor 70%
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Source: NTM websit

URL: http://www,ntm,a,se/ntmcalc/Default,asp

End of life ( Recycling) of Re-load pallet

Inflows and outflows of wood recycling

Inflows Data as collected Unit Normalized per activity Unit Flow Passing through system boundary Unit

Electricity 1,5 MJ 18 MJ/Unit HDPE 450 MJ/functional unit

wood 1 kg 12 Kg/Unit HDPE 300 Kg/functional unit

Inflows 0
copper in ore 1,346 kg 2,42311E-05 Kg/Unit HDPE 0,000605777 Kg/functional unit
crude oil 1712 kg 0,030809992 Kg/Unit HDPE 0,770249808 Kg/functional unit
lignite 223 kg 0,004019048 Kg/Unit HDPE 0,100476189 Kg/functional unit
limestone 439 kg 0,007905125 Kg/Unit HDPE 0,19762812 Kg/functional unit
natural gas 527 Nm3 0,009488565 Nm3/Unit HDPE 0,237214116 Nm3/Unit HDPE
hard coal 4433 kg 0,079788694 Kg/Unit HDPE 1,99471734 Kg/functional unit
uranium ore 3,657 kg 6,58234E-05 Kg/Unit HDPE 0,001645585 Kg/functional unit
water 1799591 kg 32,39264088 Kg/Unit HDPE 809,816022 Kg/functional unit
wood 38,517 kg 0,000693311 Kg/Unit HDPE 0,017332772 Kg/functional unit

0 0

Outflows Data as collected Unit Normalized per activity Unit Flow Passing through system boundary Unit

wood 1 kg 12 Kg/Unit HDPE 300 Kg/functional unit
Cd 0,000460201 kg 8,28363E-09 Kg/Unit HDPE 2,07091E-07 Kg/functional unit
CH4 33,239718 kg 0,000598315 Kg/Unit HDPE 0,014957873 Kg/functional unit
CO 8,497801 kg 0,00015296 Kg/Unit HDPE 0,00382401 Kg/functional unit
CO2 13193,79756 kg 0,237488356 Kg/Unit HDPE 5,937208902 Kg/functional unit
Cs-134 1,071427523 kBq 1,92857E-05 kBq/Unit HDPE 0,000482142 kBq/functional unit
Hg 0,000802655 kg 1,44478E-08 Kg/Unit HDPE 3,61195E-07 Kg/functional unit
Kr-85 138355038,1 kBq 2490,390686 kBq/Unit HDPE 62259,76715 kBq/functional unit
N2O 0,533507 kg 9,60313E-06 Kg/Unit HDPE 0,000240078 Kg/functional unit
NH3 0,06167577 kg 1,11016E-06 Kg/Unit HDPE 2,77541E-05 Kg/functional unit
NMVOC 15,2532806 kg 0,000274559 Kg/Unit HDPE 0,006863976 Kg/functional unit
NOX 26,6942838 kg 0,000480497 Kg/Unit HDPE 0,012012428 Kg/functional unit
PAH 0,000497356 kg 8,95241E-09 Kg/Unit HDPE 2,2381E-07 Kg/functional unit
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PM 12,84018 kg 0,000231123 Kg/Unit HDPE 0,005778081 Kg/functional unit
Pb 0,005590141 kg 1,00623E-07 Kg/Unit HDPE 2,51556E-06 Kg/functional unit
Rn-222 201127063 kBq 3620,287134 kBq/Unit HDPE 90507,17835 kBq/functional unit
SO2 84,411373 kg 0,001519405 Kg/Unit HDPE 0,037985118 Kg/functional unit
Sr-90 1,476711864 kBq 2,65808E-05 kBq/Unit HDPE 0,00066452 kBq/functional unit
U-238 10,85048653 kBq 0,000195309 kBq/Unit HDPE 0,004882719 kBq/functional unit
COD 0,20698094 kg 3,72566E-06 Kg/Unit HDPE 9,31414E-05 Kg/functional unit
Cs-134 189,885756 kBq 0,003417944 kBq/Unit HDPE 0,08544859 kBq/functional unit
N total 0,8704318 kg 1,56678E-05 Kg/Unit HDPE 0,000391694 Kg/functional unit
Oil 1,6503567 kg 2,97064E-05 Kg/Unit HDPE 0,000742661 Kg/functional unit
PO4-3 0,4289362 kg 7,72085E-06 Kg/Unit HDPE 0,000193021 Kg/functional unit
Sr-90 178,9008628 kBq 0,003220216 kBq/Unit HDPE 0,080505388 kBq/functional unit
U-238 51,2681889 kBq 0,000922827 kBq/Unit HDPE 0,023070685 kBq/functional unit
Electricity 0,9804 TJ 1,76472E-05 TJ/Unit HDPE 0,00044118 TJ/functional unit
highly radioactive waste 0,00062423 M3 1,12361E-08 M3/Unit HDPE 2,80904E-07 M3/functional unit
medium & low radioactive waste 0,007639829 M3 1,37517E-07 M3/Unit HDPE 3,43792E-06 M3/functional unit
waste in deposit 4756,033 kg 0,085608594 Kg/Unit HDPE 2,14021485 Kg/functional unit

Inflows and outflows of plastic recycling

Inflows Data as collected Unit Normalized per activity Unit Flow Passing through system boundary Unit

Electricity 2,98 MJ 44,7 MJ/Unit HDPE 1117,5 MJ/functional unit

HDPE 1 kg 2 Kg/Unit HDPE 50 Kg/functional unit

Inflows 0
copper in ore 1,346 kg 8,02318E-06 Kg/Unit HDPE 0,00020058 Kg/functional unit
crude oil 1712 kg 0,010201531 Kg/Unit HDPE 0,25503827 Kg/functional unit
lignite 223 kg 0,001330751 Kg/Unit HDPE 0,033268783 Kg/functional unit
limestone 439 kg 0,002617475 Kg/Unit HDPE 0,065436866 Kg/functional unit
natural gas 527 Nm3 0,003141769 Nm3/Unit HDPE 0,07854423 Nm3/Unit HDPE
hard coal 4433 kg 0,026418923 Kg/Unit HDPE 0,660473075 Kg/functional unit
uranium ore 3,657 kg 2,17949E-05 Kg/Unit HDPE 0,000544871 Kg/functional unit
water 1799591 kg 10,72556331 Kg/Unit HDPE 268,1390828 Kg/functional unit
wood 38,517 kg 0,000229563 Kg/Unit HDPE 0,005739073 Kg/functional unit

0 0
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Outflows Data as collected Unit Normalized per activity Unit Flow Passing through system boundary Unit

HDPE 1 2 Kg/Unit HDPE 50 Kg/functional unit
Cd 0,000460201 kg 2,7428E-09 Kg/Unit HDPE 6,857E-08 Kg/functional unit
CH4 33,239718 kg 0,000198109 Kg/Unit HDPE 0,004952718 Kg/functional unit
CO 8,497801 kg 5,06469E-05 Kg/Unit HDPE 0,001266172 Kg/functional unit
CO2 13193,79756 kg 0,078635033 Kg/Unit HDPE 1,965875836 Kg/functional unit
Cs-134 1,071427523 kBq 6,38571E-06 kBq/Unit HDPE 0,000159643 kBq/functional unit
Hg 0,000802655 kg 4,78382E-09 Kg/Unit HDPE 1,19596E-07 Kg/functional unit
Kr-85 138355038,1 kBq 824,5960271 kBq/Unit HDPE 20614,90068 kBq/functional unit
N2O 0,533507 kg 3,1797E-06 Kg/Unit HDPE 7,94925E-05 Kg/functional unit
NH3 0,06167577 kg 3,67588E-07 Kg/Unit HDPE 9,18969E-06 Kg/functional unit
NMVOC 15,2532806 kg 9,09096E-05 Kg/Unit HDPE 0,002272739 Kg/functional unit
NOX 26,6942838 kg 0,000159098 Kg/Unit HDPE 0,003977448 Kg/functional unit
PAH 0,000497356 kg 2,96424E-09 Kg/Unit HDPE 7,41061E-08 Kg/functional unit
PM 12,84018 kg 7,65275E-05 Kg/Unit HDPE 0,001913187 Kg/functional unit
Pb 0,005590141 kg 3,33172E-08 Kg/Unit HDPE 8,32931E-07 Kg/functional unit
Rn-222 201127063 kBq 1198,717295 kBq/Unit HDPE 29967,93239 kBq/functional unit
SO2 84,411373 kg 0,000503092 Kg/Unit HDPE 0,012577295 Kg/functional unit
Sr-90 1,476711864 kBq 8,8012E-06 kBq/Unit HDPE 0,00022003 kBq/functional unit
U-238 10,85048653 kBq 6,46689E-05 kBq/Unit HDPE 0,001616722 kBq/functional unit
COD 0,20698094 kg 1,23361E-06 Kg/Unit HDPE 3,08402E-05 Kg/functional unit
Cs-134 189,885756 kBq 0,001131719 kBq/Unit HDPE 0,028292978 kBq/functional unit
N total 0,8704318 kg 5,18777E-06 Kg/Unit HDPE 0,000129694 Kg/functional unit
Oil 1,6503567 kg 9,83613E-06 Kg/Unit HDPE 0,000245903 Kg/functional unit
PO4-3 0,4289362 kg 2,55646E-06 Kg/Unit HDPE 6,39115E-05 Kg/functional unit
Sr-90 178,9008628 kBq 0,001066249 kBq/Unit HDPE 0,026656229 kBq/functional unit
U-238 51,2681889 kBq 0,000305558 kBq/Unit HDPE 0,00763896 kBq/functional unit
Electricity 0,9804 TJ 5,84318E-06 TJ/Unit HDPE 0,00014608 TJ/functional unit
highly radioactive waste 0,00062423 M3 3,72041E-09 M3/Unit HDPE 9,30103E-08 M3/functional unit
medium & low radioactive waste 0,007639829 M3 4,55334E-08 M3/Unit HDPE 1,13833E-06 M3/functional unit
waste in deposit 4756,033 kg 0,028345957 Kg/Unit HDPE 0,708648917 Kg/functional unit

Remarks

Electricty is assumed for wood 1,5 MJ

1 TJ = 1000000 MJ
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Composition wood+plastic

number of trips per pallet 40

number of trips per functional unit 1000

number of pallets per functional unit 25

Source: Baumann H., Tillman A.M. " The Hitch Hiker's Guide to LCA".2008, page 415-491.

Use Phase of Plastic Pallet

Inflows Data as collected Unit Normalie per activity Unit Flow passing through system boundary Unit

Fuels 0,65 MJ/ton Km 243,75 MJ/Unit 4875 MJ/functional unit

0 0

Outflows 0 0

CO2 0,047 Kg 17,625 Kg/Unit 352,5 Kg/functional unit

Nox 0,3 g 112,5 g/Unit 2,25 Kg/functional unit

HC 0,078 g 29,25 g/Unit 0,585 Kg/functional unit

PM 0,0054 g 2,025 g/Unit 0,0405 Kg/functional unit

SO2 0,012 g 4,5 g/Unit 0,09 Kg/functional unit

CO 0,05 g 18,75 g/Unit 0,375 Kg/functional unit

Comments:

Unit wieght of plastic pallet 0,015 tons

Distance of trip per Pallet (assumed) 500 km

Trip per Pallet 50

Goods Description Parameters Source, emission data

Vehicle type Heavy duty lorry with trailer

Max load 40 tons

Engine and fuel type Euro 3, Mk 1

Exhaust after-treatment Saknas Scania 1999

Fuel consuption 4,9 l/10 km

Distance outside urban areas 1 km

Load factor 70%
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Source: NTM websit

URL: http://www.ntm.a.se/ntmcalc/Default.asp

End of Life (Recycling) of Plastic Pallet
Inflows Data as collected Unit Normalized per activity Unit Flow Passing through system boundary Unit

Electricity 2,98 MJ 44,7 MJ/Unit HDPE 894 MJ/functional unit

HDPE 1 kg 15 Kg/Unit HDPE 300 Kg/functional unit

Inflows 0
copper in ore 1,346 kg 6,01739E-05 Kg/Unit HDPE 0,001203477 Kg/functional unit
crude oil 1712 kg 0,076511481 Kg/Unit HDPE 1,530229619 Kg/functional unit
lignite 223 kg 0,009980635 Kg/Unit HDPE 0,199612695 Kg/functional unit
limestone 439 kg 0,01963106 Kg/Unit HDPE 0,392621198 Kg/functional unit
natural gas 527 Nm3 0,023563269 Nm3/Unit HDPE 0,471265377 Nm3/Unit HDPE
hard coal 4433 kg 0,198141922 Kg/Unit HDPE 3,962838449 Kg/functional unit
uranium ore 3,657 kg 0,000163461 Kg/Unit HDPE 0,003269228 Kg/functional unit
water 1799591 kg 80,44172485 Kg/Unit HDPE 1608,834497 Kg/functional unit
wood 38,517 kg 0,001721722 Kg/Unit HDPE 0,034434439 Kg/functional unit

0

Outflows Data as collected Unit Normalized per activity Unit Flow Passing through system boundary Unit

HDPE 1 kg 15 Kg/Unit HDPE 300 Kg/functional unit
Cd 0,000460201 kg 2,0571E-08 Kg/Unit HDPE 4,1142E-07 Kg/functional unit
CH4 33,239718 kg 0,001485815 Kg/Unit HDPE 0,029716308 Kg/functional unit
CO 8,497801 kg 0,000379852 Kg/Unit HDPE 0,007597034 Kg/functional unit
CO2 13193,79756 kg 0,589762751 Kg/Unit HDPE 11,79525502 Kg/functional unit
Cs-134 1,071427523 kBq 4,78928E-05 kBq/Unit HDPE 0,000957856 kBq/functional unit
Hg 0,000802655 kg 3,58787E-08 Kg/Unit HDPE 7,17573E-07 Kg/functional unit
Kr-85 138355038,1 kBq 6184,470203 kBq/Unit HDPE 123689,4041 kBq/functional unit
N2O 0,533507 kg 2,38478E-05 Kg/Unit HDPE 0,000476955 Kg/functional unit
NH3 0,06167577 kg 2,75691E-06 Kg/Unit HDPE 5,51381E-05 Kg/functional unit
NMVOC 15,2532806 kg 0,000681822 Kg/Unit HDPE 0,013636433 Kg/functional unit
NOX 26,6942838 kg 0,001193234 Kg/Unit HDPE 0,02386469 Kg/functional unit
PAH 0,000497356 kg 2,22318E-08 Kg/Unit HDPE 4,44636E-07 Kg/functional unit
PM 12,84018 kg 0,000573956 Kg/Unit HDPE 0,011479121 Kg/functional unit
Pb 0,005590141 kg 2,49879E-07 Kg/Unit HDPE 4,99759E-06 Kg/functional unit



36

Rn-222 201127063 kBq 8990,379716 kBq/Unit HDPE 179807,5943 kBq/functional unit
SO2 84,411373 kg 0,003773188 Kg/Unit HDPE 0,075463767 Kg/functional unit
Sr-90 1,476711864 kBq 6,6009E-05 kBq/Unit HDPE 0,00132018 kBq/functional unit
U-238 10,85048653 kBq 0,000485017 kBq/Unit HDPE 0,009700335 kBq/functional unit
COD 0,20698094 kg 9,25205E-06 Kg/Unit HDPE 0,000185041 Kg/functional unit
Cs-134 189,885756 kBq 0,008487893 kBq/Unit HDPE 0,169757866 kBq/functional unit
N total 0,8704318 kg 3,89083E-05 Kg/Unit HDPE 0,000778166 Kg/functional unit
Oil 1,6503567 kg 7,37709E-05 Kg/Unit HDPE 0,001475419 Kg/functional unit
PO4-3 0,4289362 kg 1,91734E-05 Kg/Unit HDPE 0,000383469 Kg/functional unit
Sr-90 178,9008628 kBq 0,007996869 kBq/Unit HDPE 0,159937371 kBq/functional unit
U-238 51,2681889 kBq 0,002291688 kBq/Unit HDPE 0,045833761 kBq/functional unit
Electricity 0,9804 TJ 4,38239E-05 TJ/Unit HDPE 0,000876478 TJ/functional unit
highly radioactive waste 0,00062423 M3 2,79031E-08 M3/Unit HDPE 5,58062E-07 M3/functional unit
medium & low radioactive waste 0,007639829 M3 3,415E-07 M3/Unit HDPE 6,83001E-06 M3/functional unit
waste in deposit 4756,033 kg 0,212594675 Kg/Unit HDPE 4,251893502 Kg/functional unit

comments

1 TJ = 1000000 MJ

number of trips per pallet 50

number of trips per functional unit 1000

number of pallets per functional unit 20

Source: Baumann H., Tillman A.M. " The Hitch Hiker's Guide to LCA".2008, page 415-491.

Use Phase of Corrugated fiberboard Pallet

Inflows Data as collected Unit Normalie per activity Unit Flow passing through system boundary Unit

Fuels 0,65 MJ/ton Km 1,95 MJ/Unit 1950 MJ/functional unit

0 0

Outflows 0 0

CO2 0,047 Kg 0,141 Kg/Unit 141 Kg/functional unit

Nox 0,3 g 0,9 g/Unit 0,9 Kg/functional unit

HC 0,078 g 0,234 g/Unit 0,234 Kg/functional unit

PM 0,0054 g 0,0162 g/Unit 0,0162 Kg/functional unit

SO2 0,012 g 0,036 g/Unit 0,036 Kg/functional unit
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CO 0,05 g 0,15 g/Unit 0,15 Kg/functional unit

Comments:

Unit wieght of Corrugated fiberboard pallet 0,006 tons

Distance of trip per Pallet (assumed) 500 km

Trip per Pallet 1

Goods Description Parameters Source, emission data

Vehicle type Heavy duty lorry with trailer

Max load 40 tons

Engine and fuel type Euro 3, Mk 1

Exhaust after-treatment Saknas Scania 1999

Fuel consuption 4,9 l/10 km

Distance outside urban areas 1 km

Load factor 70%

Source: NTM websit

URL: http://www.ntm.a.se/ntmcalc/Default.asp

End of life (Recycling) of corrugated fiberboard pallet

Inflows Data as collected Unit Normalized per activity Unit
Flow Passing through system 
boundary Unit

Electricity 1,5 MJ 9 MJ/Unit HDPE 9000 MJ/functional unit

Currogated paperboard 1 kg 6 Kg/Unit HDPE 6000 Kg/functional unit

Inflows 0
copper in ore 1,346 kg 1,2116E-05 Kg/Unit HDPE 0,012115543 Kg/functional unit
crude oil 1712 kg 0,015405 Kg/Unit HDPE 15,40499616 Kg/functional unit
lignite 223 kg 0,00200952 Kg/Unit HDPE 2,00952378 Kg/functional unit
limestone 439 kg 0,00395256 Kg/Unit HDPE 3,9525624 Kg/functional unit
natural gas 527 Nm3 0,00474428 Nm3/Unit HDPE 4,74428232 Nm3/Unit HDPE
hard coal 4433 kg 0,03989435 Kg/Unit HDPE 39,8943468 Kg/functional unit
uranium ore 3,657 kg 3,2912E-05 Kg/Unit HDPE 0,032911694 Kg/functional unit
water 1799591 kg 16,1963204 Kg/Unit HDPE 16196,32044 Kg/functional unit
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wood 38,517 kg 0,00034666 Kg/Unit HDPE 0,34665543 Kg/functional unit

0 0

Outflows Data as collected Unit Normalized per activity Unit
Flow passing through system 
boundary Unit

Currogated paperboard 1 kg 6 Kg/Unit HDPE 6000 Kg/functional unit
Cd 0,000460201 kg 4,1418E-09 Kg/Unit HDPE 4,14181E-06 Kg/functional unit
CH4 33,239718 kg 0,00029916 Kg/Unit HDPE 0,299157462 Kg/functional unit
CO 8,497801 kg 7,648E-05 Kg/Unit HDPE 0,076480209 Kg/functional unit
CO2 13193,79756 kg 0,11874418 Kg/Unit HDPE 118,744178 Kg/functional unit
Cs-134 1,071427523 kBq 9,6428E-06 kBq/Unit HDPE 0,009642848 kBq/functional unit
Hg 0,000802655 kg 7,2239E-09 Kg/Unit HDPE 7,22389E-06 Kg/functional unit
Kr-85 138355038,1 kBq 1245,19534 kBq/Unit HDPE 1245195,343 kBq/functional unit
N2O 0,533507 kg 4,8016E-06 Kg/Unit HDPE 0,004801563 Kg/functional unit
NH3 0,06167577 kg 5,5508E-07 Kg/Unit HDPE 0,000555082 Kg/functional unit
NMVOC 15,2532806 kg 0,00013728 Kg/Unit HDPE 0,137279525 Kg/functional unit
NOX 26,6942838 kg 0,00024025 Kg/Unit HDPE 0,240248554 Kg/functional unit
PAH 0,000497356 kg 4,4762E-09 Kg/Unit HDPE 4,47621E-06 Kg/functional unit
PM 12,84018 kg 0,00011556 Kg/Unit HDPE 0,11556162 Kg/functional unit

Pb 0,005590141 kg 5,0311E-08 Kg/Unit HDPE 5,03113E-05 Kg/functional unit
Rn-222 201127063 kBq 1810,14357 kBq/Unit HDPE 1810143,567 kBq/functional unit

SO2 84,411373 kg 0,0007597 Kg/Unit HDPE 0,759702357 Kg/functional unit
Sr-90 1,476711864 kBq 1,329E-05 kBq/Unit HDPE 0,013290407 kBq/functional unit

U-238 10,85048653 kBq 9,7654E-05 kBq/Unit HDPE 0,097654379 kBq/functional unit
COD 0,20698094 kg 1,8628E-06 Kg/Unit HDPE 0,001862828 Kg/functional unit

Cs-134 189,885756 kBq 0,00170897 kBq/Unit HDPE 1,708971804 kBq/functional unit
N total 0,8704318 kg 7,8339E-06 Kg/Unit HDPE 0,007833886 Kg/functional unit
Oil 1,6503567 kg 1,4853E-05 Kg/Unit HDPE 0,01485321 Kg/functional unit
PO4-3 0,4289362 kg 3,8604E-06 Kg/Unit HDPE 0,003860426 Kg/functional unit
Sr-90 178,9008628 kBq 0,00161011 kBq/Unit HDPE 1,610107765 kBq/functional unit
U-238 51,2681889 kBq 0,00046141 kBq/Unit HDPE 0,4614137 kBq/functional unit
Electricity 0,9804 TJ 8,8236E-06 TJ/Unit HDPE 0,0088236 TJ/functional unit
highly radioactive waste 0,00062423 M3 5,6181E-09 M3/Unit HDPE 5,61807E-06 M3/functional unit
medium & low radioactive waste 0,007639829 M3 6,8758E-08 M3/Unit HDPE 6,87585E-05 M3/functional unit
waste in deposit 4756,033 kg 0,0428043 Kg/Unit HDPE 42,804297 Kg/functional unit
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Remarks
Electricity is assumed for Corrugated 
fiberboard 1,5 MJ

number of trips per pallet 1

number of trips per functional unit 1000

number of pallets per functional unit 1000
Source: Baumann H., Tillman A.M. " The Hitch Hiker's Guide to LCA".2008, page 415-491.

6.2 Appendix B

Impact Assessment of Re-load Pallets

GLOBAL 
WARMING Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

CO2 7,29E+02 Kg 1 7,29E+02 560,9923 Kg 1 560,9923 422,4263 Kg 1 422,4263

CH4 0,011477 Kg 21 0,241025 11,98437 Kg 21 251,6718 0,741032 Kg 21 15,56166

N2O -0,00638 Kg 310 -1,97652 0,001811 Kg 310 0,561457 0,000455 Kg 310 0,141029

CFC-11 -1,4E-05 Kg 4000 -0,05725 7,42E-07 Kg 4000 0,002968 0 Kg 4000 0

CFC-12 -3,1E-06 Kg 8500 -0,02615 1,6E-07 Kg 8500 0,001356 0 Kg 8500 0

CFC-13 -1,9E-06 Kg 11700 -0,0226 1E-07 Kg 11700 0,001172 0 Kg 11700 0

CFC-114 -1,5E-05 Kg 9300 -0,1363 7,6E-07 Kg 9300 0,007066 0 Kg 9300 0
Remark: 
GWP 100 
years (kg 
CO2 eqv/kg) Total potential

7,27E+02 813,2382 438,1289
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ACIDIFICATION
Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Incineration) Unit Factor Potential

SO2 82,76478 kg 1 82,76478 84,26247 kg 1 84,26247 84,26208 kg 1 84,26208

HCl -0,07189 kg 0,88 -0,06326 0,00353 kg 0,88 0,003106 0 kg 0,88 0

HF -0,00678 kg 1,6 -0,01084 0,000152 kg 1,6 0,000243 0 kg 1,6 0

NOx 2099,644 kg 0,7 1469,751 2100,369 kg 0,7 1470,258 2100,218 kg 0,7 1470,152

NH3 0,008378 kg 1,88 0,015751 0,093979 kg 1,88 0,17668 0,001375 kg 1,88 0,002584

Remark: 
acidification 

equivalents (kg 
SO2eqv/kg)

Total potential 1552,458 1554,701 Total potential 1554,417

EUTROPHICATION
Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Incineration) Unit Factor

Pote
ntial

PO4-3
-0,00146 kg 1 -0,00146 0,04987 kg 1 0,04987 0,000444 kg 1 0,000

444

NOx
2099,644 kg 0,13 272,9538 2100,369 kg 0,13 273,0479 2100,218 kg 0,13 273,0

283

NH3
0,008378 kg 0,35 0,002932 0,093979 kg 0,35 0,032893 0,001375 kg 0,35

0,000
481
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NH4+ -1,6E-09 kg 0,33 -5,4E-10 2,14E-10 kg 0,33 7,07E-11 0 kg 0,33 0

NO3- -0,00336 kg 0,1 -0,00034 0,000468 kg 0,1 4,68E-05 0 kg 0,1 0

N
-0,02102 kg

0,42
-0,00883 0,009602 kg

0,42
0,004033

0,000453
kg

0,42
0,000

19

COD
-0,02758 kg 0,022 -0,00061 0,021599 kg 0,022 0,000475 0,010666 kg 0,022

0,000
235

Remark: 
eutrophication 

equivalents (kg PO4-3 
eqv/kg)

Total potential 272,9455 273,1352 Total potential 273,0
296

Impact Assessment of Plastic pallets

GLOBAL 
WARMING Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

CO2 1,13E+03 Kg 1 1,13E+03 840,8554 Kg 1 840,8554 834,3436 Kg 1 834,3436

CH4 2,842999 Kg 21 59,70297 4,36637 Kg 21 91,69376 4,289223 Kg 21 90,07369

N2O -0,01311 Kg 310 -4,06359 0,000274 Kg 310 0,085061 0,000477 Kg 310 0,147856

CFC-11 -2,9E-05 Kg 4000 -0,11482 4,06E-07 Kg 4000 0,001625 0 Kg 4000 0

CFC-12 -6,2E-06 Kg 8500 -0,05246 8,73E-08 Kg 8500 0,000742 0 Kg 8500 0

CFC-13 -3,9E-06 Kg 11700 -0,04534 5,48E-08 Kg 11700 0,000642 0 Kg 11700 0

CFC-114 -2,9E-05 Kg 9300 -0,27338 4,16E-07 Kg 9300 0,003868 0 Kg 9300 0
Remark: GWP 
100 years (kg 
CO2 eqv/kg) Total potential

1,18E+03 932,6411 924,5652
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ACIDIFICATION
Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Incineration) Unit Factor Potential

SO2 88,36354 kg 1 88,36354 91,26199 kg 1 91,26199 91,29841 kg 1 91,29841

HCl -0,12987 kg 0,88 -0,11428 0,018882 kg 0,88 0,016616 0 kg 0,88 0

HF -0,01303 kg 1,6 -0,02085 0,000591 kg 1,6 0,000946 0 kg 1,6 0

NOx 2249,785 kg 0,7 1574,849 2251,015 kg 0,7 1575,71 2250,993 kg 0,7 1575,695

NH3 0,014214 kg 1,88 0,026723 0,001566 kg 1,88 0,002943 0,000987 kg 1,88 0,001855

Remark: 
acidification 

equivalents (kg 
SO2eqv/kg)

Total potential 1663,105 1666,993 Total potential 1666,995

EUTROPHICATION
Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Incineration) Unit Factor Potential

PO4-3 -0,00269 kg 1 -0,00269 0,133742 kg 1 0,133742 0,001055 kg 1 0,001055

NOx 2249,785 kg 0,13 292,472 2251,015 kg 0,13 292,6319 2250,993 kg 0,13 292,6291

NH3 0,014214 kg 0,35 0,004975 0,001566 kg 0,35 0,000548 0,000987 kg 0,35 0,000345

NH4+ -3,5E-09 kg 0,33 -1,1E-09 1,09E-10 kg 0,33 3,61E-11 0 kg 0,33 0

NO3- -0,00648 kg 0,1 -0,00065 0,000861 kg 0,1 8,61E-05 0 kg 0,1 0

N -0,04216 kg 0,42 -0,01771 0,003554 kg 0,42 0,001493 0,000332 kg 0,42 0,000139

COD -0,01944 kg 0,022 -0,00043 0,058995 kg 0,022 0,001298 0,057249 kg 0,022 0,001259
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Remark: eutrophication 
equivalents (kg PO4-3 

eqv/kg)
Total potential 292,4555 292,7691 Total potential 292,6319

Impact Assessment of Corrugated Pallets

GLOBAL 
WARMING Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

CO2 1,21E+04
Kg 1 1,21E+04 9649,327 Kg 1

9649,32
7

6838,504 Kg 1
6838,50

4

CH4 0,483216
Kg 21

10,1475
3

240,6407 Kg 21
5053,45

5 10,37401
Kg 21

217,854
1

N2O
0,173581 Kg 310

53,8100
8

0,286289 Kg 310
88,7495

3
0,257812 Kg 310

79,9217
9

CFC-11 -0,0001 Kg 4000 -0,40154 0,000113 Kg 4000
0,45249

2 0 Kg 4000 0

CFC-12 -2,2E-05 Kg 8500 -0,18307 2,44E-05 Kg 8500
0,20711

5 0 Kg 8500 0

CFC-13
-1,4E-05 Kg 11700 -0,15803 1,53E-05 Kg 11700

0,17920
4

0 Kg 11700 0

CFC-114
-0,0001 Kg 9300 -0,95171 0,000116 Kg 9300

1,08176
5

0 Kg 9300 0

Remark: GWP 
100 years (kg 
CO2 eqv/kg) Total potential

1,21E+04
14793,4

5
7136,28
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ACIDIFICATION
Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Incineration) Unit Factor Potential

SO2 25,39933 kg 1 25,39933 46,21738 kg 1 46,21738 46,0597 kg 1 46,0597

HCl -0,95291 kg 0,88 -0,83856 0,076889 kg 0,88 0,067662 0 kg 0,88 0

HF -0,08117 kg 1,6 -0,12988 0,013554 kg 1,6 0,021687 0 kg 1,6 0

NOx 909,6984 kg 0,7 636,7889 915,6844 kg 0,7 640,9791 912,6666 kg 0,7 638,8666

NH3 1,323418 kg 1,88 2,488025 31,46298 kg 1,88 59,1504 1,170735 kg 1,88 2,200982

Remark: 
acidification 

equivalents (kg 
SO2eqv/kg)

Total potential 663,7078 746,4362 Total potential 687,1273

EUTROPHICATION
Incineration Landfilling Recycling

Substance
Quantity 
(Incineration) Unit Factor Potential

Quantity 
(Landfilling) Unit Factor Potential

Quantity 
(Incineration) Unit Factor Potential

PO4-3 0,315557 kg 1 0,315557 0,939804 kg 1 0,939804 0,34087 kg 1 0,34087

NOx 909,6984 kg 0,13 118,2608 915,6844 kg 0,13 119,039 912,6666 kg 0,13 118,6467

NH3 1,323418 kg 0,35 0,463196 31,46298 kg 0,35 11,01204 1,170735 kg 0,35 0,409757

NH4+ 9,91E-08 kg 0,33 3,27E-08 1,25E-07 kg 0,33 4,14E-08 0 kg 0,33 0

NO3- 3,292051 kg 0,1 0,329205 3,34574 kg 0,1 0,334574 0 kg 0,1 0

N 0,765059 kg 0,42 0,321325 2,9526 kg 0,42 1,240092 1,062634 kg 0,42 0,446306

COD 32,0554 kg 0,022 0,705219 32,79921 kg 0,022 0,721583 32,58186 kg 0,022 0,716801
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Remark: 
eutrophication 

equivalents (kg PO4-3 
eqv/kg)

Total potential 120,3953 133,2871 Total potential 120,5604


