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This report

Function / Functional unit

Processes included

Inventory

impact assessment

Interpretation

Important impacts

Summary

This report is part of a life cycle assessment comparing the potential
environmental impacts associated with different packaging systems for
carbonated soft drinks filled and sold in Dermark. This report contains a
short introduction. system descriptions, inventory analysis, impact
assessment, and interpretation for packaging systems using disposable PET
bottles.

The function of the packaging systems is to facilitate distribution of
carbonated soft drinks from the soft drink producers via retailers to the
consumers. The functional unit in this report is the packaging of 1000 litres of
beverage and the distribution of this beverage.

The process tree is illustrated in Figure A.1 1n annex A. Production of
polyethylene terephthalate (PET) and PET preforms and bottles is included in
the assessment. Production of low density polyethylene (LDPE),
polypropylene (PP), corrugated board, cardboard, paper, glue and planks
used in secondary packaging and transport packaging is also inciuded in the
assessment. The system also includes the filling and distribution of the
beverage, as well as the cooling of the packaging in the refrigerator of the
consumer. Finally, it includes waste management and recycling processes.
Excluded processes and flows are described in the Main repont.

A quantitative description of the investigated systems and the results from the
inventory analysis is given in Chapter 3. Data and calculations on the
environmental inputs and outputs of the processes in the process tree are
presented in annex A and B. For data on the environmental inputs and outputs
of electricity production and transports, we refer to Technical report 7.

Most of the used bottles (90%) are assumed to be collected for matenal
recycling.

The impact assessment method applied is the EDIP method {Wenzel er al. 1997).
A short description can be found in the main report. Work environment and
impacts from use and misuse of the products are not included in the study. This
means also that the possible effects of littering and migration from the packaging
to the beverage are not inchaded. Impacts from noise, visual impacts and bodily
harm due to accidents are not included in the study. Chapter 4 includes results
from the impact assessment.

The interpretation of the LCA results includes a dominance analysis,
sensitivity analyses, an assessment of data gaps and data quality, and
conclusions from the LCA. It is reported in Chapter 5.

The packaging systems with disposable PET botties contribute most to the
following environmental impacts:

o Ecotoxicity, terrestrial, chronic {ETSC)
¢ Human toxicity, sotl (HTS)



» Photochemical ozone formation (POCP)
¢ Global warming (GWP)
» Acidification {AP)

Waste and resources The disposable PET bottle systems contribute less than 100 mPET for all
~ waste categories. They contribute significantly (>1 mPR) to the depletion of
oil resources.

Important processes The most important processes for the refillable PET bottle system are:

PET-resin production
Bottle production
Distribution of beverage
Avoided PET-production

Sensitiviry analyses The following sensitivity analtyses were performed:

Bottle weight: +20 %

Allocation methods (PET recycling)

Distribution of beverage (light truck)

Electricity production (fragmented markets and European base load)

*« & & @

The bottle weight appears to be of minor importance especially since the
bottle weight increase of 20 % is an excessive.

In the recycling of discarded PET bottles it is assumed that 50 % of the Pt
replaces virgin raw materials and that 50 % replaces recycled material tror
other products. Since as much as 90 % of the bottles are assumed to be
material recycled, this assumption is of significant importance for the LT A
results.

The results show that the distribution of beverage 1s of minor importancy ot
the disposable bottle system.

The electricity data used in the base case represent coat marginal. Two
sensitivity analyses were performed for electricity production (long term basc
load at fragmented markets and European base load average). It is clear from
the results that the assumption regarding the electricity production 1s of minor
importance.

Data gaps and omissions The most important data gaps are:

e There are no information available concerning the share of material scrap
lost in the preformy/bottle and PET-recycling processes.

« There are no information about potential water emissions in the washing
and filling process.

« Production of materials for secondary packagings (mulitipacks). transport
packaging (pallets and plastic ligature) and cap mnserts is included in the
LCA. but the actual packaging production - conversion, nailing etc. - Is
not included.



e There are important data gaps in the characterisation of human toxicity in
air and soil, as well as of chronic terrestrial and aquatic ecotoxicity.

Uncertainties The data quality for the most important processes (production of PET-resin
and bottles, distribution of beverage and avoided PET-production) is assessed
10 have medium to small uncertainty, good completeness and good to fair
representativity,

The uncertainties in the normalisation of toxicity impacts are large. However,
this does not affect the comparisons between the systems.






The study

Main report

Individual systems

Energy and transporis

Commissioner and
practitioner

Critical review

Project framework

Adherence to [SO

1 Introduction

This report is part of a series of § reports from a life cycle assessment (LCA)
comparing the potential environmental impacts associated with different
packaging systems for beer and carbonated soft drinks filled and sold in
Denmark.

Main report: Goal and scope definition, including description and discussions
on methodology. Summary of the LCA of the different packaging systems.
Comparisons of the different packaging systems. Comparison of the previous
and the updated study.

Technical report 1: Refillable glass bottles: including description of the
system, data, inventory analysis, impact assessment, and interpretation.

Technical report 2: Disposable glass bottles: including description of the
system, data, inventory analysis, impact assessment, and interpretation.

Technical report 3: Aluminium cans: including description of the system,
data, inventory analysis, impact assessment, and interpretation.

Technical report 4: Steel cans: including description of the system, data,
inventory analysis, impact assessment, and interpretation.

Technical report 5: Refillable PET botties: including description of the
systern, data, inventory analysis, impact assessment, and interpretation.

Technical report 6; Disposable PET bottles: including description of the
system, data, inventory analysis, impact assessment, and interpretation.

Technical report 7: Energy and transport scenarios, including energy and
transport data, sensitivity analysis and data quality assessment.

The study was financed by the Danish Environmental Protection

Agency (DEPA). It was performed by Chalmers Industriteknik (CIT),
Goteborg, Sweden and Institute for Product Development (IPU}, Lyngby,
Denmark.

This report has been peer reviewed following the procedure outlined in the
Main report, section 2.15.

This report was produced during the period December 1997 to May 1998.
The entire project was scheduled for May 1997 to May 1998.

We adhere to the requirements of the standards ISO 14040 and 1SO 14041.
Severa! of the requirements and recommendations presented 1n the ISO
documents need to be interpreted. We present our interpretations where
applicable.



The packaging svstems

PET-resin production
Primary packaging
Washing and filling

Caps and inserts

Secondary packaging

Labels and glue

Transpart packaging
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2 System descriptions

2.1 The systems investigated

In this report we present the LCA of packaging systems with 50 ct and 150 ¢l
disposable PET botiles. The packaging systems include the life cycles of the
primary packaging - the PET bottles - polypropylene (PP) for bottle caps,
paper and glue for labels and secondary packaging: corrugated board boxes
and trays, cardboard multipacks and low density polyethylene (LDPE) foil
and multipacks. The systems also include the life cycles of the transport
packaging: wooden paliets and plastic ligature. The discussion below refers to
the detailed process tree illustrated in annex A. In Figure 3.1 a simplified
process tree is presented.

PET-resin production include all process steps from extraction of feedstock
resources (crude oil and natural gas) to solid state polymerisation.

The production of primary packaging includes the two steps preform and
bottie manufacturing.

The bottles are washed and filled at the soft drink producer. For disposable
bottles only water is used for washing.

The bottle caps are produced from polypropylene (PP) and the cap inserts are
made of low density polyethylene (LDPE). The production of caps are
inciuded in the study while the production of inserts is not included. The
production of raw materials for caps and inserts (PP and LDPE) is included
and covers all process steps from extraction of feedstock resources {crude oil
and natural gas) to polymerisation.

The secondary packaging consists of LDPE foil and multipacks. cardboard
multipacks and corrugated board boxes and trays. The production of foil.
multipacks, boxes and trays is not included in the study. The production of
LDPE include all process steps from extraction of feedstock resources (crude
oil and natural gas) to polymerisation. The production of cardboard and
corrugated board covers all processes from wood harvesting to the board mill.

The production of paper for labels, label printing as well as the glue for labels
are included in the study. The paper production covers all processes from
wood harvesting to the paper mill. The process "Glue production” onty
includes the glue factory, not the raw material manufacturing.

The production of transport packaging (pallets and plastic ligature) is not
included in the study, but the production of raw materials (wood and LDPE)
15 included. .



Corrugated board recycling

PET recycling

PP recycling

Distribution of beverage

Rerailer

Use

Waste management

The system investigated was expanded to include the parts of other life cycles
affected by the outflow of recycled corrugated board from the packaging
system. It was also expanded to include processes affected by the inflow of
recycled fibres into corrugated board production (for further details, see Main
report),

Approximately 90% of the bottles are recycled after use. The system
investigated was expanded to include the parts of other life cycles affected by
the outflow of recycled PET bottles. It is difficult to state whether this
recycled PET replaces virgin or recycled material. The recycled PET has been
assumed to replace equal amounts of virgin PET and PET recycled from other
products (see Main report, section 2.7.5). The large uncertainty in this
assumption has a significant effect on the results (see also chapter 5). The
following processes have been included in the study (see process tree n
Annex A): bailing of used bottles, production of recycled PET-resin from
used bottles, avoided production of virgin PET-resin, avoided production of
recycled PET-resin from other products and landfilling of other products. The
manufacturing of new products from recycled PET bottles and the
manufacturing of other products are not included.

The recycling of PP caps is treated the same way as the recycling of PET
bottles above. The recycled PP has been assumed to replace equal amounts of
virgin PP and PP recycled from other products. The PP recycling involves
production of recycled PP from used caps, avoided production of virgin PP.
avoided production of recycled PP from other products and landfilling of
other products. The manufacturing of new products from recycled PP caps
and the manufacturing of other products are not included.

The distribution of the beverage covers the transport of all packaging (inct.
beverage) from the soft drink producer to the retailer, and the retum transporn
of empty packagings.

The handling of the PET bottles at the retailer is not included in the study.

The study does not include the consumption of the beverage, but only the
cooling of bottles in the refrigerator of the consumer.

The waste management includes incineration of wood pallets discarded at the
soft drink producer, label paper discarded in the PET bottle recycling as well
as consnmer waste (PP caps, PET bottles, cardboard multipacks and
corrugated board boxes and trays, PE multipacks, foi! and plastic ligature).

The systems are expanded to include parts of other life cycles that are
affected by the energy recovery at waste incineration. The recovered energy 1s
assumed to replace a mix of light fuel oil and natural gas. This is represented
by the processes "Energy production” and "Alternative energy production™ in
the detatled process tree.

11



Adherence to 150

Avoiding allocation

Cut-off at recvcling

Aggregated data

2.2 Allocation procedures

For a general description of the allocation procedure used in this project. see Main
report.

. As indicated above, we avoided allocation by systermn expansion in the following

cases:

Waste incineration with energy recovery

Recycling of PET bottles and PP caps after use

Use of recycled fibres in production of corrugated board
Recycling of corrugated trays and boxes after use

. & & @

Cardboard multipacks and LDPE ligature are recycled in smaller amounts (less
than 0.1% of the weight of the PET bottles). These outflows are non-elementary
outflows from the system. We have not credited the investigated systems any
benefits for delivering these materials to recycling, nor have the investigated
systems been allocated any part of the final waste handling. The effects of this on
the total LCA results are clearly small. First, these non-elementary outflows are
very small. Second, the systern investigated does include primary production of
cardboard and LDPE.

Data on production of PET, PP and LDPE are literature data from Association of
Plastics Manufacturers in Europe (APME; Boustead 1993 and 1995). These are
given as allocated data using allocation based on physical properties of the
products (Boustead 1992) and not adequately disaggregated to allow recalculation
according to the ISO procedure. In spite of this, we find it preferable 1o use these
data than to use older. disaggregated data from other sources. The effects on the
total LCA results can be significant.



The report series

Structure of this report

Limitations for other
applications

2.3 Reporting

As stated above (chapter 1), this report is one out of a series of 8 from the

. LCA project.

Each of the subsequent chapters deals with one of the LCA phases. Chapter 3
includes a quantitative description of the systems investigated and resulis
from the inventory analysis. Data and calculations on the environmental
inputs and outputs of the processes in the process tree are presented in annex
A and B. For data on the environmental inputs and outputs of electricity
production and transports, we refer to Technical report 7. Chapter 4 includes
results from the impact assessment. Chapter 5, finally, includes an
interpretation of the resuits and conclusions from the LCA.

While some of the data in this study may also be useful for other

purposes, the nature of the data needed when making a comparison is not
necessarily identical to that needed for other applications such as
environmental declarations or for identifying improvements options within the
studied systems. In particular, it can be noted that the calculations on the
distribution takes not only the packagings but also the beverage into account,
Consequently, the results for the individual packaging systems should not be
used to identify the main impacts in the life cycle of the packaging, without
adjusting for the included beverage. In general, any conclusions of this study
outside its original context should be avoided.

13



The life cvcle

3 Inventory analysis

- 3.1 50 cl disposable PET bottles

The process tree of the packaging system is illustrated in Figure A.l in annex
A. A simplified process tree is presented in Figure 3.1. The 50 cl disposable
PET bottle is produced from preforms produced from polyethylene
terephthalate (PET). To distribute 1000 litres of beverage 2000 50 ¢! PET
bottles (1000/0.50) are needed. The weight of one 50 cl disposable PET bottle
is 0.028 kilograms.

A recycling rate of 90% for the used PET bottles has been assumed (see
Table 3.1). The discarded botties are recycled into other systems (see Main
report, section 2.5). The remaining 10% are assumed to be incinerated with
energy recovery.



Input data

Production of
virgin raw
materials

100 % 56 kg
L

Production of
PET bottles

100 % 56 kg

Filling etc

100 % 56 kg

Distribution 90 %
and —————— PET to material recycling
Use 50.4 kg

10 % 5.6kg
A

Waste
management

Figure 3.1

Flows of 50 cl disposable PET bottles per 1000 litres of beverage. {Flows ot
labels, caps, secondarv packaging and transport packaging are not
included).

The secondary packagings and transport packagings are quantitatively
described by the system parameters in Table 3.1. Data and calculations on the
environmental inputs and outputs of the processes in the process tree are
presented in annex A, Data on the environmental inputs and outputs of
transports and on the production of fuels and electricity are presented In
Technical report 7.



Table 3.1

Svstem parameters for the packaging sysiem with 50 cl disposable PET

borties. The mass presented refers to the weight of a single item, i.e., one

bottle or one tray. The market shares of the secondary packaging do not add
. up to 100% as they may be combined in different ways.

Mass Market Material Depree  Material  Degree

1] share of reuse ta of
recycling disposal

Primary

packaging PET bottle (50 cl) 28 100 % PET 0 % 90 % 10 %

Caps Cap 2.0 100 % PP 0% B3 % 15 %
Insert 0.2 100 % LDPE 0% 85 % 15 9%

Labels Labei 0.6 100 % Paper 0% 0 % 10O %
Glue 0.2 100 %  Casein/urea/H,O 0% 0% 100 %

Secondary

packaging Box (24 hottles) 280 17%  Corrugated board 0 % 20 % BO G
Tray (24 bottles) 200 50 %  Corrugated board 0% 20 % 80 %
Foail (24 bottles) 20 3% LLDPE 0% 0% 100 %
Multipack (6 botiles) 18 5% Cardboard 0% A % RO %
Multipack {6 bottles) 15 5% LDPE 0 % O % 100 &

Transport

packaging Pallet (960 botties) 22000 100% Wood 95 % 0% 56
Plastic ligature (960 bottles) 20 100 % LDPE 0 % 70 5% 0 G




Table 3.2
Energy demand at final use for the packaging system with 50 cl disposable
PET bottles. These energy flows are not flows across the system boundary

bur internal flows within the system. Functional unir: packaging and
distribution of 1000 litres.

Packaping Effects on
system other

lite cycles

Electricity, total kWh 8.03E+01 -2.09E+01 5.94E+01
Electricity kWh 371 -203E+01 -[.66E+0!
Electricity, coal marginal kWh 7.55E+0 3.67 7.91E+0]
Hydro power kWh 1.08 -4.28 -3.20

Fossil fuel, total MJ 6.45E+03 -2.58E+03 3.B7E+03
Coal MJ 1.03E+03 -4 I17E+02 6.37E+02
Coal, feedstock M 1.03E+03 -4.38E+02 5.88E+0)2
Diesel, heavy & medium truck (highway) MJ 2.28E+02 LOIE+0O2 [27E+02
Diesel,-heavy & medium truck (rural) M 2. 10E+03 -9.30E+02 FI7E+(13
Diesel, heavy & medium truck (urban) M7 7.98E+02 -3.43E+02 4.55E+12
Diesel. ship (4-stroke) Ml 6 HIE-OI ' 2. 72E-0} FA0E-01
Fuel, unspecified MJ 5.25E-04 2.56E-05 S5.50E-614
Hard coal Ml 1.34E+02 2.64E+0] fA0E+2
LPG, forklifi . MJ 7.61E+02 4] 7.61E+112
Natural gas (> 100 kW) M] L44E+02 1.6SE+02 207E+1]
Natural gas MJ 8.96E+0! -5.96E-02 8. 95L+14]
Natural gas, feedstock MJ 7.51E+01 4.77 799 E+ (1
il Mt 2.92E+01 LOE+G] 3.95E+0)]
Qif, feedstock MJ 5.27 1LO2E+0! LSLE+1]
Oil, heavy fuel MJ 3.64 S239E+02 L235E+02
Oil, light fuel MJ 1.50E-01 -1.52E-0 DUOE3
Pear MJ 6.72 5.58E-tH 7.28

Renewable fuel, total M 7.80 4.16 1.20E+01
Bark MJ 7.80 4,16 120E+0!
Heat elc., total mi -4.52 0 -4.52

Heat MJ -1.59 -1.72 -3.31

Steam M 1.59 1.72 3.3i

Warm waier M7 -4.52 0 -4.52




Table 3.3
Inventory results for the packaging system with 50 cl disposable PET
bortles. Functional unit: packaging and distribution of 1000 litres.

Unit  Packaging Effects on
system other

life cycles

Resources

Al g 5.25E-02 2.56E-03 5.51E-02
Bauxite g 1.93E+01 -8.59 1.07E+01]
Biomass g R.99E-01 3,12E-0] 1.21
Brown coal g 5.00E+02 -5.77E+01 4.42E+02
CaCO, g 9.20E-02 4.46E-03 9.65E-02
Clay g 2.20E-01 -8.03E-02 1.40E-01}
Coal g 8.18E+03 -3.62E+03 4.56E+03
Coal, feedstock g 2.18E+01 -9.67 1.21E+0)
Crude oil g 3 12E+04 -1.45E+04 1.66E+04
Crude oil, feedstock g 4.91E+04 -2.18E+04 2.72E+04
Fe g 5.45E-02 2.63E-03 571E-02
Ferromanganese E 5.71E-02 -2.53E-02 318E-02
Ground water g 1.18E-03 S76E-05 1.24E-03
Hard coal g 4.32E+04 2.01E+03 4.52E+1H
Hydro power-water g 2.94E+09 -1.50E+09 1.44E+00
Iron ore g 3.22E+01 -1.45E+01 1.77E+H
Land use me=yuary 1.36E+02 9.17E+01 2.2BE+0C
Limestone 4 1.61E+01] -7.20 8.8Y
Manganese g 2.80 -1.26 1.53
Metallurgical coal g 1.29E+01 -5.82 7.05
Mn g 3.11E-04 1.50E-05 3.26E-04
NaCl g 3.04E+02 -1.33E+02 1.71E+02
Natural gas o 2.15E+04 -1L17E+04 9.82E+03
Natural gas, feedstock g L.48E+04 -6.34E+03 8.45E+03
Phosphate rock g 1.68 -7.59E-01 9.19E-01
Sand g 112 -5.06E-01 6.13E-01
Softwood g 1.20E+(H 5.83E-0) L.26E+01
Surface water g 1.31E+05 1.17E-06 1.31E+05
Uranium (as pure U) g 8.07E-02 -1.75E-01 -9.48E-02
Waler g 1.06E+07 1.02E+06 1.16E+(7
Wood g 7.78 -5.00 278
Non-elementary inflows

Alum g 1.24E+01 1.88E+01 3. 12E+01
Auxiliary materials 2 1.20E+01 0 1.20E+01
Bark g 4.58E+02 245E+02 7.03E+02

Conlinues on nexl page. ..



... Table 3.3 continued from previous page.

Unit  Packaging Effects on

systemmn ather

life cycles

Binders g 9.78E+01 0 9.78E+01
Biocides g 1.93E-01 5.08E-02 2.44E-01
Ca(OH), g 3.44E+02 2.12E+01 3.65E+02
CaCO;, g 1.04E+01 1.57E+0} 2.61E+01
Ca0 g 2.78E+01 4.16E+01 6.94E+0!
Colorants g 6.40 -7.03 -6.51E-01
Corrugated board g 3.78E+01 0 3.7BE+01
Defoamer g 540 558 1.10E+01
Dry strength additives g 4.15E+01 0 4.15E+01
Fillers g 4 42E+02 0 4.42E+02
H,S0; g 9.90E+01 6.T0E+01 1.66E+02
HCI g 1.75 -7.13E-01 1.04
Ink g 2.84E+01 0 2.84E+01
Lacquer, various g 5.68 0 5.68
Lacquer, water g 1.70E+01 0 1.70E+01
Lubricants g 295 4.56E-01 341
MgO g 1.23 0 1.23
Na,SOq g 1.64E+01 2.49E+01 4. 13E+01
NaCl04 g 5.65E+H 0 5.65E+01
Na,COy g 9.70 8.62 1.83E+01
NaOH g 9.27E+0! 3.70E+01 1.30E+02
NH; g 1.36E+01 0 1.36E+01
Nitrogen 2 0 4 90E-01 4.90E-01
O g 5.07E+01 0 5.07E+0!
Other additives g 1.77E+02 1.52 1.78E+02
Peat g 3.20E+02 2.66E+01 3.46E+02
Phosphoric acid g 6.45E-01 -7.13E-0] -6.80E-02
Pigment g 3.72E+01 0 3.72E+01
Polymer filter screens g 0 3.97E+G1 3.97E+01
Retention agents g [.02E+01 8.62 1.88E+(1
Sizing agents g 3.50E+01 1.32E+01 4 82E+01
50, g 4.10E+01 0 4.50E+01
Starch g 2.77E+02 -1.25E+(2 1.52E+02
Sieel strappings g 0 1.55E+02 1.55E+02
Sulphur g 1.37E+01 1.02 | 47E+01
Urea g2 5.53E-01 -6,08E-01 -5.50E-02
Emissions to air

Acetaldehyde g 7.74E-05 6.09E-0! 6.00E-01
Acetylene g 3141E-05 -9.54E-03 -9.51E-03
Aldehydes g 8.23E-04 3.98E-03 8.63E-04

Continues on next page...



... Table 3.3 continued from previous page.

Unit  Packaging Effects on
system other

life cycles

Alkanes g 1.43E-02 -2.36E-01 -2.25E-01
Alkenes g 5.54E-04 -1.91E-Q2 -1.85E-02
Aromates (C9-C10) g 1.55E-02 -1.85E-02 -3.04E-03
As g 1.20E-03 -4.67E-05 1.15E-03
B g 9.89E-02 4.81E-03 1.04E-01
Benzo(a)pyrene g 2.52E-06 -1.24E-06 1.27E-06
Benzene g 5.42E-02 -6.27E-02 -8.56E-03
Butane g 5.43E-02 -9.04E-02 -3.61E-02
Ca g 1.79E-03 0 1.79E-03
Cd g 1.18E-03 -1.50E-04 1.03E-03
CH, g 3.63E+02 1.32E+02 4.96E+02
cr 2 0 -3.48 -3.48
CN g 2.33E-04 7.99E-05 3.13E-04
co g 1.28E+03 -4 49E+02 8.34E+02
Co g 1.04E-03 1.44E-05 1.05E-03
CO, {bio) g 2.54E+04 §.01E+03 3.34E+04
CO. g 31.45E+05 -8.32E+04 2.62E+05
Cr g 1.00E-03 -1.25E-04 8.77E-04
Ccr'* g 5.75E-04 3.96E-05 6.14E-04
Cu g 1.38E-02 1.58E-03 1.54E-02
Dioxin g 2.29E-07 -4.06E-09 2.25E-07
Dust g 3.64E+02 0 3.64E+02
Ethane g 6.81E-05 -1.91E-02 -1.90E-02
Ethene g 1.70E-04 -4.78E-02 -4, 76E-02
Fe g 4.02E-03 0 4.02E-03
Formaldehyde o |.78E-02 -1.86E-(12 -7.98E-04
H.O g 1.14E+04 6.55E+02 1.20E+04
H.$ g 4.87E-01 5.38E-0t 1.03
HC g 2 40E+03 -1.03E+03 1.36E+03
© HCI g 2.64E+01 -2.67 2.38E+01
Heavy metals g 3.21E-15 1.56E-16 3.36E-15
HF g 5.93E-01 -3.57E-03 5.89E-01
Hg g 491E-03 9.04E-05 5.00E-03
Meials g 5.86E-01 -2.62E-01 3.23E-0]
Mg g 6.93E-02 3.38E-03 7.27E-02
Mn g 8.21E-04 3.98E-05 8.61E-04
Mo g 6.92E-04 1.64E-05 7.08E-04
N.O g 1.15 8.24E-02 1.23
Na g 1.68E-02 0 1.68E-02
NH; g 7.11E-02 5.81E-03 7.69E-02

Continugs on next page...
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Ni g 3.05E-02 -7.65E-03 2.28E-02
NMVQC g 6.30E+01 -4.07E+01 2.23E+0]
NMVOC, diesel engines g 3.30E+01 3.61 J.66E+01
NMVQOC, el-coal £ 1.26 6.14E-02 .32
NMVOC, oil combustion g 6.78 2.36 9.14
NMVOC, petrol engines g 2.45E-10 1.19E-§1 2.57E-10
NMVYOC, power plants g 6.10E-01 2.96E-02 6.40E-01
NO, g 1.94E+03 -5.10E+02 1.43E+03
Organics g 5.26E+02 -2.38E+02 2.88E+02
PAH g 7.88E-04 -1.40E-03 -6.13E-04
Particulates g 2.69E+02 -9.69E+01 1.72E+02
Pb g 3.85E-03 -6.13E-04 3.24E-03
Pentane 2 9.29E-02 -1.55E-01 -6.19E-02
Propane g 1.63E-02 -5.45E-02 -3.82E-02
Propene g 6.81E-05 -1.91E-(2 -1.90E-02
Radioactive emissions kBq 1.05E+07 -6.34E+08 -6.23E+08
Sb g 1.O1E-04 4.89E-06 1.06E-04
Se g 7.60E-03 3.63E-04 7.96E-03
Sn g 1.14E-04 5.52E-06 1.19E-04
50 g 2.55E+03 -6.62E+02 1.89E+03
Sr g 5.68E-04 2.76E-05 5.96E-04
Th g 5.06E-05 2.46E-06 5.30E-05
Tl g 2.52E-05 1.23E-06 2.65E-05
Teluene g 1.62E-02 -3.54E-02 -1.92E-02
Tot-P g 5.06E-03 2.46E-04 5.30E-03
TRS g 8.80E-01 0 8.80E-01
U g 3.77E-05 1.83E-06 3.96E-05
\Y o 5.89E-02 3.48E-05 5.89E-02
vocC g 1.14 0 .14

. 'VOC, coal combustion g 3.29E-02 1.60E-03 3.45E-02
VOC, diesel engines g 9.09E-(H 442E-02 9.53E-01
VOC, naturat gas combustion g 2.56E-09 1.25E-10 2.69E-09
Zn g 1.13E-02 9.95E-04 1.23E-02
Emissilons to water
Acidas H' g 1.05E+01 -4.72 518
Al g 2.74E-01 -1.58E-01 1.16E-01
AOX g 3.20E-CI 0 3.20E-01
Aromates (C9-C10) g 3.76E-03 1.82E-04 3.94E-03
As g 9.06E-04 -4.85E-04 4.21E-04
BOD g 5.65E+01 -2.54E+01 311E+0]

Continues on next page...



... Table 3.3 continued from previous page.

Unit  Packaging Effects on
system other

life cycles

BOD-5 g 2.82E+01 2.97E+01 5.79E+(1
BOD-7 g .37E+01 0 1.57E+01
Cd E 4.97E-04 -2.73E-04 2.23E-04
Chlorate g 2.21 0 2.21
cr g 6.68E+02 -1.30E+02 5.39E+02
ClOy g 2.21E-0 1.08E-02 2.32E-01
CN g 1.90E-03 -1.22E-03 6.78E-04
Co g 8.BOE-03 1.57E-02 2.45E-02
COD g 2.79E+02 4.32 2.84E+02
Cr g 6.00E-03 -3.84E-03 2.16E-03
cr** g 7.02E-04 2 43E-04 9.45E-04
Cu g 2.57E-03 -1.62E-03 9.54E-04
Detergent/oil jod 1.12 -5.06E-01 6.13E-0]
Dissolved organics g 7.27E+02 -3.29E+02 3.99E+02
Dissolved solids 4 5.97E+H -1.38E+01] 4.59E+01
F g 9.71E-02 1.34E-03 9.85E-02
Fe g 5.23E-02 2.54E-03 5.48E-02
H g 1.97E-02 9.58E-04 2.06E-02
H;S g 6.24E-05 -4.03E-05 2.21E-05
HC g 2.37E+01] -LOTE+G) [.30E+01
Metals g 8.22 -3.59 4.63
Mn i 2.61E-02 1.26E-03 2.73E-02
Na* g 8.39E+01 -3.79E+01 4. 60E+01]
NH, g 3.17E-02 0 3.17E-02
NH,* g 4.62E-02 -1.87E-02 2.75E-02
NH,-N 2 2.09E-02 1.02E-03 2.20E-02
Ni g 5.32E-03 -1.33E-03 3.99E-03
Nitrates g 8.62E-02 -3.74E-02 4.88E-02
Nitrogen g 8.44E-03 4.10E-04 8.85E-03
NOy g 1.51E-G1 -9.33E-02 5.77E-02
NQO;-N g 1.91E-04 9.35E-06 2.01E-04
il g 8.57 -4.51 4,06
Organics g 6.72 -3.72 301
Other nitrogen g 1.08E-01 -4 40E-02 6.42E-02
-(her organics g 1.00 -4.67E-01 5.33E-01
Pt g 3.49E-03 -1.89E-03 1.60E-C3
Phenol g 4,30E-12 2.10E-13 451E-12
Phosphate g 1.35E-01 -6.53E-02 6.97E-02
Phosphate (as P20Os} g 5.39E-01 -2.33E-01 3.06E-01
PO~ g 2.35E-03 8.21E-04 3.17E-03
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Radioactive emissions kBg 9.B9E+D4 -5 96E+06 -5.86E+06
Saht g 5.22 2.54E-01 5.47
Sb g 6.83E-06 -4.38E-06 2.45E-06
Sn g 5.35E.01 -3.44E-01 1.91E-01
SO g 3.43E+01 -8.61 2.57E+01
Sr g 1.31E-01 6.33E-03 1.37E-01
Suspended solids g 6.06E+01 -5.08 5.55E+01
TOC z 2.12E-04 -5.97E-02 -53.95E-02
Tot-N g 2.68 -1.24 1.45
Toi-P g 7.98E-02 0 7.98E-02
\Y g 1.60E-03 -1.03E-03 5.74E-04
Water g 0 9.25E+05 9.25E+03
Water to WWTP g 4.75E+03 2.93E+02 5.04E+03
Zn g 1.63E-02 -5.26E-03 1.11E-02
Waste

Bulk waste, total g 3.14E+04 1.66E+04 4.80E+04
Elementary waste, corrugated board g 0 -6.I8E+02 -6.18E+02
Elememtary waste, solid g 0 2.66E+04 2.66E+04
Waste, bulky £ 1.37E+04 6,.65E+02 1.44E+04
Waste, industrial 8 8.95E+03 -9.47E+03 -5.21E+02
Waste, inert chemicals g FOGE+02 -4. 80E+0] 5.82E+0M
Waste, inorganic sludges g 6.01E+01 7.96E+0Q1 1 40E+02
Waste. mineral g 6.92E+03 -7.85E+02 6.13E+03
Waste, mixed industrial g 2.07E+02 -8.83E+0! LISE+Q2
Waste, non toxic chemicals g 3.30E+01! - 49E+Q] }.80E+0!
Waste, organic studges g 2.70E+0! 127E+01 J97E+0!
Waste, other g 8.52 0 852
Waste, other rejects g 2.81E+02 -9.08E+01 [ 9IE+02
Waste, paper g 5.96E+02 a J.96E+(02
Waste, paper production g L76E+02 0 L76E+02
Waste, paper related g 7.56E+401 -4.87E+0] 2.69E+01
Waste, PP-dust 8 0 3.74E+0! 3.74E+0]
Waste, PP g 1.84E+02 o }.84E+ 02
Waste, rubber g 1.60E-02 7.70E-04 1.68E-(2
Wastre, sludge g 1 1OE-08 5.32E-10 1 I5E-08
Glue to wasie water treatment plant 2 3.97E+0] 4.01E+02 441E+02
Hazardous waste. total 2 1.51E+03 -8.29E+02 6.83E+02
Waste. hazardous £ 1.50E+03 -1 22E+03 2.78E+02
Waste. pignient 2 4,27E-02 0 4.27E-02
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Waste, toxic chemicals 8 2.43E-01 -5.60E-02 1.87E-01
Waste, regulated chemicals g 7.27 -3.29 3.99
Waste, ink g 2.84 0 2.84
Waste, chemical g 1.05E-014 5.13E-03 1. 10E-04
Waste, polymer g 0 3.97E+02 3.97E+02
Slags & ashes, total g 2.98E+03 -1.81E+02 2.ROE+03
Waste, ashes g 6.13E+02 -2.23E+02 J9IE+02
Waste, slags & ashes (energy prod.) g 3.70E+02 1.80E+0! 3.88E+02
Waste, slags & ashes (waste incin.) g 2.04E-04 9.93E-06 2. 14E-04
Waste, slags & ashes g 2.00E+03 2.41E+01] 2.02E+023
Nuclear waste, total g 1.19E+01 1.83 1.38E+(1
Wasre, highly radioactive g 1 19E+0] 1.82 L3TE+1!
Waste, .radioactive 8 7.55E-02 4.89E-03 B.AE
Co-products

Biogas g 0 -5.81E+01 SRIE-
Multipack-CB g 5.99E+01 0 5.99L.«
Paper, fuel g 1.96E+02 0 1.96] - .
Paper, recycling g 1.00E+02 0 10Ok
Plastic ligature g 2.18E+01 0 218E-
Recycled lubricants g 4.61E-01 -5.08E-01 -3.700.. .
Rejects, incinerated {energy prod.) g 5.08 -5.58 -5.04F-0
Reused lubricants ' g 9.22E-01 -1.02 4 S0L 40
Tall oil g 5.32E+01 0 5.32E+n




The life cycle

3.2 150 cl disposable PET bottles

The process tree of the packaging system is illustrated in Figure A.1 in annex
A. A simplified process tree is presented in Figure 3.2. The 150 c! disposable
PET bottle is produced from preforms produced from polyethylene
terephthalate (PET). To distribute 1000 litres of beverage 666.7 150 ¢l PET
bottles (1000/1.50) are needed. The weight of one disposable 150l PET
bottle is 0.042 kilograms.

A recycling rate of 90% for the used PET botiles has been assumed (see
Table 3.1). The discarded bottles are recycled into other systems (see Main
report, section 2.5). The remaining 10% are assumed to be incinerated with
energy recovery.

rJ

LA



Input data

Production of
virgin raw
materials

100 % 28 kg
1

Production of
PET bottles

100 % 28 kg

Filling etc

100 % 28 kg

Distribution 90 %
and W PET 10 material recycling
Use 25.2 kg

10 % 2.8 kg
y

Waste
management

Figure 3.2

Fiows of 150 cl dispasable PET botiles per 1000 litres of beverage. f Flows
of labels, caps, secondary packaging and transport packaging are not
inciuded).

The secondary packagings and transport packagings are guantitatively
described by the system parameters in Table 3.4. Data and calculations on the
environmental inputs and ocutputs of the processes in the process tree are
presented in annex B. Data on the environmental inputs and outputs of
transports and on the production of fuels and electricity are presented in
Technical report 7.



Table 3.4

System parameters for the packaging system with 150 cl disposable PET

botiles. The mass presented refers 1o the weight of a single item, i.e., one

bottle or one tray. The market shares of the secondary packaging do not add
. up to 100% as they may be combined in different ways.

Muass  Market Material Degree  Material - Degree

1] share of reuse to of

recycling  disposal

Primary

packaging PET bottle (150 cI) 42 100 % PET 0 % 90 % 10 %

Caps Cap 20 100 % PP 0% 85 % 15 %
Insert 0.2 100 % LDPE 0% 8BS % 15 %

Labels Label 0.8 100 % Paper 0 % 0% 100 %
Glue 0.3 100 %  Caseinfurea/H,O 0 % 0% 100 %

Secondary

packaging Box (10 bottles) 400 17%  Corugated board 0% 20 % 80 %
Tray (10 botiles) 100 30 % Corrugated board 0% 20 % 80 %
Foil {10 bottles): 40 3% LDPE 0% 0% 100 %
Multipack (3 bottles) 18 5 % Cardboard 0% 20 % RO %
Multipack (3 bottles) 15 5% LDPE 0 % 0 % 100 %

Transport

packaging Pailet {240 botiles) 22000 100 % Wood 95 % 0% 5%
Plastic ligature (240 bottles) 20 100 % LDPE 0% 70 G RIS




Table 3.5 .
Energy demand at final use for the packaging system with 150 cl disposable
PET bottles. These energy flows are not flows across the system boundary

but internal flows within the system. Functional unit: packaging and
. distribution of 1000 lirres.

Unit  Packaging Effects on

system ather
lite cycles

Electricity. total kWh 5.10E+01 9.7 4,13E+401
Electricity kWh 1.4 -8.95 -7.00
Electriciry. coal marginal kWh 4.86E+01 1.11 4.97E+01
Hydro power kWh 4.83E-01 -1.87 -1.39
Fossi| fuel. total MIJ 31.38E+03 -1.23E+03 2.15E+03
Coal MJ L1SE+(Q2 4 51E+0] 7.00E+0/1
Coal. feedstock MJ 3.06E-0! -1.19E-01 1.86E-01
Diesel. heavy & medium truck (highway) MJ 1OSE+(2 1.35E+01 L2IE+02
Diesel. heavy & medium truck (rural} MJ 8.65E+01 -3.81E-(02 8.64E+0G!
Diesel. heavy & medium truck (urban) M 7.27E+01 2.86 7.55E+01
Diesel. ship (4-stroke) M7 3.46 6.50 9.97
Fuel, unspecified [MJ] MJ 3.37E-04 7.62E-06 3.45E-04
Hard coal MJ 3.81E+02 0 3.8IE+02
LPG, forklift . MJ 9.60E-02 -9.74E-02 -1.35E-03
Natural gas (>100 kW) MJ 1.O6E+02 - I6E+02 -1.O4E+0]
Natural gas MJ S 15E+02 -L9SE+(2 3.20E+02
Natural gas, feedstock MJ 4. 11E+02 -1 51E+02 2.60E+02
ot M 5, 26E402 -1.86E+02 3.40E+02
Qil, feedstock M7 LO4E+03 -4.07E+02 6.29E+02
Oil, heavy fuel MJ L73E+01 6.62 241E+0!
Oil, light fuel MJ 273 -[.GIE+02 -1.538E+02
Peat MJ 4.06 3.57E-01 4.41
" Renewable fuel, total MJ 7.44 2.66 i.01E+01

Bark MJ 7.44 2.66 1.O1E+0]
Heat etc., tolal MJ -3.15 -1.10 -4.25
Hear MJ -1.02 -1.10 -2.12
Steam MJ -1.99 ¢ -1.99
Warm water MJ -1.35E-01 0 -1.35E-01




Table 3.6
Inventory results for the packaging system with 150 ¢l disposable PET
bottles. Functional unit: packaging and distribution of 1000 litres.

Unit  Packaping Effects on
system other

life cycles

Resources

Al g 3.38E-02 7.62E-04 3.45E-02
Bauxite g 9.58 -3.76 5.81
Biomass g 5.38E-01] 1.99E-01 7.37E-01
Brown coal g 3.52E+02 -4.75E+(1 3.04E+02
CaCQ, g 5.92E-02 1.35E-03 6.06E-02
Clay g 1.05E-01 -2.97E-02 7.54E-02
Coal g 4.13E+03 -1.6YE+03 2.52E+03
Coal, feedstock g 1.09E+01 -4.26 6.62
Crude oil g 1.89E+04 -1.71E+03 1.11E+04
Crude oil, feedstock g 2.43E+04 -9.54E+03 1.48E+04
Fe g 3.50E-02 8.06E-04 3.58E-02
Ferromanganese g 2.92E-02 -1.13E-02 1.79E-02
Ground water g 7.62E-04 1.73E-05 7.79E-04
Hard coal g 2.79E+04 3.61E+02 2.85E+04
Hydro power-water g 1.50E+09 -9.62E+08 SA42E+08
Iron ore g 1.60E+01 -60.42 9.62
Land use m*yeurs 1.14E+02 5.86E+01 1.72E+02
Limestone g 8.01 -3.19 4.82
Manganese g 1.40 -5.67E-01 8.32E-01
Metallurgical coal g 6.44 -2.61 383
Mn g 2.00E-04 4.45E-06 2.04E-04
NaCl g 1.54E+02 -5.87E+01 9.50E+01
Natural gas g 1.17E+04 -6.14E+03 5.51E+03
Natural gas, feedstock g 7.60E+03 -2.80E+03 4. BUE+03 ~
Phosphate rock g 8.40E-01 -3.40E-01 5.00E-01
Sand g 5.60E-01 -2.27E-01 333E-01
Sofiwood g 7.71 1.75E-01 7.89
Surface water g 5.77E+04 3.56E-07 5.77E+04
Uranium {as pure U) g 5.01E-02 -7.85E-02 -2.84E-02
Water g 6.59E+06 3.95E+05 6.98E+00
Wood g 6.90 -3.49 3.41
Non-elementary inflows

Alum g 7.96 1.20E+01 2.00E+01
Auxiliary materials g 535 0 5.35
Bark g 4.38E+02 1.56E+02 5.94E+02

Continues on next page...
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Binders g 4.31E+01 0 4.31E+01
Biocides g 1.24E-01 3.24E-02 1.56E-01
Ca(OH), g 2.40E+02 8.45 2.48E+02
CaCO, g 6.67 1.01E+01 1.67E+01
Ca0 g 1.78E+01 2.66E+01 4.45E+01
Colorants g 4.10 -4.51 -4,12E-01
Corrugated board g |.67E+01 0 1.67E+01
Defoamer g 347 3.57 7.03
Dry strength additives g 1.83E+01 0 1.83E+0]
Fillers g 1.95E+02 0 1.95E+02
H,504 g 5.26E+01 4.28E+01 0.54E+(1
HCI g 1.12 -4,56E-01 6.65E-01
Ink g 1.25E+01 0 1.25E+01
Lacquer, various g 250 0 2.50
Lacquer, water g 7.51 0 7.51
Lubricants g 1.89 2.92E-01} 2,18
MgO g 7.84E-01 0 7.84E-01
Na,SO, g 1.05E+01 1.59E+01 2.64E+01
Na,ClO; g 2.49E+(1 0 2.49E+01
Na,CO, g 6.22 5.51 1.17E+(}H
NaOH g 4.86E+01 2.37E+01 7.23E+01
NH; g 8.70 0 8.70
Nitrogen g 0 2.18E-01 2.18E-01
0O- g 2.24E+01 0 2.24E+01
Other additives g B.72E+01 9.73E-01 8.81E+01]
Peat g 1.93E+02 1.70E+01 2.10E+02
Phosphoric acid g 4.13E-01 -4.55E-01 -4.24E-02
Pigment g 1.24E+01 0 1.24E401
Polymer filter screens g ¢ 1.77E+(0] 1.77E+01
Retention agents g 6.53 5.51 [.20E+01
Sizing agents g 2.24E+01 8.43 3.09E+01]
SO, 2 1.84E+(! 0 {.84E+01
Starch g 1.77E+02 -8.01E+01 9.73E+01
Steel strappings g 0 7.75E+01 7.75E+01
Sulphur g 8.77 6.50E-01 942
Urea g 3.54E-01 -3.90E-01 -3.56E-02
Emissions to air

Acetaldehyde g 6.34E-05 2.72E-01 2.72E-0]
Acetylene 2 3.87E-0G5 -6.43E-03 -6.39E-03
Aldehydes g 5.30E-04 1.21E-05 5.42E-04

Continues on next page. ..
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Alkanes E 8.82E-03 -1.61E-01 -1.52E-0!
Alkenes g 3.89E-04 -1.28E-02 -1.25E-02
Aromates (C9-C10) g 9.79E-03 -1.26E-02 -2.84E-03
As g 7.86E-04 -4.75E-05 7.39E-04
B g 6.37E-02 1.46E-03 6.52E-02
Benzo{a)pyrene g 1.72E-06 -9.23E-07 7.95E-07
Benzene 2 3.93E-02 -4.53E-02 -5.97E-03
Butane g 4.44E-02 -6.57E-02 -2.13E-02
Ca g 1.05E-03 0 1.05E-03
Cd g 7.97E-04 -1.08E-04 6.88E-04
CH, g 2.42E+02 2.45E+01 2.66E+02
Cl g 0 =223 -2.23

CN g 1.40E-04 5.07E-05 1.91E-04
Co g 7.02E+02 -2.02E+02 4.99E+02
Co - g 6.23E-04 4.38E-06 6.28E-04
CO;, (bio) g 1.91E+04 4.67E+03 2.38E+04
CO, g 1.95E+05 -4 42E+04 1.51E+05
Cr g 7.81E-04 -9.52E-05 6.86E-(4
cr g 3.69E-04 1.65E-05 3.85E-04
Cu g 1.18E-02 8.56E-04 1.27E-02
Dioxin g 1.64E-07 -6.58E-09 1.58E-07
Dust g 1.82E+02 0 1.82E+02
Ethane g 7.71E-05 -1.28E-02 -1.28E-02
Ethene g 1.93E-04 -3.21E-02 -3.19E-02
Fe g 2.36E-03 0 2.36E-03
Formaldehyde g 1.23E-02 -1.33E-02 -9.97E-04
H,0 g 8.13E+03 2.61E+02 8.39E+(3
H:S g 3.01E-01 3.50E-01 6.51E-01
HC g 1.20E+03 -4.62E+02 7.42E+02
HCI g 1.40E+01 -1.23 1.27E+01
Heavy metals g 2.06E-15 4.69E-17 2.11E-15
HF g 3.04E-01 -2.05E-03 3.02E-0!
Hg g 3.18E-03 -2.88E-05 3.15E-03
Metals g 2.93E-01 -1.16E-01 1.77E-01
Mg 2 4.46E-02 {.01E-03 4.56E-02
Mn g 5.28E-04 1.21E-05 5.41E-04
Mo g 4.24E-04 4.96E-06 4.29E-04
N.O g 9.10E-01 3.42E-02 9.45E-01
Na g 9.82E-03 0 9.82E-03
NH, g 6.21E-02 2.71E-03 6.48E-02

Continues on next page...
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Ni g 2.20E-02 -5.40E-03 1.66E-02
NMVQOC g 3.58E+01 -2,84E+01 2.74E+01
NMVOC, diesel engines g 2.95E+01 1.97 3.14E+01
NMVOC, el-coal g 8.12E-01 1.85E-02 B.31E-01
NMVOC, oil combustion g 4.06 1.51 5.57
NMVOC, petrol engines g 1.58E-10 3.60E-12 1.61E-10
NMVQOC, power plants g 3.93E-01 9.00E-03 4.02E-01
NO, g 1.10E+03 -2.30E+02 §.72E+02
Organics g 2.63E+02 -1.07E+02 1.57E+02
PAH g 6.42E-04 -1.01E-03 -3, T0E-O4
Particulates g 1.47E+02 -4.33E+01 1.04E+02
Pb g 2.67E-03 -4,57E-04 2.22E-03
Pentane g 7.62E-02 -1.12E-01 -3.62E-02
Propane g 1.32E-02 -3.81E-02 -249E-02
Propene g 7.71E-03 -1.28E-02 -1.28E-02
Radioactive emissions kBq 7.97E+06 -4.26E+08 -4. [BE+ON
Sb g 6.49E-05 1.48E-06 6.64E-05
Se g2 4.89E-03 1.11E-04 5.00E-03
Sn g 7.31E-05 1.66E-06 7.A8E-(~
SO; £ 1.31E+03 -2.99E+(02 LOLE+3
Sr g 3.66E-04 8.35E-06 3.74E-(4
Th g 3.25E-05 7 48E-07 1.32E-0%
Tl g 1.63E-05 3.67E-07 1.66E-08
Toluent g 1.31E-02 -2.51E-02 -1.20E-02
Tot-P g 3.25E-03 7.48E-05 3.32E-03
TRS g 3 88E-01 0 3.R8E-01
U g 2.43E-05 5.61E-07 24YE-05
v g 3.45E-02 1.05E-05 3.45E-02
YVoC g 5.01E-0l 0 5.01E-01
VOC, coal combustion g 2.12E-02 4,90E-04 2.17E-02
VOC. diese! engines g 5.86E-C! t.34E-02 5.99E-01
VOC, natural gas combustion g 1.65E-09 3.77E-11 1.69E-09
Zn z 8.93E-03 4.94E-04 9.43E-03
Emissions to water

Acidas H g 5.23 =210 313
Al g 2.37E-01 -L11E-01 [.26E-01
AOX 2 1.42E-01 0 1.42E-0]
Aromates (C9-C10) g 242E-03 5.56E-05 2.48E-03
As g 7.76E-04 -3.41E-04 4,35E-04
BOD g2 2.B4E+(H -1.14E+01 1.70E+01

Continugs on next page...



... Table 3.6 continued from previous page.

Unit  Packaping Effects on

system other

life cycles

BOD-5 g 1.81E+01 1.80E+01 3.71E+01
BOD-7 g 6.92 0 6.92

Cd g 4.27E-04 -1.93E-04 2.34E-04
Chiorate g 9.74E-01 0 9.74E-01
cr g 4.75E+02 -9.34E+01 3.81E+(2
oile Ny g 1.42E-01 3.25E-03 1.45E-01
CN g ] .69E-03 -8.56E-04 8.37E-04
Co g 5.90E-03 1.00E-02 1.59E-02
COD g 1.54E+02 1.73E+01 1.71E+02
Cr g 5.32E-03 -2.69E-03 2.63E-03
crt g 4.19E-04 1.56E-04 5.75E-04
Cu g 2.14E-03 -1.11E-03 1.03E-03
Detergent/oil g 5.60E-01 -2.27E-01 31.33E-01
Dissolved organics g 3.64E+02 -1.47E+02 2.16E+(2
Dissolved solids g 3.37E+01 -6.32 2.74E+01
F g 6.43E-02 -7.73E-04 6.35E-02
Fe g 3.37E-02 7.59E-04 3.45E-02
H g 1.27E-02 2.89E-04 1.30E-02
H,S i 5.54E-05 -2.82E-05 2.72E-05
HC g 1.17E+01 -4.72 7.00

Metals g 4.07 -1.55 252

Mn g 1.68E-02 3.87E-04 1.72E-02
Na* g 4.20E+0] -1.70E+01 2.50E+01
NH; g 2.03E-02 0 2.03E-02
NH,* g 1.94E-02 -6.23E-03 1.32E-02
NH,-N g 1.35E-02 3.07E-04 1.38E-02
Ni g 4.01E-03 -9.86E-04 3.02E-03
Nitrates g 3.28E-02 -1.25E-02 2.03E-02
Nitrogen g 5.44E-03 1.23E-04 5.56E-03
NOy g 9.67E-02 -5.93E-02 3.75E-02
NO;-N g 1.23E-04 2.82E-06 1.26E-04
0il g 7.30 -3.14 4.16

Organics g 579 -2.61 318

Other nitrogen g 5.35E-02 -1.75E-02 3.60E-02
Other organics g 3.33E0] -1.56E-01 1.77E-01
Pb g 2.99E-03 -1.32E-03 1. 67E-03
Phenol g 2.77E-12 6.33E-14 2.84E-12
Phosphate g 6.88E-02 -3 11E-G2 3.77E-02
Phosphate (as P>0s) g 2.80E-01 -1.13E-01 I 6TE-0!
PO," £ 1.41E-03 5.22E-04 1.93E-03

Continues on next page...
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Unit  Packaping Eftects on

systetn other

life cycles

Radioactive emissions kBq 7.53E+04 -4.01E+06 -3.94E+406
Sait g 3.36 7.60E-02 3.44
Sb g 6.06E-06 -3.06E-06 3.00E-06
Sn g 4,75E-01 -2.40E-01 2.35E-01
S0,* g 2.38E401] -5.92 1.78E+01
Sr g 8.42E-02 1.91E-03 8.61E-02
Suspended solids g 3.17E+01 -2.41E-01 3.15E+01
TOC g 2.41E-04 -4.01E-02 -3.99E-C2
Tot-N g 2,02 -8.56E-01 1.16
Tot-P g 3.52E-02 0 3.52E-02
Vv g 1.42E-03 -7.17E-04 7.03E-(4
Water g 1 4.13E+05 4.13E+05
Water 10 WWTP g 3.32E+03 1.17E+402 3.43E+03
Zn g 1.21E-02 -3.74E-03 8.40E-0%
Waste

Buik waste, total g 1.99E+04 4.56E+03 2.45E+1
Elementary waste, corrugated board g 0 -3.95E+02 S395E+t ]
Elementary wasie, solid 8 0 LI7E+04 FI7E+0s
Waste, bulky g 8.84E+03 201E+02 G4+ -
Waste, indusirial g 6.7 E+03 -6.70E+03 Y0
Waste, inert chemicals £ 5.32E+01 -2.15E+01 3 I6E+:
Waste, inorganic sludges g 3.86E+0¢ 5.09E+(! EG3E+s.
Waste, mineral 2 347E+03 -3.49E+02 3A2E+i0
Waste, mixed industrial g LO4E+02 -397E+0!] 6. 39E+01!
Waste. non taxic chemicals g 1ISE+01 -4.98 6.66
Waste, organic sludges g L73E+0] 8.11 2.54E+0:1
Wasre, other 8 3.76 0 3.76
Waste, other rejects g 1.80E+02 -S8IE+0] 122E+02
Waste, paper g 2.63E+02 ¥, 2.63E+02
Waste, paper production g 7.74E+01 1, 7.74E+(
Waste. paper refated 2 4.84E+01 -3 JIE+G] L72E+0
Wauste, PP-dust g 0 1.25E+0] L25E+01
Waste, PP g 6. 13E+01 0 6.13E+0!
Waste, rubber 8 1.03E-02 2.34E-04 LOSE-02
Waste, sludge g 7.06E-09 1.60E-16 722E-09
Glue 10 waste water trearment plant J4 2.01E+04 1.80E+02 2.00E+02
Hazardous waste, total E 1.07E+03 -6.98E+02 3.76E+02
Waste. chemical g 6.78E-02 1.55E-03 6.94E-02
Waste, hazardous g LO7E+03 -8.73E+02 LO9SE+02

Continugs On next page...
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... Table 3.6 continued from previous page.

Unit  Packaging Effects on

system other

life cycles

Wasre, ink 2 1.25 0 [.25
Waste, pigment g {.42E-02 0 [.42E-02
Waste, poiymer g 0 1.77E+02 L77E+02
Waste, regulated chemicals g 3.04 -1.47 2.16
Waste, toxic chemicals g [.62E-01 -1.87E-02 1.44E-01
Slags & ashes, total g 1.66E+03 -7.81E+0] 1.58E+03
Waste, ashes g 3 I5E+02 -G.32E+0] 2.22E+02
Waste, slags & ashes (energy prod.) g 2.38E+02 5.42 2.43E+02
Waste, slags & ashes (waste incin.) J4 L31E-O4 3.00E-06 [.34E-04
Waste, slags & ashes g LIIE+03 9.60 LI2E+03
Nuclear waste, total g 9.54 9.64E-01 1.05E+01
Wasre, highty radioactive g 9.50 9 62E-01 FLOSE+0!
Waste, radicactive g 4.84E-02 {.95E-03 S5.04E-(2
Co-products

Biogas g 0 -3.71E+01 -3.71E+0
Multipack-CB g 4.00E+01 0 4 O0E+0
Paper, fuel P 8.64E+01 0 8.64E+0]
Paper, recycling g 4 41E+01 0 4. 41E+(1
Plastic ligature g 2.92E+01 Q 2.92E+01
Recyeled lubricants g 2.95E-01 -3.25E-01 -2 98E-02
Rejects, incinerated (energy proed.) g 3325 -3.57 -3.20E-01
Reused lubricants g 5.90E-01 -6.51E-01} -6.07E-02
Tall oil g 2.35E+01 0 2.35E+01
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4 Impact assessment

4.1 Classification and characterisation

Table 4.1
Classification and characterisation for the packaging system with 50 cl
disposable PET bottles. The unit of the characterisation factor is g

equivalent per g emission. Functional unit: packaging and distribution of
1000 litres.

NP Charact- PPackaging Effocts on

erisation system other

[k NO+ -equivalents]

factor life cycles

Emissions to air

NH, 3.64 E-03 2.59E-04 2.11E-05 2.80E-04
NO, S 1.3S E-03 2.62 -6.89E-01 1.93
Emissions to water
CN 2.38E-03 4.53E-06 -2.91E-06 1.61E-06
NH; 3.64 E-03 1.15E-04 0 1.15E-04
NH,* . 3.44E-03 1.59F-04 -6.43E-05 9.44E-05
NH:-N 442E-03 9.26E-05 4.50E-06 9.71E-05
Nitrates 1.00E-03 8.62E-05 -3.74E-05 4.88E-05
NOy 1.00E-03 1.51E-04 -9.33E-05 5.77E-05
NO;-N 4.43E-03 8.48E-07 4.14E-08 8.89E-07
Phosphate 3.20E-02 4 33E-03 -2.09E-03 2.23E-03
PO," 1.05E-02 2.46E-05 8.58E-06 3.31E-05%
Tol-N 4.43E-03 1.19E-02 -5.47E-03 6.40E-03
Tot-P 3.20E-02 2.56E-03 0 2.56E-03
Total 2.64 -6.97E-01 1.95

POCP Charact- Packaging Effects on

i rrisation system other
{kg C:H,-equivalents] ¢ ¥

factor life cycles

Emissions to air

Acetylene 2.00E-04 6.83E-09 -1.91E-06 -1.90E-06
Aldehydes 5.00E-04 4. 11E-07 1.99E-08 4.31E-07
Alkancs 4.00E-04 5.71E-06 -9.55E-05 -8.98E-03
Alkenes 9.00E-04 4.99E-07- -1.72E-05 -1.67E-05

Continues on next page. ..
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POCP Charact- Packaging Effects on
erisation system other

ikg C:Hy-equivalents]

factor life cyeles

Arormates (C9-C1() B.00E-0d 1.24E-03 -1 48E-05 -2.43E-06
Benzene 2.00E-04 1.08E-05 -1.25E-05 -1.71E-06
CH, 7.00E-06 2.54E-03 9.26E-04 3.47E-03
coO 3.00E-05 3.85E-02 -1.35E-02 2.50E-02
Ethane 1.00E-04 6.81E-09 -1.91E-06 -1.90E-06
Ethene 1.00E-G3 1.70E-07 -4.78E-05 -4.76E-05
Formatdehyde 4.00E-04 7.13E-06 -7.44E-06 -3.19E-07
HC 6.00E-04 1.44 -6.20E-01 B.17E-01
NMVOC 4.00E-04 2.52E-02 -1.63E-02 8.93E-03
NMVQC, diesel engines 6.00E-04 1.98E-02 2.16E-03 2.20E-02
NMVOC, el-coal 8.00E-04 1.O1E-03 4 91E-05 1.06E-03
NMVOC, oil combustion 3.00E-04 2.03E-03 7.08E-04 2.74E-03
NMVYOC, petrol engines 6.00E-04 1.47E-13 7.11E-15 1.54E-13
NMYQC, power plants 5.00E-04 3.05E-04 1.48E-05 3.20E-04
Pentane 4.00E-04 3.72E-05 -6.19E-05 -2.47E-05
Propane 4.00E-04 6.51E-06 -2.18E-05 -1.53E-05
Propene 1.00E-03 6.81E-08 -1.91E-05 -1.90E-05
Toluene 6.00E-04 9.72E-06 -2.13E-05 -1.15E-05
VOC, coal combustion 5.00E-04 1.65E-05 8.01E-07 1.73E-05
VOC, diesel engines 6.00E-04 5.45E-04 2.65E-05 5.72E-04
VOC, natural gas combustion 2.00E-04 5.13E-13 2.50E-14 5.38E-13
Tota! 1.53 -6.47E-01 8.80E-01

AP Charact- Packaging Effects on
¢risation system other

[kg 8O:-equivalents]

Factor life cycles

Emissions to air

H,S 1.88E-03 0.16E-04 1.01E-03 1.93E-03
HCI 8.80E-04 2.33E-02 -2.35E-03 2.09E-02
HF 1.60E-03 9.49E-04 -5.70E-06 9 43E-04
NH, 1.88E-03 |.34E-04 1.09E-05 1.45E-04
NO, 7.00E-04 1.36 -3.57E-0! 1.00
50- 1.00E-G3 2.55 -6.62E-01 1.89
Emissions to water

Acid as H' 3.20E-02 3.36E-01 -1.51E-01] 1.85E-01
H 3.20E-02 6.30E-04 3.07E-05 6.61E-04

H,S 1.88E-03 1.17E-07 -7.57E-08 4.16E-08

Continues on nexi page. ..
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AP Charact- Packaping Effects on
erisaiion system other

| kg SOz-equivalents]

factor life cycles

NH, 1 88E-03 5.96E-05 0 5.96E-05

NH,' 3.56E-03 1.64E-04 -6.66E-05 9.77E-05

NH,-N 4.58E-03 9.60E-05 4.66E-06 1.01E-04
Total 4.27 117 3.10

GCWP Charact- Packaging Effects on

erisation system other

kg CO,-equivalents]

factor life cycles

Emissions to air

CH, 2.50E-02 9.08 3.31 1.24E+01
CO 2.00E-03 2.57 -8.98E-01 1.67
CcO; . 1.00E-03 3,45E+02 -8.32E+01 2.62E+02
HC ' 3.00E-03 7.19 -3.10 4.08
N,O 0.32 3.67E-01 2.64E-02 3.93E-01
Total 3.64E+02 -8.39E+01 2.80E+02

Charact- Packaging Effects on
erisation system wther

factor life cycles

Emissions to air

As 9.50E+06 1. 14E+04 -4, 43E+02 | .09E+04
Benzo(a)pyrene 5.00E+07 1.26E+02 -6.22E+01 6.37E+01
Benzene 1.00E+07 5.42E+05 -6.27E+05 -B.536E+04
Cd 1.10E+08B 1.29E+03 -1.65E+04 1LIRE+(S
CO 830 1.06E+06 -3.73E+05 6.92E+05
Cr 1.00E+06 1.00E+03 -1.25E+02 B.77E+02
cr 1.00E+06 5.7SE+02 3.96E+01 6.14E+02
Cu 570 7.89 9.03E-01 8.80
Dioxin 2.90E+10 6.65E403 -1.18E+02 6.53E+03
Fe 3. 70E+04 1.49E+02 0] 1. 49E+02
Formaldehyde 1.30E+07 2.32E+05 -2.42E+05 -1.04E+04
H.S 1.10E+06 5.36E+05 5.92E+05 1.13E+06
Hg 6.70E+06 3.29E+04 6.06E+02 3. 35E+04
Mn 2.50E+06 2.05E+03 9.95E+01 2.15E+03

Conlinues on next page...
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Charact- Packaging Eftects on

crisation system other

factor life cycles

Mo 1.00E+05 6.92E+01 1.64 7.08E+01
N.O 2.00E+03 2.29E+03 1.65E+02 2.46E+03
Ni 6.70E+04 2.04E+03 -5.13E+02 1.53E+03
NMVOC, diesel engines 9.80E+05 3.24E+07 3.53E+06 3.59E+07
NMVOC, el-coal 3.80E+05 4.79E+05 2.33E+04 5.03E+05
NO, 8.60E+03 1.67E+07 -4.39E+06 1.23E+07
Pb 1.00E+08 3.85E+05 -6.13E+04 3.24E+05
Sh 2.00E+04 2.02 9.77E-02 2.1
Se 1.50E+06 1.14E+04 5.44E+02 1.19E+04
S50, 1.30E+03 3.32E+06 -8.60E+05 2.46E+06
Ti 5.00E+05 1.26E+01 6.15E-01 1.32E+401
Toluene 2.50E+03 4.05E+01 -8.86E+01 -4.80E+01
A% 1.40E+05 8.24E+03 4.88 8.24E+03
Total 5.58E+07 -2.42E+06 5.34E+07

ETWC Charact- Packaging Effects on
erisafion system other
factor life cycles

[m® water]

Emissions to air

As 380 4.55E-01 -LTTE-02 4.37E-01
Benzene 4.00 2.17E-01 -2.51E-01 -3.42E-02
cd 240E+04  2.82E+01 -3.60 2 46E+01
Cr 130 1.30E-0] -1.63E-02 1. 14E-01
Cr* 130 747E-02 5.14E-03 7.99E-02
Cu 250E+03  3.46E+0] 3.96 3.86E+01
Dioxin 5.60E+08 1.28E+02 227 . | 26E+02

. Fe 20 8.04E-02 0 8.04E-02
Formaldchyde 24 4.28E-01 -4.47E-01 1.91E-02
He 4.00E+03 1.96E+01 3.62E-01 2.00E+01
Mn 71 5.83E-02 2 83E-03 6.1 1E-0?
Mo 400 2.77E-01 6.55E-03 2.83E-01
Ni 130 31.97 -9.9SE-01 297
NMVOC, diese! engines 62 2.05E+03 2.24E+02 2.27E+03
NMVOC, el-coal 11.4 1 44E+01 7.00E-01 1 S1E+01
Pb 400 1.54 -2.45E-01 1.29
Se 400E+03  3.04E+01 145 3 18E+01
Sr 2.00E+03 1.14 5.52E-02 119

Continues on nexl page. ..
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ETWC Charact- Packaging Effects on
crisation system other

[m“ water]

factor life cycles

Tl 670 1.69E-02 8.24E-04 1.77E-02
Toluene 4.00 6.48E-02 -1.42E-01 -7.68E-02
v 40 2.35 1.39E-03 2.36
Zn 200 2.26 1.99E-01 246
Emissions to water
As 1.90E+03 1.72 -9.22E-01 7.99E-01
Cd 1.20E+05 5.96E+01 -3.28E+01 2.68E+01
Cr 670 4.02 -2.57 .45
cr™ 670 4.70E-01 1.63E-01 6.33E-01
Cu 1.30E+04 3.34E+01 -2.10E~+01 1.24E+01
Fe 1.00E+02 5.23 2.54E-01] 5.48
H,S 6.70E+03 4.18E-01 -2.70E-01 1.48E-01
Mn 360 9.39 4.55E-01 9.84
Ni Q70 3.57 -8.92E-01 2.67
Pb 2.00E+03 6.97 -3.78 3.19
Phenol 44 1.89E-10 §.22E-12 1.98E-10
Sr 1.00E+04 1.31E+03 6.33E+01 1.37E+03
\Y 200 3.20E-01 -2.05E-01 1.153E-01
Zn 1.00E+03 1.63E+01 -5.26 1.11E+01]
Total 3.77E+03 2.19E+02 3.98E+03

HTW Charact- Packaging Effects on
erisution sysiem other

[m® water]

factor life cycles

Emissions to air

As 74 8.86E-03 -3.45E-04 8.51E-03
Benzene 2.3 1.25E-01] -1.44E-01 -1.97E-02
cd 560 6.59E-01 -8.39E-02 5.75E-01
Cr 36 3.61E-03 -4.51E-04 3.16E-03
cr* 3.6 2.07E-03 1.42E-04 2.21E-03
Cu 34 4.71E-02 5.38E-03 5.25E-02
Dioxin 2.20E+08 5.04E401 -8.92E-01 4.95E+01
Fe 9.60E-03 3.86E-05 0 31.86E-05
Formaldehyde 2.20E-05 3.92E-07 -4.09E-07 -1.75E-08
H,S 8.10E-04 3.95E-04 4.36E-04 8.31E-04
Hg 1.10E+05 5.40E+02 9.94 5.50E+02
Mn 5.30E-03 4.35E-06 2.11E-07 4.56E-06
Mo 5.30E-02 3.67E-05 R.68E-07 3.75E-05

Continues on next page...
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[m" waicer]

... Table 4.1 continued from previous page.

Charact- Packaging Effects on

erisation system other

Ni

NMVOC, diesel engines
NMVQC, el-coal

Pb

Sb

Se

Tl

Toluene

v

Emissions to water
As

Cd

Cr
Cr3+
Cu

F

Fe
H.5
Mn

Ni

Pb
Phenol
Sb

v

ETSC

fm” soit}

factor life cycles

3.70E-03 1.13E-04 -2.83E-05
4.60E-02 1.52 1.66E-01
7.30E-04 9.21E-04 4 48E-05
53 2.04E-01 -3.25E-02

64 6.45E-03 3.13E-04

28 2.13E-01 1.02E-02
1.30E+(M 3.28E-01 1.60E-02
4.00E-03 6.48E-03 -1.42E-04
3.70E-02 2.18E-03 1.29E-06
37 3.35E-02 -1.80E-02
2.80E+(3 1.3% -7.66E-01
18 1.08E-01 -6.92E-02

18 1.26E-02 4.38E-03

17 4.37E-02 -2, 75E-02
1.20E-02 1.17E-03 1.60E-05
4.80E-02 2.51E-03 1.22E-04
4.10E-03 2.56E-07 -1.65E-07
2.70E-02 7.04E-04 341E-05
1.90E-02 1.O1E-04 -2.53E-05
260 9.07E-01 -4.91E-01
3.40E-02 t.46E-13 7.13E-15
3.20E+02 2.19E-03 -1.40E-03
0.1 3.04E-04 -1.95E-04

Total 5.96E+02 7.62

EfTects on
other

Charact-
erisation

Packaging
system

factor life cycles

8.45E-05
1.69

9.66E-04
1.72E-01
6.76E-03
2.23E-01
3.44E-01
-1.68E-05
2.18E-03

1.56E-02
6.25E-01
3.89E-02
1.70E-02
1.62E-02
1.18E-03
2.63E-03
9.07E-08
7.38E-04
7.58E-05
4.15E-01
1.53E-13
7.85E-04
1.09E-04

6.04E+02

Emissions to air
As

Benzene

Cd

Cr

CI";*

Cu

Dioxin

0.27 3.23E-04 -1.26E-03
36 1.95E-01] -2.26E-01
1.8 2.12E-03 -2.70E-04
{.00E-02 1.00E-05 -1.25E-06
1.00E-02 5.75E-06 3.96E-07
2.00E-02 2.77E-04 3.17E-05
1.20E+04 2.75E-03 -4 87E-05

3.11E-04
-3.08E-02
1.85E-03
8.77E-06
6.14E-06
3.09E-04
2.70E-03

Conlinues on next page...

41



... Table 4.1 continued from previous page.

ETSC Charact- Packaging Eftects on
erisation system other

foe? sioil |

factor tife cycles

Fe 0.53 2.13E-03 a0 2.13E-03
Formaldehyde 2.00E+02 3136 372 -1.60E-01
Hg 5.3 2.60E-02 4.79E-04 2.65E-02
Mn 1.9 1.56E-03 7.37E-05 1.64E-03
Mo 39 2.70E-03 6.39E-05 2.76E-03
Ni 5.00E-(2 1.53E-03 -3.83E-04 1.14E-03
NMVOC, diesel engines 580 1.92E+04 2.09E+03 2.13E+04
NMVQC, el-coal 92 1.16E+02 5.65 1.22E+02
Pb 1.00E-02 3.85E-05 -6.13E-06 3.24E-05
Se 106 8.05E-01 3.84E-02 8.44E-01
Sr 53 3.01E-02 |.46E-03 3.16E-02
T 17.7 4.46E-04 2.18E-05 4. 68E-04
Toluene 0.97 1.57E-02 -3 44E-02 -1.86E-02
\Y 0.34 2.00E-02 1.18E-05 2.00E-02
Zn 5.00E-03 5.65E-05 4.98E-06 6.15E-05
Total 1.93E+04 2.03E+03 2.14E+04

ETWA Charact- Packaging Effects on
erisation system other

[m3 water]

factor life cycles

Emissions to water

As 190 1.72E-01 -9.22E-02 7.99E-02
Cd 1.20E+04 5.96 -3.28 2.68
Cr 67 4.02E-01 -2.57E-01 1.45E-01
cr™* 67 4,70E-02 1.63E-02 6.33E-02
Cu 1.30E+03 3.34 22,10 1.24
Fe 10 5.23E-01 2.54E-02 5.48E-01
H;S 3.30E+03 2.06E-01 -1.33E-0] 7.30E-02
Mn 36 9.39E-01 4.55E-02 9.84E-01
Ni 67 3.57E-01 -8.92E-02 2.67E-01
Pb 200 6.97E-01 -3.78E-01 3.19E-01
Phenol 22 9.46E-11 4.61E-12 9 92E-11
Sr : 1.00E+03 1.31E+02 6.33 1.37E402
v 20 3.20E-02 -2.05E-02 1.15E-072
Zn 100 1.63 -5.26E-01 1.11
Total 1.45E+02 -4.60E-01 1.45E+02
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HTS Charact- Packaging Effects on
crisation system other

{m’ soil)

factor life cycles

Emissions to air

As 100 1.20E-01 -4,67E-03
Benzene : 14 7.59E-0] -8.78E-01
Cd 4.5 5.30E-03 -6.74E-04
Cr 1.1 1.10E-03 -1.38E-04
Cr* 1.1 6.32E-04 4.35E-05
Cu 4,00E-03 5.54E-05 6.33E-06
Dioxin 1.40E+04 3.21E-03 -5.68E-05
Fe 0.77 3.10E-03 0
Formaldehyde . 5.80E-03 1.03E-04 -1.08E-04
H,S 0.26 1.27E-01 1.40E-01
Hg 81 3.98E-01 7.32E-03
Mn 042 3.45E-(4 1.67E-05
Mo 1.5 1.04E-03 2.46E-05
Ni ' 0.12 3.66E-03 -0.18E-(4
NMVOC, diesel engines 0.28 9.25 1.0
NMVOC, el-coal 2.50E-04 3.15E-4 1.54E-05
Pb 8.30E-02 3.20E-04 -5.09E-05
Sb , 17 1.71E-03 8.31E-05
Se 4.40E-02 3.34E-04 }.60E-05
Ti 10 2.32E-04 1.23E-05
Toluene 1.00E-03 1.62E-05 -3.54E-05
\Y 0.96 5.65E-02 3.34E-05
Total 1.07E+01 2.72E-01

1.15E-0}
-1.20E-01
4.62E-03
9.64E-04
6.76E-04
6.17E-05
3.15E-03
3.10E-03
-4.63E-06
2.67E-01
4.05E-01
3.62E-(4
.06E-03
2 74E-07%
1.O3E+:
I3IEA
269L- 1
[.ROE-i-
3 50E-1-
26500
S1LY2E
5.65E.67
1.10E+01




Table 4.2

Classification and characterisation for the packaging system with 150 ¢l
disposable PET boriles. The unit of the characterisation factor is g
equivalent per g emission. Functional unit: packaging and distribution of
1000 litres.

NP Characi- Packaging Effects on

crisation system other

[kg NOy -equivalents)

factor fife cycles

Emissions to air

NH; 3.64 E-03 2.26E-04 9.88E-06 2.36E-04
NO, 1.35 E-03 1.49 -3.11E-01 1.18
Emissions to water
CN 2.38E-03 4.03E-06 -2.04E-06 1.99E-06
NH; 3.64 E-03 7.39E-05 0 7.39E-05
NH,* 3.44E-03 6.68E-05 -2.14E-05 4.53E-05
NH,-N 4.42E-03 5.95E-05 1.36E-06 6.08E-05
Nitrates 1.00E-03 3.28E-05 -1.25E-05 2.03E-05
NO;y -~ 1.00E-03 9.67E-05 -5.93E-05 3.75E-05
NO;-N 4.43E-03 5.45E-07 1.25E-08 5.58E-07
Phosphate 3.20E-02 2.20E-03 -9 9SE-04 1.21E-03
PO, 1.05E-02 1.47E-05 5.45E-06 2.02E-05
Tot-N 443E-03 8.94E-03 -3.79E-03 5.15E-03
Tot-P ' 3.20E-02 1.13E-03 0 {.13E-03
Total 1.50 -3.16E-01 1.18

POCP Charact- Packaging Effecis on

ikg C:H-equivalents] erisation system other

factor life cycles

Emissions to air

Acetylene 2.00E-(4 7.74E-09 -1.29E-06 -1.28E-06
Aldehydes 5.00E-04 2.65E-07 6.05E-09 2.71E-07
Alkanes 4.00E-04 3.33E-06 -6,44E-05 -6.09E-05
Alkenes 9.00E-04 3,50E-07 -1.16E-05 -1.12E-05
Aromates (C9-C10) 8.00E-04 7.83E-06 -1.01E-05 -2.27E-06
Benzene 2.00E-04 7.87E-06 -9.06E-06 -1.19E-06
CH, 7.00E-06 1.69E-03 1.72E-04 1.86E-03
CO 3.00E-05 2.10E-02 -6.07E-03 1.50E-02
Ethane 1.00E-04 7.71E-09 -1.28E-06 -1.28E-06
Ethene 1.00E-03 1.93E-07 -3.21E-05 -1.19E-05

Continugs on nexi page. ..
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POCP Charact- Packaging Effects on
erisation system other
factor life cycles

lkg C:Hy-eypivalents)

Formaldehyde 4.00E-04 4.90E-06 -5.30E-06 -3.99E-07
HC 6.00E-04 7.22E-01 -2.77E-1 4 43E-01
NMVOC 4.00E-04 2.23E-02 -1.14E-02 L.10E-02
NMVOC, diesel engines 6.00E-04 1.77E-02 1.18E-03 1.89E-(2
NMVQC, el-coal 8.00E-04 6.50E-04 1.48E-05 6.65E-04
NMVQC, oil combustion 3.00E-04 1.22E-03 4,52E-04 1.67E-03
NMVOC, petrol engines 6.00E-04 9.47E-14 2.16E-15 9.69E-14
NMVOC, power plants 5.00E-04 1.96E-04 4.50E-06 2.01E-04
Pentane 4.00E-04 3.05E-05 -4 .50E-05 -1.45E-05
Propane 4.00E-04 5.29E-06 -1.52E-05 -9.95E-06
Propene 1.00E-03 7.71E-08 -1.28E-03 -1.28E-05
Toluene 6.00E-04 7.88E-06 -1.51E-05 -71.21E-06
VOC, coal combustion 5.00E-04 1.06E-03 2.45E-07 1.09E-05
VOC, diesel engines 6.00E-04 3.51E-04 8.02E-06 3.59E-04
VOC, patural gas combustion 2.00E-04 331E-13 7.55E-15 3.38E-13
Tota! 7.87E-H -2.93£-01 4.94E-01

AP Charact- Packaging Effects on

erisation system other

kg 5O;:-equivalents
thg SO.-equiv ] Factor life cycles

Emissions to air

H,S 1.88E-03 5.63E-04 6.58E-04 J.22E-0R
HCl 8.80E-04 1L23E-02 -1.08E-03 1 12E-072
HF 1.60E-03 4.86E-04 -3.28E-06 4 83E-04
NH; 1.88E-03 [.17E-04 5.10E-06 1.22E-04
NO, 7.00E-04 7.72E-01 -1.61E-01 6.10E-¢1
SO, 1.00E-03 1.31 -2 99E-01 1.01
Emissions to water
Acid as H 3.20E-(2 1.67E-01 -6.71E-02 1.00E-01
H 3.20E-02 4.06E-04 9.23E-06 4 15E-04
HS [.88E-03 1.04E-07 -5.30E-08 5.12E-08
NH. 1.88E-03 3.82E-05 0 3.42E-03
NH,* 3.56E-03 6.91E-05 -2.22E-05 4.69E-05
NH,-N 4.58E-03 6.16E-05 1.41E-06 6.30E-05
Total 2.26 -5.28E-01 1.73

Continues on pext page. ..
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GCwWPp Charact- Packaging Effects on

[kg COz-cquivalents] erisation systern other

factor life cycles

Emissions to air

CH, 2.50E-02 6.04 6.13E-01 6.66
CO 2.00E-03 1.40 -4.05E-01 9.98E-01
CO, 1.00E-03 1.95E+02 -4.42E+01 t.51E+02
HC 3.00E-03 3.6l -1.38 2.23
N,O 0.32 291E-01 1.10E-02 3.02E-01
Total 2.07E+02 -4,53E+01 1.61E+02

HTA Charact- Packaging Effects on
erisation systens other

{m” air]

factor life cycles

Emissions to air

As 9.50E+06 7.47E+03 -4 .51E+02 7.02E+N
Benzo{a)pyrene 5.00E+07 8.59E+01 -4.62E+01 3.98E+01
Benzene 1.00E+07 3.93E+05 -4.53E+05 S5.97E+04
Cd 1.10E+08 8.76E+04 -1.19E+04 7.57E+(1
CO 830 5.82E405 -1.68E+05 4 14E+05
Cr 1.00E+06 7.81E+02 -9.52E+01 6.86E+02
Cr* | .ODE+06 3.69E+02 1.65E+01 3.85E+(12
Cu 570 6.74 4.88E-01 7.23
Dioxin 2.90E+10 4 77E+03 -1.91E+02 4.58E~+03
Fe 3. 70E+04 8.72E+01 0 8. 72E+0!
Formaldehyde |.30E+07 1.59E+05 -1.72E+05 -1.30E+04
H,S 1.10E+06 3.3IE+0S 3.85E+05 7.16E+05
Hg 6.70E+(6 2.13E+04 -1.93E+02 2. 1E+H
Mn 2.50E+06 1.32E+03 3.03E+01 1.35E+03
Mo .0DE+05 4,24E+01] 4.96E-01 4.29E+01
N.O 2.00E+03 1.82E403 6.85E+01 1.89E+03
Ni 6.70E+04 1.47E+03 -3.62E+02 1.1 1E+03
NMVOC, diesel engines 0.80E+05 2.89E+07 1.93E+06 3.08E+(7
NMVOLC, el-coal 3.80E+05 3.09E+05 7.03E+03 3. 16E+05
NO, 8.60E+03 9 48E+06 -1.98E+06 7.50E+06
Pb 1.00E+08 2.67E+05 -4.57E+04 2.22E+03
Sb 2.00E+04 1.30 2.96E-02 1.33
Se [.50E+06 7.33E+03 1.67E+02 7.50E+03
SO, 1.30E+03 1.70E+06 -3.80E+05 1.31E+06
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Charact- Packaging Effects on
erisation system other

factor life cycies

T 5.00E+05 8.13 1.B4E-01 8.31

Toluene 2.50E+03 3.28E+01 -6.29E+01 -3.00E+01

\% 1.40E+05 4.82E+03 1.47 4.33E+03
Total 4.22E+07 -9.04E+05 4.13E407

ETwWC Charact- Packaging Effects on
erisation system other

[m3 water}

factor life cycles

Emissions to air

As 380 2.99E-01 -1.80E-02 2.81E-0]
Benzene 4.00 1.57E-01 -1.81E-01 -2.39E-02
Cd 2.40E+04 1.91E+01 -2.60 1.65E+01
Cr ' 130 1.02E-01 -1.24E-02 8.91E-02
cr™ 130 4,79E-02 2.14E-03 5.01E-02
Cu 2.50E+03 2.96E+01 2.14 3.17E+01]
Dioxin 5.60E+08 9.21E+0] -3.69 8.84E+01
Fe . 20 4.71E-02 0 4.71E-02
Formaldehyde 24 2.94E-01 -3.18E-01 -2.39E-02
Hg 4.00E+03 1.27E+01 -1.15E-01 [.26E+01
Mn 71 31.75E-02 8.59E-04 3.84E-02
Mo 400 1.70E-01 1.98E-03 |.72E-01
Ni 130 2.86 -7.02E-01 2.15
NMVOC, diesel engines 62 1.83E+03 1.22E402 1.95E+03
NMVOC, el-coal 1.4 9.26 2.11E-01 .47
Pb 400 1.07 -1.83E-01 8.86E-(1
Se 4.00E+03 1.96E+01 4.46E-01 2.00E+01
Sr 2.00E+03 7.32E-01 1.67E-02 7.49E-01
TI 670 {.09E-(Q2 2.46E-04 111E-G2
Toluene 4.00 5.25E-02 -1.01E-01 -4.8QE-02
v 40 1.38 4.19E-04 1.38
Zn 200 1.79 9.88E-02 1.89
Emissions to water

As | .90E+03 1.47 -6.48E-01 B.20E-O!
Cd 1.20E+05 5.12E+01 -2.31E+01 2.R1E+0!
Cr 670 3.56 -1.80 1.76
cr* 670 2.81E-01 1.04E-01 3.85E-01

Cu 1.30E+04 2.78E+0! -145E+01 |.33E+01
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ETWC Charact- Packaging Effects on
3 erisation system other
[m” water)
factor life cycles
Fe 1.00E+02 3.37 7.59E-02 345
H,S 6.70E+03 3.71E-01 -1.89E-01 1.82E-01
Mn 360 6.05 }.29E-01 6.19
Ni 670 2.6% -6.60E-01 2.03
Pb 2.00E+03 5.99 -2.65 3.34
Phenol 44 1.22E-10 2.79E-12 1.25E-10
Sr 1.00E+04 8.42E+02 1.91E+01 8.61E+02
A% 200 2.84E-01 -1.43E-01 1.41E-01
Zn 1.00E+03 1.21E+01 -3.74 8.40
Total 2.98E+03 8.89E+01 3.06E+03

HTW Charact- Packaging Effccts on
erisaticn system other

{m® water}

Factor life cycles

Emissions to air

As 7.4 5.82E-03 -3.51E-04 5.47E-03
Benzene 2.3 9.05E-02 -1.04E-01 -1.37E-02
Cd 560 4 46E-0i -6.06E-02 3.86E-01
Cr 3.6 2.81E-03 -3.43E-04 2.47E-03
cr 3.6 1.33E-03 5.93E-05 1.39E-03
Cu 34 4 02E-02 2.91E-03 4.31E-02
Dioxin 2.20E+08 3.62E4+01 -1.45 3.47E+01
Fe 9,60E-03 2.26E-05 0 2.26E-05
Formaldehyde 2.20E-05 2.70E-07 -2.92E-07 -2.19E-08
H.S 8.10E-04 2.43E-04 2.84E-D4 5.27E-04
Hg 1.10E+05 3.50E+02 -3.16 3.46E+02
Mn 5.30E-03 2.80E-06 6.42E-08 2.86E-06
Mo 5.30E-02 2.25E-05 2.63E-07 2.27E-03
Ni 3.70E-03 8.13E-05 -2.00E-05 6.13E-05
NMVOC, diesel engines 4.60E-02 1.36 9.04E-02 145

NMVOC, el-coal 7.30E-04 5.93E-04 1.35E-05 6.06E-04
Pb 53 1.42E-( -2 42E-02 [.17E-01
Sh 64 4.15E-03 9 47E-05 4.25E-03
Se 28 1.37E-01 3.12E-03 1.40E-0]
Tl 1.30E+04 2.11E-01 477E-03 2.16E-01
Toluene 4.00E-03 5.25E-05 -1.01E-04 -4.80E-05
v 3,70E-02 }.28E-03 3.88E-07 }.28E-03
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HTW Charact- Packaging Eftects on

erisation system other

[m“ waler]

factor life cycles

Emissions to water

As 37 2.87E-02 -1.26E-02 1.61E-02
Cd 2.80E+03 1.20 -5.39E-01 6.56E-01
Cr 18 9.57E-02 -4.84E-02 4.74E-02
o 18 7.55E-03 2.80E-03 1.03E-02
Cu 17 3.63E-02 -1.89E-02 1.74E-02
F 1.20E-02 7.71E-04 -9.27E-06 7.62E-04
Fe 4.80E-02 1.62E-03 3.64E-05 1.66E-03
H,S 4.10E-03 2.27E-07 -1.16E-07 1.12E-07
Mn 2.70E-02 4.54E-04 1.05E-05 4.64E-04
Ni 1.90E-02 7.62E-05 -1.87E-05 5.75E-05
Pb 260 7.78E-01 .3.44E-01 4.34E-01
Phenol 3.40E-(2 9.43E-14 2.15E-15 9.64E-14
Sb 3.20E+02 1.94E-03 -9 81E-04 9.59E-04
\ 0.19 2.70E-04 -1.36E-04 1.34E-04
Total 3.90E+02 -5.66 3.85E+02

ETSC Charact- Packaping Effects on
erisation system other

|m” soil]

factor life cycles

Emissions to air

As 0.27 2.12E-04 -1.28E-05 1.99E-04
Benzene 36 1.42E-01 -1.63E-01} -2 15E-02
Cd 1.8 1.43E-03 -1.95E-04 1.24E-03
Cr 1.00E-02 7.81E-06 -9.52E-07 6.86E-06
.Cr” 1.00E-02 3.69E-06 1.65E-07 3.85E-06
" Cu 2.00E-02 2.37E-04 1.71E-05 2.34E-04
Dioxin 1.20E+04 1.97E-03 -7.90E-05 1.89E-03
Fe 0.53 1.25E-03 0 1.25E-03
Formaldehyde 2.00E+(02 245 -2.65 -1.99E-01
Hg 53 1.68E-02 -1.52E-04 1.67E-02
Mn 1.9 1.00E-03 2.30E-05 1.03E-03
Mo 38 1.65E-03 1.93E-05 1.67E-03
Ni 5.00E-02 1.10E-03 -2.70E-04 8.28E-04
NMVOC, diesel engines 580 1.71E+04 1.14E+03 1.82E+04
NMVOC, el-coal 92 TA47E+C] 1.70 7.64E+01
Pb 1.00E-02 2.67E-05 -4, 57E-06 2.22E-05
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FETSC

[m* soil]

Charact-

crisation

factor

... Table 4.2 continued from previous page.

Packaging
system

Effects on
other
life cycles

Se
Sr
T
Toluene

Zn

ETWA

fm® water]

Emissions to water
As

Cd

Cr
Cr3+
Cu

Fe

H,S
Mn

Ni

Pb
Phenol
Sr

\Y

Zn

106
53
17.7
0.97
0.34
5.00E-03

Charact-
crisation
factor

190
1.20E+04
67
67
1.30E+03
10
3.30E+03
36
67
200
22
1.00E+03
20
100

Charact-
erisation

5.18E-01
1.94E-G2
2.88E-04
1.27E-02
1.17E-Q2
4.47E-05

1.72E+04

Packaging
system

147E-01
5.12
3.56E-01
2.81E-02
278
3.37E-01
1.83E-01
6.05E-(1
2.69E-01}
5.99E-01
6.10E-11
8.42E+01]
2.84E-02
1.21

9.58E+01

Packaging
system

1.18E-02
4.43E-04
6.50E-06
-2.44E-02
3.56E-06
2.47E-06

1.14E+03

Effects on
other
life cycles

-6.48E-02
-2.31
-1.8CE-0!
1.04E-(2
-1.45
7.59E-03
-9.30E-02
L.39E-02
-6,60E-02
-2.65E-01
1.39E-12
1.91
-1.43E-02
-3.74E-01

-2.87

Effects on
other

5.30E-01
1.98E-02
2.94E-04
-1.16E-02
1.17E-02
4,71E-05

1.83E+04

Total

8.26E-(2
2.81
1.76E-01
3.83E-02
1.33
3.45E-01
8.99E-02
6.19E-01
2.03E-0!
3.34E-01
6.24E-11
8.61E+01
1.41E-G2
8.40E-0]

9.30E+01

Emissions to air
As
Benzene

factor

7.86E-02

5.51E-01

Life cycles

-4,75E-03
-6.34E-01

7.39E-02
-8.35E-02

50
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HTS Charact- Packaging Effects on
erisation system other

Im® soil]

factor life cycles

Cd 4.5 3.58E-03 -4.87E-04
Cr il 8.59E-04 -1.05E-04
cr* 1.1 4.05E-04 1.81E-05
Cu 4.00E-03 4.73E-05 3.42E-06
Dioxin 1.40E+04 2.30E-03 -9.22E-05
Fe 0.77 1.81E-03 0
Formaldehyde 5.80E-03 7.11E-05 -71.69E-05
H.S 0.26 7.82E-02 0.10E-02
Hg 81 2.57E-01 -2.33E-03
Mn 042 2.22E-04 5.08E-06
Mo 1.5 6.36E-04 7.43E-00
Ni 0.12 2.64E-03 -6.48E-04
NMVOC, diesel engines 0.28 8.25 5.50E-01
NMVOC, el-coal 250E-04 2.03E-04 4.62E-06
Pb 8.30E-02 2.22E-04 -3.719E-05
Sh 17 1.10E-03 2.51E-05
Se 4.40E-02 J15E-04 491E-06
Tl 10 1.63E-04 3.67E-06
Toluene 1.00E-03 1.31E-05 -2.51E-05
A" .96 3.31E-02 1.01E-05
Total 9.26 -1.31E-03

3.10E-03
7.54E-04
4.24E-04
5.07E-05
2.21E-03
1.81E-03
-5.78E-06
1.69E-01
2.55E-01
2.27E-04
643E-04
1.99E-03
8.80
2.08E-04
1.84E-04
1.13E-03
2.20E-04
1.66E-04
-1.20E-03
3.31E-02

9.26
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4.2 Normalisation

Table 4.3
Normalisation resuits for the packaging system with 50 cl disposable PET
bottles.

Normalisation: Normalisation  Packaging Effects on Total
reference (114 system ofher {PEwnkoa] {2)
PEwpien] (2) life cycles
[PEwukw] (2)

Environmental impact categories

Environmental impacts

Global warming (GWP) 8700 4.19E-02 -9.65E-03 3.22E-02
Photochemical ozone formation (POCP) 20 7.64E-02 -3.23E-02 4 40E-02
Acidification (AP) 124 345E-02 -9.45E-03 2.50E-(2
Nutrient enrichment (NP) 298 8.87E-03 -2.34E-03 6.53E-D3
Human toxicity, water (HTW) : 59000 1.01E-02 1.29E-04 1LO2E-02
Humantoxicity, soil (HTS) 310 3 46E-02 8 78E-04 A 55E-11]
Ecotoxicity, aquatic, chronic (ETWC) 470000 8.01E-03 4,65E-04 RARE-1H
Ecotoxicity, terrestrial, chronic (ETSC) 36000 6.43E-01 6.98E-02 7.13LE
Ecotoxicity, aquatic, acute (ETWA) 4800 3.02E-03 -0 .58E-06 3001 ¢
Human toxicity, air (HTA} 0.20E+09 6.07E-03 -2.63E-04 SKEIE- -
Waste '

Buik waste {non-hazardous) 1350 232E-02 1.20E-02 3521
Hazardous waste 20.7 7.30E-02 -4.00E-02 330k
Slag and ashes 320 8.51E-03 -5.16E-04 8.00L-¢--
Nuclear waste 0.159 7.51E-02 1.15E-02 B.66EAC
Resources

Oil 590 1.36E-01 -6.17E-02 743E-02
Coal 570 5.52E-02 -1.753E-03 5.34E-(12
Brown coal 250 2.00E-03 -2.31E-04 1.77E-03
Natural gas 310 1.17E-01 -5.82E-G2 3.89E-02
Aluminium il 1.58E-03 -6.95E-04 B.86E-(M4
Lead 0.64 0 0 0
Iron 100 6.32E-06 -2.35E-06 3.77E-06
Copper 1.7 0 0 0
Manganese 1.8 1.55E-03 -7.02E-04 8.52E-04
Nickel 0.18 0 0 0
Tin 0.04 0 0 0
Zinc 1.4 0 O 0

(13 The normalisation references have the following units: characterisation equivalent/pers/year (for environmental

impacts), kg/pers/vear (for waste) m'/persfyear (for wood) and kg/pers/ycar (for other resources).
(2) PEw ke person equivalent based on emission levels, waste levels and resource demand in the year 1990,



Table 4.4
Normalisation results for the packaging system with 150 cl disposable PET
botiles.

Normalisation: Normalisation  Packaging Effects on Total
reference (1) system other [PEwnkod] (2)
1PEwixesl {2} life cveles

fPEwnkan] (2)

Environmental impact categories

Environmental impacts

Global warming (GWP) 8700 2.38E-02 -5.21E-03 1.85E-02
Photochemical ozone formation (POCP) 20 3.94E.02 -1.46E-02 2 47E-02
Acidification (AP) 124 1.82E-02 -4, 26E-03 1.40E-02
Nutrient enrichment (NP) 298 5.04E-03 -1.06E-03 3.98E-03
Human toxicity, water (HTW) 59000 6.61E-03 -9.60E-05 6.52E-%
Human toxicity, soil (HTS) 310 2.99E-02 -4,23E-06 2.99E-02
Ecotoxicity, aquatic, chronic (ETWC) 470000 6.33E-03 1.89E-04 6.52E-03
Ecotoxicity, terrestrial, chronic (ETSC) 30000 5.72E-01 3.B0E-02 6.10E-01
Ecotoxicity, aquatic, acute (ETWA) 48000 2.00E-03 -5.98E-05 1.94E-n?
Human toxicity, air (HTA) 9.20E+09 4,59E-03 -9.83E-05 4 49L-0¢
Waste

Bulk waste (non-hazardous) 1350 1.47E-02 3.24E-03 | 8OL-1;
Hazardous waste 20.7 5.19E-02 -1.37E-02 PR2E -
Slag and ashes 320 4.74E-03 -2.23E-04 45201
Nuclear waste 0.159 6.00E-02 6.06E-(03 6611
Resources

Qil 590 7.32E-02 -2.92E-02 4.39E.0]
Coal 570 344E-02 -1.13E-03 33300
Brown coal 250 1.41E-03 -1.90E-(4 1.22E.1%
Natural gas 310 621E-02 -2.88E-02 333E-42
Aluminium 3 7.86E-04 -3.05E-04 4. 8IE-{4
Lead 0.64 0 0 0
Iron 100 5.16E-06 -1.92E-06 3.24E-06
Copper 1.7 0 0 0
Manganese L.8 7.77E-04 -3.15E-04 4 62E-14
Nickel 0.18 0 0 0
Tin 0.04 0 0 0
Zinc 1.4 0 0 4

(13 The normalisation references have the following units: characterisation equivalent/pers/year (for environmental

impacts). kg/pers/year (for waste) m3/pers/year {for wood) and kg/persfyear (for other resources).

(2)  PEWDKSY0: persen equivalent based on erission levels, waste levels and resource dernand in the year 1990
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4.3 Weighting

Table 4.5
Weighting results for the packaging system with 50 ¢l disposable PET
botties.

Weighting: Weighting Packaging Effects on

. . . facter system other
Environmentasl impact categorics "
life cycles

Environmental impacts [PETwoka000 [PETwpk2000] [PETwokz000] [PETwokz000]
/PEwpkeo] (1)
Globa! warming (GWP) 1.3 5.44E-02 -1.25E-02 4.19E-02
Photochemical ozone formation (POCP) 1.2 9.16E-02 -3.88E-02 5.28E-02
Acidification (AP) 1.3 4 48E-02 -1.23E-02 3.25E-02
Nutrient enrichmment (NFP) 1.2 1.06E-02 -2.81E-03 7.83E-03
Human toxicity, water (HTW) 31 J13E-02 4.00E-04 317E-02
Humas toxicity, soil (HTS) 2.3 7.96E-02 2.02E-03 8.16E-02
Ecotoxicity, aquatic, chronic (ETWC) 2.6 2.08E-02 1.21E-03 2.20E-02
Ecotoxicity, terrestrial, chronic (ETSC) 1.9 1.22 1.33E-01 1.35
Ecotoxicity, aquatic, acute (ETWA) 2.6 7.86E-03 -2 49E-05 7.83E-03
Human toxicity, air {HTA) 28 1.70E-02 -7.36E-04 I.63E-02
Waste . FPElhwaw™woad  [PETwokzon)  [PETwokeow]  {PETwox:owl
Bulk waste (non-hazardous) 1.1 2.55E-02 1.32E-02 3.88E-02
Hazardous waste 1.1 8.03E-02 -4.40E-02 3.63E-02
Slag and ashes 1.1 9.36E-(3 -3.68E-04 % 80E-03
Nuciear waste 1.1 R.26E-02 1.27E-02 9.53E-02
Resources (PRwa/PEwneeo] [PRwso] (2) [PRwool [PRyul
il 2.30E-02 3.13E-03 -1.42E-03 1. 71E-03
Coal 5.80E-03 3.20E-04 -1.01E-05 3.10E-04
Brown coal 2.60E-03 5.20E-06 -6.01E-07 4.59E-06
Natural gas 1.60E-02 1.87E-03 -9.31E-04 9.43E-04
Aluminium 5.10E-03 8.06E-06 -3.55E-06 4.52E-06
Lead 4.80E-02 0 0 0
Iron 8.530E-03 5.37E-08 -2.17E-08 3.20E-08
Copper 2.80E-02 0 0 ]
Manganese 1.20E-02 1.86E-05 -B.43E-06 1.02E-05
Nickel 1.90E-02 0 0 0
Tin 3.70E-02 0 0 0
Zinc 5.00E-02 0 0 0

(1 PETwokaoo0: PErson equivalent based on target emissions in the year 2000,
PEwnkso: person equivalent based on emission levels in the year 1990.
{2} PRwoo: person-reserve, f.e., the fraction of known global reserves per person, in 1990
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Weighting:

Environmental impact calegories

Table 4.6
Weighting results for the packaging system with 150 cl disposable PET
bottles.

Weighting Packaging Effects on
factor system other

Environmental impacts

life cycles

[PETwok2000 [PETwokzomw]  {PETwpkzo0l [PETwpx2000]
/PEwpkso] (1)

Globat warming (GWP) i3 3.09E-02 -6.78E-03 2.41E-02
Photochemical ozone formation {POCP) 1.2 4.72E-02 -1.76E-02 297E-02
Acidification (AP} 1.3 2.37E-02 -5.53E-03 1.82E-02
Nutrient enrichment (INP) 1.2 6.04E-03 -1.27E-03 4.77E-03
Human toxicity, water (HTW) 3.1 2.05E-02 -2 98E-04 2.02E-02
Human toxicity, soil (HTS) 2.3 6.87E-02 -9.72E-06 6.87E-02
Ecotoxicity, aquatic, chronic (ETWC) 26 1.65E-02 4.92E-04 1.69E-02
Ecotoxicity, terrestrial, chronic (ET3C) 1.9 1.09 1.21E-02 1.16
Ecotoxicity, aquatic, acute (ETWA) 2.6 3.19E-03 -1.55E-04 5.04E-03
Human toxicity, air (HTA} 2.8 1.29E-(2 -2.75E-04 1.26E-02
Waste PELganfBuned  [PETwokzooo)  [PETwokzoo]  [PETwokao00]
Bulk waste {non-hazardous) | 1.62E-02 3.56E-03 1.98E-02
Hazardous waste 1.1 S5.71E-02 -3.71E-02 2.00E-02
Slag and ashes 1.1 5.22E-03 -2.46E-04 4.97E-03
Nuclear waste 1.1 6.60E-02 6.67E-03 7.27E-02
Resources [PRusoPEwrscl [PRwso] (2) {PRwgo] [PRwyol
0il 2.30E-02 1.68E-03 -6.73E-04 1.01E-03
Coal 5.80E-D3 1.99E-04 -6.56E-06 1.93E-04
Brown coal 2.60E-03 3.66E-06 -4,94E-07 3.16E-06
Natural gas 1.60E-02 0.94E-04 -4.61E-04 5.32E-04
Aluminium 5.10E-03 4.01E-06 -1.56E-06 2.46E-06
Lead : 4,80E-02 0 0 0
Iron 8.50E-03 4.39E-08 -1.63E-08 2.76E-08
Copper 2.80E-02 0 0 0
Manganese 1.20E-02 9.33E-06 -3.78E-06 5.35E-06
Nickel {.90E-02 0 0 0
Tin 3.70E-02 0 0 ]
Zinc 5.00E-02 0 0 0

(1) PETwnxawo: person equivalent based on target emissions in the year 2000,

PEwpkeo: person equivalent based on emission levels in the year 1990

(2) PRy person-reserve, i.e., the fraction of known global reserves per persen, in 1990.
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5 Interpretation

5.1 Dominance Analysis

The normalisation and weighting resuits indicate that the packaging systems
with disposable PET bottles contribute most to the following environmental
impacts (see Tables 4.3-4.6):

Ecotoxicity, terrestrial, chronic (ETSC)
Human toxicity, seil (HTS)
Photochemical ozone formation (POCP)
Global warming (GWP)

Acidification (AP)

However, the uncertainties in the normalisation and weighting results for
toxicity and ecotoxicity impacts are very large. There are large uncertainties
and possibly important data gaps in the inventory results regarding toxic
ernissions (see, e.g., sections 2.1 and 3.3 in Technical report 7). There are
large data gaps in the characterisation of toxicity and ecotoxicity impacts (see
section 5.3 below). Furthermore, there are large uncertainties in the reference
flows used in the normalisation of these impacts (see section 5.4.3).

Tt should also be noted that the fact that an environmental impact gets a high
score in the normalisation and weighting does not necessarily imply that the
impact is important. The normalisation and weighting results shows how
much the packaging system contributes to an environmental impact, compared
to current impact levels or targets levels. But the normalisation and weighting
do not take into account the fact that different target levels may not be equally
important.

The disposable PET bottle systems contribute fess than 100 mPET for all
waste categories. They contribute significantly (>1 mPR} to the depletion of
oil resources.

The processes contributing most 1o the environmental impacts of the 50 c]
disposable PET bottle system are identified in Table 5.1. This table also
presents processes or parts of the system investigated were the packaging
system results in significant environmental gains. Such gains can be caused
by. e.g.. the use of recycled material from the packaging system.

The results of a dominance analysis of the 150 cl bottle system would be
similar to the results presented in Table 5.1. The reason is that the structure
of the two systems is quite similar. The systems mainly differ with respect to
the mass flows, the washing and filling process and the distribution of
beverage. '



Table 5.1

The processes most important for the environmental impacts of the 50 ¢l
disposable PET botile system. The figures are given in % of the net total
potential environmental impact.

GWP POCP ¢ HTW HTS ETWC ETSC ETWA HTA
1. PET-resin production 54 156 82 79 13 14 24
3. Bottle production 45 41 27 44 19 46 11
Trp 19. Distribution of beverage 13 64 42 68 4%
44. PET-production (avoided) 22 70 36 =35 -10
61. Alternative energy production  -11 -10

PET-resin production

Battle production

Distribution of beverage

PET-production {avoided)

Alternative energy prod.

Resource demand

The largest contributions to POCP, AP, NP and GWP are caused by hydro
carbon emissions (POCP), emissions of SO; and NO, (AP}, NO, (NP) and
emissions of CO, (GWP) from the PET-resin production. The production of
PET-resin also contributes to HTA, ETWA and HTW mainly due to
emissions of NO, (HTA), strontium emissions to water (ETWA) and mercury
emissions to air (HTW). The Sr emissions are emitted at coal extraction and
at other processes associated with electricity production. The Hg ermissions
originate from combustion of coal, e.g., at electricity production.

The largest contribution to HTW is caused by mercury emissions to air from
the bottle production. The Hg emissions originate from combustion of coal,
e.g., at electricity production. The bottle production also contributes to GWP.
AP, NP, ETWC and HTA mainly due to the emissions of CO; (GWP), SO,
(AP), NO, (NP), strontium emissions to water (ETWC) and emissions of NO,
and SO, (HTA). The Sr emissions are emitted at coal extraction and at other
processes associated with electricity production.

The largest contributions to ETSC, HTS. HTA and ETWC are caused by the
distribution of beverage. The main contributing parameter is emissions of
NMVOC from diesel engines. The distribution of beverage also contributes to
NP due to emissions of NO,.

The avoided PET-production mainly contributes to avoided impacts for
POCP, AP. NP and GWP due to avoided emissions of hydro carbons
(POCP), SO. (AP), NO, (NP), CO, (GWP) and NO, (HTA).

The altenative energy production in the waste incineration contributes to
avoided impacts for GWP and HTS because of avoided emissions to air of
CO, (GWP) and benzene (HTS).

The oil is mainy used in the production of PET-resin. Half of it is crude oil
used for fuels. The other half is crude oil used as feedstock.
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5.2 Sensitivity Analysis

5.2.1 Non-elementary inflows

Non-elementary inflows are auxiliary materials and other material flows that
are not traced back all the way to the boundary between technosphere and
nature. Many non-elementary inflows are documented in this LCA (see
Tables 3.3 and 3.6) but they are all relatively small. The total arount of non-
elementary inflows to the 50 ¢l systern is 3.4 kg per 1000 litres (the inflows to
the 150 cl system are 2.1 kg). This corresponds to approx. 3 % of the weight
of the total packaging. The largest non-elementary inflows are:

Bark {corrugated board, cardboard, paper and planks), 0.7 kg/1000 1.
Fillers (paper), 0.4 kg/1000 1.

Calcium hydroxide (Ca(OH),) (waste incineration), 0.4 kg/1000 1.
Peat (corrugated board, cardboard, paper), 0.4 kg/1000 1.

s & & &

The effect of the production of these materials on total LCA results is likely
to be small since the flows are small. The largest inflows are not associated
with serious environmental impacts.

5.2.2 Non-elementary outflows

Non-elementary outflows are waste and co-products that are not traced all the
way to the boundary between technosphere and nawre. The non-elementary
outflows are documented in Tables 3.3 and 3.6. The effects of the co-products
depend on for what purpose the co-products are used, and what, if anything,
they can replace. However, we estimate the effects to be relatively minor since
these outflows are all small. The total amount of non-elementary co-product
outflows from the 50 ¢l system is 0.4 kg per 1000 litres (the outflows from
the 150 cl system are smaller). This corresponds to approx. 0.3 % of the
weight of the total packaging.

The total non-elementary waste flows from the 50 cl system amount to 22 kg,
However, most of this waste is bulk waste. The energy demanded for
management of bulk waste is small (Tillman ez al. 1992}. We also estimate
most of this waste to cause little environmental impacts in the landfill because
it 15 relatively inert,

The amount of hazardous waste from the 50 cl system is 0.7 kg. It mainly
consists of polymer waste from PET recycling and unspecified hazardous
waste from the production of natural gas and electricity. The environmental
impacts of the management of this waste are unknown, i.e.. no information
has been available within the project.

5.2.3 Excluded unit processes
As stated above {section 2.1), production of materials for secondary
packagings (boxes, trays, multipacks and foil), transport packaging (pallets



Multi-pack production

Pallet production

Plastic ligature production

Cap inserts

Retailer

Consumer transports

and plastic ligature) and cap inserts is included in the LCA, but the actual
packaging production - conversion, nailing eic. - is not included. The retailer
is not included as well.

Production of multipacks, boxes and trays includes cutting and folding. We
estimate the environmental impacts of these processes to be negligible.
Printing may also be included. We estimate the energy related environmental
impacts of print production and printing processes to be smail. However, the
toxicity impacts and the depletion of scarce resources are unknown.

Since 95% of the pallets are rensed, the demand for new pallets is only 0.10
pieces per 1000 litres (for the 50 c! system). The energy demand for pallet
production has been given as 7 kWh electricity and 0.3 kg oil per 25 kg pallet
(IDEMAT database 1995 referred to by RDC 1997). This means the energy
demand for pallet production is well below 1% of total energy demand in the
packaging system.

Pallet production also causes emissions of approximately 130 g sawdust per
1000 litres (IDEMAT 1995 via RDC 1997). This is the same order of
magnitude as the emissions of particulates from the packaging system. but the
sawdust is estimated to be much less environmentally hazardous.

The amount of plastic ligature corresponds to 0.03 % of the weight of the
total packaging. The production of plastc ligature could therefore be
considered as negligible.

The amount of cap inserts corresponds to 0.3 % of the weight of the total
packaging. The production of cap inserts could therefore be considered as
negligible.

In the base case the retailer was excluded. A sensitivity calculation for the
refillable bottle system showed that the environmental impact was increased
by about | % when including these data. For disposable botties, who require
less energy at the retailer, this data gap is negligible.

Transports between retailer and the residence of the consumer are also
excluded from the analysis. The effect of the beverage packaging on the fuel
demand for this transport is estimated to be 8 MJ per 1000 litres or less (see
Technical report 7). This is less than | % of the total energy demand of the
packaging system.



5.2.4 Other factors

Table 5.2
Results of sensitiviry analyses.

Parameters Base casc Bottie weight 100 % virgin  Distribution Electricity, Flectricity,
(+ 20 %) PET & PP in (kight truck) fragmeated  European base-

recycling markets load average

[/ 1000 1 heverapel  [% of base case] [% of base case| [S of base cuse] [% of huse case] 1% of base cuse]

CO, 2,55E+05 119 80 107 101 91
S0, 1,89E+03 118 66 101 99 111
NO, 1,42E+03 116 65 109 100 96
VOC, total 1,.90E+03 119 35 104 99 a0
Bottle weight The bottie weight is 28 g in the base case. This could be compared (o 25 g in

the previous study. A sensitivity scenario corresponding to an increase of the
bottie weight by 20 % (34 g) was performed. The results for some of the
important inventory parameters are shown in table 5.2. The bottle weight
appears to be of minor importance especially since the bottle weight increase
of 20 % is excessive.

Allocarion methods In the recycling of discarded PET bottles and PP caps it is assumed that S0 ‘.
of the PET and PP replaces virgin raw materials and that 50 % replaces
recycled material from other products. A sensitivity scenario was calculacd.
in which the recycled PET bottles and PP caps were assumed to replace [k}
% virgin material. The results indicate that this assumption is important for
the LCA results. The most important difference between the sensitivity
scenario and the base case scenario is that avoided PET production is
doubled. This is particularly important for POCP, AP, NP and GWP as
indicated by the dominance analysis above (see Table 5.1).

Use of recycled PET If recycled PET is used in the production of PET botties, the increased
demand for recycied PET would affect other systems. The effect on other
systems depends on what is the alternative fate of the recycled material: waste
disposal or recycling into other products (see Main report, section 262). To
be consistent with the base case assumption that recycled PET from the
packaging systems replaces 50% virgin raw materials and 50% recycled
materials from other systems, we here assume that the alternative fate of the
recycled PET is 30% waste disposal and 50% recycling into other products.

The use of | ton recycled material in PET bottles would reduce the primary
PET production in the packaging system by nearly | ton. However, under the
50750 assumption discussed above, the primary PET production in other
systems would be increased by approximately (.5 ton. The net effect is that
primary production is reduced by approximately 0.5 ton. As indicated by the
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Inventory
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dominance analysis, this would have a significant effect on the POCP, AP,
NP and GWP results.

A sensitivity analysis regarding the distribution of beverage was performed.
Using data for light truck does not affect the results (Table 5.2). This has
minor effects on the LCA results.

The electricity data used in the base case are coal marginal. Two sensitivity
analyses were performed for electricity production (long term base load at
fragmented markets and European base load average). It is clear from the
results (Table 5.2) that the assumption regarding the electricity production is
of minor importance.

5.3  Assessment of data gaps

The data used for bottle production are aggregated and include both preform
and bottle production. There are no information available concerning the
share of material scrap lost in the process. This material waste is very small
according to some bottle producers (PETCORE and Constar 1997} and the
material is recycled for production of PET film and similar products.

There are no data available concerning water emissions from the washing and
filling process.

For the grinding of crates to granulate and for the production of new crates, -
there are no information available concemning the share of material lost in
these processes.

The production of PET flakes (between bottle bailing and PET recycling) is
not included. The recycling data is valid for production of PET-resin from 75
% of virgin PET and 25 % of clean PET-flakes from recycled PET-bottles. In
this case the raw material is only recycled PET-bottles. but these data are
assumed to be a good approximation. Furthermore, there are no information
available concemning the share of material lost in the process.

There are no known data gaps in the characterisation of global warming,
photochemical ozone formation, acidification and nutnification. However, it
should be noted that emissions measured as BOD or COD are not considered
in the characterisation. These emissions have oxygen depleting impacts
similar to those of nutrifying chemicals, but they do not contribute
significantly to nutrification or any other environmental impact considered in
this study.

There are large data gaps in the characterisation of most toxicity impacts
since a large share of the hydrocarbon and NMVOC emissions have an
unspecified composition. The characterisation indicates that hydrocarbons
and NMVOCs are important for human toxicity in air and soil, and for
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chronic terrestrial and aquatic ecotoxicity. No characterisation factors were
available for the unspecified emissions.

Reference values for the normalisation are available for all environmental
impact categories covered by this LCA. Reference values are missing for the
depletion of some of the resources, e.g., dolomite, feldspar and uranmum. We
estimate the effects of these data gaps on the conclusions of the LCA 1o be
small. The demand for uranium is small in this LCA, since the nuclear share
of electricity production is small. It should really be zero. The reason why any
uranium demand is reported in the LCA is that we have not used marginal
data for electricity that is used in production of plastics and fuel.

The data gaps in the weighting are similar to those in the normalisation.

5.4 Assessment of data quality

5.4.1 Overview

In order to assess the environmental consequences of choosing a packaging
system with PET bottles, we should ideally have used data representing the
specific processes and transports actually affected by such a choice. As stated!
in the main report (section 2.9), the ideal data should be recent and relevan'
for actual or potential Danish packaging systems. They should reflect the
technologies actually affected by a change in the packaging systems. For
many processes, this is the long-term marginal technology.

In practice, we used specific data for the distribution of the beverage. We
explicitly used long-term marginal data for electricity production and for
waste management. Marginal thinking was also applied to the transports
between retailer and consumer residence, and to the refrigeration of the
beverage container. For most other processes and transports, marginal datu
were not available and average or site specific data were used instead. This
reduces the quality of these data with respect to the goal of this study.

5.4.2  Specific processes

The data quality of the most important processes is summarised in Table 5.3.
The uncertainty, completeness and representativity of the data are considered.
The data uncertainty includes uncertainties in measurements, calculations and
estimations. The uncertainty is estimated to be small, medium or large
compared to what is common in LCAs.

The assessment of data completeness includes considerations of how large
share of the relevant industries etc. that are presented in the data. It also
includes considerations of whether the data reflects yearly averages or single
measurements. The completeness is estimated to be good. fatr or poor
compared to what is common in LCAs.



The representativity reflects an assessment of how well the data set represents
the industries etc. that are really relevant for the study. The representativity
assessment also includes considerations of the time-related, geographical and
technological representativity of the data. The completeness is estimated to be
good, fair or poor compared to what is common in LCAs.



Table 5.3
Assessment of the data qualiry for the most important processes.

1. PET-resin production

3. Botile production

Trp 19. Distribution of beverage
44, PET-production {avoided)

61. Alternative energy production

Uncertainty Completeness Representativity
Small Good Fair
Small Good Fair
Medium Good Gowd
Small Good Fair
Medium Good Poor

PET-resin production etc.

Distribution of beverage

Alternative energy prod.

64

For the production of PET-resin (and avoided PET preduction) and bottles,
we used APME data. They represent a large share of the PET producers.
These data are assessed to have small uncertainty and good completeness
because they represent European averages. As indicated above, the most
relevant data reflect marginal technology. Since the APME data represent
average technology, the representativity is only fair.

. Data on distribution represent the transport activities affected by a choice of
packaging system. We used data on actual transport distances and truck sizes
{Jacobsen 1997). The fuel demand is based on data on the relevant vehicles
from Volvo (Rydberg 1997). Most of the emissions are calculated using
standardised emission factors from CORINAIR (1996). Hence, there is a
significant uncertainty in the emissions. For further details, see Technical
report 7.

The district heat produced in waste incineration replaces average Danish
household boilers based on oil and natural gas (see Technical report 7, section
4.7). The representativity is poor because the data used in this study are based
on larger boilers based on oil and natural gas.



Characterisation

Normalisation

Weighting

Transport of PP caps

5.4.3 Impact assessment

The characterisation models the potential environmental impacts of the
packaging systems. As such, we estimate the characterisation factors to be
fairly accurate. Most of them rely on chemical reactions. For this reason, the
relations between the amount of chemical substances emitted and the potential
environmental impacts are fairly certain. An exception is the characterisation
of photochemical ozone formation caused by unspecified VOC and
hydrocarbon emissions. Here, we estimate the uncertainty to be approximately
50%.

It should be noted that the actual environmental impacts of the packaging
systems can be quite different from the potential impacts. It is not certain that
the substances emitted will actually react according to the chemical reactions
in the characterisation models. This depends, e.g., on the place and time
duration of the emission.

The normalisation references are based on statistics. The uncertainties are
sometimes very large. We estimate the uncertainties in the normalisation
references to be a factor 2-4 for toxicity and 10-25% for other environmental
impacts. Large errors in the normalisation references are important for the
normalisation and weighting resuits of the individual packaging systems.
However, the comparisons between systems are not affected, because the
same normalisation references are applied to each individual system.

Weighting factors should in principle not have any uncertainty as they express
political goals.

5.5 Known errors

The transport of PP caps to recycling (Trp 24) has been excluded by accident
for the two disposable bottle systems. This transport contributes less than

0.01 % to the total diesel consumption for the 50 ¢l system and will therefore
not affect the LCA results. The contribution for the 150 ¢l system is even less.
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Detailed process trees

Input data

Annex A

Annex A:

Description of the input data in
annex A and B

The detailed process tree of the two systems are presented in figure A.1 in
annex A. The systems (50 ¢l and 150 ¢l) are identical, which is why there
is no process tree in annex B.

In some cases the boxes with dotted lines represent processes for which we
have no data. However, in many cases these boxes do not represent any
processes. These are only modules used to facilitate the calculations.

Transports are represented by an arrow containing an oval and “Trp X™.

The input data of the life cycle systems are presented in printouts from the
LCA software LCA inventory Tool (LCAIT).

Annex A contains the input data for the 50 cl system. Annex B, which
contains the input data for the 150 cl system, has been reduced to contain
only data that is not identical to the 50 cl system.

The data presentation is explained in the beginning of the annex A
printout.

The processes and transports have the same number in the process tree as
in the data printout.
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Process tree for the 30 and 150 ¢l disposable PET bottle system.
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File: 50CL-DLLCA  Printed: Thu 98-05-28 16:41

Energy carner:

All energy demand presented under the heading "Energy carrier” describes energy at final nse in the processes and transports of the system. Most
of these parameters are internal parameters, i.e. they describe flows that do not cross the boundary of the system investigated. They make it
possible to calculated, e.g., how much electricity is used in the system.

Parameter names:

Some parameters appear in both of the twe categories air- and water emissions. To be able 1o separate these parameters in the inventory profile,
the emissions to water have been given the name: parameter {ag) e.g. Cu (aq). Resources have in the same way been called resource (1) e.g. crude
oil (r). Non-elementary inflows and outflows have been given the name parameter (in} and {out) respectively.

Calculation procedures - process cards:

The data are entered in most process cards as g or MJ per kg total outflow from the process card. In some cases, the data are entered as g or M)
per kg of total inflow to the process card. Whether the data refer 10 the outflow or inflow is stated immediately below the data. The magnitude of
the total outflow (or inflow) is also stated here. The magnitude of the flows have been calculated by the software when the system was solved.

In some processes, data on emissions eic. from the combusticn of a fuel are missing. When the sysiem is solved, estimates for the combustion
emissions per kg outflow (inflow) from the process card are calculated through muliiptying the fuel demand entered under the heading "Energy
carrier” with emission factors for final use in our energy database {see Technical report 7). This calculation is reporied through the use of the
letters FU under the heading "E Factor”. In many cases, the data entered in the process card de not include emissions etc. from the production of
fuels and electricity used in the process. These emissions are calculated through muitiplying the fuel and electricity demand with the
comresponding emission factors for extraction etc. in the energy database (see Technical report 7). This calculation is reported through the use of
the letters "Ex” under the heading "Energy carriers”.

When the system is solved, the environmental inputs and outputs of the whole system are calculated. For each process, the data estimated
through the use of emission factors are added to the data entered under the heading “Emissions, waste and resources”. The totals are multiplied
by the total outflow (or inflow, when applicablie) 1o obtain the total resource dermand, emissions etc. of the process.

Calculation procedures - transport cards:

Data on transport modes and distances are entered in the transport cards. When the system is solved, the distances are multiplied by the output
flow from the transport card to obtain the transport volume measured as kg-km per functional unit. For each transport mode, this volume is
multiplied by the fuel demand factors in our transport database {see Technical report 7). The emissions and resource demand are calculated
through multiplying the fuel demand by the emission factors for fuel production and final use in the energy database.

Process Card: 1. PET-resin

Outflows Percent Massflow [kg]

PET-resin 55.936

Emissions, waste and resources [g] Reference
Particulates 3800 Alr
Co2 2.33e+003

CO 18.000

502 25.000

NOx 20.200

HCI G110

HC 40.00¢

Metals 1.00e-002

Organics 9.400

COD (aq) 3.300 Water
BOD {aq) 1.000

Na+ (ag) 1.500

Acid as H+ {aq) 0.180

Metals (aq) 0.120

Cl- {aq} 0.710

Dissolved organics (aqg) 13.000

Suspended solids {aq) 0.600

Detergent/oil (aq} 2.00e-002

HC (aq) 400

Dissolved sohids taq) 0.580

Phosphate (as P205) (aq) 1.00e-002

Onher nitrogen (aq) 1.00¢-003

SO42- (ag) 4.00e-002

Waste, mineral 30.000 Waste
Waste. ashes 9.600

Waste, mixed indusirial 3.500

Waste, regulated chemicals 0.130

Waste. inent chemicals 1.900

Bauxite tr} 0.310 Resource
NaCl (1) 4.900

Clay () 1.00e-003

Ferromanganese (r) 1.00e-003

Iron ore (1} 0.550

Limestone (1} 0.270

Manganese (1) 5.00e-002

Metallurgical coal (r} 0.230

--- To be continued ---
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File: S0CL-DI.LCA Printed: Thu 98-05-28 16:4]

Sand (r) 2.00e-002

Water (1) 1.75e+004

Phosphate rock (r) 3.00e-002

Crude oil (r) 376.100 {2} Fuel resource
Natural gas {r) 307.900 {2} Fuel resource

Coal (1} 138.900 (2) Fuel resource
Crude oil, feedstock (r) 777.500 {2) Feedstock resource
Natural gas, feedstock (r} 233.500 {2) Feedstock resource
Coal, feedsiock (1) 0.356 (2) Feedstock resource
Energy carrier (M) E Factor Reference

Oil 16.060 None {3) Fuel

Natural gas 16.660 None (3} Fuel

Coal 3890 None {3} Fuel

Qil, feedsiock 33.180 None {3} Feedstock

Natural gas, feedstock ’ 12.630 None (3) Feedstock

Coal, feedstock 1.00e-002 None {3) Feedstock
Electricity, coal marginal 0.727 Ex 4)

The sum of output flow(s) (55.936 kg) is used 1o calculate emissions and energies

Notes
Production of 1 kg of bottie grade polyethylene terephthalate (PET) from virgin feedstock (ethylene and para-xylene) {1). The data includes al!
process steps from extraction of feedstock resources (crude oil and natural gas) to solid state polymerisation.

General comments concemning the APME Eco-profiles report series:

- In the repon, the results for the cradle to gate life cycle are aggregated. This means that emissions from combustion of fuels and from the
production of electricity are already inciuded in the process emissions and that resources from the production of electricity are included tr the
energy demand (fuels). The fuel "other” (in the APME-report) mainly consists of oil and gas and has therefore been added to the value 1+ -

References and comments:

(1) Bousiead, lan, Eco-profiles of the European plastics industry, Report 8: Polyethylene erephtalate (PET), A report for APME™s Teor w o
Environmental Centre, Brussels, April 1995, table 1, page 6.

(2) The fuels and feedstocks in the Eco-profile report correspond to primary resources (MJ). The MI-figure has been converted o g »

higher heat value (6).

(3) The original figure is an internal parameter because the environmental load associated with the production and combustion 1s in.
emissions and Tesource consumption above. Therefore it would not be correct to use the emission factors from the dalabase.

{4) The hydro power and nuclear power inputs have been replaced by electricity from coal condensing plants, in accordance with -

marginal assumption (see the main report). The efficiencies used for electricity production are 0.80 for hydro power and 0.35 for .. .
{5) Boustead, lan,'Eco-balance methodology for commodity plastics, PWMI/APME, Brussels, 1992.

{6) The Eco-prafile repons have been carried out by Boustead Consulting {lan Boustead). The heat values used in these studies wers
William Dove, Bousiead Consuliing, UK.

- Oil: 42.7 MI/kg.

- Natural gas: 54.1 MJ/kg.

- Coal: 28 MIfkg.

Transpert Card: Tp 1
Inflows Percent Massflow [kg|
PET-resin 55836
Outflows
55.936
Modes of conveyance [km] Reference
Truck, heavy (highway, 70%) 300.000

The sum of cutput flow(s) {55.936 kg) is used to calculate emissions and energies

Notes
The transport of PET-resin 10 preform production has been estimated.

Both PET-resin and preforms are assumed to be produced in central Europe. A transport distance of 300 km has been assumed 10 be representative.

Process Card: 2. Preform production

Inflows Percent Massflow [kg]

PET-resin 55.936

Outflows

Preforms 55936

Energy carrier MO E Factor Reference

The sum of oulput flow(s} {55.936 kg} is used to calculate emissions and energies

Notes
The production of preforms is included in the production of bottles. There are no information available concerning the share of malerial scrap
lost in the process. Therefore the inflow is identical 1o the outflow.

Transport Card: Trp 2
--- To be continued ---
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File: S0CL-DL.LCA  Printed: Thu 98-05-28 16:41

Inflows Percent Massflow [kg]
Preforms 55938
Outflows
55.936
Modes of conveyance [km] Reference
Truck, heavy (highway, 70%) 800.000

The sum of output flow(s) (55.936 kg) is used to calculate emissions and energies

Notes
The transpont of preforms to bottle production has been estimated.

The preforms ar¢ assumed to be produced in central Europe and the bottles are assumed to be produced in Denmark. A transport distance of 800
km has been assumed to be representative.

Process Card: 3. Boutle production

Inflows Percent Massflow [kg]

Preforms 55936

QOutflows

Bottles 35.936

Emissions, waste and resources [g] Reference
Water (1) : 1.75e+004 Resource

Coal (1) 0.485 {2) Fuel resource
Crude oil {r) 5.33e-002 (2) Fuel resource
Natural gas (r) 1.41e-002 {2) Fuel resource
Waste, mineral 92.000 - Waste

Waste, slags & ashes 28.100

Waste, mixed industrial _ 0.200

Dust . 6.400 Air

cO 0.980

Cco2 1.60e+003

502 17.000

NOx 5.400

HCI 0.270

HF 1.00e-002

HC - 1.300

COD (ag) 3.00e-003 Water

BOD (ag) 2.00e-003

Suspended solids {aq} 0.150

Energy carrier {MI] E Factor Reference

Hard coal 13.571 None {3} Fuel

Qil 2.277 None (3} Fuel

Natural gas 0.763 None {3) Fuel
Electricity, coal marginal 2410 FU/Ex &)

The sum of output flow(s) (55.936 kg) is used 10 calculate emissions and energies

Notes
Production of 1 kg of PET bottles from PET-resin (production of polymer not included) (1).

General comments conceming the APME Eco-profiles report series:

- In the report, the results for the cradie to gate life cycle are aggregated. This means that emissions from combustion of fuels and from the
production of electricity are already included in the process emissions and that resources from the production of electricity are included in the
energy demand (fuels).

- Neither the size of the bottles nor the tvpe of bottles (refillable/disposabie) are specified in the report.

- There are no information available concerning the share of material scrap lost in the process. Therefore the inflow is identical 10 the outflow.

Other references and comments:

(1) Boustead, 1., Eco-profiles of the European plastics industry. Report 10: Polymer Conversion, A report for the Technical and Environmental
Centre of the Plastics Manufacturers in Europe t APME) in collaboration with EuPC (European Plastics Converiers) and supported by
EUROMAP (European Commitee of Machinery Manufacturers for the Plastics and Rubber Industries). Brussels. May 1997, table 27, page 22,
(2) The fuels and feedstocks in the Eco-profile report correspond (o primary resources (MJ). The MI-figure has been converted to g by using the
higher heat value (6).

(3} The original figure is an internal parameter because the environmental load associated with the production and combustion is included in the
emissions and resource consumption above. Therefore it would not be correct to use the emission factors from the database.

{4) The hydro power and nuclcar power inputs have been replaced by electricity from coal condensing plants. in accordance with the long-erm
marginal assurnplion {see the main report). The efficiencies used for electricity production are 0.80 for hydro power and (.35 Tor nuclear power (5.
{5) Boustead, lan, Eco-balance methodology for commodity plastics, PWMI/APME. Brussels, 1992.

(6} The Eco-profile reports have been carried out by Boustead Consulting (fan Bousiead). The heat values used in these studies were provided by
William Dove. Boustead Consulting. UK.

=01l 42.7 MI/kg.

- Natural gas: 54.1 MJ/kg.

--- To be continued ---
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Annex A

- Coal: 28 M)ikg.

Transport Card:

Inflows
Bottles

Trp 3

Outflows

Maodes of conveyance
Truck, heavy {highway, 70%)

Percent

{km]
100.000

Massflow [kg]
55936

55.936

Reference

The sum of autput flow{s) (55.936 kg) is used to calculate emissions and energies

Notes

The transport of bottles to the soft-drink producer has been estimated.

The bottles are assumed to be produced in Denmark relatively close 1o the soft-drink producer. A transport distance of 100 km has been assumed

to be representative.

Proceys Card:

Inflows
Bottles

Outflows
Bottle+beverage

4. Washing & filling

Emissions, waste and resources
Water {r}

Energy carrier
Electricity, coal marginal
Natural gas (>100 kW)

Percent

(g
5.00¢+003

(M)
0.643
1.286

Massflow [kg)
55936
1.05e+003
Reference
Resource
E Factor Reference
Ex
FU/Ex

The sum of input flow(s) (55.936 kg} is used to calculate emissions and energies

Mass change factor 18.857

Notes

Washing and filling of 50 ¢l disposable PET bottles for soft drinks at the soft-drink producer (1).

The fuel used and the furnace size is unknown. Natural gas and a furnace size larger than 100 kW has been assumned.

Material balance per bottle:

- Inflow: bottles = 28 g (2).

- Quiflow: bottle + beverage = 28 + 500 = 528 g (3).
- Mass change factor {out/in) = ... = 18.857.

Data gaps:

Pasteurisation of soft drinks is associated with the beverage. Thus energy use associaled with the pasteurisation procedure is not included. The
production of sodium hydrexide (NaOH) has not been included and is therefore accounted for as a non-elementary inflow. Cleaning agents
(except NaQH} are used in quite small amounts and have not been accounted for. Aquatic ermissions of e.g. COD, BOD. N and P are subjects to
efficient cleaning procedures in municipal waste water treaiment plants and emissions 10 the environmenl are assumed ta be minimal and thus

negligible. Energy use at the waste water treatment plant

is estimated to be only a few percent of the total encrgy use for tapping. The tate of

organi¢ cleaning agents in municipal waste walter treatment plants as well as their eventual impact in the environment have not been guantified

due to lack of data. and potential environmental impacts are unknown.

References and comments:

(1) The soft-drink producer {confidential). Data were collected by Per Nielsen. IPU and entered by Lisa Person, CIT.
{2) The information about the bottle weights were provided by Constar lnteenational, UK. Tom Chilton. The weight used in the previous study
was 25 g. The weight used above has been estimated by Vince Matthews. PETCORE, UK. 10 be an representative average for Europe.

{3) The amount of beverage is 50 cl. which corresponds to (.500 kg.

Process Card: 5. Packaging

Inflows

Labels

Caps+inserts
Botile+beverage
Secondary packaging
Relurn {pallels)
Transport packaging
Glue

Outflows
Wood incineration
Beverage distribu.

Energy carrier

Percent
Q.107 %
{392 %
1193 %

0.207 %
3.60e-002 %

0.204 %

[MJI]

Massflow [kgl
1.201

4.399
1.05e+003
13,389
45786

2.289
1.12e+003

E Factor Reference

The sum of output flow(s) {1.12e+003 kg) is used 1o calculate emissions and energies

--- To be continued ---
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Notes

Packaging of the beverage bottles at the soft-drink producer. The environmental load associaied with the packaging equipment etc. has nol been inclu

Material balance per bottie (1):

# Inflows:

- Bottle+beverage: 528 g.

- Caps and inserts: 2.2 g.

- Secondary packaging: 6.7 g (2).

- Labels: 0.6 g.

- Glue (for labels): 0.2 g.

- Transport packaging: Pallets + Plastic ligature = 1,16 g (4).

- Return of ather packaging: Pallets (distribution flow) = ... = 22.92 g (3) (6).
- Total inflow = ... = 561.778 g.

# Outflows:

- Pallets (wood) to incineration (identical 1o the inflow of pallets. see referenced and 5) = ... = 1.146 g.

- Distribution: of beverage; (Botile+beverage) + (Cap+insert) + Label + Glue + Secondary packaging + Pallets (distribution flow) + Plastic
ligature = ... = 560.63 g.

- Total outflow = ... = 561.778 g.

# Mass change factor (out/in) = ... = 1.000.

References and comments:

(1) The information about the weights, recycling rates, market shares etc. for the different packagings were collected by Per Nielsen. IPL,
provided by Bryggerifareningen via Logisys (Jan Jacobsen) and entered by Lisa Person, CIT.

{2) Secondary packaging consists of: Corrugated board (boxes + trays} + Foil + Multipack (CB) + Multipack (LDPE) = [Average weight 1 33 ol
boxes+trays/Number of bottles] + [Weight of foil/Number of bottles x Market share] + {Weight of Multipack (CBYNumber of bottles x Market
share] + [Weight of Multipack {LDPE)/Number of bottles x Market share] = [147.6/24] + [20/24x0.33] + [18/6x0.05) + [15/6x0.08] = 6 7 g ¢+ ¥
(3) The weight of the tray is 200 g, market share 50 %. The weight of the box is 280 g, market share 17 %. The average based on the werghts and
market shares = 0.50*200 + 0.17*280 = 147.6 g. Bath trays and boxes are holding 24 hottles,

{4) Pallets + Plasiic ligature = [Weight of pallet/Number of bottles x Market share x (1-Recycling rate)] + [Amount of plastic ligature per
pallet/Number of bottles x Market share] = [22000/960x1x0.05] + [20/960x1} = 1.146 + 0.0156 = 1.16 g.

(5) The reuse rate were provided by reference 1. As much as 95 % of the pallets is reused, which means thai only 5 % of new pallets 1~ tabernte
10 the system.

(6) The distribution flow corresponds to the rea) material flow in the distribution system = [Weight of pallets/Number of boltles x Marne stare]
= [22000/960x1] = 2292 g.

Process Card: 6. Caps+inserts

Inflows Percent Massflow [kg]

PP 3.999

Inserts 9.0%91 % 0.400

Outflows

Caps+inserts 4.399

Emissions, waste and resources [al Reference

Pigment {in) 3.450 Non-elementary inflow
Waste, PP 41.800 Incinerated

Waste, pigment 9.70e-003 Unspecified, no heavy metals
Energy carrier [MJ1] E Factor Relerence

Electricity, coal marginal 6.180 Ex

The sum of input flow(s) (4.399 kg} is used to calculale emissions and energies

Notes
Production of | kg of PP caps, nol including the production of PP.

Data are the same as those vsed in the study from 1995 (1), according to the producer of PP-caps. Larsen & Becker. The dala in reference | is
given per kg of PP-caps tnot per kg caps+inserts) and these figures have been recaiculaled using the following facior: weight of cap/weight of
cap+insert = 2.0/2.0 + 0.2} = 0.909 kg PP-caps/kg total outfiow.

Material balance per bottle (2):
# Inflows:

- Caps: 2.0 g

- Insert: 0.2 g.

# Outflow: Caps+insens: 2.2 g.

# Mass change factor (outhn) = ... = 1.000.

References:

(1) Pommer K., Subr Wesnas M.. Madsen C. (1995): Miljomassig kortizgning af emballager til ol og laeskedrikke. Delrapport 5:
Genpafyldelige PET-flasker. Miljp- og Energiministerict Miljostyrelsen. page 38.

(2) The information about the weights, recycling rates, market shares etc. for the different packagings were coliected by Per Niclsen. [PU.

--- To be continued ---
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provided by Bryggerifareningen via Logisys (Jan Jacobsen) and entered by Lisa Person, CIT.

Transport Card: Trp4
Inflows Percent Massflow [kg]
Caps+inserts 4.399
Outfows
4.399
Modes of conveyance ) [km] Reference
Truck, medium (rural, 40%) 160.000

The sum of owput flow(s} (4.399 kg) is used to calculate emissions and energies

Notes
The wransport of caps and inserts to the sofi-drink producer has been estimated.

The caps are assumed to be produced in Denmark relatively close 1o the sofi-drink producer. A transport distance of 104 km has been assumed to
be representative.

Process Card: 7. PP-production

Outflows Percent Massflow [kg]

pp 3.999

Emissions, waste and resources (8] Reference
Particulates 2.000 Air

COo2 1.10e+003

co 0.700

502 11.000

H2S 1.00e-002

NOx 10.000

HCl 4.00¢e-002

HF : 1.00¢-003

HC 13.000

Metals 5.00e-003

COD (aqg) 0.400 Water

BOD (aq) 6.00e-002

Acid as H+ {aq) 9.00e-002

Nitrates (ag) : 2.00e-002

Metais (aq) 0.300

NH4+ (aq) 1.00e-002

Cl- (aqg) 0.800

Dissolved organics {aq} 3.00¢-002

Suspended solids (aq) 0.200

Gil (aq) 4.00e-002

HC (aq) 0.300

Dissolved solids (aq) 0.200

Phosphate (aq) 2.00e-002

Other nitrogen {aq) 1.00e-002

Other organics (ag}) 0.250%

Wasle. industrial 4.000 Waste

Waste, mineral 14.000

Waste, ashes 5.000

Waste, toxic chemicals 3.00e-002

Waste, non toxic chemicals 8.000

fron ore {r) 0.300 Resource
Limestone (r) 0.200

Water (r) 3.10e+003

Bauxite (1) 0.400

NaCl {r) 5.000

Clay (n) 3.00e-002

Crude oil {r) 136,100 (1) Fuel resource
Natural gas (r) 167470 { 1) Fuel resoutce
Coal (1) 59.290 { 1) Fuel resource
Crude oil, feedstock {r) 1.15e+003 {1} Feedstock resource
Natural gas. feedstock (1) 234.000 {1) Feedsiock resource
Coal. feedstock (1) 0.357 _ {1) Feedstock resource
Hydropower [MJel] {1 0.810 {2) Electricity resource
Uiranium (as pure U} (r) 7.58¢-003 {3) Electricity resource
Waste, highly radioactive 2.10e-002 (4) Waste
Energy carrier {MJ] E Factor Reference

Gil 5.940 Nong {5) Fuel

Natural gas 9.060 None {5) Fuel

Coal 1.660 None (%) Fuel

Qil, feedstock 48.900 None (5} Feedstock

--- To be continued ---
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Natural gas, feedstock 12.660 None {53) Feedstock
Coal, teedstock 1.00e-002 None {5) Feedstock
Electricity 2.370 None (%)
Hydro power [Mlel] 1.000 None (8)
Hydro power [Mlel] 0.810 None (7

The sum of output flow(s) {3.999 kg) is used to calculate emissions and energies

Notes
Production of 1 kg of polypropene (PP) from virgin feedstock {propylene). The daia includes all process steps from extraction of feedsiock
resources (crude oil and natural gas) to polymerisation.

General comments concerning the APME Eco-profile report series:

- In the APME-reports, the results for the cradle 10 gate life cycle are aggregated. This means that emissions from combustion of fuels and from
the production of electricity are already included in the process emissions and that resources from the production of electricity are included in the
energy demand {fuels). The fuel "other” (in the APME-report} mainty consists of ofl and gas and has therefore been added 1o the value for oil,

Main reference: Boustead, Ian, Eco-profiles of the European plastics industry, Report 3: Polyethylene and Polypropylene. A report for The
European Centre for Plastics in the Enviconment (PWMI/APME). Brussels, May 1993, table 26, page 17.

Other references and comments:
{1} The fuels and feedstocks in the Eco-profile report correspond to primary resources (MJ). The MJ-figure has been converted to g by using the
higher heat value (9).

(2} Hydro power has been accounted for as a resource in MJ electricity. Since LCAIT does not handle other units than g, the MJel is put in the name.

{3) The consumption of uranium has been cajculated based on the original figure for nuclear power given as MJ electricity. 1 MJ of electricity
from nuclear power corresponds to 0.00758 g of uranium (as pure U) (1)

{4} The generation of radioactive wasle has been calculated based on the original figure for nuclear power given as MJ electricity. 1 MJ of
electricity from nuclear power corresponds to (.021 g of highly radioactive waste (10).

{5) The original figure is an internai parameter because the environmenta! load associated with the production and combustion is included in the
emissions and resource consumption above. Therefore it would not be correct to use the emission factors from the database.

{6) The original figure is an internal parameter because the environmental load associated with the production is included in the emissions and
resource consumption above. Therefore it would not be comect to use any ernission factors for electricity production from the database.

{7) The onginal figure corresponds 1o MJ consumed electricity from hydro power. This parameter is internal because the environmental load
associated with the production is included in the emissions and resource consumption above.

{8) The original figure corresponds 1o M) consumed electricity from nuclear power. This parameter is internal because the environmenial load
associated wish the production is included in the emissions and resource consumption above.

(9} The Eco-profile reports from APME have been carried out by Boustead Consulting (lan Boustead). The heat values used in these studies were
provided by William Dove. Boustead Consulting. UK.

- Oil: 42,7 MI/kg.

- Natural gas: 54.1 Ml/kg.

- Coal: 28 MMkg.

{10y Livscykelanalys av Vautenfalls Elproduktion. Sammanfautande rapport, Stockholm, Sweden, 1996, page 70-71.

Transport Card: Tep 5
Inflows Percent Massflow [kg]
PP 3999
Outflows
3.999
Modes of conveyance [km] Reference
Truck. heavy (highway, 70%) 300.000

The sum of output flow(s) (3.999 kg is used 0 calculaie emissions and energies

Notes
The transpont of PP has been estimated.

The PP is assumed to be produced in Denmark. A transport distance of 300 km has been assumed to be representative.

Process Card: 8. LDPE-production

Qutflows Percent Massflow [kgl

LDPE 0.400

Emissions, waste and resources gl Reference
Particulates 3.000 Adr
cO2 1.25¢+003

cO 0.900

s02 9.000

NOx 12.000

HCl 7.0e-002

HF 5.00e-003

HC 21.000

Metals 3.00e-003

COD (aq} 1.500 Water
BOD {aq} 0.200

Acid as H+ (aq) 6.00e-002

--- To be continued -
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Nitrates (aq) 5.00e-003 :
Metals (aq) 0.250 i
NH4+ {aq) 5.00e-003 i
Cl- (aq) 0.130
Dissolved organics {aq) 2.00e-002 :
Suspended solids (aq) 0.500

0il (ag) 0.200

HC (aq) 0.100

Dissolved solids (aq) 0.300

Phosphate (aq) ) 5.00e-003

Other nitrogen (ag} 1.00e-002 |
Waste, industrial 3.500 Waste !
Waste, mineral 26.000 5
Waste, ashes 9.000 !
Waste, toxic chemicals (.100 :
Waste, non toxic chemicals 0.800 '
Iron ore (r} 0.200 Resource I
Limestone {r} 0.150 i :
Water (r) 2.40e+004 |
Bauxite (1) 0.300 ‘
NaCl {r} 8.000 :
Clay (r) 2.00e-002 .
Ferromanganese (r) 1.00e-003 |
Crude oil (1) 88.760 (1} Fuel resource ;
Natural gas (1) 228.800) (1) Fuel resource

Coal (1) 117.100 (1) Fuel resource

Crude oil, feedstock (r) 793.200 (1) Feedstock resource

Natural gas, feedstock (r} 610.400 (1) Feedstock resource

Coal, feedstock (r) 0.357 (1) Feedstock resource

Hydropower [MJel] (r) 0.540 {2) Electricity resource

Uranium (as pure U) (1) 1.27e-002 {3) Electricity resource

Waste, highly radioactive 3.50e-002 {4) Waste

Energy carrier [MJ] E Factor Reference I
il 3,790 None (5} Fuel '
Natural gas 12.380 None (5) Fuel :
Coal 3.280 None (5} Fuel

0il, feedstock 33.870 None (5) Feedstock

Natural gas. feedstock 33.020 None {5) Feedstock .
Coal, feedstock 1.00e-002 None (5) Feedstock !
Electricity 3.140 None {6) I
Nuclear power [Mlel] 1.670 None {8) i
Hydro power [MJel] 0.540 Nane (7) !

The sum of output flowis) (0.400 kg) is used to calculate emissions and energies

Notes
Production of 1 kg of low density polyethylene (LDPE) from virgin feedstock (ethylene). The data includes all process steps from extraction of
feedstock resources {crude oil and natural gas) to polymerisation.

General comments concerning the APME Eco-profile report series: ) :
- In the APME-reports. the results for the cradle to gate life cycle are aggregated. This means that emissions from combustion of fuels and from 5
the. preduction of electricity are already included in the process emissions and that resources from the production of electricity are included in the
energy demand (fuels). The fuel "other” (in the APME-teport) mainly consists of oil and gas and has therefore been added to the value for oil.

Main reference: Boustead. lan, Eco-profiles of the European plastics industry, Report 3: Polyethylene and Polypropylene, A report for The
European Centre for Plastics in the Environment (PWMUAPME), Brussels, May 1993, table 17, page 1.

Other references and comments: :
(1) The fuels and feedstacks in the Eco-profile report correspond to primary resources (MJ). The MI-figure has been converted to g by using the !
higher heat value (9). !
(2) Hydro power has been accounted for as a resource in MJ electricity. Since LCAIT does not handle other units than g, the MJel is put in the pame. i
(3) The consumption of uranium has been calculated based on the original figure for nuclear power given as M) electricity. | M1 of electricity

from nuclear power corresponds to 0.00758 g of uranium (as pure U} (10).

' (4) The generation of radicactive waste has been calculated based on the original figure for nuclear power given as MJ electricity. 1 M) of

electricity from nuclear power corresponds to 0.021 g of highly radioactive waste (10).

{5} The original figure is an internal parameter because the environmental load associated with the production and combustion is included in the
emissions and resource consumption above. Therefore it would not be correct to use the emission factors from the database.

(6) The original figure is an internal parameter because the environmental load associated with the production is included in the emissions and
resource consumplion above. Therefore it would not be correct to use any emission factors for electricity production from the dalabase.

(7) The original figure corresponds 1o MJ consumed electricity from hydro power. This parameter is internal because the environmental load
associated with the production is included in the emissions and resource consumption above.

(8) The original figure corresponds to MJ consumed electricity from nuclear power. This parameter is internal because the environmental load
associated with the production is included in the emissions and resource consumplion above,

' {9) The Eco-profile reports from APME have been carried out by Bousiead Consulting (Ian Boustead). The heat values used in these studies were

--- To be continued ---
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provided by Wiiliam Dove, Boustead Consulting, UK.

- Qil: 42.7 MIkg.

- Natural gas: 54.1 Ml/kg.

- Coal: 28 MJ/kg.

(10) Livscykeianalys av Vattenfalls Elproduktion, Sammanfattande rapport, Stockholm, Sweden, 1996, page 70-71.

Transport Card: Tmpé
Inflows Percent Massflow [kg]
LDPE _ 0.400
Qutflows
0.400
Modes of conveyance [km] Reference
Truck, heavy (highway, 70%) 300.000

The sum of autput flow(s) {0.400 kg) is used 10 calculate emissions and energies

Notes
The transport of LDPE has been estimated.

Process Card: 9. Inserts

Inflows Percent Massflow [kg!

LDPE 0.400

QOutflows

insents 0.400

Energy carrier M]] E Factor Reference

The sum of output flow(s) {0.400 kg} is used to calculaie emissions and energies

Notes
Data for the production of inserts are not available. This process is however assurned to be negligible and is therefore not
included. o

Process Card: 10. Secondary packaging

Inflows Percent Massflow [kg]

Multipack-LDPE 1.866 % 0.250

Box+tray . 12.290

Multipack-Cardboard 2239 % 0.300

Foil 4.104 % 0.549

Outflows

Secondary packaging 13.38%

Energy carrier M) E Factor Reference

The sum of output flow(s} (13.389 kg} is used to caiculate emissions and energics

Notes
This process box is just used in order (o summarise the different flows of secondary packaging.

Material balance per bottle (1):

# Inflows:

- Box+tray: [Average weight (2) of boxes+trays/Number of botes} = [147.6/24]1=6.15¢.

- Foil: [Weight of foil/Number of bottles x Market share] = [20/24x0.331=0.275 .

- Multipack (Cardboard): [Weight of Multipack (CB)/Number of bottles x Market share] = [18/6x0.05] =0.15 g.
- Multipack (LDPE}): [Weight of Multipack (LDPE}Number of bottles x Market share] = [15/6x0.05]1=0.125 g.
-Total inflow = ... =67 g.

# Quiflow:
- Secondary packaging = 6.7 g.

# Mass change factor (outfin) = ... = 1.000.
References and commenls:

(1) The information about the weights. recycling rates. market shares eic. for the different packagings were collected by Per Nielsen. 1PU.
provided by Bryggerifereningen via Logisys (Jan Jacobsen) and entered by Lisa Person, CIT.

(2) The weight of the ray is 200 g. market share 50 %. The weight of the box is 280 g. market share 17 %. The average based on the weights and

markel shares = 0.50%200 + 0.17*280 = 147.6 g. Both trays and boxes are holding 24 bottles”

Transport Card: Trp 7
Inflows Percent Massllow |kgl
Secondary packaging 13.389
Cutflows
13.38%
Modes of conveyance [km] Reference

--- To be continued ---
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Truck, medium (rural, 40%) 100.000

The sum of cutput flow{s) (13.389 kg) is used to calculate emissions and energies
Notes

The transport of secondary packaging to the soft-drink producer has been estimated.

The secondary packaging is assumed 10 be produced in Denmark relatively close to the soft-drink producer. A transpon distance of 100 km has
been assumed to be representative.

Process Card: 1i. LDPE-production
Qutflows Percent Massflow [kg]
LDPE 0.250
0.549
Energy carrier [MJ] E Factor Reference

The sum of output flow(s} (0.799 kg) is used to calculate emissions and energies

Notes
Identical 10 process 8.

Transport Card: Trp 8
Inflows Percent Massflow [kg]
LDPE 0.549
Outflows
0.549
Modes of conveyance [km] Reference
Truck. heavy {highway, 70%) 300.000

The sum of output flow(s) (0.549 kg} is used 1o calculate emissions and energies

Notes
The transport of LDPE has been estimated.

Transport Card: Trp 9
Inflows Percent Massflow [kg]
LDPE 0.250
Outflows
{0250
Modes of conveyance [km] Reference
Truck, heavy (highway, 70%) 300.000

The sum of output flow(s) {0.250 kg) is used to calculate emissions and energies

Notes
The transport of LDPE has been estimated.

Process Card: 12. Foil

Inflows Percent Massflow [kg]

LDPE 0.549

Outflows

Foil 0.549

Energy carrier [MJ] E Factor Reference

The sum of output flow(s} (0.549 kg) is used 1o calculate emissions and energies

Notes
Data for the production of foil are not available. This process is however assumed 10 be negligible and is therefore not included.

Process Card: 13. Mulupack-LDPE

Inflows Percent Massflow jkg)

LDPE 0.250

Outlows

Multipack-LDPE (.250

Energy carrier [MLI] E Factor Reference

The sum of output flowis) (0.250 kg) 15 used to calculate emissions and energies

Notes
Data for the production of LDPE multipacks are not available. This process is however assumed 1o be negligible and is therefore not included.

Process Card: 14, Lise of recycied fibres

--- To be continued ---
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Outflows Percent Massflow [kg]
Recycled fibres 9.367
Emissions, waste and resources [g] Reference
Crude oil (r) 08.305
Natural gas (r) -101.857
Hard coal (£} 2.075
Brown coal (1) 1.841
Uranium {as pure U) (1) - [.39e-004
Hydro power-water (1) 1.2 1e+003
Wood (1) 5.50e-002
Biomass {r) 4.51e-002
Land use {m2*years] {r) 13,255
Particulates 1.487

+ €02 (bio) 882.018
CQoz2 6.222
co 0.562
NOx 2.633
s02 ° 0.825
CH4 -16.214
H28 8.07e-002
Cl- -0.349
NMVOC 0.435
NMVOC, diesel engines 0.190
NMVOC, oil combustion 0.341
Dioxin 3.63¢-010
NH3 2.02¢-004
N20 8.52e-003
HCI 1.12e-003
HF 6.77e-004
Radioactive emissions [kBq] 2.41e+004
Benzene ].16¢-003
As 2.16¢-006
Cd 4.83e-000
Cu 8.63e-005
Cr 4.52e-006
Cri+ . 1.96e-006
Hg 4.99¢-007
Se 4.96e-007
Ni 1.83e-004
Pb 1.57¢-005
Zn 4,96e-003
CN- {.17e-005
COD taq) 11.834
BOD-5 (aq) 4.299
Tol-N (ag) -5.32¢-003
NO3- (aq) -1.342-002
Phosphate (aq) -2.14¢-003
H2S (aq} 4.41e-007
Qil {aq} 9.11e-002
Organics (aq) 7.35e-002
Suspended solids {aq) 1.511
Radioactive emissions [kBq] (aq) 226.094
Al {aq) 1.75e-003
Cu (aq) -3.74e-005
As(ag) 1.06e-005
Cd (aqg) 5.53e-006
Co (ag} 2.13e-003
Cr(aq) 4.24¢e-005
Zn (aq) -1.36e-004
Ni (aq) 3.17¢-005
Pb (ag) 3.98e-005
Sb (ag) 4.82¢-008
Sn{ag) 3.78e-003
vV {aq) 1.13e-005
F- {ag) 5.50e-004
5042- (ag} -0.377
Cl- (aq) 2.676
CN- (ag) 1.35¢-005
PO43- (aq) 1.18¢-004
Crd+ (ag) 3.52e-005
Waste, ashes 4.255
Waste, inorganic sludges 11.518

--- To be continued ---
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Waste, paper related -7.043

Waste, other rejects -13.131

Waste, organic sludges 1.834

Rejects incinerated + energy (out} -0.807

Recycled lubricants (out) -7.3de-002

Reused lubricants (ous) -0.147

Waste, industrial -267.120

Waste, hazardous -38.396

Waste, highly radicactive 2.37e-002

Waste, radioactive 2.06e-004

Elementary waste, corrugated board -85.400

NaOH (in) 5.355

HC! (in) -0.103

Colorants (in) -1.020

Sizing agents {in}) 1.907

Starch (in} -18.120

Retention agents (in) 1.247

Defoamer (in) 0.807

Lubricants (in} 6.60e-002

Biocides (in) 7.34e-003

Phosphoric acid (in) -0.103

Na2CO3 (in) 1.247

CaCQ3 (in) 2274

Na2S04 (in) 3.595

Urea (in) -8.80e-002

Suiphur {in) 0.147

Ca0 (in) 6.016

H28504 (in} 9.684

Other additives {in) 0.220

Alum {in} 2.714

Peat (in} 31.84]

Bark (in) 35.371

Bicgas {out} -8.400

Energy carrier [MJ] E Factor Reference
Electricity. coal marginal 1.801 Ex
0il, heavy fuel 1.497 None
Oil, light fuel 6.90e-003 None
Diesel, hgavy & medium truck (highway) 0.269 Nane
Diesel, heavy & mediom truck (rural} -6.36¢-003 None
Diesel, heavy & medinm truck (urban) 0.553 Nong
Diesel. ship (4-stroke) 1.350 None
Natural gas (100 kW) -5.121 None
LPG. forklift -2.20e-002 None
Peat 8.07¢-002 None
Bark 0.602 None
Heat -0.249 None

The sum of output flow(s) (9.367 kg) is used 1w calculate emissions and energies

Notes

Effects on other life cycles of Ihe use of | kg of recovered paper in production of corrugated board for the packaging system. The daia are
imported from a database file (corr-b-r.lca). Data for the actual production of liner, fluting and corrugated board are documented 1n anvther tile
(corr-brd.lca: see the process "Corrugated board").

The use of | kg of recovered paper in the packaging system is assumed Lo result in a reduclion in landfilling by 0.5 kg and a reduction n the use
of recovered paper in production of testliner for other systems by 0.5 kg. The latier is assumed to result in an increasc in the use ol krafthner in
other systems by nearly 0.5 kg. The file corr-b-r.ica contains data on the reduction in landfilling and testliner production for other systems. Tuulse
includes data on the extra production of krafiliner for other systems. Data for most transports and for production of kraftliner and testliner are
adapted from FEFCO (1). Data for woed harvesting are adapted from reference 2. Data for avoided landfilling are adapied from reference 3,

The data above include emissions etc. from fuel production. These have been calculated by using emission factors from our energy database. The
emission factors take into account emissions ete. for preduction of the electricity that is used for fuel preduction. However, the data above do nol
include emissions ete. for production of the electricity that is used in kraftliner production, testliner production. and landfilling. When the total
emissions profile of the packaging system is calculated. these emissions etc. are included through the use of emission factors fdr exiraction eic.
as is denoted above (E Factor: Ex).

References:

(1) European Database for Corrugated Board Life Cycle Siudies. FEECO. Groupement Ondulé, KRAFT Institute, 1996/1. \

(2) Orjan Hedenberg. Birgit Backlund Jacobson, Tiina Pajula. Lisa Person. Helena Wessman: Use of agro fibre for paper production {rom an
envirenmental point of view. NordPap DP2/34. Scan Forskrapport 682. Nordic Industrial Fund, Oslo, 1997.

{3} Sundgvist J-O et al, Life Cycle Assessment and Solid Waste. AFR, Stockholm, 1994, page 78.

Process Card: 15. Corrugated board

Inflows Percent Massflow [kg]

--- To be continued ---
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Recycled fibres

Outflows

Corrugated board

Emissions, waste and resonrces 2]

Land use [m2*years] (1) 5.608
Particulates 0.655
COz2 {bio) 384.953
cO2 650.227
CO ' 0.337
NOx 2,176
802 1.527
H2S 3.36e-002
COD (aq) 6.911
BOD-5 (aq} 2.146
AOX (ag) 2.61e-004
Suspended solids (aq) 0.827
Tot-N (aq) 3.17e-002
NH3 (aq) 2.58e-003
NO3- (aq} 1.23e-002
Phosphate {aq) 2.50e-003
Cu (aq) 5.61e-005
Zn (aq) 2.01¢-004
Cl- {aq) 2.564
S042- (aq) 0.491
Waste, ashes 3531
Waste, inorganic sludges 4.504
Waste, paper related 6.150
Waste, other rejects 22.632
Waste, organic sludges 2.133
Rejects incinerated + energy (out) 0413
Recycled lubricants (ocut) 3.75e-002
Reused lubricants {out) 7.50e-002
NaOH (in}) 2959
HCI (in) 0.141
Colorants (in} 0.521
Starch (in) 22.516
Sizing agents {in} . 2.702
Retention agents (in) 0.779
Defoamer (in} 0410
Biocides (in) 1.52e-002
Lubricants {in} 0.234
Urea (in) 4.50e-002
Phosphoric acid {in} 5.25e-002
Na2CO3 (in) 0.748
CaCO3 {in}) 0.76%
Ca0 (in) 2.061
Na2804 (in} 1.216
H2804 (in} 3.293
Sulphur (in) P10
Alum {in} 0918
MgO {in} 9.97e-002
NH3 (in} 1.106
S02 {in}) 0.109
Other additives (in) . 140
Auxiliary materials {in} 2.72e-002
NMVOC 0.232
CH4 0.402
Dioxin 3.11e-010
NH3 1.24e-004
N2O 5.78¢-003
HCl . 2.93¢-003
HF 9. 91e-004
Radicactive emissions [kBqg] 6.40e+005
As 1.91e-005
Cd 4,77e-005
Cr 2.31e-005
Hg 6.88¢-007
Ni 1.02e-003
Pb 8.89¢-005
CN- I.45¢-005
H2S (ag) 2.22¢-007
(nl {ag) 7.51e-002
Organics (aq) 5.94¢-002

9.367

12.290

Reference

--- To he continued ---
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Radioactive emissions [kBq] (aq}
Al {aq)

As (ag)

Cd (ag)

Co (aq)

Cr (ag)

Ni (aq}

Pb (aq}

Sb (aq)

Sn (aq)

V (aq)

F- (aq)

CN- {aq)

Waste, industrial

Waste, hazardous
Waste, highly radioactive
Crude oil {r)

Natural gas (1)

Hard coal ()

Brown coal {r}

Wood (1)

Uranium (as pure U} (1)
Hydro power-water {1}
NMVOC, oil combustion
Benzene

Cr3+

PO43- (ag)

Cr3+ (aq)

Waste, radicactive
Biomass (1}

NMVOC, diesel engines
Zn

Se

Cu

Peat (in)

Bark (in)

VOC, nawral gas combustion
VOC, coal ¢combustion
VOC, diesel engines
NMVOC. power plants
NMVOC, petrol engines
HC

PAH

Benzo(a)pyrene
Aromates (C9-C10)
Aldehydes

Organics

v

Merals

BOD (aq)

Dissolved organics (aq)
Dissolved solids (aq)
NQ3-N {aq)

NH4-N (aq)

Nitrogen (aq)

H+ (aq)

HC (aq)

Phenol (ag)

Aromates (C9-C10) (aq)
Fe (aq)

Mn (aq)

Sr(ag)

Metals {aq}

Salt (ag)

Waste, mineral

Waste, slags & ashes ¢waste incin.)
Waste, slags & ashes (energy prod.)
Waste, bulky

Wasle, sludge

Waste, rubber

Waste, chemical

Crude oil. feedstock (r)
Softwood (1}

Fuel. unspecified [MI] tr)

6.02e+003
8.84e-004
8.93e-006
4.54e-006
6.00e-004
2.13e-005
2.71e-003
3.32e-005
2.42e-008
1.90e-003
5.67e-006
6.51e-004
6.76e-006
326.006
44 .0%0
1.51e-002
82.242
124,373
8.567
1.690
2.76e-002
1.29e-004
1.06e+003
0.425
1.63e-003
2.44e-006
1.47¢-004
4.39e-005
2.70e-004
5.63e-002
8.22e-002
7.18e-005
1.60e-005
9.77e-005
21.144
16.225
3.95¢-013
5.97¢-006
1.40e-004
1.07e-004
3.78e-014
6.15e-004
5.17e-006
4.43e-008
2.02e-004
1.50e-007
2.98e-007
3.43e-003
9.64¢-008
4.82¢-007
2.65e-014
4.02e-003
2.49e.008
3.22e-006
1.46e-006
2.89e-000
1.93¢-006
6.62¢-016
6.62¢-007
8.04e-006
4.02e-006
2.01e-005
4.82e-007
4.02e-004
2.10e-004
A 15e-008
1.18e-002
2.180
1.69¢-012
2.46e-006
1.62e-005
6.84e-007
2.11e-003
2.25e-008
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NaCl (r) 1.35e-005
Clay () 2.89¢-0006
CaC0O3 () 1.35¢-005
Al (r) 7.71e-006
Fe (1) 8.08¢-006
Mn (1) 4.77e-008
Water (1) }.45¢+003
Ground waler (1) 1.82e-007
Surface water (r) 3.72e-009
Ethane ’ 1.60-006
Propane 1.32e-004
Alkanes 8.12e-004
Ethene 4.00e-006
Acetylene 8.00e-007
Propene ) 1.60e-006
Alkenes 4.12e-005

" Toluene 1.30e-004

° Formaldehyde 6.39e-004
Ca 1.06e-004
Co 4.36e-005
Fe 2.38e-004
Mo 2.11e-005
Na 4.90e-004
TOC (aq) 5.00¢-006
Butane 3.15e-004
Pentane 5.40e-004
Acetaldehyde 4.50e-007
Energy carrier [MJ] E Factor Reference
Electricity, coal marginal 1.495 Ex
Oil, heavy fuel 1.826 None
Qil, light fuel . 0.240 None
Natural gas (>100 kW) 5.842 None
LPG, forklift 1.22¢-002 None
Diesel, heavy & mediurm truck (urban) 0.299 Nane
Hard coal 0.118 None
Peat (.444 None
Bark . 0.276 None
Heat -0.121 None
Diesel, heavy & medium truck (highway) 0.172 None
Dhesel, ship (4-stroke} 0.379 None

The sum of output flow(s) (12.290 kg) is used to calculate emissions and energies
Mass change factor 1.312

Notes
Production of 1 kg of corrugated board. The data are imported from a database file (corr-brd.1ca). The file includes data on wood harvestng,
production of krafiliner, testliner, wellenstoff, semi-chemical fluting and corrugated board, and associated transports. The effects on other

systems of the use of recycled fibres in the packaging system are documented in a separate file {corr-b-r.lca; sec the process "Use of recycled fibres™

Data for most transports and for production of kraftliner, testliner, wellenstoff. semi-chemical fluting and corrugated beard are adapled from
FEFCO (1). Data for wood harvesting are adapted from reference 2.

The data above include emissions etc. from fuel production. These have been calculated by using emission factors from our energy database. The
emission factors take inlo account emissions etc. for production of the electricity that is used for fuel production. However, the data above do not
include emissions etc. for production of the electricity that is used in production of kraftliner, testliner, fluting, wellensioff and corrugated board.
When the total emissions profite of 1he packaging system is calculated, these emissions etc. are included through the use of emission factors for
extraction etc. as is denoted above (E Factor: Ex).

Material balance:
- There is 0.762 kg of recovered paper per kg of ¢orrugated board.
- Mass change factor (out/in) = 1/0.762 = 1.3112.

References:

{13 European Database for Corrugated Board Life Cycle Studies. FEFCO, Groupement Ondulé, KRAFT Institute, 199671,

{2 Orjan Hedenberg, Birgit Backlund Jacobson, Tiina Pajula. Lisa Person, Helena Wessman; Use of agro fibre for paper production from an
environmental point of view, NordPap DP2/34. Scan Forskrappon 682, Nordic industrial Fund, Oslo, 1997,

(3) Sundgvist J-O et al, Life Cycle Assessment and Solid Waste. AFR. Stockholm. 1994, page 78.

Transport Card: Trp 1O
Inflows Percent Massllow kgl
Corrugated board 12,290
Outflows
12.290
Modes of conveyance [km] Reference

--- To be continued ---
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File; SOCL-DLLCA  Printed: Thu 98-05-28 16:41

Truck, heavy (highway, 705) 306.000
The sum of output flow(s) (12,290 kg) is used to calculate emissions and energies

Notes
The transpornt of corrugated board has been estimated.

Process Card: 16. Box+tray

Inflows Percent Massflow [kg]

Corrugated board . 12.290

Outflows

Box+ray 12.290

Energy carrier (M) E Factor Reference

The sum of output flow(s) {12.290 kg) is used 1o calculate emissions and energies

Notes

Data for the production of boxes and trays are not available. This process is however assumed to be negligible and is therefore not included.

Process Card: 17. Cardboard

Outflows Percent Massflow [kg]
Cardboard 0.300
Emissions, waste and resources [g) Reference
Land use [m2*years] (r) 18.069
Paniiculates 1.959
CQO2 (bio} 1.33e+003
C02 456.189
NOx 3782
502 1.194
H28 ) 0.110
COD {aq) ' 16.710
BOD-5 (aq) 5.900
Suspended solids {aq} 2.100
Waste, ashes 5.800
Waste, inorganic sludges 15.700
Waste. other rejects . 10.800
Waste. organic sludges ) 2.600
NaOH (in) 7.800
HCl (in) 6.00e-002
Starch (in} 1.600
Sizing agents (in) 5.500
Retention agents (in) 2.000
Defoamer {in) 1.200
Biocides {in} 2.00e-002
Lubricants {in} {1.260
Na2CO3 {in} 1.700
CaCO3 (in} 3.100
Ca0 (in} §.200
Na2804 (in) 4.900
H2504 (in) 13.20¢
Suiphur {in) 0.200
Alum (in) 3.700
Other additives (in} 0.300

CO 0322
NMVOC 0.510
CH4 0.499
Dioxin 4.58e-010
NH3 2.65e-004
N2O 9.65e-003
HCI 1.42e-003
HF 9.23e-004
Radioactive emissions [kBg) 3.32e+004
As 2.75e-006
Cd 6.10e-006
Cr 5.16e-006
Hg 6. 34e-007
NI 2.31e-004
Pb 1.99¢-0(5
CN- 1.61e-005
Tot-N (aq) 2.01e-002
Phosphate (aq) 1.54e-004
H2S (aq) 5.07e-007

--- To be conlinued ---
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File: SOCL-DL.LCA Printed: Thu 98-05-28 16:41

Organics (aq) 9.15e-002

Radicactive emissions [kBq] (aq) 311.600

Al (ag) 2.01e-003

As {aq) 1.33e-005

Cd {aq} 6.91e-006

Co (aq) 2.18¢-003

Cr (ag) 4 87¢-005

Cu (aq) 1.60¢-005

Ni (ag) 3.98e-005

Pb {aq} ' 4.99e-005

Sb {aq) 5.54e-008

Sn (aq) 4.34e-003

V (aq) 1.30e-005

Zn (aq) 5.47e-005

F- (ag) 7.47¢-004

Cl- {aq) 31.347

5042- (aq) 0.131

CN-iaq) 1.55e-005

Waste, industrial 51.055

Waste, hazardous 5.326

Waste, highly radioactive 2.86e-002

Crude ot} (r) 123.652

Natural gas (1) 19.466

Hard coal (r) 2.619

Brown coal (v} 2.336

Wood (n) 6.31e-00G2

Uranium (as pure U) (r) 1.77e-004

Hydro power-water (£} 8.34e+008

NMVOC, diesel engines 0.232

Zn 3.65e-005

Se 5.65¢-007

Cu 9.82e-005

NMVOC, oil combusticn 0.471

Benzene 1.61e-003

Cri+ 2.71e-006

PO43- (aq) 1.63e-004

Cri+ (ag) 4.88e-005

Waste, radioactive 2.86e-004

Biomass (1) 6.24e-002

Peat (in} 5236

Bark {in} 48216

Energy carrier ™MJ] E Factor Reference
Oil, heavy fuel 2.040 None
Oil. light fuel 1.00e-002 None
Natural gas (>100 kW) 0.650 None
Diesel, heavy & medium truck (urban) 0.784 Nane
Peal 0.110 None
Bark D.820 None
Heat -0.340 None
Electricity, coal marginal 2.600 Ex
Diiesel, heavy & medium truck (highway) 0.325 None
Digsel, ship (4-stroke) 1.377 None

The sum of cutput flow(s) (0.300 kg) is used to calculate emissions and encrgies

Notes
Production of 1 kg of cardboard (1). The data are imported from a database file (card-b.lca).

Produciion of cardboard has been approximated with data for production of krafiliner. This approximation has been validated through a
comparison with confidential actual cardboard data.

The file includes data on wood harvesting, wood transpert and production of krafiliner. Data on wood transport and on kraftliner production are
adapted from FEFCO (1). Data on wood harvesting are adapted from reference 2.

The data above include emissions etc. from fuel production. These have been calculated by using emission factors from our energy database. The
emission factors take into account emissions ete. for praduction of the electricity that is used for fuel production. However, the data above do not
include emissions etc. for production of the electricity that is used in production of krafuiner. When the total emissions profile of the packaging
system is calculated. these emissions etc. are included through the use of emission factors for extraction ¢ic. as 15 denoted above (E Facior: Ex).

References:

(1} European Database for Corrugated Board Life Cycle Swdies, FEFCO, Groupement Ondulé, KRAFT [nstitute. 1996/1.

2) Orjan Hedenberg. Birgit Backlund Jacobson, Tiina Pajula, Lisa Person. Helena Wessman: Use of agro fibre for paper production from an
environmental point of view. NordPap DP2/54, Scan Forskrappon 682, Nordic Industrial Fund. Oslo. 1997.

--- To be continued ---
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" File: SOCL-DLLCA Printed: Thu 98-05-28 16:41

Annex A 18

Transport Card: Trp 11
Inflows Percent Massflow [kg}
Cardboard 0.300
Qutflows
0.300
Modes of conveyance [km] Reference
Truck, neavy (highway, 70%) 300.000
"The sum of output flow(s) (0.300 kg) is used to calculate emissions and energies
Notes
The transport of cardboard has been estimated.
Process Card: 18. Muliipack-Cardboard
Inflows Percent Massflow [kg]
Cardboard 0.300
Outflows
Multipack-Cardboard 0.300
Energy carrier [MJ] E Factor Reference

The sum of output flow(s) (0.300 kg) is used to calculate emissions and energies

Notes

* Data for the production of cardboard multipacks are not available. This process is however assumed 10 be negligible and is therefore not included.

Process Card: 19. Paper production

Outflows
Paper

Emissions, waste and resources

. Land use [m2*years] (r}

Surface water (1)
Dust

CO2

CO

NOx

502

CH4

N20

PAH

Alkanes
Propane
Formaldehyde
Aromates (C9-C10)
Benzoia)pyrene
Toluene

HC!

HF

TRS

As

Ca

Cd

Co

Cu

Cr

Fe

Hg

Mo

Na

Ni

Pb

Se

Zn

v

BOD-7 {aq}
AOX (aq}
Suspended solids {aq)
Tot-N (aq)
Taot-P (ag)
Chlorate (ag)
W aste, papet production
Binders {in)

Percent

izl

9.324
6.40e+004
3.150
361.950
0.292
2.309
1.269
0.423
6.55¢-003
1.50e-006
1.80e-003
9.00e-005
1.35e-003
4.5)¢-004
9.00e-008
9.00e-005
5.63e-003
1.70e-003
0.430
4.16e-005
2.40e-004
1.04e-004
G.90e-005
1.65¢-004
4.90¢-003
5. 40e-004
1.0%e-006
4.80e-003
2.25¢-003
2.15¢-003
1.88e-004
3.61e-005
1.30e-004
7.80e-003
7.670
0.155
2.920
{.312
3.G(e-002
1.080
85.800
47 800

Massflow [kg!
2.046

Reference

--- Tor be continued ---
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File: SOCL-DI.LCA Printed: Thu 98-05-28 16:41

- Corrugaled board (in)

Fillers (in}

H2504 (in)

NaClO3 (in)

NaOH (in)

02 (in)

SO2 (in)

Dry strength additives (in)
Tall cil {out}

Steam [MJ] (out)
Warm water [MI] (out)
NMVOC

[hoxin

NH3

H2S

Particulates
Radioactive emissions {kBq]
CN-

COD (ag)

BOD-5 {aq)}

Phosphate {aq}

H2S (aq)

Qil (aq)

Organics {aq}

Radioactive emissians [kBq] (aq)

Al (aq)

As (aq)

Cd (aq)

Co {aq}

Cr(aqg}

Cu (aq)

Ni {aq)

Pb (aq)

Sb (aq)

Sn (aq)

V (aq)

Zn (aqg)

F- (ag)

Cl- (aq)

S0O42- (aq)

CN- {aq}

Waste. industrial

Waste, hazardous
Waste, highly radioactive
Crude ail ()

Natural gas (r)

Hard coal (1)

Brown coal (1)

Wood (1)

Uranium (as pure U) (r}
Hydro power-water (1)
NMVOC, diesel engines
NMVOC, oil combustion
Benzene

Cra+

PO43- (aq)

Cri+ (ag)

Waste, radioactive
Biomass (r)

vOC, natural gas combustion
YOC, coal combustion
VOC, diesel engines
NMVQC. power plants
NMVOC, petrol engines
HC

Aldehydes

Organics

Melals

BOD (aq)

Dissolved organics {aqg)
Dissolved solids {aq)
NO3-N (ag)

NH4-N (aqg)

Nitrogen {aq)

18.500
216.000
26.700
27.600
26.400

24 800
19.400
20.300
26.000
2.210
0.150
9.91e-002
3.94e-010
1.19e-004
2.01e-003
0171
1.07e+005
2.37e-005
1.87e-003
5.67e-005
3.00e-003
9.86e-008
9.17e-002
7.12e-002
1.01e+003
3.93¢-004
1.12e-005
5.51e-006
4.78¢-005
9.47e.006
3.11e-006
3.35e-005
4.09e-005
1.08e-008
B.45e-004
2.52e-006
1.09e-005
1.05e-003
2,719
0.106
3.01e-006
10.458
0122
5.23e-003
06 822
4.238
3.886
2.138
1.23e-002
1.66e-004
1.23e+009
6.65e-002
0.693
2.37e-003
3.99¢-006
2.40e-004
7.17e-005
4.23e-004
9.18e-002
9.40e-014
1.42e-006
3.33e-005
2.5de-005
8.99¢-015
| .4He-004
3.56e-008
7.09¢-008
2.2%9e-008
1. de-007
6.29¢-015
9.56e-004
5.91e-009
7.64¢-007
3.47e-007

--- To be continued ---
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File: S0CL-DI.LCA Printed: Thu 98-05-28 16:41

H+ (aqg) 6.87e-007

HC (aq} 4.58e-007

Phenol {aqg}) 1.57¢-016

Aromates (C%-C10) (aq) 1.57e-007

Fe (aq) 1.91e-006

Mn (ag) 9.56e-007

Sriaq) 4.782-006

Metals (aq) 1.14e-007

Salt (aq) 9.56e-005

Waste, mineral 4. 98e-005

Waste, slags & ashes (waste incin.) 7.48e-009

Waste, siags & ashes (energy prod.) 2.80e-003

Waste, bulky 0.518

Waste, sludge 4.02¢-013

Waste, rubber 5.85¢-007

Waste, chemical 3.85¢-006

Crude oil, feedstack (r) }.62e-007

Softwood (r) 5.01e-004

Fuel, unspecified [MJ] (r) 5.35e-000

Na(Cl (1) 3.21¢-006

Clay (r) 6.87e-007

CaCO3(n) 3.21e-006

Al (1) 1.83e-006

Fe (r) 1.92e-006

Mn (1) 1.13¢-008

Water (1) 344.400

Ground water (r) 4.33e-008

Peat (in) 28.560

Bark {in) j4.112

Energy carrier Ml E Factor Reference
Electricity. coal marginal 2725 Ex
Oil, heavy fuel 3.000 None
0il, ligh fuel 4.00e-002 None
Diesel, heavy & medivm truck (urban) 0.349 None
Hard coal 2.80e-002 Noene
Bark 0.240 None
Peal 0.600 None
Diesel, heavy & medium truck (highway) 5.93¢-002 None
Diesel, ship (4-stroke) 2.08e-002 None
Diesel. heavy & medium truck trural) 7.34e-003 None

The sum of output flow(s) {2.046 kg} is used to calculale emissions and encrgies

Notes

Production of J kg of fine paper (1). The data are imporied from a database file (paper.lca). The file includes data on wood harvesting, wood
transport and productien of paper. Data for wood transport and for production of paper are adapted from STFI (1). Data on wood harvesting are
adapted from reference 2.

The data above include emissions etc. from fuel production. These have been calculated by using emission factors from our energy database. The
emissicn factors 1ake into account emissions ete. for production of the electricity that is used for fuel production. However, the data above do not
include emissions etc. for production of the electricity thal is used in production of paper. When the total emissions profile of the packaging
system is calculated, these emissions etc. are included through the use of emission factors for extraction etc. as is denoted above (E Faclor: Ex).

References:

{1) Data from the STFI database {The Swedish Pulp and Paper [nstitute).

(2) Orjan Hedenberg. Birgit Backlund Jacobson, Tiina Pajula, Lisa Person, Helena Wessman; Use of agra fibre for paper production from an
environmental point of view, NordPap DP2/54, Scan Forskrapport 682. October 1997

Transport Card: Trp i2
Inflows Percent Massflow [kg]
Paper 2.046
Qutflows
2.046
Maodes of conveyance [km] Reference
Truck. heavy (highway, 70%} 300.000

The sum of output flow(s) (2.046 kg} 15 used to caleulate emissions and energies

Notes
The transport of paper has been estimated,

Process Card: 20. Label pnnting
Inflows Percent Massflow [kg]
Paper 2.046

--- To be continued ---
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File: S0CL-DI.LCA Printed: Thu 98-05-28 j6:41

Outflows

Lables 1.2¢1

Emissions, waste and resources F3] Reference I
Ink (in) 23.652 Non-elementary inflow |
Lacguer, water (in} 14.191 Non-elementary inflow :
Lacquer, various (in) 4.730 Non-elementary inflow :
Auxiliary materials (in) 9.697 (2) Non-elementary inflow

vOC . 0.946

Waste, ink 2.365

Wasle, paper 496.689 Incinerated

Waste. other 7.096 .
Paper, recycling (out) 83.254 Non-elementary outflow ;
Paper, fuel (out} 163,200 Non-elementary outflow ;
Energy carrier MJ) E Factor Reference

Electricity. coal marginal 2.725 Ex

The sum of output flow(s) (1.201 kg} is used 1o calculate emissions and energies
Mass change factor 0.587

Notes
Printing of 1 kg of labeis for glass and PET refillable and disposable bottles. The data for the different labels are aggregated into a "standard
average” label for beer and carbonated soft drink (1).

The production of labets for beer and carbonated softdrinks corresponds to about 55% of Nova Prints total production (defined as prinied pape:
Therefore, 55% of all the activities al Nova-Print (i.e. cleaning. maintenance, research and development, laboratory facilities. marketing
administration, facilities for personnel) are allocated to the production of labels for beer and carbonated softdrinks.

The weight of the labels has been calculated based on the inflows and outflows below:
Infiows and outflows per 100 labels:
Inflows:

-paper=360¢g

-ink & lacquer=9¢g

Outflows:

-waste, ink=05g

- wasle, paper = [05 g

- paper for recycling = 17.6 g

- paper for fuel = 34.5 g

Weight of 1000 labels:
360+9-0.5-105-17.6-34.5=2114 g.

Material balance:
- Enflow: 360 g of paper.

- Qutflow: 211.4 g of labels.

- Mass change factor (out/in} = ... = 0.587. The rest of the inflows and outflows are not included in the malerial balange since they afe avvvanied
for as non-elementary inflows and outflows.

References and comments:

(1) Data were supplied by Jorgen Jensen at Nova Print AS Danmark. Odense, Denmark, collected by Anna Ryberg, CIT and entered by Juhan
Widheden, CIT.

(2) The many small individual flows of auxiliary materials have been aggregated into one value.

The auxiliary materials are: IPA spirit, Mineral cleaning agent, Vegelable cleaning agent. Spray powder, Cloths, Various oils. Various chenucals. W

Transport Card: Trp 13
Inflows Percent Massflow (kg]
Lables 1.201
Outflows
1.201
Modes of conveyance [km] Reference
Truck, medium {rural, 40%) 100.000

The sum of output flow(s) (1.20] kg} is used to calculate emissions and energies

Notes
The transport of labels to the soft-drink producer has been estimated.

The labels are assumed (o be produced in Denmark relatively close to the soft-drink producer. A transport distance of 100 km has been assumed
to be representative,

Process Card: 21. Glue production

Outflows Percent Massflow [kg]
--- To be continued ---
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File: S0CL-DI.LCA  Printed: Thu 98-05-28 16:41

rd
(%]

Glue 0.404
Emissions, waste and resources (] Reference
Uranium (as pure U) (r} 7.07e-006
Hydro power-water (r) 6.60e+004
. Crude oil (r) 6.061
Natural gas (1) 0.250
Hard coal (r) 0.117
Brown coal {1) 9.71e-002
Wood (1) 5.96e-003
Water (r) 559 881
Particulates 1.76e-002
co2 18.752
CcO 3.46¢-002
NOx 0.188
302 2.20e-002
NMVYOC 4.81e-002
NMVOC, diesel engines 1.91e-002
CH4 2.48¢-002
Didéxin 2.07e-011
NH3 5.85e-005
N2O 6.09e-004
HCl 5.82¢-005
H2S 1.15e-006
HF 6.24e-006
Radicacuve emissions [kBq] 624,264
As 1.08e-007
Cd 2.66e-007
Cr 4.%91e-007
Cu 9.42e.006
Hg 2.59e-008
Ni N 1.03e-005
Pb 8.67e-007
Se 5.42¢-008
Zn 542e-006
CN- 1.67¢-009
COD (aq) 0.07e-004
BOD-5 (aq) 2.76e-005
Tot-N (aq) 1.33e-003
Phosphate (aq) 1.46e-005
H2S (ag) 4.78e-008
QO1l (aq) 5.61e-003
Organics (aq} 4.69¢-003
Radicactive emissions {kBq] (aq} 5.806
Al (aq) 1.90e-004
As {ag) 6.20¢-007
Cd (aq) 3.44e-007
Co (aq) 3.72e-007
Criaqg) 4,59e-006
Cu{aq} 1.51e-006
Nj {aq) 1.86e-006
Pb (aq) 2.40e-006
Sb (aq} 5.23e-00%
Sn{aq} 4.10e-004
V {aq} 1.22e-006
Zn (aq) 5.16e-006
F- (aq) 6.93e-006
Cl- {aq) 0.164
S042- (aq} 6.48e-003
CN- (aq) 1 .46e-006
Waste, industrial 0D.705
Waste, hazardous 7.18¢-003
Waste, highly radioactive 2.06e-002
Other additives {in) 433.168
Energy carrier [MJ] E Factor Reference
Electricity, coal marginal 0.810 Ex
Diesel, heavy & medium truck (highway) 0.236 None

The sum of output flow(s} (0.404 kg) is used to calculate emissions and energies

Notes
Production of 1 kg of glue for labels (1). The data are imported from a database file (glue.lca).

The file includes glue production. Ne data were available for the production of raw maierials (Casein, Urea. Starch etc.} and therefore these have

-—- To be continued ---
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File: SOCL-DIL.LCA Printed: Thu 98-05-28 16:41

been accounted for as non-elementary inflows {(Other additives). Transponalion data (distances with truck) for raw materials were provided by
the supplier and are included.

The data above include emissions eic. from fuel production. These have been calculated by using emission factors from our energy database. The
emission factors take into account emissions etc. for production of the electricity that is used for fuel production. However, the data abeve do not
include emissions etc. for production of the electricity that is used in production of glue. When the total emissions profile of the packaging
system is calculated, these emissions etc. are included through the use of emission factors for extraction etc. as is denoted above (E Factor: Ex).

References:
(1) The glue is produced by Casco Products. Fredensborg, Denmark. and the data were recieved from Jean Paul Schwanz (Casco. Denmark). via
Birgit Nilsson (Casco, Stockholm, Sweden). They were collected and entered by Lisa Person. CIT.

Transport Card: Trp 14
Inflows Percent Massflow Tkg]
Glue : 0.404
Outflows
0.404
Modes of conveyance [km] Reference
Truck, heavy (highway, 70%) 300.000

The sum of output flow{s} (0.404 kg) is used to calculate emissions and energies

Notes
The transport of glue has been estimated.

The glue is assumed to be produced in Denmark. A transport distance of 300 km has been assumed to be representative.

Process Card: 22, Transporn packaging

Inflows Percent Massflow [kgl

Plastic ligature 1345 % 3.12e-002

Pallets ’ 2.292

Outflows

Transport packaging 2.323

Energy carrier (M E Factor Reference

The sum of output flow(s) {2.323 kg) is used to calculate emissiens and energies

Notes
This process box is just used in order to summarise the different flows of transport packaging.

Maiterial balance per bottle (1}:

# Inflows:

- Pallets = [Weight of pallet/Number of bottles x Market share x {1-Recycling rate)]= [22000/960x 1.0x0.05] = 1146 g (2).
- Plastic ligature = [Weight of plastic ligature/Number of bottles x Market share} = [20/960x1.0] = 0.0156 g.

- Total inflow =...=1.i6 g.

# Outflow:
- Transpon packaging = 1.16 g.

# Mass change factor (oulfin) = ... = 1.000,

References and comments:

{1) The information about the weights, recycling rates, markel shares etc. for the different packagings were collected by Per Nielsen, 1PL.,
provided by Bryggerifereningen via Logisys {Jan Jacobsen) and entered by Lisa Person, CIT.

(2) The recycling rates were provided by reference 1. As much as 95 % of the pallets is reused. which means that only 5 % of new pallets is
taken into to the system.

Transport Card: Trp 13
Inflows Percent Massflow [kg]
Transport packaging 2323
Outflows
2.322
Modes of conveyance [km] Relerence
Truck. medium trural, 40%) 100.000 :

The sum of output flowts} (2.323 kg) is used to caleulate emissions and energics

Notes
The transport of transport packaging to the sofl-drink producer has been estimated.

The transport packaging is assumed to be produced in Denmark relatively close Lo the soft-drink producer. A transport distance of 100 km has
been assumed 0 be Tepresentative.

--- To be continued ---
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Process Card: 23. Planks for pallets

Outflows Percent
Planks

Emissions, waste and resources [g]

Land use [m2*years] (1) 18.770
HC 05N
co2 103.005
Co ' 1.324
NOx 1.050
S0O2 0.140
NMVOC 0.250
CH4 0.131
Dioxin 1.08¢-010
NH3 1.88¢-004
N20Q 2.28e-003
HCl 3.03e-004
H28 5.98e-006
HF 3.33e-005
Particulates 0273
Radioactive emissions [kBq] 7.04e+005
As 5.62e-007
Cd 1.32e-006
Cr 2.24¢-006
Hg 2.67e-007
Ni 5.33e-005
Pb 4.51e-006
CN- 8.70e-009
COD (aq) 4.72e-003
BOD-5 (aq} . 1.4 3e-004
Tot-N {aq) 6.90e-003
Phosphate {aq) 7.58e-005
H2S (aq) 2.49¢-007
Oil (ag) 2.92¢-002
Qrpanics {aq) 2.44e-002
Radioactive emissions (kBq] (ag) 6.61e+003
Al (aq) 9.89¢-004
As {aq) 3.22e-006
Cd (aqg) 1.79e-006
Co (ag) . 9.57e-005
Cr(aqg} 2.39¢-005
Cu {aq) 7.85¢-006
Ni {aq) 9.68¢-006
Pb {aq) 1.25e-005
Sb (aq) 2.72e-008
Sn (aq) 2.13e-003
V (aq) 6.37e-006
Zn (ag) 2.69¢-005
F- (ag) 3.60e-005
Cl- {aq) 0.854
$042- (ag) 3.37¢-002
CN- (ag) 7.5%¢-006
Waste, industrial 3.666
Waste, hazardous 3. 74e-002
Waste, highly radicactive 1.04e-002
Crude o1l (1) 31.529
Natural gas (1} 1.306
Hard coal (r) 0.606
Brown coal (1) 0.505
Wood (1) 3.10e-002
Uranium {as pure U) {r} 3.67e-005
Hydro power-water (1) 7.42e+007
NMVOC, diesel engines 0.146

Zn 2.22¢-005
Se 2.21e-007
Cu 3.85e-005
Ethane 2.11e-005
Propane 3.17e-005
Alkanes 2.64e-004
Ethene 5.28e-005
Acetylene 1.06e-005
Propene 2.11e-005
Alkenes 2.11e-005

Massflow [kg]
2.292

Reference

--- To be conlinued ---
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PAH 1.21e-007

Benzene 2.11e-005

Toluene 1.06e-005

Aromates (C9-C10) 2.11e-005

Formaldehyde 6.3e-006

TOC (aq} 6.60e-005

Bark (in) 94,080

Waste, slags & ashes 5.760

Energy carrier [MJ] E Factor Reference
Elecciricity, coal marginal 0.525 Ex
Oil, light fuel 0.264 None
Diesel, heavy & medium truck {urban} 0.783 None
Bark 1.600 None
Diesel, heavy & medium truck (highway 0.118 None
Diesel, ship (4-stroke) : 5.94¢-002 None

The sum of output flow(s) (2.292 kg} is used to calculate emissions and cnergies

Notes
Produétion of 1 kg of planks. The data are imported from a database file (planks.lca).

The file includes data on production {planting, forestry and harvesting} of pine pulpwood (softwocd) ia Sweden, using mechanised and manual
wood harvesting (1). The softwood is both naturally rejuvenated and planted. The sawmill includes barking, sawing and drying of wood (2). The
transport between harvesting and saw mill is included as well (3).

The data above include emissions etc. from fuel production and combustion. These have been calculated by using emission factors from our
energy database. The emission factors take into account emissions etc. for production of the electricity that is used for fuel production. However.
the data above do not include emissions etc. for production of the electricity that is used in the saw mill. When the total emissions profile of the
packaging system is calculated, these emissions ete. are included through the use of emission factors for extraciion etc. as is denoted ahove (E
Factor: Ex).

References:

(1) Orjan Hedenberg, Birgit Backlund Jacobson, Tiina Pajula, Lisa Person. Helena Wessman; Use of agro fibre for paper production from an
environmental point of view, NordPap DP2/54, Scan Forskrapport 682, Nordic Industrial Fund, QOslo, 1997,

(2) Tillman et al., Packaging and the Environment, Chalmers Industriteknik, Gothenburg, Sweden. 1992.

(3) Data from the STFI database (The Swedish Pulp and Paper Institute).

Transport Card: Trp 16
Inflows ’ Percent Massflow [kg]
Planks 2.292
Outflows
2292
Modes of conveyance [km] Reference
Truck, medium (rural, 40% ) 100.000

The sum of output flow(s) (2.292 kg) is used 10 calculale emissions and energies

Notes
The transpart of planks to pallet production has been estimated.

The planks are assumed to be produced in Denmark relatively close 10 the soft-drink producer. A transport distance of 100 km has been assumed
to be representative.

Process Card: 24, Pallets

Inflows Percent Massflow [kg)

Planks 2.292

Qutflows

Palleis 2.292

Energy carrier [MJ] E Factor Reference

The sum of output flow(s) (2.292 kg) is used to calculate emissions and energies

Notes
Data for the production of paliets are nol available. This process is however assumed to be negligible and is therefore not
included.

Process Card: 25 LDPE-production

QOutflows Percent Massllow [kg]

LDPE 3.12e-002

Energy carrier |MJ] E Factor Reference

The sum of output flowts) (3.12e-002 kg) 1s used 10 calcuiale emissions and energies

Notes )
--- To be continued ---
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{dentical 10 process 8.

Transport Card: Trp 17

Inflows Percent Massflow [kg]

LDPE 3.12¢-002

Qutflows :
3.12¢-002 l

Modes of conveyance ) [km] Reference ;

Truck, heavy (highway, 70%}) 300.000 :

The sum of output flow(s) {3.12¢-002 kg) is used to calculaie emissions and energles

Notes
The transport of LDPE has been estimated.

Process Card: 206. Plastic ligature

Inflows Percent Massflow [kg]

LDPE 3.12e-002

QOutflows

Plastic ligature 3.12e-002

Energy carrier [MJ] E Factor Reference

The sum of output flow{s} (3.12¢-002 kg) is used to calculate emissions and energics

Notes
Data for the production of plastic ligature are not available. This process is however assumed to be negligible and is therefore not included

Transport Card: T 18
Inflows Percent Massflow [kg]
Wood incineration 2289
Outflows
2.289
Modes of conveyance (km] Reference
Truck. medium (rural, 40%) 20.000

The sum of output flow(s) (2.289 kg} is used to calculate emissions and energies
Notes
Transpont of wood to waste incineration (1).

References:
(1) The information about transport distances were provided by Bryggerifereningen via Logisys (Jan Jacobsen).

Process Card: 37, Wood incineration

Inflows Percent Massfiow [kg]

Wood incineration 2.289

Qutflows

Energy {wood) 32.900

'Emissions, waste and resources [g] Reference
CalOH)2 (in) 17.600 {1}2) Non-elementary inflow
Waler {r} 243.000 (1X2)
CO2 {bio) 1.78e+003 (1365 Air
cO 6.000 (135}
NOx 1.200 (1)(5)
Dioxin 1.00e-008 {(1X5)
H2O 522.000 (1X5)
Water to WWTP 243.000 (1) Water
Waste, slags & ashes 30.000 {1) Waste
Energy carrier MJ] E Factor Reference
Electricity, coal marginal 0.180 Ex (1}

The sum of input flow(s) {2.289 kg) is used to calculate emissions and energies
Mass change factor 14.370

Notes

Incineration of wood used in paliets.

Data used for woad were found in the EDIP unit process database 1), excepl data for the amount of heat and electncity produced in the process.
These were calculated based on energy production in Danish waste incineration plants in 1992 (33, The incineration plants’ own energy
consumption was subtracted from the produciion, to yield the energy exported from the plant. The (lower) heat value used for wood was 183

© M/kg (5). For further details. sec Technical repont 7.

--- To be continued ---
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Energy production:
The heat produced in waste incineration is 13.8 MI/kg waste and the electricity produced is 0.57 MJ/kg waste (3.

The outflow of energy from this process is not a mass flow, despite what is indicated above. Instead it is an energy flow, measured in MJ.

“Mass change factor™:
The mass change factor in the LCAIT scfiware is generally defined as the total outflow [kg)/total inflow [kg). Since the outflow from this

process is energy. the "mass change factor” is in this case the energy outflow[MIVithe waste inflow [kg] = 14.37 MJ produced energy/kg waste.

References and comments: :

(1) Frees N and Pedersen M A (1996): EDIP unit database.

(2} Used for fluegas cleaning.

{(3) SK energi (1994); Opgorelse af affaldsressourcer i Danmark. Elsam/Elkraft. Styregruppe 4 for biomasse.

{4) The air emissions are calculated based on an assumption that during incineration, 1 % of the wood becomes ashes, and also that the ashes
consist of 50 wi% C, 44 wi% O and 6 wt% H (6).

(5) Arbeidsrappont nt. 29 (1995): Miljeekonomi for papir- og papkredsiab. Delrapport 2: Bolgepap. Miljg- og Energiministeriet Miljgstyrelsen.

Process Card: 28. Enerpy use

Inflows Percent Massflow [kg]

Alt. energy 50.000 % 32.900

Energy (wood) 32.900

Energy carrier [MT] E Factor Reference

The sum of output flow(s) {65.799 kg) is used to calculate emissions and energies

Notes

Heat and electricity produced in waste incineration is assumed 10 replace the same amount of heat and electricity from alternative energy
production. The outflows/inflows of energy to/from this process are not mass flows, despite what is indicated above. Insicad they are energy
flows, measured in MJ (see remarks in the mcineration processes).

Process Card: 29. Al encrgy production

Outflows Percent Massflow [kgl

Alt. energy 32.9500

Energy carrier M) E Factor Reference
Natural gas (100 kW) -0.447 FU/Ex (1) (2)
Oil, light fuel 0.671 FU/Ex (L@
Electricity. coal marginal -5.00¢-002 Ex (n

The sum of output flow(s) {32.900 kg is used to calcuiate emissions and energies

Notes
Alternative production of heat and electricity per MJ total energy produced:

- Heat: 0,95 MJ (2}. The efficiency for production of heat from oil and natural gas is assumed to be 85 %. The total amount of primary fuels =
0.95/0.85 = 1.118 MJ/MJ of total energy produced. The heat produced in wastc incineration is assumed 1o replace district heat produced from
other fuels. which (as an average for Denmark) is a mix of 60 % light fuel il and 40 % naturai gas (1). This corresponds to 0.671 MJ of light
fuel oil and 0.447 M) of natural gas.

- Electricity: 0.05 MJ (2). The electricity produced in waste incineralion is assumed to replace electricity from the grid.

The outflow of energy from this process is not a mass flow, despite what is indicated above. Instead it is an energy flow, measured in M) (see
remarks in the incineranon processes}.

References:
(1) Eurostat. {1997a). Energy Balance Sheets 1994-1995. Luxembourg: Statistical Office of the European Communities.
{2) Frees N and Pedersen M A (1996): EDIP unit database.

Transport Card: Trp 19 (Distribution of beverage)
Inflows Percent Massflow [kg}
Beverage distribu. 1.12e+003
Outflows
1.12e+003
Modes of conveyance [km] Reference
Distr. heavy (highway. 507} 56,700
Dasir, heavy (rural, 50%) 45,360
Distr. heavy turban, 50%} 11.340
Distr, medium (highway, 50%) 14.400
Distr, medium (rural, 50%} 14.400
Distr. medium (urban. 504%) 19.200
Distr, medium (highway, 40%} 0.800
Distr. medium (rural, 409) 2.400
Distr, medium (urban, 40} 4.800

--- To be continued ---
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Calculated for a reference flow of 1.12e+003 [kg} which corresponds 1o 1000 ] of beverage
The sum of output flow(s) (1.12e+003 kg) is used 10 calculate emissions and energies

Notes

Distribution of PET bottles by truck. including beverage, paliet and all packaging.

During the distribution from the soft-drink producer to the retailer, the bottles are transported various distances on different types of roads, and
by different kinds of trucks.

The distance on each type of road, for gach of these trucks, have been supplied by LOGISYS (1). The load rate, fuel consumption and the
emissions are caiculated and described in Technical report 7 (2).

Reference flow: Distribution of 1000 litres of beverage corresponds to 1121 kg (3).

References:

(1) Supplied by Jan Jacobsen, LOGISYS, collected by Per Nielsen, IPU and entered by Johan Widheden, CIT.
(2) Technical report 7: Energy and transport scenarios.

{3) Distribution of one bottle corresponds to 0.5606 kg {see the "Packaging” process above).

Process Card: 30, Retaijers

Inflows Percent Massflow [kg)

Beverage distribu. 1.12e+003

Outfllows

Return {pallets} 4.088 % 45.786

Box+tray {recyc) 0.219 % 2.453

Bever. to cansumer 1.07e+003

Emissions, waste and resources (gl Reference

Plastic ligature (out} 1.95e-002 Non-elementary cutflow
Energy carrier [M] E Factor Reference

The sum of output flow{s} (1.12e+003 kg) is used to calculate emissions and energies

Notes
The choice of packaging is assumed to have negligible effect on the environmental impacts of the retailer.

Material balance per bottle (1):
# Inflows:
- Distribution of beverage = .,.= 560.63 g.

# Qutflows:
- Box+tray (recycling): 20 % of the corrugated board is recycled = 020x6.15=123g
- Return: Paliets (distribution flow) = 22.92 g.

- To consumer: Distribution of beverage - Box+tray (recycling) - Plastic ligature (recycling) - Return of pallets = ... = 536.49 g.
- Total outflow = ... = 560.63 g.
# The mass change factor toutfin} = ...= 1.000,

70 % of the plastic ligawre (0.01 g/bottle or 0.0195 g/kg outflow) goes 10 material recycling (1). This corresponds to less than 0.1 % of the
primary packaging and therefore this has been assumed 10 be negligible and the plastic ligature has been accounted for as a non-elementary outflow.

References:
(1) The information about the weights, recycling rates, market shares etc. for the different packagings were collected by Per Niclsen, IPU.
provided by Brypgerifpreningen via Logisys {Jan Jacobsen) and entered by Lisa Person. CIT.

Process Card: Trp 20 {Return)
Inflows Percent Massflow [kg]
Return {pallels) 45.786
Ountflows
45.786
Energy carrier iMIl E Factor Reference

The sum of output flowts) (45.786 kg) is used to calculate emissions and energies
Notes
The return transport to the sofi-drink producer is included in the distribution of beverage (Trp 19) (1),

References:
{1) This :nformation were provided by Bryggerifereningen via Logisys (Jan Jacobsen).

Transpert Card: Tmp 2l

Inflows Percent Massflow [kgl
Boxsiray (fecyc) 2453
Outflows

--- To be continued ---
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2.453

Mades of conveyance [kem] Reference
Truck. heavy (highway, 70%) 130.00¢

The sum of output flow(s) (2.453 kg) is used 1o calculate emissions and energies
Notes
Transport of the used corrugated board boxes and trays to recycling.

References: )
(1) The information about transport distances were provided by Bryggerifareningen via Logisys (Jan Jacobsen).

Process Card: 31. Testliner

Inflows Percent Massflow [kg]

Box+tray (recyc) 2.453

Outflows

Testliner 2.249

Emissions, waste and resources (g} Reference

CO2 (bic) 11.000 Alr

CcOo2 464.000

CO 4.00¢-002 Not represgniative
S02 0.120

NOx 0.740 As NO2

COD (aq) 0.580 Water

BOD-5 {aq) 4.00e-002

Suspended solids {aq) 4.00e-002

Tot-N (ag) 2.99¢-002 Not representative
NH3 {aq) 0.0 Not available
NO3- (ag) 1.82e-002 Not representative
AOX {aq) 0.0 Not available
Phosphate (aq) 3.10e-003 Not available

Cl- (aq) 0.476 Not representative
5042. (aq) 0.657 Not representative
Cu (ag) 7.00e-005 Not representative
Zn (aq) 2.50e-004 Not representative
Waste. paper related 9.600 Waste

Waslte, other rejects 28.700

Wasle, organic sludges 0.100

Rejects incinerated + energy (out) 1.100 Non-elementary outflow
Recyeled lubricants (oul) 0.100

Reused lubricants (out) 0,200

NaOH (in} 0.500 Non-elementary inflow
HCI (in) 0.200

Colorants (in) 1.3%0 (wet weight)
Starch (in) 26.300

Sizing agents (in} 3.300 {wet weight)
Retention agents (in) 0.300

Defoamer (in) 0.100

Biocides (in) 1.00e-002

L.ubricants {in) 0.170

Urea {in} 0.120

Phosphornic acid (in) 0.140

Energy carrier [MJ] E Factor Reference
Electricity, coal marginal 0.210 Ex

Oil, light fue! 6.00e-004 Ex

Natural gas {>100 kW} 1.670 Ex

Diesel, heavy & medium truck (urban) 2.00e-002 Ex

LPG, forklift 31.00e-002 Ex

The sum of output flow(s} (2.249 kg) is used to calculate emissions and energies
Mass change factor 0.917

Notes
Production of testliner (1) based on recycled fibres from the packaging system.

Material balance per kg testhner (2):

- [nput: 1.09 kg of recovered paper (as wel waight).
- Output: I kg of testliner.

- Mass change factor {out/in} = ... = 0.9174.

Reference:
(1) European Database for Corrugated Board Life Cycle Studies, FEFCO, Groupement Ondulé. KRAFT [nstiwie, 1996/1.

(2) Reference |, page 14.

--- To be continued ---
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Process Card: 32. New preduct

Inflows Percent
Avoided krafliner

Avoided testliner 10.000 %
Testliner 50.000 Se
Energy carrier MJ]

Massflow [kg]
1.799
0.450
2.249

E Factor

The sumn of output flow{s) (4.498 kg) is used 1o calculate emissions and energics

Notes

Reference

The testliner produced from recycled fibres from the packaging system is assumed to replace in part (20%:) kraftliner and in part (80%) testliner

based on recycled fibres from other systems in Europe.

Process Card: 33. Avoided kraftliner

Outflows Percent
Avoided krafliner

Emissions, waste and resources 14

Land use [m2*years] (r) -18.069
Particulates -1.959
CO2 (bio) -1.33e+003
cO2 -456.189
NOx -3.782
502 -1.194
H28 -0.110
COD (aq) -16.710
BOD-5 {(aq} -5.900
Suspended solids {aq} -2.100
Waste, ashes -5.800
Waste, inorganic sludges i -15.700
Waste, other rejects -10.800
Waste, organic sludges -2.600
NaOH (in) -7.800
HCH (in) -6.00e-002
Starch (in} -1.600
Sizing agents (in) : -5.900
Retention agents {in} -2.000
Defoamer {in} -1.200
Biocides (in) -2.00e-032
Lubricants (in) -0.260
Na2CQ03 (in) -1.700
CaCO03 (in) -3.100
Ca0 {in} ) -8.200
Na2SO4 (in) -4.900
H2804 {in) -13.200
Sulphur (in) -0.200
Alum (in} -3.700
Other addiives {in} -0.300

CO 0.722
NMVOC -0.510
CH4 -0.499
Dioxin -4.58e-010
NH3 -2.65e-004
N2C -9.65e-003
HCl -1.42e-003
HF -9.23¢-004
Radioactive emissions [kBg] -3.32e+004
As -2.75e-006
Cd -6.10e-006
Cr -5.16e-006
Hg -6.34¢-007
Ni -2.31¢-004
Pb -1.99e-005
CN- -1.61e-005
Tot-N taq} -2.01e-002
Phosphate (aq) -1.54e-004
H2S {aq) -5.07e-007
Oil {aq) -0.114
Organics (ag) -9.15e-002
Radioactive emissions {kBql (ag) -311.600
Al (aq) -2.01e-003
As (aq) -1.33¢-005

Massflow [kg)
1.799

Reference

--- To be continued ---




50 cl disposable PET bottles Annex A 3

File: SOCL-DI.LCA  Printed: Thu 98-05-28 16:41

Cd (ag) -6.91e-006

Co (aq) -2.18e-003

Cr (aq) -4.87e-005

Cu (aq) -1.60e.005

Ni {aq) -3.98¢-005

Pb (aq) -4.99¢-005

Sb {aq) -5.54¢-008

Sn{aq} -4.34¢-003

V {aq} -1.30e-005

Zn (aq) - -5.47e-005

F- (aq) -7.47e-004

Cl- (ag) -3.347

SO42- (aq) -0.131

CN- {aqg} -1.55e-005

Waste, industrial -51.055

Waste, hazardous -5.326

Waste, highly radioactive -2.86e-002

Crude il (1) -123.652

Natural gas (r} -19.466

Hard coal () -2.619

Brown coal (r) -2.336

Wood (r) -6.31e-002

Uranium (as pure U) (r} -1.77e-004

Hydro power-water (1) -8.34e+008

NMVOC, diesel engines -(0.232

Zn -5.65e-005

Se +5.65e-007

Cu -9,82¢-005

NMVOC, oil combustion -0.471

Benzene -1.61e-003

Cr3+ . -2.71e-006

PO43- (aq} -1.63e-004

Cr3+ (aq) -4.88e-005

Waste, radioactive -2.86e-004

Biomass {r) -6.242-002

Peat {in} -5.236

Bark (in}) -48.216

Energy carrier - (M1 E Factor Reference
Electricity, coal marginal -2.600 Ex
il heavy fuel -2.040 None
0il, light fuel -1.00e-002 Nong
Natural gas (»>100 k'W} -(.690 Nene
Diesel, heavy & medium truck (urban) -0.784 None
Peat -0.110 None
Bark -0.820 None
Heat 0.340 None
Diesel, heavy & medium truck (highway) -0.325 None
Diesel, ship (4-stroke) -1.377 None

The sum of output flow(s) (1.79% kg) is used to calculate emissions and energies
Mass change factor 1.312

Notes

The avoided production of 1 kg of kraftliner caused by the outflow of recycled fibres from the packaging system. The data are impored from a
database file (kraftliner.lca}. The file includes data on avoided wood harvesting. wood transport and production of kraftliner, Data on wood
transport and on krafiliner production are adapted from FEFCO (1). Data on wood harvesting are adapted from reference 2.

The data above include emissions etc. from fugl production. These have been calculated by using emission factors from our energy database. The
emission factors lake inlo account emissions etc. for production of the electricity that is used for fuel production. However, the data above do not
include emissions etc. for production of the eleciricity that is used in production of kraftliner. When the total emissions profile of the packaging
system is calculated, these emissions etc. are included through the use of emission factors for extraction eic. as is denoted above (E Factor: Ex).

References:

(1) European Database for Corrugated Board Life Cycle Studies, FEFCO. Groupement Ondulé. KRAFT Institute. 1396/1.

{2} Orjan Hedenberg. Birgit Backlund Jacobson, Tiina Pajula. Lisa Person, Helena Wessman: Use of agro fibre for paper producticn from an
environmental point of view, NordPap DP2/54, Scan Forskrapport 682. Nordic industrial Fund, Oslo, 1997.

Process Card: 34, Avoided testliner

Inflows Percent Massflow [kgl

Fibres to recycling 0.491

Outflows

Avoided testliner 0,450

Emissions, waste and resources iel Reference

--- To be continued —-
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CO2 (bio) -11.000 Air

co2 -464.000

CO -4.00e-002 Naot representative
so2 -0.120

NOx -0.740 As NO2

COD (ag) -0.580 Water

BOD-5 {aq} -4.00e-002

Suspended solids {aq) -4.00e-002

Tot-N (aq) -2.99¢-002 Not representative
NH3 {aq} : 0.0 Not available
NQ3- (ag) -1.822-002 Not representative
AOX (aq} 0.0 Not available
Phosphate (aq) -3.10e-003 Not available

Cl- -0.476 Not representative
5042- (aq) -0.657 Not represenative
Cu (aq) -7.00e-005 Not representative
Zn (aq) -2.50e-004 Not representative
Waste, paper related -9.600 Waste

Waste, other rejects -28.700

Waste, organic sludges -0.100

Rejects incinerated + energy (out) -1.10¢ Non-elementary cutflow
Recycled Jubricants (oul) -0.100

Reused lubricants (out) -0.200

NaOH (in) -0.500 Non-elementary inflow
HCl {in} -0.200

Colorants (in) -1.390 (wet weight}
Starch (in) -26.300

Sizing agents (in) -3.300 (wet weight)
Retention agents (in) -0.300

Defoamer (in) -0.100

Biocides n) -1.00e-002

Lubricants (in} -0.170

Urea (in) -G.120

Phosphoric acid {in} -0.140

Energy carrier fMJ] E Factor Reference
Electricity, coal marginal -0.210 Ex

Oil, light fuel . -6.00e-004 Ex

Natural gas (>100 kW) - -7.670 Ex

Diesel, heavy & medium truck (urban) -2.00e-002 Ex

LPG, forklift -3.00e-002 Ex

The sum of output fiowis) {0.450 kg) is used to calcuiate emissions and energies
Mass change factor .917

Notes
This is the production of testliner based on recycled fibres from other systems which is reduced through the use of recycled fibres from the
packaging system. The reason for the negalive figures is thal they refer to a reduction in the production.

For further details, see process 31,

Process Card: 35. Other products

Outflows Percent Massflow [kg]

Fibres to landfill 50.000 % 0.491

Fibres to recycling 0.491

Energy carrier (M) E Factor Reference

The sum of output flow(s) (0.981 kg) is used to calculate emissions and energies

Notes
When production of testliner based en recycled fibres from other systems (in Europe) is reduced, these fibres end up at waste management. The
marginal waste management is assumed to be landfilling {see Main report).

Process Card: 36. Landfill-corrugated board

Inflows Percent Massflow [kg]

Fibres to landfill 0.491

Emissions, waste and resources [g] Reference

CH4 §3.000 Air. See notes

CO2 (bio) 428.000 Alr, See notes

Elementary waste, corrugated board 447.000 Elementary waste, See notes
Biogas (out) 42.000 Co-product. See notes
Enerpy carrier (M3 E Factor Reference

Electricity. coal marginal 7.00e-00+4 Ex (3

--- To be continued ---
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Diesel, heavy & medium truck (urban) 3.50e-002 FU/Ex (3)
The sum of input flow(s) {0.491 kg) is used to calculate emissions and energies

Notes
Landfilling of corrugated board.

Emissions:

According to reference 1 the methane produced from degradation paper is dependent of the composition of the paper according to
{unit; g/kg paper): CH4 = 186 x Xc. Xc; the cellulose (and hemicellulose) content.

If the celiulose content is unkown X¢ can be calculated from: Xc =1 - (Xi + Xa + Xm)

- XI; the lignin content

- Xa; the content of ashes

- Xm: the moisture {water content)

The carbondioxide produced is:

CO2=35)4xXe

The methane produced is not equal to the methane emitied since |5 % of the methane is oxidised into carbondioxide. The correct formulas will
therefore be:

CH4=(1-0.15)x 186 x Xc = 158 x Xc

CO2=(514 x Xc) + (0.15 x 186 x Xc) = 542 x X¢

Calculation of emissions:

According to reference 2 the corrugated board content is:
X1=12 % (10-15 %)

Xas=2%{(1.5-2%)

Xm=7 % (6-8 %)

According to the formula above Xc =..=7% %

CH4 = 158 x 0.79 = 125 g/kg cormgated board.

CO2 = 542 x 0.79 = 428 g/kg corrugated board.

Part of the methane (we assume 1/3) 15 collected as biogas and used for energy production. which means that the emissions of methane 1~ % g kg
corrugated board. The biogas is a non-elemensary outflow from the system, i.c. it is not followed to the grave. This has little effect on thy 1t
LCA results since the amount of biogas is small.

Remaining waste:
The remaining waste is calculated from 1000 - CH4 - CO2 = ... = 447 g/kg cormugated board.

References:

(1) Sundqvist J-O et al. Life Cycle Assessment and Solid Waste, AFR, Stockholm, 1994, page 78.

(2) ASS! Kraftliner, Research Corp., Christer Stremark, personal communication.

(3) Tillman et al., Packaging and the Environment, Chalmers Industriteknik, Gothenburg. Sweden, 1992,

Transport Card: Trp 22
Inflows Percent Massflow jkg)
Bever. to consumer 1.07e+03
Outflows
1.07¢+003
Modes of conveyance |km] Relerence

The sum of output flow(s) (1.07e+003 kg) is used 1o calculate emissions and energies

Notes

Transport of PET bottles (1) from retailer to consumer. The choice of beverage packaging is assumed not to affect the transport mode, the
transport distance of the number of transports from retailer to home. Under this assumption, preliminary caiculations show that the choice of
packaging has negligibie effect on the environmental impact of this transport.

Comments:
(1) Includes: (Bottle+beverage) + (Cap+insert) + Label + Glue Multipack (LDPE) + Multipack {CB) + (0.8x Corrugaled board boxes+irays) +
Foil + (£.30 x Plastic ligature).

Process Card: 37. Use (refrigeration)

Inflows Percent Massflow [kg]

Bever. to consumer 1.07e+003

Outflows

Bottle recycling 71.042 % 51775

Cap/insert recyc. 5.125% 3735

Waste 17.369

Emissions, waste and resources £4] Reference
Multipack-CB (out) 0.822 Non-elementary outllow
Energy carrier [MJ] E Factor Reference
Electricity. coal marginal 3.0de-004 Ex

The sum of output flow(s) (72.880 kg) is used o calculate emissions and energics
--- To be continued ---
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Mass change factor 6.80e-002

Notes

The same data as those used in the study from 1995 have been used (1). The PET botile is cooled from 20 10 5 degrees Celsius, which correspond
to an electricity consumption of 0000396 MI/kg PET botile. This figure has begn recalculated into per kg totai outflow using the factor 0.7673
(see the material balance below) ---> 3.04 e-04 MJ/kg total outflow.

Material balance per bottle (2):
# Infilow: From retailer = ... = 5364% g.

# Outflow:

- Bottle recycling (3): 0.90 x (Boitle+Labels+Glue) = 0.90 x (28+0.6+0.2)=25.92 .

- Cap/insent recyc.: 0.85 x (Caps+insens)=0.85x2.2=1.87g. :

- Waste: (0.10 x battle} + (0.15 x Cap+insert) + 0.10 x (Label+Glue) + (0.8 x Corrugated board boxes+irays) + (0.8 x Mullipack {CB)) +
Muliipack (LDPE) + Foil + (0.3 x Plastic ligature) = ... = 8.70 g.

- Total outflow = ... = 36.49 5.

# Mass change factor (outfin) = ... = 0.06680.

# Factor for recalculating the original electricity consumption: Weight of bottie/Total outflow = (2B)/(36.49) = .= 0.7673 kg PET bottie/kg total outf)

20 % of the cardboard in the Multipacks goes to material recycling (2). This corresponds 1o less than 0.1 % of the primary packaging and
therefore this has been assumed to be negligible and the cardboard has been accounted for as a non-¢lementary outfiow.

References and comments:

(1) Pornmer K., Suhr Wesnzs M., Madsen C. (1995): Miljemassig kortlzgning af emballager til o] og 12skedrikke. Delrapport 6:
Engangsflasker af PET. Milja- og Energiministeriet Miljestyrelsen. page 57.

(2) The information about the weights, recycling rates, market shares etc. for the different packagings were collected by Per Nielsen, IPU,
provided by Bryggerifereningen via Logisys (Jan Jacobsen) and entered by Lisa Person, CIT.

{3) The distribution system for the collection of the used botiles has not been investigated in detail and is therefore not included in the process
iree. In reality, the bottles are returned to the retailer by the consumer and then transported to the softdrink producer. The botiles are baled and
then transparted to the recycling in the Netherlands. When studying the process tree it looks like the boitles are baled by the user and then
transported directly to the recycling, which of course is not the real case. This simplification bas no significant ympacts on the results though.

Process Card: 38. Baling

Inflows Percent Massflow [kg}

Bottle recycling 51975

Outllows .

Bottle bales 51.775

Emissions, waste and resources izl Reference

Steel strappings (1n) 3.000 Non-elementary inflow
Energy carrier [MJ] E Factor Reference

Electricity, coal marginal 6.48e-002 Ex

The sum of output flowis) {51.775 kg) is used to calculate emissions and energies

Notes

Baling of PET bottles {1). A mobile bale press unit produces bales of 250 kg, which are transported to the Netherlands, where they are grinned
into flakes, washed and dried. The production of steel strappings has been assumed to be negligible and therefore this has been accounted for as a
non-elementary inflow.

References:
(1) Data were supplied by John Holm at Schoeller-Plast-Enterprise A/S, Regstrup, Denmark, collected and entered by Lisa Person, CIT.

Transport Card: Trp 23
Inflows Percent Massflow [kg]
Bottle bales 51.775
Outflows
51775
Modes of conveyance [km] Reference
Truck, heavy (highway., 70%) 700.000

The sum of output flow(s) (51.775 kg) is used to calculate emissions and energies

Notes
The transport of bottle bales to material recycling has been estimated. (The potential transport of bottles to baling has been neglected. )

The bottles bales are transported to the Netherlands (1). A transport dislance of 700 km has been assumed 1o be representative.

References:
(1) The information about the location of the reeveling plant were provided by John Holm at Schoeller-Plast-Enterprise A/S, Regstrup, Denmark.

Process Card: 9. Recycling

Inflows Percent Massflow [kg]
--- Ta be continued ---
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Annex A a3

Bottle bales 51.775

Outflows

Rec. PET-resin 50.571

Paper incineration 23260 % 1.204

Emissions, waste and resources [g] Reference

Nitrogen (in) 1.85¢-002 (23 Non-elementary inflow
Potymer filter screens (in) 1.500 Non-elementary inflow
Acetaldehyde 2.30e-002 Air

Water (1} 4.00e+004

Water {aq) 3.50e+004

Waste, industrial 1.500 {3) Waste

Waste, polymer 15.000

Glue (out) 7.150 MNon-eiementary outflow
Energy carrier [MJ] E Factor Reference

Electricity, coal marginal 0.403 Ex

Natsural gas (>100 kW) 1.125 FU/Ex (4} Fuel

The sum of output flow(s} (51.775 kg} is used to calculate emissions and energies

Notes

Production of PET-resin for bottie production {1). The data is valid for production of PET-resin from 75 % of virgin PET and 25 % of clean
PET-flakes from recycled PET botiles. In this case the raw material is only recycled PET botiles. but these data is assumed 1o be a good
approximation. Furthermore there is a data gap for the production of PET-flakes from baled PET bottles.

The output from the process is solid state PET-resin ready for use in PET bottles. The production of nitrogen and polymer filter screens has not
been included and therefore these are accounted for as non-elementary inflows. There are no information available concerning the share of
material scrap lost in the process. Therefore the inflow is identical to the outflow.

Material balance per bottle (5}
# Inflows:
- Botile bales: 25.92 g.

# Quiflow:

- Paper (labels) 10 incineration: 0.90 x Labels = 0.54 g.

. PET-resin: 0.90 x (Botile bales - Paper (labels) to incineration - 0.90 x Glue) = ... =22.68 g (6).
- Total outflow = ... =23.22 g.

# Mass change factor {outfin) = ... = 0.8958.

References and comments:

(1) Data were supplied by Steve Nichols, Wellman, USA, from Wellman PET Resins Europe, situated in Emmen, The Netherlands. collected by
Lisa Person. CIT and entered by Johan Widheden. CIT. Data refers to EcoClear PET-resin.

{2} Data from Hoekloos. Rotierdam, The Netherlands. Density used: 1.23 kg/m3.

{3) Filter screens.

{4) Density: 0.8 m3. Hea value used: 48.5 MI/kg.

(5) The information about the weights, recycling rates, market shares etc. for the different packagings were collected by Per Niglsen, [PU,
provided by Bryggerifereningen via Logisys (Yan facobsen} and entered by Lisa Person, CIT.

{6) The Tecycling process involves PET-resin production from PET boutle flakes. The produciion of flakes is not included and there are no
information about the loss. There are no information available about the losses in the PET-resin process either. The inflow of botiles (excluding
labels and glue) is 0.90%28 = 25.2 g. Assuming 10 % losses in the flake and PET-resin processes. 22.68 g (0.90*25.2) of PET-resin is produced.

Process Card: 40. Paper incineration

Inflows Percent Massflow [kg]

Paper incineration 1.204

Qutflows

Energy (paper) 13.030

Emissions, waste and resources (el Reference
Ca(OHI2 (in) 17.600 (1%2) Non-elemenlary inflow
Water () 243.000 (12
CQ2 (bio) 1.59e+003 {1y Air
Co 5.000 (1

NOx 1.200 (1
Dioxin 1.00e-008 80

H2O 544.000 th

Water 1o WWTP 243.000 (1) Water
Wasle. slags & ashes 2004 (1) Waste
Energy carrier {M]] E Factor Reference
Electricity. coal marginal 0.180 Ex (1}

The sum of input flowts) (1.204 kg) is used 1o calculate emissions and energies

Mass change factor 10.820

Notes

--- To be continued ---
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Incineration of paper used in labels.

Data used for paper were found in the EDIP unit process database (1}, and calculated as cellulose, except data for the amount of heat and
glectricity produced in the process. These were calculated based on energy production in Danish waste incineration plants in 1992 (3). The
incineration plants' own energy consumption was subtracted from the production. to yield 1the energy exported from the plant. The (lower) heat
value used for paper was 15 MJ/kg (3). For further details, see Technical report 7.

Energy production:
The heat produced in waste incineration is 11.3 MM kg waste and the electricity produced is 0.57 MJ/kg waste (3}.

The outflow of energy from this process is not a mass flow, despite what is indicated above. Instead it is an energy flow. measured in M1.

"Mass change factor”:
The mass change factor in the LCAIT software is generally defined as the total outflow {kg]/total inflow fkg]. Since the outflow from this
process is energy, the "mass change factor” is in this case the energy outflow{MJ]#the waste inflow {kg] = 11.87 M) produced energy/kg waste.

References and comments:

(1) Frees N and Pedersen M A (1996): EDIP unit database.

(2) Used for fluegas cleaning.

{3) SK energi (1994): Opgereise af affaldsressourcer i Danmark. Elsam/Elkraft. Styregruppe 4 for bicmasse.

Process Card: 41. Energy use

Inflows Percent Massflow [kg]

Energy (paper) 13.030

Al energy 50.000 % 13.030

Energy carrier {MJ] E Factor Reference

The sum of output flow(s) {26.061 kg) is used 1o calculate emissions and energies

Nuotes
Identical to process 28.

Process Card: 42. Alt. energy production

Outflows Percent Massflow [kg]

Al energy 13.030

Energy carrier [MJ] E Factor Reference

The sum of cutput flow(s) (13.030 kg) is used to calculate emissions and energics

Notes
ldentical to process 29.

Process Card: 43. New product

Inflows Percent Massflow [kg]

Avoided PET {virgin 25.285

Avoided PET (rec) 25.000 % 25.285

Rec. PET-resin 50.000 % 50.571

Energy carrier [MJI] E Factor Reference

The sum of output flowis) (101.142 kg) is used to calculate emissions and energies

Notes
The PET-resin produced from recycled bottles from the packaging system is assumed to replace in part (50%) virgin PET-resin and in part (50%)
PET-resin based on recycled botiles from other systems in Europe.

Process Card: 44. PET-production (avoided)

Outflows Percent Massflow [kg)

Avoided PET (virgin 23.283

Emissions, waste and resources () Reference
Particulates -3.800 Alr
cQz -2.33e+003

co -18.000

S02 -25.000

NOx -20.200

HCI ' 0,110

HC -40.000

Meials -1.00e-002

Organics -9.400

COD (aq) -3.300 Water
BOD (aq) -1.000

Na+ {aq} -1.500

Acid as H+ (aq) -0.180

Melals (aq) -0.120

--- To be continued ---
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Cl- (ag) 0710

Dissolved organics (aq) -13.000

Suspended solids {aq) -0.600

Detergent/cil (aq) -2.00e-002

HC (ag) -0.400

Dissolved solids {aq) -(.580

Phosphate (as P2035) (aq) -1.00e-002

Other nitrogen (ag) -1.00e-003

S042- {ag) -4.00e-002

Waste, mineral - -30.000 Waste

Waste, ashes -9.600

Waste, mixed industrial -3.500

Waste, regulated chemicals -0.130

Waste, inert chemicals -1.900

Bauxite {r} . -0.310 Resource

Nall (r) -4.900

Clay (r) -1.00e-003

Ferromanganese (r) -1.00e-003

Iron ore (r) -0.550

Limestone (r) -0.270

Manganese {r} -5.00e-002

Metallurgical coal {r) -0.230

Sand (r) +2.00¢-002

Water (r) -1.75e+004

Phosphate rock (1) -3.00e-002

Crude oil (1} -376.100 {1) Fuel resource
Natural gas (r) -307.900 { 1) Fuel resource

Coal (1) -138.500 (17 Fuel resource
Crude oil, feedstock (r} =777.500 (1) Feedstock resource
Natural gas, feedstock (r) -233.500 (1) Feedstock resource
Coal, feedstock (1) i -(.356 {17 Feedstock resource
Hydro power [MJel] {r) -0.550 {2) Electricity resource
Uranium (as pure 1) (r) -6.20e-003 {3) Eleciricity resource
Wasie, highly radioactive -1.70e-002 (4} Waste

Energy carrier [MJ] E Factor Reference

il -16.060 None {5) Fuel

Natural gas : -16.660 None {5) Fuel

Coal -3.8%90 None {5) Fuel

Qil, feedstock -33.180 None (5} Feedstock

Natural gas, feedstock -12.630 None (5) Feedstock

Coal, feedstock -1.00e-002 None (5) Feedstock
Electricity -2.710 None (&)

Hydre power [MJel] -0.550 None (7}

Nuclear power [Mlel] -(3.820 None (8)

The sum of output flow{s) (25.285 kg) is nsed (o calculate emissions and energies

Notes
The reduced production of virgin PET caused by the outflow of discarded PET bottles from the packaging system.

Production of 1 kg of bottle grade polyethylene terephthalate (PET) from virgin feedstock {ethylene and para-xylene) (1). The data includes all
process steps from extraction of feedstock resources (crude oil and natural gas) to solid state polymerisation.

General comments concerning the APME Eco-profiles report series:

- In the repont. the results for the cradie to gate life cycle are aggregated. This means that emissions from combustion of fuels and from the
production of electricity are already included in the process emissions and that resources from the production of electricity are included in the
energy demand (fuels). The fuel "other” (in the APME-report) mainly consists of oil and gas and has therefore been added to the value fur oil.

Main reference: Boustead, lan. Eco-profiles of the European plastics industry, Report §: Polyethylene terephtalate (PET), A report for APME's
Technical and Environmental Centre. Brussels. April 1995, table 1, page 6.

Other references and comments:

{1} The fuels and feedstocks in the Eco-profile report carrespend to primary rescurces (M}). The MI-figure has been converted 10 g by using the
higher heat value (9],

(2) Hydro power has been accounted for as a resource in MJ electricity. Since LCAIT does not handle other units than g, the MJel is pui in the name
(3} The consumption of uranium has been calculated hased on the original figure for nuclear power given as M) electricity. ) MJ of electricity
from nuclear power comesponds to 0.00758 g of uranium {as pure UH 10}.

(4) The generalion of radioactive wasle has been calculated based on the original figure for nuclear power given as M) electricity. | MJ of
electricity from nuclear power corresponds to 0.021 g of ghly radioactive waste (10).

(5} The original figure is an internal parameter because the environmental load associated with the production and combustion is included in the
emissions and resource consumption above, Therefore it would not be correct to use Lhe emission factors from the dalabase.

{6) The original figure is an internal parameter because the environmental load associated with the production is included in the emissions and
resource consumption above. Therefore it would not be comrect (0 usc any emission factors for electricity production from the database.

{7) The onginal figure comresponds to MJ consumed electricity from hydro power. This parameter is internal becanse the environmental load

--- To be continued ---
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associated with the production is included in the emissions and resource consumption above.

(8) The original figure corresponds to MJ consumed electricity from nuclear power. This parameter is internal because the envirenmental load
associated with the production is included in the emissions and resource consumption above.

{9) The Eco-profile reports from PWMI have been carried out by Boustead Consulting (lan Boustead). The heat values used in these studies were
provided by William Dove, Boustead Consulting, UK.

- Qil: 42.7 MI/kg.

- Natural gas: 54.1 MVkg.

- Coal: 28 MJ/kg.

{10) Livscykelanalys av Vattenfalls Elproduktion. Sammanfattande rapport. Stockholm, Sweden, 1996, page 70-71.

Process Card: 45. Recycling (avoided)

Inflows Percent Massflow [kg)

Other PET product _ 25.285

Outflows

Avoided PET (rec) 25.285

Emissions, waste and resources [e] Reference

Nitrogen (in) -1.85e-002 {2) Non-elementary inflow
Polymer filter screens {in} -1.500 Non-elementary inflow
Acetaldehyde -2.30e-002 Air

Water (r) -4.00e+004

Water (ag) -3.50e+004

Waste, industrial -1.500 (3) Waste

Waste, polymer -15.000

Energy carrier (MJ] E Factor Reference

Electricity, coal marginal -0.403 Ex

Natural gas {(>100 kW) -1.125 FU/Ex {4) Fuel

The sum of output flow{s) (25.285 kg} is used to calculate emissions and energies

Notes

This is the production of recycled PET-resin based on used PET bottles from other systems which is reduced through the use of recycled bottles
from the packaging system. The reason for the negative figures is that they refer to a reduction in the

production.

For further details, see process 39.

Process Card: 46. Other product

Qutflows Percent Massflow [kg}

PET-landfilling 50.000 % 25.285

Other PET product 25.285

Energy carrier L] E Factor Reference

The sum of output flow(s) (50.571 kg) is used to calculate emissions and energies

Notes
When production of PET-resin based on PET bottles from other systems (in Europe) is reduced, these botiles end up at wasle management. The
marginal wasle management is assumed to be landfilling (see Main report).

Process Card: 47. PET-landfill

Inflows Percent Massflow {kg]

PET-landfilling 25.285

Emissions, waste and resources gl Reference
CH4 8.000 (1) Air
Ccoz2 23.000 (1)

COD (aq} 0.240 {1} Water
Elementary waste, solid 980.000 Elemeniary waste
Energy carrier [84]] E Factor Reference
Eleciricity, coal marginal 7.00e-004 Ex (2}
Diesel, heavy & medium truck {urban} 3.50e-002 FU/Ex (2)

The sum of output flow(s) (25.285 kg} is used to calculale emissions and energies

Notes
Landfilling of polyethyleneterephialate (PET) during a shori-term perspective (1} (2}. Dunng the surveyable time-period 2% qf the polymer is
assumed t0 be decomposed, "Solid wasie” gives the weight of the waste in the landfill remaining after the surveyable ume-period.

Relerences:
{1} Sundgvist J-O et al. Life Cycle Assessment and Sclid Waste, AFR. Stockholm, 1994.
(2) Tillman et al.. Packaging and the Envirenment, Chalmers Industriteknik, Gothenburg. Sweden. 1952.

Transport Card: Trp 24
--- To be continued ---
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Inflows Percent Massflow [kg]
Cap/insert recyc. 3735
Outflows
3735
Modes of conveyance [km] Reference

The sum of output flow(s} (3.735 kg} is used to calculate emissions and energies

Notes
=»+ This transport has been excluded by accident [13G km - Truck. heavy (highway. 70%)].***
Transport of caps and inserts to material recycling (1),

References:
(1) The information about transpon distances were provided by Bryggerifereningen via Logisys (Jan Jacobsen).

Process Card: 48. PP-recycling

Inflows Percent Massflow [kg]

Cap/insent recyc. 3.735

Outflows

Recycled PP 3735

Emissions, waste and resources [g] Reference

Wasie, PP-dust 20,000 (1) (2) Waste, incinerated
Energy carrier [MJ] E Factor Reference

Electricity, coal marginal 0.162 Ex (1 (2

Electricity, coal marginal 2.070 Ex {1} (3

The sum of output flow(s) {3.735 kg) is used to calculate emissions and energies

Notes
Recycling-of caps and inserts. Caps and inserts consist of 91 % polypropylene (PP) and 9 % of low density polyethviene (LDPE!

There are no data available for recycling of PP. The recycling process has been approximated with the recycling of HDPE into crars
data involves prinding and injection moulding (process 24 and 15). There are no information avatlable concerning the share ol ma-.
in the process. Therefore the inflow is identical to the outflow.

References:

(1) Data were provided by John Holm at Schoeller-Plast-Enterprise A/S. Regstrup, Denmark. The data were eniered by Lisa Pers
(2) Grinding.

{3) Injection moulding.

Process Card: 49, New product

Inflows Percent Massfliow [kgl

Avoided PP (virgin) 1.868

Avoided PP (rec) 25.000 % 1.868

Recycled PP 50,000 % 3.735

Energy carrier [MJ] E Factor Reference

The sum of output flow(s) {7.470 kg) is used to calculate emissions and energies

Notes
The PP produced from recycled caps from the packaging system is assumed to replace in pan (50%) virgin PP and in pant {50% } PP recyuled
from other sysiems in Europe.

Process Card: 50. PP-production (avoided)

Quitflows Percent Massflow (kg]

Avoided PP (virgin} 1.868

Emissions, waste and resources [g) Reference
Particulates _ -2.000 Air
co2 -1.10e+(03

co -0.7G0

502 -11.000

H2S -1.00e-002

NOx -10.000

HCI -4,({)e-002

HF -1.00e-003

HC -13.000

Meals -5.00e-003

COD (aq) -0.400 Water
BOD {aq} -6.00e-002

Acid as H+ {aq) -9.00e-002

Nitrates {aq) -2.00e-002

--- To be continued ---
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Meials {aq)

NH4+ {aq)

Cl- (ag)

Dissolved organics (aq)
Suspended solids {aq)
Oil {aq)

HC (aq)

Dissolved solids (aq)}
Phosphate (aqg)

Other nitrogen {aq)
Other organics (aq)
Waste, industrial
Waste, mineral

Waste, ashes

Waste, toxic chemicals
Waste, non 1oxic chemicals
Iron ore (1)

Limestone {r)

Water {r)

Bauxite (r)

NacCl {r}

Clay (r)

Crude oil (1)

Natural gas (1)

Coal {t)

Crude oil, feedstock {r)
Natural gas, feedstock (r)
Coal, feedstock {r}
Hydropower [MJel] (¢}
Uranium (as pure U} (1)
Waste, highly radioactive

Energy carrier

0Oil

Natural gas

Coal

Qil, feedstock

Nartural gas, feedstock
Coal, feedstock
Electricity

Hydro power [MJel}
Hydro power [MIel]

-0.300
-1.00e-002
-0.800
-3.00e-002
-0.2060

-4 (0e-002
-0.300
-0.200
-2.00e-002
-1.00e-002
-0.250
-4.000
-14.000

-139.100
-167.470
-59.290
-1.15e+003
-234.000
-0.357
-0.810
-7.58e-003
«2.10e-002

MJ]
-5.940
-9.060
-1.660
-48.900
-12.660
-1.00e-002
-2.370
-1.000
-0.810

E Factor
None
Nore
None
None
None
None
None
None
Nong

The sum of output flow{s) (1.868 kg) is used to calculate emissions and energies

Notes

The reduced producticn of virgin PP caused by the outflow of PP-caps from the packaging svstem.

For further details, see process 7.

Waste

Resource

{1) Fue! resource

{1) Fuel resource

{1) Fuel resource

(1) Feedstock resource
{1) Feedstock resource
{1) Feedstock resource
{2) Electricity resource
{3) Electricity resource
{4) Waste

Reference
{5) Fuel

{5) Fugl

{5) Fuel

{5) Feedstock
(5) Feedstock
{51 Feedstock
{6)

(8)

!

Process Card:

Inflows
Other PP product

Outflows
Avoided PP (rec)

Emissions, waste and resources
Waste, PP-dust

Energy carrier
Eiectricity. coal marginal
Electricity, coal marginal

51. PP-recyciing (avoided)

Percent

[e]
-20.000

(M
-0.162
-2.070

Massflow [kg]

1.868

1.863

E Factor

Ex
Ex

The sum of cutput flow(s) (1.868 kg) is used 10 calculate emissions and energies

Notes

Reference
(17(2) Waste, incinerated

Reference
{1302}
(1) (3)

This is the recycling of used PP from other systems which is reduced through the use of recycled caps from the packaging system. The reason tor

the negative figures is that they refer to a reduction in the production.

For further details, see process 48.

Process Card:

Outllows
PP-landfilling
Other PP product

Energy carrier

52. Other products

Percent

S0.000 %

iMJ]

Massflow [kg]

1.868
1.868

E Factor

Reference

--- To be continued ---
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The sum of output flow(s) {3.735 kg) is used 1o calculaie emissions and energies

Notes
When production of PP based on caps from other systems (in Europe) is reduced, these caps end up at wasle management. The marginal waste
management is assumed to be landhilling (see Main report}.

Process Card: 53. PP-landfill

Inflows Percent Massflow [kg]

PP-landfilling 1.868

Emissions, waste and resources [g] Reference

CH4 26.000 (1) Air

cO2 24.000 ()

COD (aq) 0.770 {1) Water

Elementary waste, solid 970.000 Elemeniary wasle

Energy carrier [mJ] E Factor Reference .
Electricity. coal marginal 7.00e-004 Ex (2} I
Diesel, heavy & medium truck {urban) 3.50e-002 FU/Ex (2) ’

The sum of output flow(s) (1.868 kg} is used 1o calculate emissions and energies

Notes i
Landfilling of polypropylene (PP) during a short-term perspective (1) {2). During the surveyable time-pericd 3 % of the polymer is assumed 10
be decomposed. "Solid waste" gives the weight of the wasi¢ in the landfill remaining after the surveyable time-period.

References:
(1) Sundgvist J-O et al, Life Cycle Assessment and Solid Waste, AFR, Stockholm, 1994,
(2) Tillman et al.. Packaging and the Environment, Chalmers Industriteknik, Gothenburg, Sweden. 1992.

Trunsport Card: Trp 25
Inflows Percent Massflow [kg]
Waste 17.369
Outflows
17.369
Modes of conveyance [km] Reference
Truck, medium (rural, 40%) 20.000

The sum of output flow(s) (17.369 kg) is used to calculate emissions and energies
Notes
Transport of waste 1o incineration (1),

References:
(1) The information about transport distances were provided by Brygzerifereningen via Logisys (Jan Jacobsen).

Process Card: 54. Waste management

Inflows Percent Massflow [kg]

Waste 17.369

Qutflows

Paper wasic 0.695 % 0.120

Cboard waste 10.068

PE-wasie 5.034 % 0.868

PET-waste A% 5.583

PP-waste 3474 % 0.599

Emissions, waste and resources [gl Keference
Glue (out) 2.300 Non-elementary outflow
Energy carrier [MJ] E Factor Reference

The sum of output flow(s) (17.248 kg) is used to calculate emissions and energies
Mass change factor 0.993

Notes
This process is only used in order to distribute the different waste flows.

Material balance per botile (1)

# Inllow: Wasie = ... = 8.} g.

# Ouitlows:

PP {015 x Cap)=...=0.300¢g.

-PET:(0.10xbotle)=...=2%g

- PE: Multipack (LDPE) + Foil + (0.3 x Plastic ligature} + {0.15 x Insert} = ... = 04347 g

--- To be continued ---
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- Cardboard: 0.8 x {Boxes + Trays + Muliipack (CB}) = ...

- Total cutflow = ... = 8.63 g.

# Mass change factor (outfin) = ... = 0.993.

Glue used in bottle labels (2) are not followed to the grave.

References:

=504 g.

{1} The information about the weights, recycling rates, market shares etc. for the different packagings were collected by Per Nielsen. IPU.

provided by Bryggerifereningen via Logisys {Jan Jacobsen) and entered by Lisa Person, CIT.

(2) The amount of glue is 0.10 x Glue = .02 g/boitle.

Process Card: 55. PP-incineration

Inflows Percent Massflow [kg]

PP-waste 0.599

Outflows

Energy (PP) 20.3%6

Emissions, waste and resources [g] Reference .
Ca(OH)2 (in) 17.600 (1X2) Non-elementary inflow
Water () 243.000 (1)2)

cO2 3.07¢+003 (1) Air

cO 10.000 (1)

NOx 1.200 {1

Dioxin 1.00e-008 {h

H20 1.26e+003 {n

Water to WWTP 243,004 (1) Water

Waste, slags & ashes 20.000 {1) Waste

Energy carrier [MIJ] E Factor Reference

Electricity, coal marginal 0.180 Ex {1

The sum of input flow(s) {(.399 kg) is used to calculate emissions and energies

Mass change factor 34.040

Notes

Incineration of PP used in PET bottle caps.

Data used for PP were found in the EDIP unit process database (1}, except data for the amount of heat and electricity produced in the process.
These were calculated based on energy production in Danish waste incineration plants in 1992 (3). The incineration planls’ own energy
consumption is subtracted from the production, to yield the energy exported from the plant. The (lower) heat vaiue used for PP was 43 Ml/kg
{3). For further details, see Technical report 7.

Energy production:

The heat produced in waste incineration is 32.4 MJ/kg waste and the electricity produced 1s 1.64 MI/fkg wasie {3

The oulflow of energy from this process is not a mass flow, despite what is indicaled above. Insiead it is an encrgy flow, measured in MJ.

"Mass change factor™:

The mass change factor in the LCAIT software is generally defined as the total outflow [kg)/toral inflow [kg]. Since the outflow from this
process is energy, the "mass change factor” is in this case the energy outflow[MJ]Ahe waste inflow [kg] = 34.04 MJ produced energy/kg waste.

References and comments:

{1) Frees N and Pedersen M A (1996): EDIP unit database.

(2) Used for fluegas cleaning.

(3) SK energi (1994): Opgerelse af affaldsressourcer i Danmark. Elsam/Elkraft. Styregruppe 4 for biomasse.

Process Card:

56. PET-incineration

Inflows Percent Massllow [kg]

PET-waste 5593

Outflows

Energy (PET} 138.705

Emissions, waste and resources [g] Reference

Ca(OH)2 (in) 17.600 {1)(2) Non-elemenary inflow

Water (r} 243,000 (2

co2 2.41e+003 (1) Air

CQ 8.000 {1}

NOx 1.200 (1)

Dioxin 1.00e-008 il

H2O 496,000 ()

Water 1o WWTP 243.000 (1} Water

Waste, slags & ashes 20.000 {1} Waste

Energy carrier [MI] E Factor Reflerence
" Electricity, coal marginal 0.180 Ex th

--- To be continued ---
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The sum of input flow{s} (5.593 kg) is used to calculalc emissions and encrgies
Mass change factor 24.800

Notes .

Incineration of PET used in bottles.

Data uscd for PET were found in the EDIP unit process database (1), except data for the amount of heat and electricity produced in the process.
These were calculated based on energy production in Danish waste incineration plants in 1992 (3). The incineration plants’ own energy
consumption is subtracted from the production. to yield the energy exported from the plant. The (lower) heat value used for PET was 31.4 Mlkg
(3). For further details, see Technical report 7.

Energy production:
The heat produced in waste incineration is 23.6 MI/kg wasie and the electricily produced is 1.20 MJ/kg wasie {3).

The outflow of energy from this process is not a mass flow, despite what is indicated above. Instead it is an energy flow, measured in MJ.

"Mass change factor™: -
The mass change factor in the LCAIT software is generally defined as the total outflow [kgl/total inflow [kg]. Since the outflow from this
process is energy, the "mass change factor” is in this case the energy outflow[MJ]/the waste inflow [kg} = 24.8 MI produced energy/kg waste.

References and comments:

(1) Frees N and Pedersen M A {1996): EDIP unit database.

{2) Used for fluegas cleaning.

(3) SK energi (1994): Opgerelse af affaldsressourcer i Danmark. Elsam/Eikraft. Styregruppe 4 for biomasse.

Process Card: 57. PE-incineration

Inflows Percent Massflow [kg]

PE-waste 0.868

Cutflows

Energy (PE) 29.738

Emissions, waste and resources [g] Reference
CalOH)2Z {in) . 17.600 (1)(2) Non-elementary inflow
Water (1) 243.000 (D2}
CO2 3.07e+003 (1) Air
co 10.000 (N

NOx 1.200 (n
Dioxin 1.00e-008 (1)

H2O . 1.26e+003 (N

Water to WWTP 243.000 {1) Water
Waste, slags & ashes 20.000 (1) Waste
Energy carrier {MJ] E Factor Reference
Electricity, coal marginal 0.180 Ex (1)

The sum of input flow(s) (3.868 kg! is used 10 calculate emissions and energies
Mass change factor 34.250

Notes

Incineration of PE used in crates {HDPE), in caps (inserts 1o prevent leakage; LDPE} and in shrink film {LDPE}.

PE includes both HDPE and LDPE since the processes for these plastics during incineration are the same. Data used for PE were found in the
EDIP unit process database (1), except dara for the amount of heat and electricity produced in the process. These were calculated based on
energy production in Danish waste incineration plants in 1992 (3). The incineration plants’ own energy consumption was subtracted from the
production, to yield the energy exported from the plant. The (lower) heat value used for PE was 43.3 MJ/kg (3). For further details. see Technical
report 7.

Energy production:
The heat produced in waste incineration is 32.6 MJ/kg waste and the electricity produced is 1.65 MI/kg waste (3).

The outflow of energy from this process is not a mass flow, despite whal is indicated above. Instead it is an energy flow, measured in MJ.

“Mass change factor”: .
The mass change factor in the LCAIT software is generally defined as the total cutflow [kgltotal inflow [kgl. Since the outflow from this
process is energy. the “mass change factor” is in this case the energy outfiow[MIJithe waste inflow [kg] = 34.25 MJ produced energy/kg waste.

References and comments:

(1) Frees N and Pedersen M A (1996): EDIP unit database.

{2) Used for fluegas cleaning.

(3) SK energi (1994} Opgerelse af affaldsressourcer i Danmark. Elsam/Elkraft. Styregruppe 4 for biomasse.

Process Card: 58. CB incinerauon

Inflows Percent Massflow [kg]

Choard waste 10.068

Outlows

Energy (CB) 119.502

Emissions, waste and resources {e] Reference

--- To be continued ---
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Ca(OH)2 {in) 17.600 (132} Non-elementary inflow
Water (1) 243.000 (12}
CO2 (bio) 1.59e+003 {1) Air
CO 5.000 {1

NOx 1.200 (1)

Dioxin 1.00e-008 (h

H20 544 .000 (1

Water to WWTP 243.000 (1) Water
Waste, slags & ashes 20.000 (1) Waste
Energy carrier {MJ} E Factor Reference
Electricity, coal marginal 0.180 Ex ()

The sum of input flow(s) (10.068 kg) is used 1o calculate emissions and energies
Mass ¢hange facior 11.870

Notes o

Incineration of cardboard and corrugated board (CB) used in secondary packaging.

Data used for cardboard and corrugated board were found in the EDIP unit process database (1), and calcuiated as celluiose, except data for the
amount of heat and electricity produced in the process. These were calculated based on energy production in Danish waste incineration plants in
1992 (3). The incineration plants' own energy consumption was subtracted from the production, 10 yield the energy exported from the plant. The
{lower) heat value used for cardboard and cormugated board was 15 MI/kg (3). For further details, see Technical report 7.

Energy production;
The heat produced in waste incineration is 11.3 MI/kg waste and the electricity produced is 0.57 MJ/kg waste (3).

The outflow of energy from this process is not a mass flow, despile what is indicated above. Instead it is an energy flow, measured in M.
“Mass change factor”;

The mass change factor in the LCAIT software is generally defined as the 1o1al outflow [kg)/total inflow [kg]. Since the outflow from this
process is energy. the "mass change factor” is in this case the energy outflow[MI)/the waste inflow [kg) = 11.87 MJ produced energy/kg waste.

References and comments: :
(1) Frees N and Pedersen M A (1996): EDIP unit database.
(2) Used for fluegas cleaning.

(3) SK energi (1994): Opgorelse af affaldsressourcer i Danmark. Elsam/Elkraft. Styregruppe 4 for biomasse.

Process Card: 59. Paper incineration

Inflows . Percent Massflow [kg]

Paper waste 0.120

Outilows

Energy (paper} 1.423

Energy carrier IMI] E Factor Reference
The sum of input flow(s) {((.120 kg) is used 10 calculate emissions and energies

Mass change factor 11.870

Notes

Identical to process 40.

Process Card: 60. Energy use

Inflows Percent Massflow [kg]

Energy {PE} 29.738

Energy (CB) 119.502

Energy (paper) 1.423

Alt. energy 50.000 % 309.765

Energy (PP} 20.396

Energy (PET) 138.705

Energy carrier [MT] E Factor Reference
The sum of cutput flow(s} {619.529 kg) is used 10 calculate emissions and energies

Notes

[dentical 10 process 28,

Process Card: 61. Alt. energy production

Outflows Percent Massflow [kg]

All. energy 309.765

Energy carrier [MJ] E Factor Reference

The sum of output flow(s} (309.765 kg} is used to calculate emissions and energies

Notes

--- To be continued ---




50 cl disposable PET bottles

.. File: SOCL-DI.LCA  Printed: Thu 98-03-28 16.41

Annex A

45

Identical 10 process 29.







150 cl disposable PET bottles

File; 1SOCL-DLLCA Printed: Fri 98-05-29 0%:17
For general comments, see Annex A.

Annex BB

Process Card: 1. PET-resin
Outflows Percent Massflow [kgl
PET-resin 27.988
Energy carrier (M E Factor Reference
The sum of output flow(s) (27.988 kg} is used to calculate emissions and energies
Notes
Identical to the 50 cl PET bottle system. see Annex A,
Transport Card: T 1
Inflows Percent Massflow [kg]
PET-resin 27.988
QOutflows
27.988
Modes of conveyance [km] Reference
The sum of output flow(s} (27.988 kg} is used to calculate emissions and energies
Notes
Identical to the 50 ¢l PET hottle system, see Annex A.
Process Card: 2. Preform production
Inflows Percent Massflow [kg]
PET-resin 27.988
Outflows
Preforms 27.988
Energy carrier [MJ} E Factor Reference
“The sum of output flow(s) (27.988 kg) is used 1o calculate emissions and energies
Notes
ldentical 1o the 50 ¢l PET bottle system, see Annex A.
Transport Card: Trp 2
Inflows Percent Massllow [kg]
Preforms 27.988
Outflows
27.988
Modes of conveyance [km] Reference
The sum of output flow(s) (27.988 kg} is used to calculate emissions and energics
Notes
Identical to the 30 ¢l PET bottle system, see Annex A.
Process Card: 3. Bottle production
Inflows Percent Massflow [kg]
Preforms 27988
Outflows
Bottles 27.988
Energy carrier [MJ] E Factor Relerence
The sum of cutput flowis) (27.988 kg} is used to calculate emissions and encrgies
Notes
Identical to the 50 ¢l PET bottle system. sce Annex A.
Transport Card: Trp 3
Inflows Percent Massflow [kgl
Botlles 27.988
Outflows
27.988
Modes of conveyance [km} Reference

The sum of owtput flow(s) (27.988 kg} is used 10 calculate emissions and energies

Notes

--- To be continued ---
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Identical to the 50 ¢l PET bottle system, see Annex A.

Process Card: 4, Washing & filling

Inflows Percent
Boules

Outflows

Bottle+beverage

Emissions, waste and resources (gl

Water (1) 8.32e+003
Energy carrier [MI]
Electricity, coal marginal 2.060
Natural gas (> 100 kW) 2.140

Massflow [kgl
27988
1.03e+003
Reference
Resource
E Factor Reference
Ex
FU/Ex

The sum of input flow{s) {27.988 kg) is used to calculate emissions and energies

Mass change factor 36.714
Notes

Washing and filling of 150 ¢l disposable PET boules for soft drinks at the soft-drink producer (1).

The fuel used and the furnace size is unknown, Natural gas and a furnace size larger than 100 kW has been assumed.

Material balance per bottle:

- Infiow: bottles = 42 g (2).

- Qutflow: bottle + beverage =42 + 1500 = 1542 g (3},
-~ Mass change factor {out/in) = ... = 36.714.

Data gaps:

Pasteurisation of soft drinks is associaled with the beverage. Thus energy use associated with the pasteurisation procedure is not included. The
production of sodium hydroxide (NaOH) has not been included and is therefore accounted for as a non-elementary inflow, Cleaning agents
{except NaOH) are used in guite small amounts and have not been accounted for. Aquatic emissions of e.g. COD, BOD, N and P are subjects to
efficient cleaning procedures in municipal waste water treatment plants and emissions to the environment are assumed to be minimal and thus
negligible. Energy use at the waste water treatment plant is estimated 10 be only a few percent of the total energy use for 1apping. The fate of
arganic cleaning agents in municipal waste water treatment plants as well as their eventual impact in the environment have not been quantified

due to Jack of data, and potential environmental impacts are unknown.

References and comments:

(1) The soft-drink producer (confidential). Data were collected by Per Nielsen, IPU and entered by Lisa Person, CIT.
(2) The information about the bottle weights were provided by Constar International, UK, Tom Chilton, The weight used in the previous study
was 42 ¢. The weight used above has been estimated by Vince Matthews, PETCORE. UK. to be an representative average for Europe.

{3) The amouni of beverage is 150 ¢!, which comresponds to 1.50 kg.

Process Card: 5. Packaging

Inflows Percent
Labels 4 80e-002 %
Caps+inserts 0.133 %
Bottle+beverage

Secondary packaging 0.826 %
Return (pallets)

Transport packaging 0.281 %
Glue 1.80e-002 %
Outflows

Wood incineration 0.277 %
Beverage distribu.

Energy carrier [M)]

Massflow fkg]
0.529

1.467
1.03e+003
9.111

61.083

3100

0.199

3.055
1. 10e+003

E Factor Reference

The sum of output flow(s) (1. 10e+003 kg) is used 10 calculate emissions and energies

Notes

Packaging of the beverage bottles at the soft-drink producer. The environmenial load associated with

Material balance per bottle (1 }:

# Inflows:

- Bottle+beverage: 1542 g.

- Caps and inserts: 2.2 g.

- Secondary packaging: 13.67 g (2}

- Labels: 0.8 g.

- Glue (for labels)y: 0.3 g.

- Transpon packaging: Pallets + Plastic ligature = 4.65 g (4).
- Return of other packaging: Pallets (distribution flow)= ...
- Total inflow = ... = 165528 p.

# Outflows:

=91.67 g(5}1(6).

--- To be continued ---
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|
- Pallets (wood) 1o incineration (identicai to the inflow of paliets. see reference 4 and 5} = ... = 4.583 g.

- Distribution of beverage: (Bottle+beverage) + (Cap+insert) + Label + Glue + Secondary packaging + Pallets (distribution flow) + Plastic
ligature = ... = 1650.70 g.

- Total outflow = ... = 1655.28 g.

# Mass change factor (out/in) = ... = 1.000.

References and commenis:

(1) The information about the weights, recycling rates, market shares etc. for the different packagings were collected by Per Nielsen. IPU.
provided by Bryggenfereningen via Logisys (Jan Jacobsen} and entered by Lisa Person, CIT.

(2) Secondary packaging consists of: Corrugated board (boxes + trays) + Foil + Multipack (CB) + Multipack (LDPE) = [ Average weight (3} of
boxes+irays/Number of bottles) + [Weight of foil/Number of bottles x Market share] + [Weight of Multipack {CB¥Number of bottles x Market
share] + [Weight of Multipack (LDPE)YNumber of bottles x Market share] = [118/10] + [40/10x0.33) + [18/3x0.05] + [15/3x0.05] = 13.67 g (3).
(3) The weight of the tray is 100 g, market share 50 %. The weight of the box is 400 g, marke1 share 17 %. The average based on the weights and
market shares = 0.50*100 + 0.17*400 = 118 g. Both trays and boxes are holding 10 bottles.

(4) Pallets + Plastic ligature = [Weight of pallet/Number of bottles x Market share x {1-Recycling rate}] + (Amount of plastic ligature per
pallet/Number of botites x Market share] = (22000/240x 1 x0.05] + [20/240x1] = 4.583 + 0.0625 = 4.65 g.

(5) The reuse rate were provided by reference 1. As much as 95 % of the pallets is reused, which means that only 5 % of new pallets 1s taken into
to the system.

(6) The distribution flow corresponds to the real material flow in the distribution system = [Weight of pallets/Number of bottles x Market share]
= [22000/240x1] = 91.67 g.

t Process Card: 6. Caps+inserts
Inflows Percent Massflow [kg)
PP 1.334
Inserts 9.091 % 0.133
Outflows
Caps+insents 1.467
Energy carrier HUA) E Factor Reference

The sum of input flow(s) {1.467 kg) is used to calculate emissicns and energies

Notes
Identical to the 50 ¢l PET bottle system, see Annex A.

! Transport Card: Trp4
" Inflows Percent Massflow [kg]
Caps+inserts 1.467
Outflows
1.467
Modes of conveyance [km] Reference

The sum of cutput flow(s) (1.467 kg) 15 used to calculate emissions and energies

Notes
Identical 10 the 50 ¢l PET bottle system, see Annex A.

: Process Card: 7. PP-production
; Outflows Percent Massflow [kg]
PP 1.334
Energy carrier (M1 E Factor Reference

The sum of output flow(s) (1.334 kg) is used to calculate emissions and energics

Notes
Identical to the 50 <] PET bottle system, see Annex A,

| Teansport Card; Tep S

i Inflows Percent Massflow [kg]
" PP 1.334
Outflows
1.334
Modes of conveyance |km] Reference

The sum of output flow(s) (1.334 kg is used to calculale emissions and energies

Notes
Identical 1o the 50 ¢l PET bottle system, see Annex A.

. Process Card: 8. LDPE-production
. Outflows Percent Massflow [kg]

| LDPE 0133
: --- T be continued ---




150 cl disposable PET bottles | Ann;x B

File: }50CL-DLLCA Printed: Fri 98-05-29 09:17

Energy carrier M) E Factor Relerence
The sum of cutput flow({s) ((.133 kg) is used 10 calculate emissions and energics

Notes
Identicai to the 50 ¢l PET bottle system, see Annex A

Transport Card: Trp 6
Inflows Percent Massflow [kg]
LDPE ] 0.133
Outflows
0133
Modes of conveyance [kmn] Reference

The sum of cutput flow{s) (0.133 kg) is used 1o calculate emissions and energies

Notes
ldentical to the 50 ¢l PET bottle system, see Annex A.

Process Card: 9. Inserts

Inflows Percent Massflow [kg]

LDPE 0.133

Outflows

Insents . 0.133

Energy carrier IMJ] E Factor Reference

The sum of output flow(s) ((.133 kg) is used 10 calculate emissions and energies

Notes
[dentical 1o the 50 ¢l PET bottle system, see Annex A,

Process Card: 10. Secondary packaging

Inflows Percent Massflow [kg]

Multipack-LDPE 1.829 % 0.167

Box+tray 7.865

Multipack-Cardboard 2195 % 0.200

Foil 9.656 % 0.880

Outflows ‘

Secondary packaging 9.111

Energy carrier iMJ} E Factor Reference

The sum of output flow{s} (9.111 kg} is used 1o calculate emissions and energies

Notes
This process box is just used in order to surmarise the different flows of secondary packaging.

Material balance per bottle (1):

# Inflows:

- Box+tray: [Average weight (2) of boxes+trays/Number of bottles] = {118/10] = 1).8 g.

- Foil: (Weight of foil/lNumber of bottles x Market share] = [40/10x0.33] = 1.32 g,

- Multipack (Cardboard): {Weight of Muitipack (CB)Number of boitles x Market share] = [18/3x0.05) = 0.30 g.
- Multipack (LDPE): (Weight of Multipack (LDPE)Number of bottles x Market share] = [15/3x0.05]1 = 0.25 ¢
- Total inflow = ... = 13.67 .

# Outflow:
- Secondary packaging = 13.67 g.

# Mass change factor {out/in} = ... = |.00C
References and comments:

(1} The information about the weighis, recycling rates, market shares ete. for the different packagings were collected by Per Nielsen, 1PU.
provided by Bryggerifereningen via Logisys (Jan Jacobsen) and entered by Lisa Person, CIT.

(2) The weight of the tray is 100 g, market share 50 %. The weight of the box is 400 g. market share 17 %. The average based on the weights and

market shares = 0.50*100 + 0.17*400 = 118 g. Both trays and bexes are holding 10 bottles.

Transport Card: Trp7
Inflows Percent Aassflow [kg]
Secondary packaging 9.111
Outflows
g1l
Modes of conveyance jkm] Reference

The sum of output flow(s) (9.111 kg) is used to calculate emissions and energies
--- To be continued ---
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Notes
Identical 1o the 50 ¢l PET bottle system, see Annex A.

Process Card: 11. LDPE-production
Qutflows Percent Massflow [kg]
LDPE 0.167
0.880
Energy carrier ' [MI] E Factor Reference

The sum of output flow(s) (1.046 kg} is used to calculate emissions and energies

Notes
Identical to the 50 ¢l PET bottle system, see Annex A.

Transport Card: Trp 8
Inflows Percent Massflow [kg)
LDPE 0.880
Outflows
(.880
Modes of conveyance [km] Reference

The sum of output flow{s) (0.880 kg) is used to calculate emissions and energies

Notes
Identical to the 50 ¢! PET bottle system. see Annex A.

Transport Card: Trp 9
Inflows Percent Massflow [kg]
LDPE ; : G167
Outflows
0.167
Modes of conveyance [km] Reference

The sum of output flow(s) {C. 167 kg) is used to calculate emissions and energies

Notes
Identical to the 50 ¢l PET bottle system, sce Annex A.

Process Card: 12. Foil

Enflows Percent Massflow [kg]

LDPE 0.880

Outflows

Foil 0.880

Energy carrier [MJ] E Factor Reference

The sum of output flow(s) (0.880 kg) is used to calculate emissions and energies

Notes
Identical o the 30 ¢] PET bottis sysiem, see Annex A.

Process Card: 13. Multipack-LDPE

Inflows Percent Massflow [kg)

LDPE 0.167

Outflows

Multipack-LDPE 0.167

Energy carrier [MJ] E Factor ’ Reference

The sum of output flow(s) ((.167 kg} is used 1o calculate emissions and energies

Notes
Identical to the 50 ¢l PET bottle system. see Annex A.

Process Card: 14, Use of recycled fibres

Outflows Percent Massflow (kg]

Recycled fibres 5.995

Energy carrier [MJ] E Factor Reference

_ The sum of cutput New{s) (5.995 kg} is used to calculate emissions and energies

Notes _
--- To be continued ---
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Identical 1o the 50 ¢l PET bottle system, see Annex A.

Process Cara: 15. Corrugated board

Inflows Percent Massflow [kg]

Recycled fibres 5.995

Outflows

Corrugated board 7.865

Energy carrier . (MJ] E Factor Reference

The sum of output flow(s} (7.865 kg) is used to calculate emissions and energies
Mass change factor 1.312

Notes
Identical to the 50 cl PET bottle system, see Annex A.

Transport Card: Trp 10
Inflows Percent Massflow [kg]
Corrugated board 7.865
Outilows
7.865
Modes of conveyance [ken) Reference

The sum of output flow(s} (7.865 kg) is used to calculate emissions and energies

Notes
Identical to the 50 ¢l PET bottle system, see Annex A.

Process Card: 16. Box+tray

Inflows Percent Massflow [kg]

Caormugated board i 7.865

Outflows

Box+iray 7.865

Energy carrier ] E Factor Reference

The sum of output flow(s) (7.865 kg) is used 10 calculate emissions and energies

Notes
Identical to the 50 ¢l PET bottle system, see Annex A.

Process Card: 17. Cardboard

Outflows Percent Massflow [kg]

Cardboard 0.200

Energy carrier [MJF] E Factor Reference

The sum of cutput flow(s) (0.200 kg) is used o calculate emissions and energies

Notes
Identical to the 50 ¢l PET bonle system, see Annex A.

Transport Card: Trp 11
Inflows Percent Massflow [kg]
Cardboard 0.200
Outflows
0.200
Modes of conveyance [km] Reference

The sum of cutput flow(s) {0.200 kg) is used to calculate emissions and energies

Notes
Identical to the 50 ¢l PET bottle system, see Annex A.

Process Card: 18. Multipack-Cardboard

Inflows Percent Massflow [kg]

Cardboard {.200

Outflows

Multipack-Cardboard 0.200

Energy carrier M} E Factor Reference

The sum of output flow(s} (0.200 kg) is used to calculate emissions and energies

Notes

--- To be continued ---
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Identical to the 50 ¢l PET bottle system, see Annex A.

Process Card:

19. Paper production

Outflows Percent Massflow [kgl
Paper 0.902
Energy carrier [MJ] E Factor Reference
The sum of output flow(s) {0.902 kg) is used to calculale emissions and energics
Notes
1dentical to the 50 cl PET bottie system. see Annex A.
Transport Card: Trp 12
Inflows Percent Massflow [kg]
Paper 0.502
Outflows
0.902
Muodes of conveyance [kan] Reference
The sum of output flow(s) (0.902 kg) is used to calculate emissions and ¢nergies
Notes
Identical to the 50 ] PET bottle system, see Annex A.
Process Card: 20. Label printing
Inflows Percent Massflow [kg]
Paper 0.902
Outflows
Lables . 0.52%
Emissions, waste and resources (gl Reference
Ink (in) 23.652 Non-glementary inflow
Lacquer, water (in) 14.191 Non-elementary inflow
Lacquer, various {in} 4,730 Non-elementary inflow
Auxihary materials (in) 9.697 {2) Non-elemgntary inflow
vOC 0.946
Waste, ink 2.365
Waste. paper 496.68% Incinerated
Waste, other 7.096
Paper, recycling (out} 83.254 Non-elementary outflow
Paper, fuel (out) 163.200 Non-elementary outflow
Energy carrier [MJ] E Factor Reference
Electricity, coal marginal 2.725 Ex

The sumn of output flow(s} (0.529 kg) is used 1o calculate emissions and energies

Mass change factor 0.587

Notes

Printing of 1 kg of labels for glass and PET refillable and disposable bottles. The data for the different labels are aggregated into a "standard
average” label for beer and carbonated soft drink (1).

The produciion of labels for beer and carborated sofidrinks cormesponds 10 about 55% of Nova Prints total production {defined as primed paper).
Therefore, 55% of all the activities a1 Nova-Print (i.e. cleaning, maintenance, research and development, laboratory facilities, marketing,

administration, facilities for personnel) are allocated to the production of labels for beer and carbonated softdrinks.

The same mass change factor (out/in) = (kg Labels/kg Paper) = 0.587 as for labels for 50 ¢l disposable bottles is used. The only difference

between the two systems is the weight of the label (0.6 g for 50 ¢l botles and 0.8 g for 150 ¢l botlles).

References and comments:

(1) Data were supplied by Jorgen Jensen at Nova Print AS Danmark. Odense. Denmark, collected by Anna Ryberg, CIT and entered by Johan

Widheden. CIT.

(2) The many small individual flows of auxiliary materials have been aggregated into one value.

The auxiliary materials are: 1PA spirit, Mineral cleaning agent. Vegetable cleaning agent, Spray powder. Cloths. Various oils. Various chemnicals. Wa

Transport Card: Trp 13

Inflows
Lables

Outflows

Modes of conveyance

Percent Massflow [kg)
.529
0.529

fkm]

The sum of output flow(s} (8.529 kg} is used to calculate emissions and energies

Reference

--- To be continued ---
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Notes
Identical to the 50 ¢l PET bottle system, see Annex A.

Process Card: 21. Glue production

Outflows Percent Massflow [kg]

Giue 0.199

Energy carrier . [MI] E Factor Reference

The sum of output flow(s) (0.199 kg) is used to calculate emissions and energies

Notes
identical to the 50 ¢l PET bottle system, see Annex A.

Transport Card: Trp 14
Inflows Percent Massflow [kg]
Glue 0.199
Qutflows
0.199
Modes of conveyance [km] Reference

The sum of ouwtput flow(s) (0.199 kg) is used 1o calculate emissions and energies

Notes
Identical 10 the 50 cl PET bottie sysiem, see Annex A.

Process Card: 22, Transport packaging

Inflows Percent Massflow [kg]

Plastic ligature 1.344 % 4.17e-002

Pallets 3.058

Outflows

Transport packaging 3.100

Energy carrier [MJ] E Factor Reference

The sum of output flow(s) (3.100 kg) is used 10 calculate emissions and energies

Notes
This process box is just used in order to summarise the different flows of transport packaging.

Material balance per bottle (1):

# [nflows:

- Paltets = [Weight of paliet/Number of bottles x Market share x {1-Recycling rate)]= [22000/240x1.0x0.05] = 4.583 g (2).
- Plastic ligature = [Weight of plastic ligature/Number of bottles x Market share] = 120/240x1.0] = 0.0625 g.

- Total inflow = ... = 4.65 g.

# Outflow:
- Transport packaging =4.65 g.

# Mass change factor (out/in) = ... = 1.000.

References and comments:

(1} The information abeut the weights, recycling rates, market shares etc. for the different packagings were coliecied by Per Nielsen. 1P
provided by Bryggerifereningen via Logisys {Jan Jacobsen) and entered by Lisa Person, CIT.

(2) The recycling rates were provided by reference 1. As much as 95 % of the pallets is reused. which means that only 5 % of new paliets s
taken into to the system.

Transport Card: Trp 15
Inflows Percent Massflow [kg]
Transport packaging 3.100
Outflows
3.100
Modes of conveyance [km] Reference

The sum of output flow(s) (3. 100 kg) is used to calculate emissions and energies

Notes
ldeniical to the 50 ¢! PET bottle system. see Annex A.

Process Card: 23, Planks for pallets
Quillows Percent Massflow [kg]
Planks 3058

--- To be continued ---
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Energy carrier [M] E Factor Reference
The sum of output flow(s) (3.058 kg) is used to calculate emissions and energies

Notes
Identical to the 50 ¢l PET bottle system. see Annex A.

Transport Card: Trp 16
Inflows Percent Massflow [kg]
Planks . 3.058
Outflows
3.058
Modes of conveyance [km] Reference

\ The sum of output flow{s} (3.058 kg) is used to calculate emissions and energies

Notes
[dentical 1o the 50 ¢l PET botile system, see Annex A.

Process Card: 24. Pallets

Inflows Percent Massflow [kg]

Planks 3.058

Qutflows

Pallets 3.058

Energy carrier [MI] E Factor Reference

The sum of output flow(s) (3.058 kg) is used to calculate emissions and energies

Notes
Identical to the 50 ¢! PET bottle system, see Annex A.

Process Card: 25. LDPE-production

QOutllows Percent Massflow [kg]

LDPE 4.17e-002

Energy carrier [MJ] E Factor Reference

The sum of output flow{s) (4.17e-002 kg) is used Lo calculale emissions and energies

Notes
Identical to the 50 ¢t PET bottle system, see Annex A.

Transport Card: Trp 17
Inflows Percent Massflow [kg]
[LDPE 4.17e-002
Outllows
4.17e-002
Modes of conveyance [km] Reference

The sum of output flow(s) (4.17e-002 kg) is used 10 calculate emissions and cnergies

Notes
Tdentical to the 50 ¢l PET bottle sysiem. see Annex A.

Process Card: 26. Plastic ligature

Inflows Percent Massfiow [kgl

LDPE 4.17e-002

Outflows

Plastic ligature 4.17e-002

Energy carrier [MJ] E Factor Reference

The sum of output flow(s) (4.17e-002 kg) 1s used 1o calculaie emissions and energies

Notes
Identical to the 530 ¢l PET boule system. see Annex A.

Transport Card: T 18
Inflows Percent Massflow [kg)]
Wood incineration 3.055
Outflows
3055
Modes of conveyance fkm] Reference

--- Ta be continued ---
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The sum of output flow(s} (3.055 kg) is used 10 calculate emissions and energies

Notes
Identical to the 50 cl PET bottle system, see Annex A.

Process Card: 37. Wood incineration -
Inflows Percent Massflow [kg]

Wood incineration 3.0585

Outflows .

Energy (wood) 43.907

Energy carrier [(MJ] E Factor Reference

The sum of input flow(s) {3.055 kg) is used (o calculate emissions and energies
Mass change factor 14.370

Notes
Identical 1o the 50 cl PET bottle system, see Annex A.

Process Card: 28. Energy use

Infiows Percent Massflow [kg]

Alt. energy 50.000 % 43,907

Energy {wood) 43.907

Energy carrier [MJ] £ Factor Reference

The sum of output flow(s) (87.814 kg) is used to calculate emissions and energies

Notes
Identical to the 50 cl PET bottle system, see Annex A.

Process Card: 29. AlL. energy production

Outflows Percent Massflow [kg]

Alt. energy 43.907

Energy carrier [M]] E Factor Reference

The sum of output flow(s} (43.907 kg} is used to calculate emissions and energies

Notes
Identical to the 50 ¢l PET boule system, see Annex A.

Transport Card: Trp |9  (Distribution of beverage)
Inflows Percent Massflow [kg]
Beverage distribu. 1.10e+003
Outflows
1.10e+003
Modes of conveyance [km] Reference
Distr, heavy (highway, 50%) 56.700
Distr, heavy (rural, 50%) 45.360
Distr, heavy (urban, 50%) 11.340
Distr, medium (highway. 50%) 14,400
Disir, medium (rural, 50%) 14.400
Distr, medium {urban. 50%) 19.200
Distr, medium (highway, 40%) 0.800
Distr, medium {rural. 40%) 2.400
Distr, medium {urban. 409 4.800

Calculaled for a reference flow of 1.10e+003 [kg) which corresponds to 1000 | beverage
The sum of outpul flow(s) (1.10e+003 kg) is used to calculate emissions and energies

Notes

Distribution of PET botties by truck. including beverage, pallet and all packaging. _

During the distribution from the soft-drink producer to the retailer, the bottles are transported various distances on different types of roads. and
by different kinds of trucks.

The distance on each type ol road. for each of these trucks, have been supplied by LOGISYS (1). The load rale, fug] consumption and the
emissions are calculated and described in Technical report 7 (2).

Reference flow: Distribution of 1000 litres of beverage corresponds to 1100 kg (3).

References:
(1) Supplied by Jan Jacobsen, LOGISYS. collected by Per Nielsen. IPU and entered by Johan Widheden. CIT.

{2) Technical report 7: Energy and transport scenarios.

--- To be continued ---
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(3) Distribution of one bottle commesponds to 1.6507 kg (se¢ the "Packaging” process above).

Process Card: 30. Retailers

Inflows Percent Massflow [kg]

Beverage distribu. 1.10e+003

Outflows

Return (paltets) 5553 % 61.083

Box+tray (recyc) 0.143 % 1.573

Bever. 10 consumer : 1.0de+003

Emissions, waste and resources (g} Reference

Plastic ligature (out) 2.65e-002 Non-elementary outflow
Energy carrier (M} E Factor Reference

The sum of output flow(s) (1.10e+003 kg) is used to calculate emissions and energies

Notes
The choice of packaging is assumed to have negligible effect on the environmental impacts of the retailer.

Material balance per bottle (1):
# Inflows:
- Distribution of beverage = .= 1650.70 g.

# Outflows:

- Box+tray (recycling): 20 % of the corrugated board is recycled =0.20x 11.8 = 2.36 g.

- Rerurn: Pallets (distribution flow) = 91.67 g.

- To consumer: Distribution of beverage - Box-+tray (recycling) - Plastic ligature (recycling) - Rewrn of pallets = ... = 1556.67 g.
- Total outflow = ... = 165070 g.

# The mass change factor (outfin) = ...= 1.000.

70 % of the plastic ligature (0.04 g/bottle or 0.0265 g/kg outflow) goes to material recyeling (1). This corresponds to less than 0.1 % of the
primary packaging and therefore this has heen assumed to be negligible and the plastic ligature has been accounted for as a non-elementary outflow.

References:
(1) The information about the weights, recycling rates, market shares etc. for the differem packagings were collected by Per Nielsen, IPU.
pravided by Bryggerifareningen via Logisys (Jan Jacobsen) and entered by Lisa Person. CIT.

Process Card: Trp 20 (Return)
Inflows Percent Massflow [kgl
Return (pallets) 61.083
Outflows
61.083
Energy carrier [MJ] E Factor Reference

The sum of output flow(s) (61.083 kg) is used 1o calculate emissions and energies

Notes
ldentical to the 50 ¢l PET boule system, see Annex A.

Transport Card: Trp 21
Inflows Percent Massflow [kgl
Box+iray {recyc} 1.573
Outflows
1.573
Modes of conveyance [km] Reference

The sum of cutput flow(s) (1.573 kg) is used to calculate emissions and energies

Nates
Identical to the 50 ¢l PET bottle system. see Anpex A.

Process Card: 31, Testliner

Inflows Percent Massflow [kg]

Box+(ray {recyc} 1.573

Qutflows

Testliner 1.442

Energy carrier ’ {MI] E Factor Reference

The sum of output flowis) (1.442 kg is used to calculate emissions and energies
Mass change factor 0.917

Notes .
--- To be continued ---
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Identical to the 50 c] PET bottle systemn, see Annex A.

Process Card: 32. New product .
Inflows Percent Massflow fkg)
Avoided krafliner 40.000 % 1.154
Avoided testliner 10.000 % 0.288
Testliner 1.442
Energy carrier ) [MLI] E Factor Reference
The sum of output flow{s) (2.885 kg) is used to calculate emissions and encrgies
Notes
Identical 16 the 50 cl PET bottle system, see Annex A.
Process Card: 33. Avoided kraftliner
Outllows Percent Massflow [kg]
Avoided krafliner 1.154
Energy carrier (I} E Factor Reference
The sum of output flow(s) {1.154 kg} is used 10 calculate emissions and energies
Mass change factor 1.312
Notes
Identical to the 50 ci PET bottle system, see Annex A.
Process Card: 34. Avoided testliner
Inflows Percent Massflow (kg
Fibres to recycling 0.315
Outflows ]
Avoided testliner 0.288
Energy carrier [MJ] E Factor Reference
The sum of output flow(s) (0.288 kg) is used 10 calculate emissions and energies
Mass change factor 0.917
Notes :
Identicaj to the 50 ¢l PET bottle system. see Annex A.
Process Card: 35. Other products
Qutflows Percent Massflow [kg]
Fibres to landfill 50.000 % 0.315
Fibres to recycling 0.315
Energy carrier [MT] E Factor Reference
The sum of output flow(s) (0.629 kg} is used Lo calculate emissions and energies
Notes
Identical to the 50 ¢ PET bottle sysiem, see Annex A.
Process Card: 36. Landfill-corrugated board
Inflows Percent Massflow [kg]
Fibres to landfili 0.315
Energy carrier MJ] E Factor Reference
The sum of input flow(s) (0.315 kg) is used to calculate emissions and energies
Notes
[dentical to the 50 ¢! PET bottle system, see Annex A.
Transport Card: Trmp 22
Inflows Percent Massflow [kg]
Bever. to consumer 1.0de+003
Qutliows
1.04e+003
Modes ol conveyance |kml] Relerence

The sum of output flow(s) (1.03e+003 kg) is used 1o calculate emissions and cnergies

Notes
1dentical to the 50 ¢l PET bottle system, see Annex A,

--- To be continued ---
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Process Card: 37. Use (refrigeralion)

Inflows Percent Massflow [kg] .
Bever. (o consumer 1.04¢+003
Outflows |
Bottle recycling 68.446 % 25.845 !
Capfinsert recyc. 3.300 % 1.246

Waste 10.669

Emissions, waste and resources - [g) Reference i
Multipack-CB (out) 1.058% Non-elementary cutflow !
Energy carrier (MY E Factor Reference :
Electricity, coal marginal 2.93e-004 Ex

The sum of output flow(s) (37.75% kg) is used 1o calculate emissions and energies :
Mass change factor 3.64¢-002 ;

Notes
The same data as those used in the study from 1995 have been used (1). The PET bottle is cooled from 20 10 5 degrees Celsius, which correspond |
to an electricity consumption of 0.000396 MJ/kg PET bottle. This figure has been recalculated into per kg total outflow using the factor 8.741 1 |
(see the malerial balance below) ---> 2.93 e-04 MI/kg total outflow. 5

Material balance per bottle (2):
# Inflow: From retailer = ... = 1556.67 g.

# Qutflow:

- Bottle recycling {3): 0.90 x {Bottle+Labels+Glue) = 0.90 x {42+0.8+0.3) = 38.79 .

- Cap/insert recyc.: (.85 x (Caps+insens)=085x22= 187 g.

- Waste: (0.10 x bottle} + (0.15 x Cap+insert) + 0.10 x (Label+Glue) + (0.8 x Corrugated board boxes+trays) + (0.8 x Multipack (CB} +
Multipack (LDPE) + Foil + (0.3 x Plastic ligature} = ... = 1601 g.

- Total outflow = ... = 56.67 g.

# Mass change factor (out/in) = ... = 0.0364.
# Factor for recalculating the original electricity consumption: Weight of bottle/Total outflow = (42)/{56.67) = ...= 0.741 ] kg PET bottle/kg total outf

20 % of the cardboard in the Multipacks (0.06 g/botite or 1.059 g/kg outflow) goes to material recycling (2). This corresponds to less than 0.1 %
of the primary packaging and therefore this has been assumed to be negligible and the cardboard has been accounted for as a non-clementary outflow.

References:

(1) Pommer K., Suhr Wesnzs M., Madsen C. (1995): Miljemzssig kontlzgning af emballager til ¢l og leskedrikke. Delrupport &:
Engangsflasker af PET. Milje- og Energiministeriet Miljgstyrelsen. page 32.

(2) The information about the weights, recycling rates. market shares etc. for the different packagings were collected by Per Nielsen, [PL,
provided by Bryggerifgreningen via Logisys (Jan Jacobsen) and entered by Lisa Person, CIT.

(3) The distribution system for the collection of the used botties has not been investigated in detail and is therefore not included in the process
tree. In reality, the boltles are returned to the retailer by the consumer and then transported to the softdrink producer. The bottles ure buled and
then transported 1o the recycling in the Netherlands. When studying the process tree it 1ooks like the bottles are baled by the user and then
transporied direcily to the recycling, which of course is not the real case. This simplification has no significant impacts on the results though.

Process Card: 38, Baling

Inflows Percent Massfiow [kg]

Bottle recycling 25.845

Outflows

Bottle bales 25.845

Energy carrier {MI] E Factor Reference

The sum of output flow(s) (25.845 kg) is used 10 calculate emissions and energies

Notes
Identical to the 50 ¢} PET bottle system. sez Annex A.

Transport Card: Trp 23
Inflows Percent Massflow [kg)
Bottle bales 25.845
OQutflows
25,845
Modes of convevance [km] Reference

The sum of output flow(s) (25.845 kg) is used 10 calculate emissions and energies

Notes
Identical to the 50 ¢l PET bottle system, see Annex A.

Process Card: 39 Recycling
--- To be continued ---
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Inflows Percent Massflow [kg]

Bottle bales 25.845

Outflows

Rec. PET-resin 22.677

Paper incineration 2012 % 0.480

Energy carrier [MJ] E Factor Reference
The sum of output flow(s) {23.157 kg) is used 10 calculate emissions and energies

Mass change factor 0,896

Notes

Identical to the 50 ¢l PET botile system {see Annex A) - except for the material balance.

Maierial balance per bottle {1):
# Inflows:
- Bottie bales; 33,79 g.

# Quiflow:

- Paper (iabeis) to incineration: 0.90 x Labels =0.72 g.

- PET-resin: 0.90 x (Bottle bales - Paper (labels) to incineration - 0.90 x Glue) = ... =34.02 g (2).
- Total outflow = ... = 34.74 g.

# Mass change factor (outfin} = ... = 0.89356.

References and comments:

(1) The information about the weights, recycling rates, market shares etc. for the different packagings were collected by Per Nielsen, 1PLL
provided by Bryggerifereningen via Logisys (Jan Jacabsen) and entered by Lisa Person, CIT.

(2) The recycling process involves PET-resin production from PET battle flakes. The production of flakes is not included and there ate no
information about the loss, There are nc information available about the losses in the PET-resin process either. The inflow of boules {excluding
labels and glue} is 0.90%42 = 37 8 g, Assuming 10 % losses in the flake and PET-resin processes, 34.02 g (.90%37.8) of PET-resin is produced.

Process Card: 40. Paper incineration

Inflows Percent Massflow [kg]

Paper incineration 0.480

Outflows

Energy {paper) ) 5.192

Energy carrier ‘ [MJ]] E Factor Reference

The sum of input flow(s) (0.480 kg) is used to calculate emissions and energies
Mass change facior 10.820

Notes
Identical to the 50 ¢l PET bottle system. see Annex A.

Process Card: 41, Energy use

Inflows Percent Massflow {kg]

Energy (paper) 5.192

All. energy 50.000 % 5.192

Energy carrier [MJ] E Factor Reference

The sum of output flow(s} (10.383 kg) is used to calculate emissions and energies

Notes
Tdentical to the 50 ¢l PET bottle system, see Annex A.

Process Card: 42, Alt, energy production

Outflows Percent Massflow [kg]

All. energy 5.192

Energy carrier (M1 E Factor Relerence

The sum of output flow{s) (5.192 kg) is used to calculaie emissions and energies

Notes
1dentical to the 50 ¢1 PET bottle syslem. see Annex A.

Process Card: 43, New product

Inflows Percent Massflow {kgl

Avoided PET (virgin 11.339

Avoided PET (rec) 25.000 % 11.339

Ree. PET-resin 50.000 % 22.677

Energy carrier [MLY] E Factor Reference

--- To be conlinued ---.
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The sum of output flow(s) (45.354 kg) is vsed o calculate emissions and energies

Notes
Identical to the 50 cl PET bottle system, se¢e Annex A,

Process Card: 44. PET-production {avoided)
Qutilows Percent Massflow [kg]
Avoided PET (virgin 11,339
Energy carrier [T E Factor Reference
The sum of cutpm flow(s) {11.339 kg) is used to calculate emissions and energies
Notes
Identical 10 the 50 ¢l PET botile system, see Annex A.
Process Card: 45. Recyeling (avoided)
Inflows Percent Massflow [kg]
Other PET product 11.339
Outflows
Avoided PET (rec) 11.339
Energy carrier [MJ] E Factor Reference
The sum of output flow(s) (11.339 kg) is used to calculate emissions and energies
Notes
Identical 1o the 50 cl PET bottie sysiem, see Annex A.
Process Card: 46. Other product
Outflows : Percent Massflow [kg]
PET-landfilling 50.000 % 11.339
Other PET product 11.339
Energy carrier {MJ] E Factor Reference
The sum of output flow(s) (22.677 kg} is used to calculate emissions and energies
Notes
Identical to the 50 cl PET bottle system, see Annex A.
Process Card: 47. PET-landfill
Inflows Percent Massflow [kg]
PET-landfilling 11.339
Energy carrier [M)] E Factor Reference
The sum of output fiow(s) (11.339 kg) is used to calculate emissions and energics
Notes
Edentical to the 50 ¢l PET bottle system, see Annex A.
Transport Card: Trp 24
Inflows Percent Massflow [kg]
Capfinsent recyc. 1.246
Outflows
1.246
Modes ol conveyance [km] Reference
The sum of output flow(s) (1.246 kg) is used to calculate emissions and energies
Notes
Identical to the 50 ¢l PET bottle system, see Annex A.
Process Card: 48. PP-recycling
Inflows Percent Massflow [kg|
Cap/insen recye. 1.246
QOutflows
Recycled PP 1.246
Energy carrier [MT] E Factor Relerence

The sum of outpul flow(s) (1.246 kg) is used 10 calculate emissions and energies

Notes

--- To be continued ---
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fdentical to the 50 cl PET bottle system, see Annex A.

Process Card: 49. New product
Inflows Percent Massflow [kg)
Avoided PP (virgin} 0.623
Avoided PP (rec) 25.000 % 0.623
Recycled PP 50.000 S 1.246
Energy carrier . [MJ] E Factor Reference
The sum of output flow{s} (2.492 kg) is used 1o calculate emissions and energies
Notes
ldentical to the 50 ¢l PET bottle system, see Annex A.
Process Card: 50. PP-production (avoided)
Outflows Percent Massflow [kg)
Avoided PP {virgin} 0.623
Energy carrier [MLT] E Factor Reference
The sum of output flow({s) (0.623 kg) is used 10 calculate emissions and energics
Notes
Identical to the 50 ¢l PET bottle system, see Annex A.
Process Card: 51, PP-recycling {avoided)
Inflows Percent Massflow [kg]
Other PP product 0.623
Ovutflows
Avoided PP (rec) 0.623
Energy carrier ‘ [MJ] E Factor Reference
The sum of output flow(s) {0.623 kg) is used to calculate emissions and energies
Notes
Identical 10 the 50 ¢l PET bottle system. see Annex A,
Process Card: 52. Other products
Outflows Percent Massflow [kg]
PP-landfilling’ 50.000 % 0.623
Other PP product 0.623
Energy carrier [MLI] E Factor Reference
The sum of output flow(s} (1.246 kg} is used to calculate emissions and energies
Notes
Identical to the 50 ¢l PET boatle system. see Annex A.
Process Card: 53. PP-landfill
Inflows Percent Massflow [kg]
PP-landfilling 0.623
Energy carrier (L] E Factor Reference
The sum of output flow(s) (0.623 kg} is used 1o calculale emissions and energies
Notes
Identical to the 30 ¢l PET bouie sysiem. see Annex A.
Transport Card: Trp 25
Inflows Percent Massflow (kg
Wasle 10.669
Cutliows
10.669
Modes of conveyance [km) Reference

The sum of output flow(s) {10.669 kg} is used to calculate emissions and energies

Notes
ldentical to the 50 ci PET boule system, sec Annex A,

Process Card: 54, Waste management
Enflows Percent Massflow [kg)

--- To be continued ---__
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Waste

Outflows

Paper waste 0.504 %
Choard waste

PE-waste 10,190 %
PET-waste 26450 %
PP-wasle 1.889 %
Emissions, waste and resources [g]

Glue {out) - 1.900
Energy carrier mMJ]

Mass change factor (0.992

Notes

Material balance per bottle (1):

# Inflow: Waste = ... = 16.01 g.

# Qutflows:

-PP: (0.15x Cap)=... =0.300 g.

-PET: (0.10xbottle) = ... =42 g

- Towal outflow = ... = 15,98 g.

# Mass change factor (out/in) = .., = 0,998,

Giue used in bottle labels (2) are not followed 10 the grave.

References:

This process is only used in order to distribute the different waste flows.

10.66%

5.33¢-002
6.452
1.078
2.798
0.200

Reference
Non-giementary outflow

E Factor Reference

The sum of cutput flow(s) (10.583 kg) is used to calculate emissions and energies

- PE: Multipack (LDPE} + Foil + (0.3 x Plastic ligature) + (0.15 x Insert) = ... = 1.632 g.
- Cardboard: 0.8 x (Boxes + Trays + Multipack (CB))= ... =974 g.

{1} The information about the weights, recycling rates, market shares ete. for the different packagings were collected by Per Nielsen. IPU,

provided by Bryggerifereningen via Logisys {Jan Jacobsen) and entered by Lisa Person, CIT.

{2) The amount of glue is 0.10 x Glue = 0.03 g/boule.

Process Card: 55. PP-incineration

Inflows Percent
PP-waste

Qutilows

Energy (PP)

Energy carrier M

Massflow [kg]
0.200

6.305

E Factor Reference

The surm of input flow(s) {0.200 kg) is used 10 calculale emissions and energies

Mass change factor 34.040

Notes
Identical to the 50 cl PET bottle system, see Annex A.

Process Card: 56. PET-incingranon

Inflows " Percent
PET-wasie

Gutflows

Energy (PET)

Energy carrier M)

Massflow [kg]
2.799

69421

E Factor Reference

The sum of input flow{s) (2.799 kg) is used 1o calculae emissions and energies

Mass change factor 24.800

Notes
Identical 10 the 50 ¢l PET bottle sysiem, see Annex A.

Process Card: 57. PE-incineralion

Inflows Percent
PE-waste

QOutllows
Energy (PE)

Energy carrier [MI]

Massflow [kg]
1.078

36.936

E Factor Reference

The sum of input flow(s) {1.078 kg} is used to calculatz emissions and energies

Mass change factor 34.250

--- To be continued ---
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Notes
Identical to the 50 cl PET bottle system, see Annex A.

Process Card: 58. Cardboard incingration

Inflows Percent Massflow [kg]

Chboard waste 6.452

QOutflows

Energy (CB} 76.588

Energy carrier . iMJ] E Factor Reference
The sum of input flow(s) (6.452 kg) is used 1o calculate emissions and energies

Mass change facior 11.870

Notes

Identical to the 50 ¢l PET bottle system, see Annex A,

Process Card: 59, Paper incineration

Inflows Percent Massflow [kg)

Paper waste 5.33e-002

Outflows

Energy {paper) 0.633

Energy carrier [MJ] E Factor Reference
The sum of input flow(s) {5.33e-002 kg) is used 10 calculate #missions and energies

Mass change factor 11.870

Notes

Process Card: 60. Energy use

Inflows Percent Massflow [kg]

Energy (PE) 36.936

Energy (CB) 76.588

Energy (paper) 0.633

Altl. energy 50.000 % 190.384

Energy (PP) 6.805

Energy (PET) 69.421

Energy carrier [6]] E Factor Reference
The sum of output flow{s} (380.768 kg) is used to calculate emissions and energies

Notes

Identical to the 50 ¢! PET bottle system, see Annex A.

Process Card: 61. Al energy production

Outllows Percent Massflow [kg]

AlL energy 190:.384

Energy carrier [MJ] E Factor Reference

Notes
[denticai to the 50 ¢l PET bottle sysiem, se¢ Annex A,

“The sum of output flow(s) {190.384 kg} is used to calculate emissions and energies
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