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Abstract

Increasing the collection of food waste is of interest for City of Stockholm as it is an environmental goal
and also due to the increasing demand for biofuel in Stockholm. The food waste that is collected is turned
into biofuel and biofertilizer. To increase the collection of food waste, kitchen food-waste grinders has
been installed in the new sustainable area of Stockholm, Stockholm Royal Seaport. The conventional
system, used in many existing apartment buildings, is a system with paper bag collection.

The aim, of this study, is to provide City of Stockholm with a comparison of the alternatives for collection
of food waste and information on which system that is the most environmentally preferable, when
building new sustainable buildings. This is done by the use the Life Cycle Assessment (LCA) technic.

To do this this, three collection systems and a total of five scenarios are analyzed. Three of the scenarios
consider the technical differences of the systems and two of the scenarios include people’s behavior and
the amount of food waste households actually sort within each of the different systems.

The result of the LCA is that Human toxicity (HT), terrestrial ecotoxicity (TE), freshwater eutrophication
(FEu) and marine ecotoxicity (MT) were the major impact categories.

The paper bag system was found to be the most environmentally friendly system. Still, the system with
kitchen food waste processors has a higher rate of sorted food waste and could therefore be of higher
benefit. If the paper bag system is chosen, effort affecting household to sort out a higher fraction of food
waste is needed.
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1. Introduction

1.1 Managing food waste in Stockholm

In 2013 about 13% of the produced food waste from households, restaurants, caterers and shops in
Stockholm was taken care of and sent to a biogas facility (Stockholm stad, 2014d). At the facility, the food
waste is turned into biofertilizer and biogas (digester gas). The biogas is then upgraded in a process that
generates biofuel (Stockholms Stad, 2012). Biofertilizers from digestion of food waste may be approved
for KRAV-cultivation (organic farming) (Millers-Dalsjo et al., 2011). The goal for City of Stockholm is to
take care of at least 50% of the produced food waste by 2018. This is an environmental goal and also a way
to meet the huge future demand for biofuel in Stockholm. To achieve this goal the City of Stockholm has
implemented three different techniques; increasing installations of kitchen food waste processors
(KFWP), collection of food waste in paper bags and a system with green bags with food waste that is
sorted and collected with the combustible waste and then optically sorted out (Stockholms Stad, 2012).

1.2 The aim of the study

The Stockholm Royal Seaport is a new built sustainable area with apartment buildings, where the
construction is still ongoing. City of Stockholm is currently running an LCA study comparing the different
food waste management systems. The KFWP system will be implemented in new apartment buildings.
The reasons for carrying out this study are to explore if the chosen system for managing food waste is the
most environmental friendly system to implement in sustainable buildings in Stockholm.

The question that this LCA is intended to answer is:

“What is the environmentally preferable choice between the two systems; KFWP and Paper bags?”
1.3 Intended application

The intended application is to provide a report for City of Stockholm (Stockholm Stad) for decision

making regarding what system they should use when building new sustainable buildings. The intended
audience is City of Stockholm, architects and governments of cities.



2. Scenarios and specific background

In chapter 2, the two chosen systems for handling food waste, will be explained in detail. Both systems
contain two scenarios, one where the total amount of produced food waste is collected, and one scenario
where only a certain percentage is collected and the rest is going to incineration with the household waste.
In a third scenario, there is no collection of food waste at. All and every kilogram of food waste is going to
incineration with the normal waste.

2.1 Kitchen food waste processor system

2.1.1. Kitchen food waste processors (KFWP) in Stockholm

As from 2008 any household (where it’s possible) may install kitchen food waste grinders (Stockholm
Vatten, 2014). Figure 2.1 shows a schematic picture of a grinder.

Figure 2.1: Food waste grinder installed in a sink (Waste King, 2014).

Kitchen food waste processors in Stockholm have two different collecting techniques: from the grinder to
the sewage system and from the grinder to a local tank in the basement of the building (Stockholm Stad,
2012). The system where the food waste goes in the sewage system to a sewage plant can easily be
implemented in existing buildings but it may generate two problems; sedimentation of fat and
decomposition of organic matter. (Davidsson A et al. 2011) The other system with tanks, placed in the
basement of apartment buildings has the advantage that the decomposed food waste is transported
directly to the biogas facility without having to be pre-treated. Problems known with this system is
decomposition of organic matter in the tank and loss of nutrients and organic matter to the sewage system
(Davidsson A et al. 2011)

2.1.2 Managing food waste with KFWP in Stockholm Royal Seaport (Norra Djurgardsstaden)

In the new sustainable area of Stockholm, Stockholm Royal Seaport, constructions of 12 000 apartments
started 2011 and will be finished around 2025. City of Stockholm has ambitious environmental goals for
the area and has developed recycling solutions for waste and water and aims to minimize waste and
maximize recycling. As a part of this kitchen food waste grinders have been, and will be, installed in all the
apartments in the area (Stockholms Stad, 2014a). So far only the collection technique with the grinder
connected directly to the sewage system is in use. Two buildings will be built to try out the system where



the food waste goes to a tank in the basement and then collected with a vacuum truck and sent to the
biogas facility (Dolk M, 2014), described in figure 2.2. Both the collection of food waste via the sewage
system and separate tank is/will be treated at Henriksdal, where the sewage plant is next to the biogas
facility. (Dolk M, 2014; Nilsson J, 2014). In this study collection of the food waste using a local tank has
been chosen.
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Figure 2.2: System drawing showing the path of the food waste from the grinder to tank, transportation
with truck (and some overspill via the sewage system) to the biogas facility where it’s turned into biogas
(VA SYD referenced in Davidsson A et al. 2012).

Random inspections have been conducted of the combustible waste in Stockholm Royal Seaport and the
percentage of food waste that was left was about 13%. This is a remarkable low number compared to
households with food waste sorted in separate containers where the combustible waste still consists of
30% food waste. In households with no sorting of food waste the combustible waste consists of 41% food
waste (Stockholm stad, 2013).

2.1.3 Processes in the KFWP system

There are four processes included in the system (see figure 2.2). First, the production and installation of
the equipment; the grinder, tank and pipes needs to be produced and installed in the apartments. Second,
the collection of food waste which take place in the households. In this case, the food waste is grinded in
the sink and flushed with water in pipes to a local tank. Third, the food waste slurry needs to be vacuumed
from the tank and transported to the waste treatment facility. Fourth, the waste will be gasified into
digester gas. Outside the system boundary is the upgrade of digester gas into biofuel. These steps are
clarified by means of a flowchart in figure 2.3.

For the inputs in the food waste disposal phase the units; kitchen food waste processor, pipes and tank
will all be included with their simplified life cycle analysis from cradle to grave and then divided by their
lifetime to represent 1 year, as the functional unit is set to. The cradle to grave system of the grinder is
shown in the flowchart as well, as it is the most interesting input to highlight.
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Figure 2.3: Flowchart presenting the KFWP system. The light blue area shows the background system
and the yellow area is the foreground system. The dashed line represents the system boundaries. The
boxes represent the different assemblies. The blue arrows represent movements between the different
assemblies. The red arrows represent inputs and the green arrows are outputs.

2.1.4 Scenario 100% digestion

In the scenario “KFWP 100% digestion”, it is assumed that 100% of the food waste is being treated in the
kitchen food waste processor system. (A summary of the different scenarios is presented in Table 2.1.)

2.1.5 Scenario Digestion and incineration

In the scenario “KFWP digestion and incineration” it is assumed that 68% of the food waste is treated in
the kitchen food waste processor system. It is assumed that the remaining 32% of the food waste are
thrown in the combustible waste and sent to incineration. This assumption is based on actual studies on
household waste in Stockholm Royal Seaport (Stockholm Stad 2013). (A summary of the different
scenarios is presented in Table 2.1.)

2.2 Paper bag system

2.2.1 The paper bag system in Stockholm

Households living in houses and apartment buildings in Stockholm area are offered collection of food
waste in paper bags. The paper bags are collected in a separate waste bin that tucks transport to a biogas
facility, where it is converted into biogas and biofertilizer, described in figure 2.4.
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Figure 2.4: System drawing showing the path of the food waste from the small bin to big bin,
transportation with truck to the biogas facility where it’s pre-treated into a slurry and turned into biogas
(VA SYD referenced in Davidsson A et al. 2012).

For a good result it is important that the quality of the food waste is high and that there are no
contaminations. As a financial incentive, this food waste collection is free of charge for the user and as the
fee for residual waste is based on weight the total cost for waste collection is thereby reduced. Paper bags
and bag holders are also distributed free of charge. In apartment buildings there are costs, for the
property owners, due to appropriate solutions for the collection vessels (see figure 2.5). In apartment
buildings the subvention of the waste rate is about 40%, compared to the waste tax for waste where the
food-waste fraction is not separated (Stockholm Stad, 2014b; ¢) .

Figure 2.5: Example of vessel for food waste collection in paper bags used I apartment buildings. Photo:
Kristin Stamyr

Solid food waste must be made into a preparation before digestion i.e. crushed and made into a "slurry”
possible to pump. This is called pre-treatment and made in a step before the digester and is described in
figure 2.6.
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Figure 2.6: Description of the pre-treatment processes used at SRV-dtervinning (Sedman C, 2014). First
the collected food waste is crushed. Thereafter, it is “tumbled”, the food is spun and pressed through
small holes. Hence, the pureed waste is separated from residuals like plastic and metals (mainly forks
and knifes). Now the organic puree is made into slurry by adding of fluids. The dashed line represents
the system boundaries. The boxes represent the different assemblies. The blue arrows represent
movements between the different assemblies. The red and orange arrows represent inputs and the
yellow arrows are outputs.

2.1.2 Processes in the Paper bag system

There are four processes that are included in the system. First, the production and installation of the
systems. For the paper bag system, special paper bags need to be produced, small bins (figure 2.7) for the
apartments and a big bin needs to be produced and installed (figure 2.5). Second, the collection of food
waste in the households. In this scenario the food waste is just thrown in the paper bags, no other step
required. Third, the paper bags need to be collected and transported to the waste treatment facility.
Fourth, the waste will be pre-treated and thereafter gasified into digester gas. Outside the system
boundary is the upgrade of digester gas into biofuel. This is clarified, by means of a flowchart, in figure
2.8.

Figure 2.7: A paper bag placed in small bin. Photo: Kristin Stamyr

The inputs in the food-waste disposal-phase are the units; paper bag, small bin and big bin (see figure
2.8). They will all be included with their simplified life cycle analysis from cradle to grave and then
divided (or multiplied with the yearly use of the paper bags) by their lifetime to present 1 year as the
functional unit is set to be. (The functional unit is presented in paragraph 3.2.) The cradle to grave system
of the paper bag is also shown in the flowchart as it is the most interesting input to highlight.
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Figure 2.8: A flowchart presenting the paper bag system. The light blue area shows the background
system and the yellow area is the foreground system. The dashed line represents the system boundaries.
The boxes represent the different assemblies. The blue arrows represent movements between the
different assemblies. The red arrows represent inputs and the green arrows are outputs. The dashed
green line represents a possible loop back into the system.

2.1.3 Scenario 100% digestion

In the scenario “Paper bags 100% digestion” we assume that 100% of the functional unit (the treatment of
16560 kg food waste) is being sorted in paper bags and treated in the system. (The functional unit is
presented in paragraph 3.2. A summary of the different scenarios is presented in Table 2.1.)

2.1.4 Scenario Digestion and incineration

In the scenario “Paper bags digestion and incineration” it is assumed that 27% of the produced food waste
is being sorted in paper bags and treated in the system. This is a percentage that Stockholm Stad has used
to compare the food waste collection in Stockholm Royal Seaport 2013 with and it’s a percentage of the
average food waste collected in apartment buildings in Sweden (Stockholm Stad, 2013). This ratio may be
compared to numbers supplied by Familjebostdder where 66 apartments collected 815 kg of food waste
during January - June 2013 (Lindeborg K and Wennerlund P, 2014). The remaining food waste (73%) is
treated with the conventional waste. (A summary of the different scenarios is presented in Table 2.1.)

2.3 No food waste collection

As a comparison to the two chosen system for food waste collection a third system “No food waste
collection” is presented. Even though, this is not in the main scope of the study it enables a better base for
comparison and interpretation of the different scenarios.

2.3.1 100% incineration of plastic bags with household waste.

In the scenario “Plastic bags 100% incineration”, it is assumed that 100% of the produced food waste is
put in plastic bags and thrown in the combustible waste and sent to incineration. In this scenario it is
assumed that no food waste collection system has been installed in the apartment buildings. Even though



this scenario is not in the main scope of the study it may be interesting to have for comparison. (A
summary of the different scenarios is presented in Table 2.1.)

2.4 Table of scenarios

Table 2.1 - A summary of the different scenarios The three systems of food waste collection are presented
to the left and the distribution of digestion versus incineration is presented to the right under scenarios.

Systems Scenarios

Kitchen food waste processor system 100% digestion

68% digestion and 32% incineration

Paper bag system 100% digestion

27% digestion and 73% incineration

No food waste collection (Plastic bag) 100% incineration




3 Goal and Scope

This study will be performed with the aid of a life cycle assessment (LCA). In this chapter, the goal and
scope of the LCA study are determined. In paragraph 3.1 it will be explained what type of LCA this study
is. Paragraph 3.2 defines the functional unit, which is the base for the comparison of the systems.
Paragraph 3.3 sets the system boundaries in several dimensions. The last paragraphs, 3.4 to 3.6 explain
the methodology.

3.1 Type of LCA

The study is an accounting comparative LCA because the treatments of food waste of two (three) different
systems will be compared. On one hand, the “kitchen food waste processor (KFWP) system” and on the
other hand, the “Paper bags system”.

3.2 Functional unit

The functional unit is the treatment of 16560 kg food waste. This is the average weight (kg) of produced
food waste per year per apartment block (containing of 5 buildings with a total of 100 apartments). Each
person generates 72 kg food waste per year (Jensen et al. 2011) and each apartment/household exists of
an average of 2.3 persons, which is a Swedish average (Johansson T, 2014).

Food waste (left over food) that is recommended to put in the paper bags are remains of meat, seafood,
pasta, rice, bread, egg shells, vegetables, fruit, tea leaves, coffee grounds, filters and uncolored paper-
towels. The same type of waste may be putted in the grinder of the KFWP system except bones and big
items like the peel of a banana.

3.3 System boundaries

3.3.1 Boundaries in relation to nature

There are several different ways to collect and disposal food waste. For this study, only two systems are
considered important for City of Stockholm. This is because these systems are preferred by the City of
Stockholm, to be implemented in new apartment buildings (Stockholm Stad, 2014e).

For the KFWP system there are two ways of collecting the food waste, one where the grinder is connected
to pipes leading to a local tank (and the slurry is collected once a month by a vacuum truck) and the other
where the grinder is directly connected to the sewage system (and treated in the sewage plant). Even
though the second technique is the one in use in Stockholm Royal Seaport at the moment the technique
with the tank is the one considered in this study. The reason for this decision is that the phases in this
system are more alike the phases in the paper bag system and also this is the technique that is in the line
to be tested by the City of Stockholm so it’s interesting to provide an analysis for it. Also, the “left overs”
from biogas produced from food waste collected via the sewage system is contaminated by for example
faeces and therefore a smaller value as a “biofertilizer”. (Dolk M., 2014.).

As shown in the flowcharts (figure 2.3 and 2.8), the two life cycles begin where the materials for the
grinder, pipes and tank from the KFWP system, and the paper bags, small bin and big bin from the paper
bag system are produced. They both end where the food waste is gasified into digester gas and
biofertilizer. Table 3.1 shows the boundaries is a foreground and background system.



Table 3.1: Foreground and background systems.

Foreground system Background system
Food waste disposal Production of equipment
Food waste transport Inputs of water, electricity and energy

Food waste treatment

3.3.2 Geographical boundaries

This study will focus on the area Stockholm Royal Seaport in Stockholm, where new apartment buildings
are currently built. When local data is not available data describing average in Sweden or parts there of
have been priorotised.

3.3.3 Time horizon

This LCA uses current data and long term emissions of the systems are included. Concerning the future,
the next developments that may happen are excluded: The amount of food waste may change in the
future, electricity that is used by the grinder may consist of a different energy mix and the efficiency of the
grinder, the trucks, the gasifier, the production of paper bags and de waste treatment of the materials may
be improved.

3.4 Cut-off criteria

During the cycle of the two main processes there will be losses of material on the way from disposal to the
digester gas production. These losses are not taken into account in the analysis. In the KFWP system there
will be losses of material to the sewage system and decomposition in the tank and this will also lead to
reduction of nutrients which might affect the quality or amount of biofertilizer negatively (Svenskt
Gastekniskt Center 2011). In the paper bag system there will be losses of material in the pre-treatment
process where the food waste is grinded and turned into slurry. Some food waste will be lost together with
residues (Millers-Dalsjo D. et al. 2011).

3.5 Allocation procedures and assumption at system level

The allocation problems encountered in this project were overcome by considering avoided burdens and
narrowing the system boundaries.

- Inthe process of treating the food waste slurry there is a multi-output allocation problem. The
outputs are digester gas and biofertilizer. To deal with the allocation problem of the biofertilizer,
avoided burdens of phosphorus, nitrogen and potassium was considered. To deal with the
allocation problem of the digester gas avoided burdens of natural gas was considered.

- Inthe upgrade process for the digester gas into biofuel there is also a multi-output allocation.
After the process at the biogas facility where the food waste slurry is made into digester gas, the
gas goes in to an upgrade process where it’s made into biofuel and some of the gas to heat and
electricity. The aim was to include this process in the system but due to the lack of time to handle
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all the allocation problems with avoided burdens this allocation problem was handled by
narrowing the system boundaries and not include this process.

- Inthe incineration process there is a multi-output allocation problem and to deal with this
avoided burdens from heat and electricity was considered.

- Inthe recycling of metals, copper, aluminium and steel avoided burdens from production of
virgin metals was considered.

- Average data is used in this accounting LCA in all the processes, including avoided processes.
- Itis assumed that all plastic material is sent for incineration at the end of life.

3.6 Impact categories and impact assessment method

According to ISO 14040 1997, the three general impact categories to be considered in a LCA are: Resource
use, human health and ecological consequences.

The impact assessment method used is ReCiPe Midpoint (Hierarchist) included in SimaPro. ReCiPe was
created by RIVM, CML, PRé Consultants, and Radboud Universiteit Nijmegen. The ReCipe method is a
help for the analysts to interpret the large amount of consumed resources and emissions that are listed
after the calculation of the inventory result. This method was designed to reduce the long list of inventory
results to a limited amount of mid and endpoint indicators. Midpoints results are more certain and
numerous than endpoints indicators, but less easily interpreted. Typical examples of midpoints indicators
are acidification, climate change, ecotoxicity, eutrophication, ozone depletion. The three endpoint
indicators are damage to Human health, damage to ecosystems and damage to resource availability.

The hierarchist model, often considered as the default model of ReCipe, is the most relevant for scientific
studies in comparison with the individualist and egalitarian models (respectively short term assuming
that technology will solve some problems in the future and long term rather turned towards the
precautionary principle way of thinking).

ReCipe’s modelling is based on environmental mechanisms, i.e. a serie of effects that globally have a
damaging impact on the environment and human health (Recipe, 2014).

At this point in the project, we can assume that the environmental impacts we will be focusing on are the
global warming potential (GWP: CO2, CH4, CFCs, fluorine components, etc.), the eutrophication
potential (N-equiv., NOx, NH3, P, nitrates phosphates, etc.) and the acidification potential (H+ equiv.,
SO2, H2S04, CO2, NOx, HCl, etc.).

3.7 Normalisation and weighting

Normalisation of the results are used and as the application of this LCA is decision making on a regional
level on waste treatment strategies, the requirement on methodology is data representing regional
averages, this is done in SimaPro.

Weighting is an optional step which will not be performed in this study because of its absence in ReCipe,
our chosen impact assessment model. This is also a comparative LCA so according to ISO standards
weighting is not allowed. This rule is due to the fact that weighting is subjective and may present different
results depending on the weighing method which might lead to misinterpretations of the compared
results (Baumann and Tillman, 2004).
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4 Life cycle inventory analysis

This chapter will show and discuss every data that is used for this study. Paragraph 4.1 contains a table
which present every data with the reference and database and gives a rough overview of the structure of
the model. Paragraph 4.2 discusses the assumptions that are made for the specific data. These
assumptions are made, due to data gaps and to simplify the model.

4.1 Data

All the processes and data are showed in table 4.1-4.3. The detailed calculations are shown in appendix A,
B and C, as well as the detailed data about the transportation of the waste and the exact locations.

Table 4.1: Data and processes for the Paper bag system

Big bin Database Amount Unit Reference
Materials:
Top of the bin: Stainless steel hot rolled
coil, annealed & pickled, elec. arc furnace
route, prod. mix, ELCD v 2.00 75 kg Gustafsson J, 2014
Underground chamber: Pre-cast concrete,
min. reinf., prod. mix, concrete type
C20/25, w/o consideration of casings ELCD v 2.00 7.3 ton Gustafsson J, 2014
Container: Stainless steel hot rolled coil,
annealed & pickled, elec. arc furnace
route, prod. mix, grade 304 ELCD v 2.00 1 ton Gustafsson J, 2014
Processes:
Transportation of villiger from
manufacturer in Switzerland to
Stockholm: freight train Ecoinvent v 2.2 15 351 tkm Gustafsson J, 2014
Steel product manufacturing, average
metal working Ecoinvent v 2.2 75 kg Gustafsson J, 2014
Small bin Database Amount Unit Reference
Materials:
Polypropylene, granulate, at plant Ecoinvent v 2.2 190 g Appendix B
Steel, low-alloyed, at plant Ecoinvent v 2.2 22 g Appendix B
Processes:

Ecoinvent v 2.2 0.11 tkm Appendix B

Transport from manufacturer to
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Stockholm, lorry >32t, EURO5

Injection moulding Ecoinvent v 2.2 190 g Appendix B
Paper bag Database Amount Unit Reference
Materials:
Kronstrom A, 2014;
according to
calculations in
Craft paper, unbleached, at plant Ecoinvent v 2.2 25 g Appendix B
Processes:
Transport of craft paper from
manufacturer to manufacturer of bag: Kronstrom A, 2014;
lorry >32t, EURO5 Ecoinvent v 2.2 0.03 tkm Google maps, 2014
Transport of bag from manufacturer to
Kronstrom A, 2014;
Stockholm: lorry 16-32t, EURO4 Ecoinvent v 2.2 0.01 tkm Google maps, 2014
Ecoinvent v 2.2 & according to
Production of carton board boxes, gravure assumption 20% calculations in
printing, at plant recycling 20 g Appendix B
Paper bags including zero-burden Database Amount Unit Reference
food waste
Assemblies:
Jensen et al., 2011 &
Zero burden food waste 16 560 kg Johansson, 2014
Paper bag 17 500 p Sedman C, 2014
Waste scenario — Paper bags Database Amount Unit Reference
equipment
Disposal, plastics, mixture, 15.3% water,
to municipal incineration including
avoided burdens Ecoinvent v 2.2 100 % Ecoinvent v 2.2
Recycling steel and iron Ecoinvent v 2.2 100 % Ecoinvent v 2.2
Disposal, concrete, 5% water, to inert
material landfill Ecoinvent v 2.2 100 % Ecoinvent v 2.2
Database Amount Unit Reference

Lifecycle Paper bag system 100%
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digested — Paper bags + food waste

Processes:

Waste transport to digestion, municipal

Nilsson J, 2014 &

waste collection, lorry 21t Ecoinvent v 2.2 830 tkm Holmstréom L, 2014
Waste transport to digestion, municipal Ecoinvent v 2.2 & Nilsson J, 2014 &
waste collection, lorry 21tbiogas NSCA, 2006 830 tkm Holmstrom L, 2014
Bags waste scenario 100% paper

and food waste to biogas — waste

disposal scenario Database Amount Unit Reference
Disposal, biowaste, to anaerobic

digestion/CH U including avoided

burdens Ecoinvent v 2.2 100 % Nordenberg J, 2014
Disposal, biowaste, 60% H20, to

municipal incineration, allocation

price/CH S incl heat and electricity Ecoinvent v 2.2 (0] % Ecoinvent v 2.2
Lifecycle Paper bag system 27%

digest 73% incineration — Paper

bags + food waste Database Amount Unit Reference
Processes:

Waste transport, municipal waste Nilsson J, 2014 &
collection, lorry 21t Ecoinvent v 2.2 685 tkm Holmstrém L, 2014
Waste transport, municipal waste Ecoinvent v 2.2 & Nilsson J, 2014 &
collection, lorry 21t biogas NSCA, 2006 685 tkm Holmstrom L, 2014
Bags waste scenario 27% paper and  Database Amount Unit Reference

food waste to biogas 73%

incineration — Waste scenario

Disposal, biowaste, to anaerobic

digestion/CH U including avoided Jenny Nordenberg &
burdens Ecoinvent v 2.2 27 % Stockholm stad, 2013
Disposal, biowaste, 60% H20, to

municipal incineration, allocation

price/CH S including heat and electricity =~ Ecoinvent v 2.2 73 % Ecoinvent v 2.2

Table 4.2: Data and processes for the Kitchen food waste processor (KFWP) system
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Grinder Waste King L2600 TC Database Amount Unit Reference
Materials:
Iron, sand casted USLCI 1.01 kg Annerhall G, 2014
Aluminium, primary, at plant Ecoinvent v 2.2 2.02 kg Annerhall G, 2014
Copper, primary, at refinery Ecoinvent v 2.2 2.02 kg Annerhall G, 2014
Acrylonitrile-butadiene-styrene Annerhall G, 2014
copolymer, ABS, at plant Ecoinvent v 2.2 3.48 kg
Stainless steel hot rolled coil, annealed & Annerhall G, 2014
pickled, elec. arc furnace route, prod. mix,
grade 304 ELCD v 2.00 1.57 kg
Synthetic rubber, at plant Ecoinvent v 2.2 0.11 kg Annerhall G, 2014
Sanitary ceramics, at regional storage Ecoinvent v 2.2 1.01 kg Annerhall G, 2014
Tap water, at user Ecoinvent v 2.2 32 800 kg Avfall Sverige, 2011
Processes:
Transport manufacturer to Stockholm:
Container ship ocean, technology mix,
27.500 dwt pay load capacity ELCD v 2.00 129 000 tkm Annerhall G, 2014
Transport manufacturer to Stockholm:
lorry >32t, EURO4 Ecoinvent v 2.2 50 500 tkm Annerhall G, 2014
Container ship ocean, technology mix,
27.500 dwt pay load capacity ELCD v 2.00 67 000 tkm Annerhall G, 2014
Transport manufacturer to Stockholm:
lorry 16-32t, EURO4 Ecoinvent v 2.2 5500 tkm Annerhall G, 2014
Metal product manufacturing Ecoinvent v 2.2 6.5 kg See data materials
Injection moulding Ecoinvent v 2.2 3.5 kg See data materials
Tank Database Amount Unit Reference
Materials/Assemblies:

Annerhall G, 2014;
Glass fibre reinforced plastic, polyamide, Bismont M, 2014;
injection moulding, at plant Ecoinvent v 2.2 5400 kg Uson c; The great

soviet encyclopedia,
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1979

Processes:
Injection moulding Ecoinvent v 2.2 5 400 kg Data materials
Transport, lorry 16-32t, EURO4 Ecoinvent v 2.2 16 200 000 kgkm  Annerhall G, 2014
Pipes KFWP Database Amount Unit Reference
Materials/Assemblies:
Annerhall G, 2014;
The engineering
toolbox, 2014; Uson
PVC pipe Industry data2.0 480 kg Miljoteknik b
Processes:
Transport from manufacturer to
Stockholm, lorry 16-32t, EURO4 Ecoinvent v 2.2 144 000 tkm Annerhall G, 2014
Injection moulding Ecoinvent v 2.2 480 kg See data materials
KFWP Food waste Database Amount Unit Reference
Materials/Assemblies:
Jensen et al., 2011 &
Zero burden food waste Empty process 16 560 kg Johansson, 2014
KFWP equipment waste scenario Database Amount Unit Reference
Recycling steel and iron including avoided
burdens Empty process 100 % Ecoinvent v 2.2
Recycling steel and iron including avoided
burdens Empty process 100 % Ecoinvent v 2.2
Disposal, plastics, mixture, 15.3% water,
to municipal incineration including
avoided burdens Ecoinvent v 2.2 100 % Ecoinvent v 2.2
Disposal, plastics, mixture, 15.3% water,
to municipal incineration including
avoided burdens Ecoinvent v 2.2 100 % Ecoinvent v 2.2
Recycling copper/ including avoided
burdens Empty process 100 % Ecoinvent v 2.2
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Disposal, inert waste, 5% water, to inert

material landfill Ecoinvent v 2.2 100 %
Disposal, rubber, unspecified, 0% water,
to municipal incineration including
avoided burdens Ecoinvent v 2.2 100 % Ecoinvent v 2.2
Recycling aluminium/ including avoided
burdens Empty process 100 % Ecoinvent v 2.2
Lifecycle KFWP food waste 100%
digested - KFWP food waste Database Amount Unit Reference
Processes:
Electricity, low voltage, production SE, at Stockholm Vatten,
grid/SE S Ecoinvent v 2.2 400 kWh 2008

Ragn Sells Stockholm,
Waste collection to digestion, municipal 2014; Nordenberg J,
waste collection, lorry 21t/CH S Ecoinvent v 2.2 2200000 kgkm 2014
KFWP food waste 100% digested
waste scenario Database Amount Unit Reference
Disposal, biowaste, to anaerobic digestion
including avoided burdens excluding pre Nordenberg J, 2014 &
treatment Ecoinvent v 2.2 100 % Avfall, 2011
Disposal, biowaste, 60% H20, to
municipal incineration, allocation price
including heat and electricity Ecoinvent v 2.2 0] % Ecoinvent v 2.2
Lifecycle KFWP food waste 68%
digested 32% incinerated - KFWP
food waste Database Amount Unit Reference
Processes:
Electricity, low voltage, production SE, at Stockholm Vatten,
grid Ecoinvent v 2.2 400 kwh 2008

Ragn Sells Stockholm,
Waste transport to digestion, municipal 2014; Nordenberg J,
waste collection, lorry 21t Ecoinvent v 2.2 1500 tkm 2014
Waste transport to incineration, Nilsson J 2014 &
municipal waste collection, lorry 21t Ecoinvent v 2.2 201 tkm Holmstrém L 2014
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Waste transport to incineration,

Ecoinvent v 2.2 &

Nilsson J 2014 &

municipal waste collection, lorry 21 biogas NSCA, 2006 201 tkm Holmstrém L 2014
KFWP food waste waste scenatio
68% digested 32% incinerated Database Amount Unit Reference
Disposal, biowaste, to anaerobic
digestion/CH U including avoided Nordenberg J, 2014 &
burdens excluding pre treatment Ecoinvent v 2.2 68 % Avfall, Sverige 2011
Disposal, biowaste, 60% H20, to
municipal incineration, allocation Ecoinvent v 2.2 & &
price/CH S including heat and electricity =~ Ecoinvent v 2.2 32 % Stockholm Stad, 2013

Table 4.3: Data and processes for the Plastic bag system
Lifecycle Plastic bag system 100%
incineration - Plastic bag Database Amount Unit Reference
Materials/Assemblies:
Polyethylene low density granulate (PE-
LD), production mix, at plant ELCD v 2.00 20 g Assumption
Processes:
Transport, lorry >32t, EURO5 Ecoinvent v 2.2 0.03 tkm Appendix B
Transport, lorry 16-32t, EURO4 Ecoinvent v 2.2 0.01 tkm Appendix B
Blow moulding Ecoinvent v 2.2 20 g Assumption
Lifecycle Plastic bag system 100%
incineration - Plastic bags + waste Database Amount Unit Reference
Materials/Assemblies:

Jensen et al., 2011 &

Zero burden food waste Empty process 16 560 kg Johansson, 2014
Plastic bag 17 500 P Assumption
Processes:
Waste transport to incineration, Nilsson J, 2014 &
municipal waste collection, lorry 21t Ecoinvent v 2.2 631 tkm Holmstréom L, 2014
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Waste transport to incineration,
municipal waste collection, lorry 21t Ecoinvent v 2.2 & Nilsson J, 2014 &
biogas NSCA, 2006 631 tkm Holmstrém L, 2014

Plastic bags waste scenario 100% to
incineration Database Amount Unit Reference

Disposal, biowaste, to anaerobic digestion
including avoided burdens Ecoinvent v 2.2 0] % Nordenberg J, 2014

Disposal, biowaste, 60% H20, to
municipal incineration, allocation price
including heat and electricity Ecoinvent v 2.2 100 % Ecoinvent v 2.2

4.2 Specific data assumptions

This subchapter will discuss every assumption that is done for this study on the specific data.

4.2.1 Paper bags

Paper bags of 20 g are assumed to be made from 25 g of unbleached craft paper produced in Sweden in an
integrated paper mill. For the paper bag making process, the module production of carton board boxes
was chosen as the most relevant one. This module does not include the production of carton board but
does include the cutting, folding and printing steps and therefore ink, glues as well as electricity
consumption. It was assumed that an excess of 20% of craft paper was necessary to produce craft paper
bags. This excess was assumed to be recycled.

The craft paper was assumed to be produced at Mondi Dynis AB in Vija, Sweden and transported by lorry
to JD Stenqvist AB in Kvidinge, Sweden where the bags are produced (Kronstrom A, 2014).

4.2.2 Paper bags equipment

The paper bag equipment consists of 100 small bins and 1 big bin. Each small bin contains 22 g of low-
alloyed steel and is moulded by injection of 190g of polypropylene. For simplification, it was assumed that
they were produced at the same place as the paper bags and transported by lorry to Norra Djugardstaden.
The lifetime of a small bin was set at 10 years.

The “big bin” ensemble consists of a bin located above a buried tank. The lifetime of the whole ensemble
was assumed to be 50 years. The bin located on the top consists of 75 kg of stainless steel whereas the
buried tank is made of 7,3 tons of pre-cast concrete and 1 ton stainless steel. It was assumed that the
components of this ensemble were produced in Kiingoldingen, Switzerland by the company Viliger and
transported by freight train to Norra Djugardstaden. It was assumed that the plastic of the small bin was
recycled/incinerated. Also the steel was recycled. Concerning the big bin, it was assumed that the pre-cast
concrete part would be landfilled whereas the steel one would be recycled.

4.2.3 KFWP equipment

Grinder

It is assumed that the grinders in the apartments in Stockholm Royal Seaport are of the model Waste King
L 2600 TC and that they use electricity produced in Sweden. The expected lifetime of the grinder is 15 to
20 years so it is assumed the lifetime is 16.5 year (Uson Miljoteknik a). The manufacturing company of the
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grinder is located in Los Angeles (LA), but the production takes place in China. It is assumed this is in the
city Hong Kong and that the transportation between these cities will be by an ocean container ship for
technology mix with a 27 500 dwt pay load capacity. From LA to Stockholm, the transport to New York
will be by truck running on diesel, by an ocean container ship for technology mix with a 27 500 dwt pay
load capacity to Gothenburg and by truck running on diesel to Stockholm (G6ran Annerhall, 2014; Google
maps, 2014).

The retailer and installing company of the grinder, Uson milj6teknik, will disposal the grinder at the
recycling for electronic products when they take care of an old grinder (Goran Annerhall, 2014). It is
assumed that a private person would disposal the grinder in the same way at the end of the lifetime.

Tank
It is assumed the tank is transported from the production place to Stockholm by a truck running on diesel
and at the end of the lifetime, the tank will be send to incineration.

The amount of material (kg) needed to build the tank is assumed to be 5400 kg based on the volume and
dimensions of the tank.

Pipes

According to the schematic drawing of the tank, the diameter of the pipe is assumed to be 100 mm (Uson
Miljoteknik b). It is assumed the average length of pipes that are installed in the whole block is 158 meter.
Therefore it is assumed each floor is 2,5 meter high (including the ceiling) and the basement is 2 meter
high. The assumptions for the distances between the buildings are shown in figure 4.1: map of apartment
buildings in one block.

Building 1 2[})Rm Building 2
15m
i
g el Tank
o
=
()
19}
15m
Building 4 Building 3
20m

Figure 4.1: map of apartment buildings in one block

4.2.4 Plastic bags
It is assumed that the plastic bag is made of polyethylene, produced with the method blow moulding and
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that it will weigh the same at the paper bag. Also, people will use the same amount of plastic bags, as they
use paper bags.

4.2.5 Avoided burdens

Disposal scenario “anaerobic digestion of biowaste”. To include an avoided burdens to this process,
natural gas was assumed to be the avoided product instead of digester gas.

4.2.6 Municipal waste collection ensured by trucks running on biogas

To create this transportation process, the Municipal waste collection process available in Simapro
considering trucks running on diesel was edited. The following assumptions were made according to
several sources. On one hand, the CO2 emissions to air were reduced by 86%, the nitrogen oxides, CO as
well as particulates emissions to air were reduced by 50%. On the other hand, hydrocarbons emissions to
air were multiplied by 20. It was assumed that the fossil emissions to air were of fewer importance and
were therefore removed. Finally, the comparison between the emissions of two passenger cars -one
running on diesel, one running on methane from which 96% are coming from biogas- allowed to highlight
methane emissions differences. It was assumed that the same ratios were applicable between the two
trucks running on diesel and biogas to adjust the methane emissions of the biogas truck. (NSCA, 2006).
See appendix C for the new process.
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5 Life cycle results and interpretation
This chapter will discuss the most interesting results and interpret these results. Appendix D will show additional results.

5.1 Characterization results

5.1.1. KFWP System 100% digested
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Figure 5.1 : Characterization results of the Kitchen food waste processor (KFWP) system with 100% food waste digested. The zero-burden food
waste is represented in red, the municipal waste collection in yellow, the equipment for the KFWP in grey, use of electricity in green and the
digestion of the food waste in blue.




Figure 5.1 highlights the impact of the municipal waste collection by lorry (in yellow in the chart) especially on photochemical oxidant formation
(70%), natural land transformation (67%), particulate matter formation (60%), ozone depletion (56%), terrestrial acidification (49%), climate
change potential (48%) and urban land occupation (46%).

The equipment (in grey in the chart) has greatest impacts on water depletion (74%), marine eutrophication (56%), agricultural land occupation
(52%) and metal depletion (50%).

The digestion (in blue in the chart) represents 100% of the terrestrial ecotoxicity, 99.5% of the human toxicity impact of this system. It is also
responsible of 96% of the freshwater eutrophication potential, 85% of the marine ecotoxicity and 50% of the freshwater toxicity. Concerning the
fossil depletion, the digestion has a “positive” impact which is even over compensating the fossil depletion caused by transport and equipment
subassemblies.

The electricity consumption represents 49% of the ionising radiation potential associated to this system.

The subassembly KFWP food waste (in red in the chart) is a zero-burden one which is therefore logically not contributing to any impact categories.



5.1.2 Paper Bags System 100% digested
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Figure 5.2: Characterization results of the Paper Bags system with 100% food waste digested. The effects of the zero-burden food waste in the
paper bag is represented in red, the municipal waste collection by biogas trucks (50%) in yellow and trucks running on diesel in green (50%),
the equipment required for the paper bag system in grey and the digestion of the paper bag including the food waste is represented in blue.

Figure 5.2 logically highlights different impacts than Figure 5.1 because of the differences of the systems KFWP and Paper Bags. However, it also
shows similarities as 100% of the food waste is digested in those two systems.

The subassembly “Waste + paper bags” (in red in the chart) actually refers to the bags production out of craft paper as the food waste is a zero-
burden assembly. This subassembly is responsible for 99.8% of the agricultural land occupation impact, 77% of the water depletion and urban land
occupation impacts. 71% of the ionising radiation, 45% of the marine eutrophication, 42% of the ozone depletion and 40% of natural land
transformation are due to the paper bags production.



The digestion (in blue in the chart) impact numbers are very similar to the previously observed numbers of the KFWP system since 100% of the
food waste is also digested here. The waste scenario considering that 100% of the paper bags and the food waste are digested is fully responsible for
the terrestrial ecotoxicity of the system. 99% of the human toxicity and 97% of the freshwater eutrophication impacts of the system are also due to
the digestion process. It also has a “positive” impact on the fossil depletion.

The municipal waste collection by lorry running on diesel (in green in the chart) is less important in this system than in the KFWP 100% digested
one. This is explained by the fact that only 50% of the municipal waste collection is made by trucks running on diesel in this system. However, it
also has the greatest influence on photochemical oxidant formation, climate change, particulate matter formation and terrestrial acidification
potentials.

The municipal waste collection ensured by lorries running on biogas has lower impacts than the one considering trucks running on diesel.
However, it contributes to the same impact categories with quite close numbers. It is then possible to conclude that if 100% of the municipal waste
collection was ensured by lorries running on biogas, the systems would have less environmental impacts. This is really easy to see in particular for
the following impact categories: climate change, particulate matter formation, photochemical oxidant formation, terrestrial acidification and
marine eutrophication.

The equipment subassembly of this system takes into account the municipal bins. It can be seen that they logically have a less important global
environmental impact than the equipment subassembly of the KFWP system. Another remarkable difference between the two systems is the
electricity consumption, completely absent in this Paper Bags system.



5.1.3 Plastic Bags system 100% incineration
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Figure 5.3: Characterization results of the Plastic Bags system with 100% food waste incinerated. The effects of the zero-burden food waste in
the plastic bag is represented in red, the municipal waste collection by biogas trucks (50%) in yellow and trucks running on diesel in green
(50%), the equipment required for the plastic bag system in grey and the incineration of the plastic bag including the food waste is represented
in blue.

Figure 5.3 presents the characterized results of a hypothetical 100% incineration scenario managed with plastic bags. The first major difference
with the two previous charts (considering 100% of the food waste digested), is that there is no “positive” impact or negative percentages in this
chart due to the absence of digestion. The incineration, as the digestion, also engenders human toxicity, freshwater eutrophication, as well as
terrestrial and marine ecotoxicity. The percentages are however globally lower than the digestion ones. Comparing figures 5.1 and 5.2 to figure 5.3
allow to highlight the highest influence of incineration compared to digestion on new impact categories. For example, in this system, the
incineration process is responsible for approximately 50% of the marine eutrophication.



The subassembly “Waste + plastic bags” (in red in the chart) actually refers to the bags production out of low density Polyethylene. This
subassembly is responsible for 98% of the agricultural land occupation impact, 67% of the ionising radiation and 60% of the water depletion
impacts. 51% of the fossil depletion, 42% of the ozone depletion and 40% of natural land transformation are also due to the paper bags production.

The second most important subassembly in terms of responsibility on impact categories is the transport dedicated to the municipal waste
collection. As the waste collection organisation for this system was considered identical to the Paper Bags system one (50% diesel-50% biogas), the
same observations can be withdrawn from Figure 5.2 and 5.3.This scenario highlights a relatively less important impact of the bags equipment on
the different impact categories except metal depletion.

5.1.4 KFWP System 68% digested 32% incinerated and Paper Bags System 27% digested 73% incinerated
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Figure 5.4: Characterization results of the Kitchen food waste processor (KFWP) system with 68% food waste digested and 32% incinerated. The
effects of the zero-burden food waste is represented in red, the municipal waste collection by biogas trucks in yellow and trucks running on
diesel in grey and blue, the equipment required for the KFWP system turquoise, electricity in green and effects of digestion in purpul.

The results presented in figure 5.4 for the KFWP System with 68% of food waste digested are similar to the results of figure 5.1 for the KFWP
System with 100% digestion. The 32% of food waste incinerated have a relatively low influence on the different impact categories in front of the
digestion.
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Figure 5.5 : Characterization results of the Paper Bags system with 27% food waste digested and 73% incinerated. The effects of the zero-burden
food waste in the paper bag is represented in red, the municipal waste collection by biogas trucks in yellow and trucks running on diesel in
green, the equipment required for the paper bag system in grey and the digestion of the paper bag including the food waste is represented in
blue.



Once again, figure 5.5 highlights that the digestion process is given a much higher influence than incineration on Human Toxicity, Freshwater
eutrophication, Terrestrial and marine Ecotoxicity as well as fossil depletion by SimaPro.

Regarding the other impact categories, figure 5.5 logically appears like a mix of figures 5.2 and 5.3 as the first system is a kind of combination of
the two others. Figure 5.5 and 5.2 indeed show that the ionising radiation, agricultural and urban land occupation as well as the water depletion
are mainly due to the paper bags production.

Comparing figures 5.4 and 5.5 show that despite the different waste scenarios of the two different considered systems, the waste scenarios have
really similar influence on the same impact categories. Regarding the KFWP system, the equipment production has more importance than in the
Paper Bags system, where the impact of the municipal waste collection ensured by lorries running on biogas and the production of the paper bags
are of bigger concern.
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Figure 5.6 : Comparison of the characterized results for the 5 scenarios. The Kitchen food waste processor (KFWP) system with 100% digestion
in red, the KFWP system with 68% digestion and 32% incineration in green, the paper bag system with 100% digestion in yellow, the paperbag
system with 27% digestion and 73% incineration in blue; and the system with collection in plastic bags and 100% incineration is represented in
grey.

Figure 5.6 shows that the KFWP System ( red and green bars) causes more climate change, ozone depletion, photochemical oxidant and particulate
matter formation, ionising radiation, terrestrial acidification, marine eutrophication and metal depletion than the Plastic bags (grey) and the paper
bags systems (yellow and blue). Regarding the fossil depletion, the difference is flagrant between the “positive” impact of the systems with a large
part of digestion (appearing on figure 5.6 with negative percentages) and the highly negative impact of the plastic bags system combined with the
100% incineration scenario.

100
95
90f-
85|
80|
751
70|
65|
60
551
50
4sf-
40
350
30
251
20
15|
10}

5 .

%

Climate Ozone Human Photoc Particul Ionisin Terrest Freshw Marine Terrest Freshw Marine Agricul Urban Natural Water  Metal Fossil d
chang depleti toxict hemica atema gradia rialaci atereu eutrop rialeco aterec ecotox turalla lando landtr depleti depleti epletio

I KFWP food waste 68% digested 32% incineratec [ Paper bag system 27% digest 73% incin

Comparing 1 p 'KFWP food waste 68% digested 32% incinerated' with 1 p 'Paper bag system 27% digest 73% incin’;
Method: ReCiPe Midpoint (H) V1.06 / World ReCiPe H / Characterisation




Figure 5.7 : Comparison of the characterization results for the two systems as they are currently running. Red represents the Kitchen food waste
processor (KFWP) system with 68% digestion and 32% incineration. Green is representing the paper bag system with 27% digestion and 73%
incineration.

Figure 5.7 enables conclusion to be drawn about the two systems as they are currently running. The paper bags system is preferable to the KFWP
system except for the agricultural and urban land occupation or the fossil depletion. These results can be explained by the importance of the paper
bags production requiring wood and therefore occupying more agricultural and urban lands. The much higher fossil depletion impact of the paper
bags system is due to its percentage of incinerated food waste in opposition to the percentage of digested food waste for the KFWP system.

5.2 Significant impact categories of the total system and process contributions to them

According to the normalised results comparison (see Figure 5.7), the major impact categories decreasing in importance are human toxicity (HT),
terrestrial ecotoxicity (TE), freshwater eutrophication (FEu) and marine ecotoxicity(MT) .
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Figure 5.8: Comparison of the normalised impact assessment for the five different systems. Red represents the Kitchen food waste processor
(KFWP) system with 100% digestion, green the KFWP system with 68% digestion and 32% incineration, blue is representing the paper bag

system with 27% digestion and 73% incineration, yellow the Paper bag system with 100% digestion; and grey the Plastic bag system with 100%
incineration.

Figure 5.8 highlights that the paper bag system with 100% of food waste digested has higher environmental impacts than the KFWP system with
100% of food waste digested, followed by the KFWP System with 68% of food waste digested and the Paper Bag System with 27% of food waste
digested. The plastic bag system with 100% of food waste incinerated shows the lowest environmental impacts.

Both the KFWP 100% digested and the Paper Bag 100% digested systems are leading to the same kind of environmental impact and their results

are close (see figure 5.9). When the total functional unit is considered digested, the KFWP treatment system appears to be more environmentally
friendly than the paper bag system.

10



750
700
650
600
550
500
450
400
350
300
250
200
150
100

Climate Ozone Human Photoc Particul Ionisin Terrest Freshw Marine Terrest Freshw Marine Agricult Urban Natural Water  Metal  Fossil d
chang depleti toxicity hemica atema gradia rialaci atereu eutrop rialeco aterec ecotox wurallan lando landtr depleti depleti epletio

I KFWP food waste 100% digested [ Paper bag system 100% digested [ ] Plastic bag system 100% incin

Comparing 1 p 'KFWP food waste 100% digested’, 1 p 'Paper bag system 100% digested' and 1 p 'Plastic bag system 100% incin’;
Method: ReCiPe Midpoint (H) V1.06 / World ReCiPe H / Normalisation

Figure 5.9: Comparison of 100% of the functional unit treated in the three different systems, normalised results.
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Figure 5.10: Comparison of the current percentage of the functional unit treated in the two different collection systems with KFWP and paper
bags.

Figure 5.10 presents the comparison of the normalised environmental impacts for the paper bag and KFWP systems in function of the current
percentage of food waste going to anaerobic digestion and incineration. The same impact categories appear to play a major role in the
environmental impact of these systems: human toxicity is the most important. The impacts associated with the KFWP system are more than twice
as important as the ones linked to the Paper bag system. It is therefore possible to conclude that the Paper Bag system is more environmentally
friendly than the KFWP system if we consider the current ratios digestion/incineration. These results combined with the process contribution
charts (see Figures 5.9, 5.10) underline the important contribution of the anaerobic digestion process to the four main impact categories. Figure
5.11 presents process contribution to Human toxicity for the KFWP system with 68% of food waste digested.
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Figure 5.11: Process contribution to Human toxicity for the KFWP system with 68% of food waste digested.

5.2.1 Expected important impact categories and contribution of the processes to them

Compared to the environmental impact categories listed above, the environmental impacts considered in the goal and scope definition like climate
change can be considered of less importance. Although, it seems like SimaPro is giving a lot more value to the human toxicity category than to the
others. It can therefore be interesting to still consider climate change, freshwater eutrophication and fossil depletion for example, especially when
thinking about Stockholm’s goals. Considering the process contribution for climate change for the paper bag system with 27% of the food waste
digested (see Figure 5.11 and 5.12), the municipal waste collection by lorry running on diesel is the most important. Then comes the anaerobic
digestion process, the municipal waste collection by lorry running on biogas, the municipal incineration process and finally the production of the
craft paper.
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Figure 5.12: Process contribution to Climate change for the paper bag system with 27% of the food waste digested.

The analysis of the process contribution to climate change for the KFWP system with 68% of the food waste digested (see figure 5.13) reveals that
the injection moulding of the tank has quite an impact on the climate change potential of this system.
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Figure 5.13: Process contribution to Climate change for the KFWP system with 68% of the food waste digested.

5.3 Significant life cycle stages/processes

The study of the process contribution charts of the main impact categories highlights that for the four main impact category mentioned above (HT,
FEu, MT and TE), the process which contributes the most is the disposal of biowaste to anaerobic digestion or to municipal incineration.

Human toxicity is calculated in function of the emissions of toxic substances for human whereas ecotoxicity takes into account consequences of

chemical outputs on nonhuman organisms.

According to the table 5.1, the emission of phosphorus to soil is the main cause of the high human toxicity impact of the waste scenario 100%

digestion in Paper bags.
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Table 5.1: Characterization inventory results for human toxicity of the system Paper bags with 100% food waste digested

Human toxicity Paper bag system 100% digestion
T Transport. Bags waste
ransport. or .
>t municipal scenario
Waste + | municipal
. waste 100% paper Bags
No. | Substance Compartment | Unit Total |paper waste . .
. collection. and food Equipment
bags collection.
lorry 21t/CHS | waste to
lorry 21t/CH S . :
biogas biogas
Total I;% 1.4-DB 918 429 46.5 51.3 913 4.65.
Remaining substances Ié% 1.4-DB 320 146 23.2 25.5. 123 2.66
1 | Phosphorus Soil 'é% 1.4-DB 380 4.05 3.39 3.44 90700 0.0226
2 | Manganese Water 'é‘é L4DB 1374 1279 19.8 22.4 51.2 1.97
3 |zinc Soil 'é% L4DB 1519 0124  |0.00289 0.00303 219 0.000276
4 | cadmium Soil Ié% L4DB 1115 o215  |0.00388 0.00410 112 0.000226
5 |Lead Soil 23 L4DB 1946 |0.00480 |0.000121 0.000128 94.6 0.0000288

The release of toxic chemicals such as ammonia, hydrogen sulphide, heavy metal ions and carbon dioxide by anaerobic digestion of biowaste (The
Microbiology of Anaerobic Digesters, 2003) could also be part of the human toxicity impact calculations of the process.

The main causes of the human toxicity impact of incineration are listed in the table 5.2. Incineration leads to a lot less of phosphorus emissions to
soil than anaerobic digestion. Incineration also engenders to the release of heavy metal ions visible in table 5.2.
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Table 5.2: Characterization inventory results for human toxicity of the system Plastic bags with 100% food waste incinerated

Human toxicity Plastic bag system 100% incineration
Transport.
Transport, municipal
municipal waste Plastic bags
Waste + | waste collection. waste scenario
plastic | collection, lorry 21t/CH S | 100% to Bags
No | Substance Compartment | Unit Total | bags lorry 21t/CH S | biogas incineration Equipment
kg 1,4-DB
Total eq 824 237 35.3 39.0 508 4.65.
kg 1,4-DB
Remaining substances eq 5.35 2.05. 0.574 0.633 1.45. 0.648
kg 1,4-DB
1 | Manganese Water eq 256 171 15.1 17.0 514 1.97
kg 1,4-DB
2 | Arsenic, ion Water eq 256 23.2 3.03 3.49 226 0.425.
kg 1,4-DB
3 | Phosphorus Air eq 154 2.24 0.0545 0.0884 152 0.0163
kg 1,4-DB
4 | Selenium Water eq 52.6 10.6 1.05 1.20 39.6 0.137
kg 1,4-DB
5 | Mercury Air eq 26.3 4.22 3.02 3.28 15 0.717
kg 1,4-DB
6 | Barium Water eq 15.4 5.64 4.05. 4.18 1.48 0.0888
kg 1,4-DB
7 | Phosphorus Soil eq 7.34 1.49 2.58 2.61 0.632 0.0226
kg 1,4-DB
8 | Arsenic Air eq 7.32 3.74 0.941 1.14 1.35 0.142
kg 1,4-DB
9| Lead Air eq 7.08 2.77 1.18 1.31 1.58 0.245.
kg 1,4-DB
10 | Molybdenum Water eq 6.74 2.14 0.205 0.237 4.08 0.0778
Dioxin, 2,3,7,8 kg 1,4-DB
11 | Tetrachlorodibenzo-p- Air eq 5.50.| 0.0258 0.00462 0.00609 5.45 0.00566
kg 1,4-DB
12 | Vanadium Air eq 4.84 2.34 0.774 0.788 0.900 0.0286
kg 1,4-DB
13 | Vanadium, ion Water eq 3.88 0.920 0.146 0.163 2.63 0.0203
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kg 1,4-DB

14 | Mercury Water eq 3.82 2.16 0.186 0.215. 1.24 0.0308
kg 1,4-DB

15| Zinc Air eq 2.82 0.262 1.14 1.15 0.247 0.0138
kg 1,4-DB

16 | Lead Water eq 2.80 0.262 0.0397 0.116 2.36 0.0201
kg 1,4-DB

17 | Zinc, ion Water eq 2.76 1.34 0.355. 0.400 0.649 0.0213
kg 1,4-DB

18 | Cadmium Air eq 1.86 0.518 0.477 0.509 0.337 0.0179
kg 1,4-DB

19 | Barium Soil eq 1.06| 0.0834 0.442 0.446 0.0885. 0.00227

The incineration of biowaste allows the carbon confined in biowaste to be emitted to the atmosphere under the form of carbon dioxide and
methane, although the results do not show that these emissions are important when compared to the toxic substances emitted to the environment.

The results globally show that the systems with more digestion are less environmentally friendly because of their higher normalized environmental
impacts. However, as mentioned earlier, the comparison of the characterization results of the five systems (see figure 5.2 underlines that the choice

on the more environmentally friendly system depends to a large extent to the impact category considered.
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6 Conclusions and recommendations

The goal of City of Stockholm is to build sustainable apartment buildings, so they choose environmentally
friendly systems. The results show that the most environmental friendly system is the paper bag system.
This means, it had the lowest impact on the environment. This system is not taken into account that the
demand for biogas is growing rapidly because all buses in Stockholm are running on biogas. Therefore
another goal of City of Stockholm is to produce more biogas to fulfil this demand. Considering this goal,
the KFWP system would be a better choice because you get more biogas per 1 kg food waste.

Systems allowing more digestion will obviously allow more biogas to be produced. This could be satisfying
for the city of Stockholm which set environmental goals concerning the collection of food waste by 2018
(Waste management plan for Stockholm 2013-2016).

One way to meet the goals of the increased food waste collection for 2018 could be to install more KFWP
systems in new apartment buildings since this leads to more food waste collected than the installation of
the paper bag system. Although more information and awareness about the importance of sorting food
waste could increase the food waste collection in the paper bag system.

In this analysis the assumption that the grinder is connected to a tank might influence the results. The
tank needs to be produced, transported and installed in the building block and transportation is needed to
vacuum the slurry and transport it to the biogas facility. The other collection system, which is the one
used today in Stockholm Royal Seaport the food waste goes in the sewage system and there is no need of a
tank or transportation. Although this system leads to other processes such as treatment at the sewage
plant.

It could be interesting to see if the second collection system would lead to less or greater environmental
impacts compared to the paper bag system. As the equipment of the KFWP system is shown to have a high
impact it might be interesting to investigate options here.

The aim of this LCA is also to give answer to environmental impact caused by these processes. It would
therefore be interesting to expand the study to include a back loop off biofuel decreasing the dependence
on diesel. To be fair it would be interesting to investigate the possibility of having a lorry running on
biofuel operating the KFWP system.

Taking into account the emissions of pollutants to air avoided by vehicles running on biogas instead of
diesel would reduce consequently the environmental impact of the systems with the highest percentages
of digestion.
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Appendix A Data KFWP system

The system includes:

Manufacturing phase: Processor, tank, pipes

Usage phase: Water consumption, electricity consumption

Transportation: Vacuum truck (diesel)

Waste scenario: Biogas facility producing digester gas from food waste slurry.

Manufacturing phase

Grinder

Product: Waste King L 2600 TC

Expected life time: 15 to 20 years (Uson Miljoteknik a). The lifetime of both the tank and the pipes are 50
years and for this time period we would need 3 grinders. Therefor we calculate the lifetime of the grinder
as 50/3= 16.5 years.

Shipping weight: 11.22 kg (Waste King, 2014)

Materials and amounts of materials:

Tabel 1 (Annerhall G, 2014)

Material Amount

Iron (ILIII) oxide 9%

synonymous C.I. Pigment

Black 11

Aluminium, Al 18%
Copper 18%
ABS plastic 31%

Steel STS 304 (stainless) 14%

Rubber, (Unspecified 1%

Ceramic 9%




Manufacturer: Anaheim Manufacturing Company, located in Los Angeles, California (USA) (Annerhall G,
2014).

Production country: China (Annerhall G, 2014)

Transports: From China (assumption Hong Kong) to Los Angeles by container shipping boat: 129000
tkm. From LA to New York by big truck (assumption): 50500 tkm. From NY to Gothenburg by container
shipping boat (assumption): 67000 tkm. From Gothenburg to Stockholm by truck (assumption): 500 km
(Annerhall G, 2014; Google maps, 2014).

Tank

Expected life time: 50 years (Bismont M, 2014)

Material: Glass fiber reinforced plastic (Annerhall G, 2014)

Amount: The size of the tank is 4 cubic meter (Bismont M, 2014) and the dimensions can be seen in the
drawing (Uson Miljoteknik b) Calculation of amount of material: 6.5 (Iength) * 1.4 (height) * 0.8 (width) =
7.3 m3. 7 - 4 = 3 m3 material.

3 m3 * 1800 kg/m3 (the density of glass fiber reinforced plastic)=5400 kg (The great soviet encyclopedia,
1979)

Manufacturer: LK systems (Annerhall G, 2014)

Production country: Sweden (Ulricechamn or Gavle) (Annerhall G, 2014)

Transport: Truck (assumption), approximately 300 km (average km between Ulricehamn and Gavle to
Stockholm) (Google maps, 2014)

Waste disposal: Incineration (assumption)

Pipes
Expected life time: 50 years (Bismont M, 2014)
Material: PVC (Annerhall G, 2014)

Amount: (assumptions) Calculation of the average distance of pipes from five 5-floor buildings sharing
one tank placed in the basement (see Plan of block) giving the amount of material in kg:

Length of pipes for one of four buildings (1-4): 2.5 m (each floor) *5 + 2 m (basement) + 10 m (distance to
pipe connection with other building) + 7.5 m (half the distance to tank) = 32 m. Length of pipes for
building (5): 2.5 m (each floor) *5 + 2 m (basement) + 15 m (distance to tank) = 29.5. Total length of
pipes: 32 * 4 + 29.5 = 157.5 m.

Diameter of pipe (assumption from looking at the inflow at the drawing of the tank): 100 mm. Weight of
100 mm (4 inch) PVC pipes = 2.01(Ib/ft) =2.01 (0.4536 kg / 0.3048m) = 2.99 kg/m (The engineering
toolbox, 2014). 158*3 = 474 kg.

Manufacturer: LK systems (Annerhall G, 2014)

Production country: Sweden (Ulricechamn or Gavle) (Annerhall G, 2014)

Transport: Truck (assumption), approximately 300 km (average km between Ulricehamn and Gévle to
Stockholm) (Google maps, 2014)

Waste disposal: Incineration (assumption)



Use phase KFWP

Water consumption
To flush down the food waste in the sink 12 liters of water per kg food waste is used (Avfall Sverige, 2011).

Electricity consumption

Electricity use for a 500 W motor is 5-6 kWh per household/apartment per year (considering that the
KFWP runs a few minutes per day) (Stockholm Vatten, 2008). The motor in Waste King L 2600 TC is 1/5
hp = 370 W so with the same ratio it would be a range between 3.2-4.5kWh and average 3.85 kWh. So for
100 apartments for one year it would be approximately 400 kWh.

Transportation

Transportation from tank to biogas facility

Company responsible for collection and transportation: Ragn Sells (Ragn Sells Stockholm, 2014)
Vehicle: Vacuum truck, 11 cubic meters = 3 tanks (Ragn Sells Stockholm, 2014)

Fuel: Diesel (testing for biogas on some garbage trucks but not for vacuum trucks) (Ragn Sells Stockholm,
2014)

Frequency of emptying tanks: 1 time / month (Ragn Sells Stockholm, 2014)

Distance: Ragn Sells Lanna a Stockholm Royal Seaport (Taxgatan 7) a Henriksdals biogas facility a Ragn
Sells Lanna (Ragn Sells Stockholm, 2014). = 47 km (Google maps, 2014).

Transport (tkm) for scenario of KFWP 100% digestion:

1 Truck can handle 3 tanks, in total 11 m3. Food waste slurry is 90% water (Nordenberg J, 2014) , so we
assume is has the same density as water. 11 m3 water = 11000 liter water = 11000 kg food waste slurry for
1 full truck. 11000 / 3 = 3666 kg food waste in 1 full tank. Pick up is every month so yearly: 3666*12 =
44000 kg total weight functional unit after grinded.

50%44000 = 2 200 000 kgkm = 2200 tkm

Transport (tkm) for scenario of KFWP 68% digestion and 32% incineration:

68% of 2200 = 1500 tkm to digestion

32% of 16560 = 5300 kg to incineration

5300 * 76 = 402800 kgkm = 402.8 tkm

Vacuuming: For the compressor to run the truck has to be on while the tank is being emptied, this takes
about 10-20 minutes. Emissions are coming out from both the compressor and the truck during this time.
The truck can take 3 tanks, so the total time would be an average of 45 min (Ragn Sells Stockholm, 2014).

The truck used in the SimaPro model is a truck for collection of municipal waste that includes for example
stopping for collection so this specific data for the vacuuming truck is not taken into account.



Waste scenario

Biogas facility

Digester gas production facility: Henriksdals avloppsreningsverk, Stockholm Vatten
Inputs: Food waste slurry

Outputs: Digester gas + biofertilizer

Biofertilizer allocation data:

1 kg of food waste contains:

Phosphor (P): 0.3*2.5¢g

Nitrogen (N): 0.3 ¥30.4 g

Potassium (K): 0.3%4.8 g

(Avfall Sverige, 2011)

0.3 * 1 kg food waste = the dry weight (Nordenberg J, 2014).

1 ton food waste a 70-110 Nm3 (normal cubic meter) vehicle biogas. (Aronsson P, 2014)

Average 90 Nm3

Vehicle gas consist of approximately 97% CH4 and 3% CO2 (Nordenberg J, 2014)

Digester gas consist of approximately 60% CH4 and 40% CO2 (Nordenberg J, 2014)

Since Nm3 is used as a unit pressure and temperature is constant and a simplified version of the common
gas law may be used.

— 90Nm3 vehicle gas corresponds to 87.3 Nm3 pure CH4 (0.97*90 Nm3) and 2.7 Nm3 pure CO2
(0.03*90NmM3)

This correspond to 152.25 Nm3 of digester gas (87.3/0.6+2.7/0.4)

— 0.15225 Nm3/kg food waste



Appendix B Data paper bag system
The system includes:

Manufacturing phase: Paper bag, Small bin, Big bin

Usage phase: N.A.

Transportation: Waste trucks ( 50% diesel, 50% biofuels (Holmstrém L 2014))
Waste scenario: Biogas facility producing digester gas from solid food waste.

Manufacturing phase

Paper bag

Product: Bag suitable for food waste.
Raw material: Made of water-resistant kraft-paper. 70g/m2. Made at Mondi Dynis AB in Vija, Sweden.
Due to high quality demands the paper is currently made of virgin materials.

Production of bag: The bag is manufactured by JD Stenqvist AB in Kvidinge, Sweden.
The bag is made according to EN13432.(Kronstrom A, 2014)

Transports:
From Monid Dynis AB in Vija to JD Stenqvist AB in Kvidinge transport by lorry is assumed. Distance:
1000 km (Google maps, 2014)

From JD Stenqvist AB in Kvidinge to Stockholm transport by lorry is assumed. Distance: 500 km (Google
maps, 2014)

The weight of the bag was measured

80 bags had a total weight of 1582 g — 20g /bag.

The chosen process in SimaPro stated a required surplus of 20% — manufacturing of a bag requires 25 g
of craft paper.

Small bin
Product: Small bin used in the kitchen to hold the paper bag.
Materials: 190 g polypropylene and 22 g steel-alloy, based on weighing and inspection.

Estimated life-time: 10 years (assumption)

An assumption was made that the bin was manufactured at the same location as the paper bags. Kvidinge
to Stockholm transport by lorry is assumed.

Distance: 500 km (Google maps, 2014)



Product: Collection vessel for paper bag holding food waste.
Villiger, Balero form Sansac was chosen.

Materials: Top (Balero) is made of stainless steel. Underground shaimber is made of 7,3 ton concrete and
the container is made from 1 ton of stainless steel. (Gustafsson, 2014)

Estimated life-time: 50 years (assumption)

The Villiger system is made in Switzerland. And transportation from Kiingoldingen, Switzerland to
Stockholm, Sweden by train (Gustafsson J, 2014) is estimated to be 1800 km (Google maps, 2014).

Use phase

Paper bag

Number of bag required:
175 bags per household * 100 households /year =17 500 bags
150-200 bags per household estimated by Sedman C (2014) — 175 on average

Small bin

No extra input is required during the use phase. 1 small bin per household is required — 100 small bins.

Big bin

The big bin holds 1500 1 of waste and is emptied every second week (assumption).
The waste is transported by garbage trucks run by SITA (Nilsson J, 2014).

The fleet of garbage trucks consist of 50% trucks that run on biofuels and 50% of trucks that run on diesel
(Holmstréom L, 2014). The trucks have their garage in Sollentuna (Holmstrom L, 2014), pick up the food

waste in Royal Seaport of Stockholm. There after it is transported to SRV Atervinning in Huddinge for
treatment. After this the trucks return to the garage in Sollentuna (Holmstréom L, 2014; Nilsson J, 2014).

Waste scenario

Paper bag

The paper bags are treated together with the food waste.

Small bin

The plastic in the small bin is recycled and the metal is incinerated (assumption).



Big bin
The stainless steel is recycled and the concrete is sent to landfill.

Biogas facility

Digester gas production facility: SRV-tervinning (is currently performing the pre-treatment. However,
from 2015 will be able to handle the whole process.) (Sedman C, 2014)

Inputs: Food waste

Outputs: Digester gas + biofertilizer

Biofertilizer allocation data:

1 kg of food waste contains:

Phosphor (P): 0.3*2.5g

Nitrogen (N): 0.3 ¥30.4 g

Potassium (K): 0.3%4.8 g

(Avfall Sverige, 2011)

0.3 * 1 kg food waste = the dry weight (Nordenberg J, 2014).

1 ton food waste a 70-110 Nm3 (normal cubic meter) vehicle biogas. (Aronsson P, 2014)

Average 90 Nm3

Vehicle gas consist of approximately 97% CH4 and 3% CO2 (Nordenberg J, 2014)

Digester gas consist of approximately 60% CH4 and 40% CO2 (Nordenberg J, 2014)

Since Nm3 is used as a unit pressure and temperature is constant and a simplified version of the common
gas law may be used.

— 90Nm3 vehicle gas corresponds to 87.3 Nm3 pure CH4 (0.97%90 Nm3) and 2.7 Nm3 pure CO2
(0.03*90ONmM3)

This correspond to 152.25 Nm3 of digester gas (87.3/0.6+2.7/0.4)

— 0.15225 Nm3/kg food waste



Appendix C New process data sheet in SimaPro

A new process for transportation of municipal waste collection running on biogas was created. The
process for transportation of municipal waste collection running on diesel was modified and due to the
large amounts of emissions in the data sheet only the modified parts of the data sheet is presented in the
appendix. The full unmodified data sheet can be seen in Ecoinvent database.

Ecoinvent system processes

Name: transport, municipal waste collection, lorry 21t/tkm/CH

Category: transport
Date (created on): 2010-06-03
Process identifier: EIN_SYSX06573801965

New process

Name: Transport, municipal waste collection, lorry 21t/CH S biogas

Category type: transport
Date (created on): 2014-11-28

Process identifier: Standard20555900005
Modified data from SimaPro:

Transport, municipal waste 1 tkm
collection, lorry 21t/CH S

biogas

Materials/fuels

Biogas, production mix, at 0.15 m3
storage/CH S

Carbon dioxide, biogenic high o0.000 k
. 16038 g
pop. 4

0.15 m3 biogas/tkm truck consumption (Biogas
Technology, AvB. T. Nijaguna p. 259)

CO2 emissions reduced by 86% (NSCA Biogas as
a road transport fuel, 2006)

0.0011456%0.14=0,000
160384

0,00020566%0.14=0,0
000287924

0,00011244%0.14=0,00
00157416

1.1371%0.14=0,159194

0.093674%0.14=0.0131
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1436

0.00000003265%0.14=0,00
0000004571

0.024066*0.14=0.003
36924

Carbon monoxide, fossil high 0.001 k CO emissions reduced by
3769 g 50% (NSCA)
pop.

0.0027538%0.5=0.0013
769

0.00013898%0.5=0.00
006949

0.00000000003835%0.5=0-
000000000019175

0.00023687%0.5=0.00
0118435

Hydrocarbons, aliphatic, high 2.350 k Hydrocarbons emissions
alkanes, cyclic . 28E- g multiplied by 20 (NSCA)

pop. 09

0.00000000076309*20=
0.00000000235028

0.0000000000058757%20=0.00
0000000117514

0.00000063808%*20=0.000
0127616

0.00000013446*20=0.000
0026892

0.0000010225%20=0.0
0002045

0.000000034642%20=0.00
000069284

0.000000050529%20=0.00
000101058

0.000000000000000023*20=0




Methane, biogenic

Nitrogen oxides

high o0.000

pbop.

06511
4

k
g

high 0.003 k

pbop.

8414

g

.00000000000000046

0.000000059006*20=0.00
000118012

0.000000045484%20=0.00
000090968

0.00000024124%20=0.000
0048248

0.00000000033782%20=0.
0000000067564

0.000000000002059%20=0.000
00000004118

0.0000000022603%20=0.0
00000045206

*1000

ratio deduced from the comparison of
methane emissions to the air

by passenger cars running on diesel (euro3) and
methane (96% from biogas):

big differences concerning biogenic methane
emissions but not the others > not modified

*10000

*10000

NOx emissions reduced by
50% (NSCA)
0.0076828%0.5=0.003
8414

0.00054781%0.5=0.00
0273905

0.00000000014511%0.5=0.0000
00000072555

0.0001921%0.5=0.000

12



PAH, polycyclic aromatic
hydrocarbons

high 3.600 k

pbop.

8E-08 g

09605

hydrocarbons emissions
multiplied by 20 (NSCA)

0.0000000018004%*20=0.0
00000036008

0.0000000068587%20=0.0
00000137174

0.000000017988*20=0.00
000035976

particulate matter reduced
by 50% (NSCA)

0.00062993%0.5=0.00
0314965

0.000039603%0.5=0.0
000198015

0.00000061407%0.5=0.000
000307035

0.00000000000039387%0.5=0.

0000000000001969

0.00001179*0.5=0.000
005895

0.00018216*%0.5=0.00
009108

0.000062596%0.5=0.0
00031298

0.0000015352%0.5=0.0000
007676

0.0000041432*0.5=0.0000
020716

0.00010723%0,5=0.00
0053615

0.000027883*0.5=0.0
000139415
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0,0000009211%0,5=0,0000
0046055
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Appendix D Results

Plastic Bags System 100% incineration

1p
Plastic bag system
100% incin

100%

631 tkm

1,69E4 kg

ip

Transport, Plastic bags waste Bags Equipment
municipal waste scenario 100% to
collection, lorry incineration
17.3% 10,6% 3,48%
1p |
Bags equipment.
3:44%
350 kg 439 tkm 0,02 p
Polyethylene low Transport, lorry Transport, lorry Blow big bin paper
density granulate >32t, EUROS5/RER| 16-32t, moulding/RER S
(PE-LD), S EURO4/RER §
25% 1,6% 0,987% 13% 13,21%
146 kg 21,5 kg
Pre-cast concrete,| Stainless steel hot
min. reinf., prod. rolled coil,
mix, concrete annealed &
0,602% 2,48%
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Plastic Bags System 100% incineration Characterisation Inventory
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Analysing 1p Plastic bag system 100% incr’;
Method: ReCiPe Mdpoint (H) V1,06 | Workd ReCPe H [ Characterisation

.S, fms-edu.infra.kth.se\HT2014_Pro\Professional: complete - [Analyse Plastic bag system 100% incin

5) File Edit Calculate Tools Window Help
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Characterisation Normalisation |
) o [~ Exdude long-term
Skip categories [ever | IEM gl I | e

Sel | Impact category / | Unit Total | Waste + plastic Transport, Transport, Plastic bags waste |Bags Equipment
bags municipal waste municipal waste scenario 100% to

[¥ Climate change kg CO2eq 2,93E3 1,153 325 508 310 102

[¥ Ozone depletion kg CFC-11eq 0,000317 3,15 0,000124 0,000127 3,23E-5 2,75E-6

¥ Human toxidty kg 1,4D5 eq 824 237 35,3 38 508 4,65

[¥ Photochemical oxidant formation kg NMVOC 23,9 4,52 8,18 5,68 5,21 0,288

[¥ Particulate matter formation kg PM10eq 5,86 1,54 1,85 1,04 1,21 0,22

[¥ lonising radiation kgU235eq 400 269 32,8 43,2 42,1 13

[V Terrestrial acidification kg S02eq 14 4,39 3,81 2,44 2,95 0,432

[¥ Freshwater eutrophication kgPeg 0,771 0,337 0,0274 0,0301 0,373 0,00385

[V Marine eutrophication kg Meq 1,04 0,186 0,216 0,118 0,507 0,0149

[V Terrestrial ecotoxicity kg 1,408 eq 0,265 0,0472 0,0684 0,0694 0,0757 0,00464

[V Freshwater ecotoxicty kg 1,408 eq 15,6 5,14 0,847 0,32 8,63 0,0947

¥ Marine ecotoxicity kg 1,4DB eq 146 5,05 0,968 1,05 7,42 0,151

¥ Agricultural land occupation m2a 259 254 0,86 0,927 2,39 0,36

¥ Urban land occupation m2a 21 6,18 4,54 4,77 5,28 0,214

[¥ MNatural land transformation m2 0,696 0,0991 0,294 0,298 0,00883 -0,00428

¥ Water depletion m3 30 13 1,25 1,34 8,79 0,584

[¥ Metal depletion kg Feeq 62,4 13,2 7,26 8,05 14,6 19,2

[V Fossi depletion kg oil eq 1,39E3 714 281 289 85,9 21,8
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Plastic Bags System 100% incineration Normalisation Inventory
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S categories [Rever =) ‘E i & | ﬂ e [ Exdude long-term
Sel lIn‘pact category £ |Unit Total |Wastt +plastic | Transport, Transport, Plastic bags waste |Bags Equipment
bags m‘nooal waste rlh._naod waste scenario 100% to
¥ |Climate change 0,425 0,173 0,12 0,0735 0,049 0,0148
¥ |Ozone depletion 0,00841 0,000829 0,00329 0,00336 0,000858 7,35
[# | Human toxicty 7,02 2,02 0,301 0,332 4,33 0,0396
¥ Photochemical oxidant formation 0,438 0,0924 0,167 0,116 0,106 0,00591
¥  Particulate matter formation 0,417 0,11 0,132 0,0738 0,0862 0,0156
¥ |Tonising radiation 0,304 0,205 0,0249 0,0328 0,032 0,00986
[¢ | Terrestrial acdification 0,367 0,115 0,0997 0,0633 0,0774 0,0113
[7 Freshwater eutrophication 2,65 1,16 0,09044 0,104 1,29 0,0133
[¥ | Marine eutrophication 0,142 0,0253 0,0295 0,016 0,0691 0,00203
¥ | Terrestrial ecotoxicity 0,0408 0,00727 0,0105 0,0107 0,0117 0,000714
¥ |Freshwater ecotoxidity 3,61 1,19 0,195 0,212 1,99 0,0218
¥ Marine ecotoxcty 6,06 2,09 0,401 0,433 3,08 0,0625
¥ | Agricultural land occupation 0,0477 0,049 0,000159 0,000171 0,000441 6,63E-5
[¥ |Urban land occupation 0,0271 0,00733 0,00586 0,00616 0,00681 0,000277
¥ | Natural land transformation 0,0578 0,00824 0,0244 0,0248 0,000734 -0,000356
¥ | Water depletion 0 0 0 0 0 0
¥ Metal depletion 0,14 0,0297 0,0163 0,0181 0,0327 0,0432
¥ Fossi depletion 1,01 0,519 0,205 0,21 0,0626 0,0159
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Paper Bags system 27% digestion 73% incineration

1p

incin

100%

Paper bag system
27% digest 73%

1p
Bags Equipment

scenario 27%
paper and food
17% 4,03%
L75E4p _1p
Paper bag (1p) Bags equipment
1,8% 99%
437 kg 430 tkm 175 tkm 350 kg 0,02p
Kraft paper, Transport, lorry Production of big bin paper
unbleached, at >32t, EUROS/RER 16-32t, carton board
plant/RER S S EURO4/RER S boxes, gravure
14,6% 1,85% 1,14% 4.17% 3.72% R
146 kg 21,5 kg
Pre-cast concrete, Stainless steel hot
min. reinf., prod. rolled coil, i
mix, concrete type & pickled, elec. arc|
0,698% 2,87%
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Paper Bags system 27% digestion 73% incineration Characterisation Inventory
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Paper Bags system 27% digestion 73% incineration Normalisation Inventory
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¥ partaate matter formaton 0,389 0,0901 0,143 0,0801 0,08 0,015
¥ lonising radiation 0,371 0,268 0,0271 0,035 0,0308 0,00986
[V Terrestrial acdification 0,339 0,0808 0,108 0,0692 0,0691 0,013
¥ Freshwater eutrophication 11,1 0,89 0,102 0,113 9,94 0,0133
[V Marne eutrophication 0,174 0,065 0,032 00174 0,059 0,00203
[V Terestral ecotoxiity 538 0,0%9 00114 0,0116 53,7 0,000714
[V Freshwater ecotoxiaty 4,41 16 0,212 0,23 2,35 0,0218
[V Marne ecotoxiaty 13,1 2,62 0,4% 0,47 9,55 0,0625
¥ Agricultural land occupation 0,741 0,74 0,000172 0,000186 0,000512 6,6%-5
[V Urban land occupation 0,108 0,0859 10,0063 0,00663 0,00752 0,000277
[V Natural land transformation 0,108 0,050 0,025 0,063 0,00381 -0,0003%
[Z Water depletion 0 0 0 0 0 0
[V Metal depletion 0,18 0,06% 0,0177 0,019 0,0346 0,0432
[V Foss depleton 0,171 0,141 0,222 0,228 0,43 0,0159
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Paper Bags system 27% digestion 73% incineration Characterisation Process contribution to
Climate change

\§) fms-edu.infrakth.se'

@ File Edit Calculate Tools Window Help

NS HSPRE| 2| nn®e

Network | Impact assessment | Inventory Process contribution | Setup | Chedks (510,0) | Product overview |

Indicator Cut-off

|Charactarisation (=] .0 i' [~ Defauk units _'E o mg&l
Category r EMUdEI«g-Erm Chart of process [ product stage

| Climate change -

[Total |

kg COzZeq

I Transport, municipal waste collection, lorry 218/CH 5 N Disposal, biowasts, to anasrobic .
] Transport, municipal waste collection, lorry 21t/CH S biogas I Cisposal, biowaste, 60% H20, to
[ ————] Kraft paper, unbleached, at plant/RER 5 N Stainless steel hot rolled coil, anne
[ Eiogas, production mix, at storage/CH S [ Trancport, lorry =32t, EUROSREI
I T ansport, municipal waste collection, lorry 218/CH U I Transport, lorry 16-32t, EURO4/R
T Biogas, from biowaste, at storage/CH U [ Pre-cast conarete, min. renf,, pre
I [cpocal, municpal solid waste, 22.9% water, to munidpal incinerationCH U ] Light fugl ail, burned in industrial f
E—————— " Natural gas, burned in bailer condensing modulating > 100kW /RER U I Disposal, municipal soiid waste, 22

C—— Cinker, atplantjCHU C————] Operation, lorry 3.5-20t, fieet av
—————] Operation, lorry 20-28t, fleet average/CH U E=—————1] lignite, burned in power plant/DE
Analysing 1p 'Paper bag system 27% digest 73% incin';
Method: ReCiPe Midpaint (H) V1.05 / World ReCiPe H [ Characterisation

KTH1 LCAO7
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Paper Bags system 27% digestion 73% incineration Characterisation Process contribution to
Human tox

\§) fms-eduinfrakth.sel
(§ Ele Edt Calculate Tools Window Help

Dea|d& B[ BE|s aunse
Network | Imoact assessment | Inventory ~Process conrbution | Setup | Checks (510.0) | Productoverview |

Paper bag system

- [e]x]

Indeator Cutoff
Characterisation E [ T R x| T IEQQ
Category & Standard I Ecude long-term Chart of process | product stage

[Human toxdty L e Total =

050, biowastz, to ansrobic dceston/CH U nd avoided burdens

. i5p0s3, biowaste, 60% H20, to municpal ncneraton, alocation price/CH S nd heat and elctnaty
1 Kaft paper, unbleached, at plantRER S I T<port, municpal waste collection, lory 214/CH S biogas

] Transport, municnal waste colection, lory 214/CH S I Disposal, 5poi from lignite mining, in surface landilfGLO U

N Dsposal, sfdc talings, of-ste/GLOU I Disposal, muricpa sold waste, 22.9% waler, to municpal indneration/CH U

N (isposal, municipal soid waste, 22.9% water, to sanitary landfil/CH U N Transport, oy >32t, EUROSRER 5

I Disposal, spod fro codl mining, in surface landfil/GLO U I Disposd, uranium talings, non 1adioactive enissons/aLO U

. Giogzs, production mix, at storage/CH S [ Transport, lorry 16-32t, ELROGRER §

] Castiron, atplantRER U 2l 02 (1)

] Eectidty, biowaste, st waste incneration piant, alocation price/CH § [ Heat, bionaste, at waste incieration piant, alocation price/CH 5

] Remaining processes

Analysing 1p 'Paper bag system 27% digest 73% inin';
Method: ReGPe Midpaint () V105 / Workd ReCPe H | Characterisation

KIH 1 LCA0? 7.3.3 Classroom Multi user
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Paper Bags system 27% digestion 73% incineration Characterisation Process contribution to
Climate change to Terrestrial acidif

[Es-eduinfraiineg e E@g
§ File Edit Calculate Tools Window Help

NRAB| S| *PRE|L|&|E | own®e

Network | Imoact assessment | Inventory  Process contributon | Setup | Checks (510,0) | Product overview |

Indeator cutoff

[Characterisaton T = T |

Category @ stadard [ Excudel [EFSE oo

<

[rotal =l

N T:anspor t, municipal waste collection, lorry 214/0H $

. Disposal, biowaste, 60% H20, to munidpal indneration, dlocation price/CH S ind heat and electridity
:I Transport, municipal waste collection, lorry 21t/CH S biogas N aft paper, unbleached, at plant/RER S
[ Disposal, biowaste, to anaerobic digestion/C U ndl avaided burdens [ s tainless stee! hot rolld cof, anneaied & picded, elec, arc fumace route, prod. mix, grade 309RER §
I Transpor, lorry >32t, ELROS/RER S S Trarsport, municipal vaste mle(hm, lorry 214/EH U
N ©iog25, production mix, at storage/CH 5 N T ansport, lorry 16-32t, EURO4RER
N Biogas, from bowaste, at storage/CH U N atural gas, sour, bumed n pmdumnnﬂare/MllGLDu
I Oy ation, lorry 3.5-20t, fieet average/CH U [E—————— Operation, lorry 20-28¢, fleet average/CH U
=) Sectiaty, at cogen with bogas engne, alocaton exergy/CHU I i marre loacng and soreadng, by hycrauii oader and spreader/CHU
— ey . prod, i, concrete type C20/25, wlo consideration of casngs RER 5

———— Operation, Bnuneanu:tank:r/ﬂc

5ng 1.p'Paper bag system 27% digest 73% i
et ke Midpoint (H) V1.05 / Worid ReCiPe H fd\aradzﬂsahnn

[ Heat, at cogen with biagas engine, allocation exeray/CH U
= Hard coal, burned in pawer plant/ES U

Lcho7 7.3.3 Classroom Mult user
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Paper Bags system 27% digestion 73% incineration Characterisation Process contribution to
Climate change to Freshwater eutrophication

[Es-eduinfraiineg X - Paper bag system 7% e TN T
(S Fle Edit Calculate Tools Window Help [=T=lx]
DR HS(sRE(L|s (S sunnde

Network | Imoact assessment | Inventory  Process contributon | Setup | Checks (510,0) | Product overview |

Indcator Cuteff

[characterisation -] o j 7 efauk s @I:ﬂ mﬂﬁl

Category @ Standai L= Chartof process | product stage

TR ] . ., Do [ o =

B

N Disposal, biowaste, to anaerobic d»geshmfm Uind avoided burdens

" 0i5pcscl, biowaste, 60% H20, t municpal incneraition, alocation price/CH S ind heat and electridty
] aftpaper, ubleached, at plantRER . Ozposal, spoi fren lignite mining, i surface landiliGLO U

= oot il vostn colacion oy 211CH S biogas I Transport, muniapal wasts colection, lory 214/CH S

I Disposal, spol from coal mining, n surface landfil/GLO U N 0i<posa), < tiings, offsite/GLO U

S Tronsport, oy >32t, EROSRER 5 . 005, prod.cion mix, at storage/CH S

E— Transport, oy 16-32t, EURO4RER S — 20 s

1 o posal, muricipal sobd waste, 22.9% water, to municipal incneration/CH U

=] Oisposal, b e

feHu . 112l g (n3)
l:l Electricity, bionaste, at waste mrﬂam uanp ano@nm mlm 5 ————— Heat, biowaste, at
] Remaining processes

plant, allocation price/CH §
1.p'Paper bag system 27% digest 73% i
et ke Midpoint (H) V1.05 / Worid ReCiPe H fCharadeﬂsahan

Lcho7 7.3.3 Classroom Mult user
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Paper Bags 100% digestion Characterisation Inventory

|S) fms-eduinfrakth

Pro\Professional. comy lyse Paper bag system

(§ File Edt Colculte Tooks Window Help ol
13| E @ +PRE(LITE|ET aunSe
Network Impact assessment | Inventory | Process contibutn | Setup | Checks (510,0) | Product averview |

— Bfu 4| w

I~ Exclude long-term

Clmate  Ozonedepiet  Human Photocheme  Particulate Ton
ion tovacity

Terreswial  Freshwater  Marmeeute  Temeswal  Freshwater  Marne ecolo weutral  Urbanland  Natwalland  Waterdeplet Metaldepleti  Fossl deplets
change on on on

i Agr
al oxidant matter form radiaton aodification eutrophicati phication ecotoxity ecotoxidity icity land occupat ocaupation transformati
N \zste +paper bags W Transport, municpal waste collection, lorry 21YCH S ] Transport, municipal waste collection, lorry 21t/CH S biogas I £3gs waste scenario 100% paper and food waste to biogas
B 5ogs Equpment

Analysing 1p 'Paper bag system 100% digested';
Method: ReCiPe Midpaint (H} V1.06 / Worid ReCiPe H / Characterisation

[ KTH 1 Lcao7 7.3.3 Classroom Muli user

[S) fms-eduinfrakthse Professional comy lyse Paper bag system [E=2o™ ]
S File Edit Calculate Tools Window Help

2P| HS | PRE| S b | PR S il i D S
Network ~Impact assessment | Inventory | Process contributon | Setup | Checks (510,0) | Product overview |

Characterisaton __ Normaisation
L clude long
soasee:  [CEEEN-  [@wls ¢ s I~ edsebng em

Ilnuaa aategory 7 lunﬂ Show table|

- [=]x

3

Waste +paper | Transport, Transport, Bags waste Bags Equipment
bags municpal waste [ municpal waste [ scenano 100%

¥ Cimate dhange kgCOzeq 3,13 551 1,083 3 752 102

[ Ozone depleton kg CFC-11eq 0,000576 0,000243 0,000163 0,000167 6,77 2,7%6
[V Human toxiaty k9 1,408 eq 9,1884 429 %,5 51,3 9,14 4,65
¥ Photochemical oxidant formation kg NVOC 185 2,93 108 7,47 281 0,289
¥ partaate matter formaton kgPMIDeq 511 1,27 244 1% 0,173 0,2

¥ lonising radiation kU235 eq 99 352 3,1 56,3 33,9 13

[V Terrestrial acdification kgS02eq 13,5 3,09 501 3,2 175 0,432
¥ Freshwater eutrophication kgPeq 9,99 02 0,0% 0,03% 9,65 0,00385
[V Marne eutrophication kaieq 1,08 0,489 0,285 0,155 0,141 0,014
[V Terestral ecotoxiity k91,408 eq 1,263 0,305 0,085 0,0913 1,263 0,00464
¥ Freshwater ecotoxdaty kg 1408 eq 235 6,92 L1 121 13,2 0,0947
¥ Marne ecotoxity kg 1,408 eq 74,3 6,33 1,27 1,3 65,2 0,151
¥ Agrailtural land ocaupation m2a 4023 4,013 113 122 3m 0,%
[V Urban land occupation m2a 87,1 67,4 597 628 7,24 0,214
¥ Natural land transformation m2 1,53 0,608 0,38 0,392 0,15 0,00423
[Z Water depletion m3 195 15,4 164 176 0,523 0,584
¥ Metal depleton kgFeeq 85,6 2,8 9,55 106 17,5 19,2
¥ Fossl depleton kgoieq 1,963 193 EL) 380 2,453 218

Analysing 1.p Paper bag system 100% dgested'Method: ReCPe Mpont (H) V1.06 / World ReCPe H / Characterisation
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Paper Bags 100% digestion Normalisation Inventory

.S fms-cduinfrakthse\ Paper bag system 100 o e
§ File Edit Calculate Tools Window Help

Nl (tBE|(llee|E™ aumnse
Network Impact assessment | Inventory | Process contibutn | Setup | Checks (510,0) | Product averview |

Characterisaton Normasat
Soorone: [T | 2w 4| P

I Exclude long-term

Gmate  Oznedepiet  Human Photochemie  Parteulate Lonsing Terrestial  Freshwater reeure  Terrestid  Freswater  Marincecoto  Agiatral  Urbanland  Natrallnd  Waterdeplet  Metaldeplet  Fossi deplet
change won toxcity asloxdant  matterfom  radaton  acdficaton  eutrophicati  phication ecotoicty  ecotoxiaty Xty landocupat  ocaupaton  transformati ion on on
N \icste +paper bags N Transport, municpal waste colection, lorry 21t/CH S

[ Transport, municpal waste collection, lorry 21t/CH S biogas W Bags waste scenario 100% paper and food waste to biogas
B Bags Equipment
b 'Paper bag system 100% dioested’
Method: ReCiPe Midpoint (H) V1.05 / Warld ReCiPe H / Normalisation

KTH 1 Lcpo7 7.3.3 Classroom Mult user

S) fms-eduinfrakd
S Fle Edit Calculate Took Window Help [BEIE|
122 |HS|(PRE|LIZE (W UnDS

Network ~Impact assessment | Inventory | Process contributon | Setup | Checks (510,0) | Product overview |

Characterisation
@ stand xclude long-term
S Eulsl vl e Do
sel lv-vm category. Ir: Show table Iwastn +paper | Transport, Transport, Bags waste Bags Equipment
bags municpal waste | municpal waste | scenano 100%
¥ Cimate dhange 0,458 0,079 0,157 0,0967 0,109 0,01%
[ Ozone depleton 0,0153 0,00646 0,00433 0,00442 1,786-5 7,35
[V Human toxiaty 782 3,65 0,39 0,437 77 0,039
¥ Photochemical oxidant formation 0,381 0,059 0,2 0,153 0,0575 0,00591
¥ partaate matter formaton 0,34 0,091 0,173 0,097 20,0123 0,0156
¥ lonising radiation 0,37 0,268 0,038 0,0432 0,0258 0,00986
[V Terrestrial acdification 0,353 0,0808 0,131 0,083 0,0458 0,0113
¥ Freshwater eutrophication 34,5 0,89 0,124 0,137 333 0,0133
[V Marie eutrophication 0,18 0,666 0,038 0,0211 0,0192 0,00203
[V Terestral ecotoxiity 198 0,0%9 0,013 00141 183 0,000714
[V Freshwater ecotoxiaty 5,43 16 0,257 0,279 3,28 0,0218
[V Marne ecotoxiaty 30,8 2,62 0,528 0,57 27 0,0625
[V Agrailtralland ocaation 0,741 0,74 0,000209 0,000225 0,000699 6,6%-5
[V Urban land occupation 0,112 0,0869 0,00771 0,0081 0,00934 0,000277
[V Natural land transformation 0,127 0,050 0,0321 0,036 0,0125 -0,0003%
[Z Water depletion 0 0 0 0 0 0
¥ Metal depleton 0,192 0,06% 0,025 0,0238 0,092 0,0432
[V Foss depleton -1,08 0,141 027 0,276 47 0,015

Analysing 1.p Paper bag system 100% dgested'Method: ReCPe Mdpont (H) V1.06 / World ReGPe H / Normalisation
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Paper Bags 100% digestion Characterisation process contrib to Climate change

1S fms-eduinfrakthse comy Paper bag system

(§ File Edt Colculte Toos Window Help

Nt E|[llee|d™  aunde

Network | Impact assessment | Inventory  Process contribution \ Setup | Checks (510,0) | Product overview |

Indeator Cytoff

(Characterisation [ TTC @'u mﬂﬁl
Category & Standard I~ Exdude long-term Chart of process / product stage

Cimate change A raos [rotal

[ o]

kacozeq

N :sposal, biowaste, to anaerobic digestion/CH U md avmdnd burdens
E———————- Transport, municipal waste collection, lorry 21t/CH
] Transport, municipal waste collection, lorry 21

— (st sl veste coecton, ey 21/CH S
S ;o e e, o e
o Som ot 3 o

5
— e steelhot roled col, meled8pdie, de. ar rnace o, prod. i, rade J09RER S — Biogas, producton mix, at storage/CH S

9% nater,
_ Namral Gas, burned in baller mmemﬂﬂmnwam >100KW/RER U
— Operation, lorry 3.5-201, fleet average/CH
===} Operation, lorry 20-28t, fleet average/C1U
l:l Licht fuel i, burned in ndustrial furnace. 1MW, non-modulating/RER U
1 Pgiron, atplantfGloU
Analysing 1p ‘Paper bag system 100% digested';
Method: ReGPe Mdport () V1.06 / Wors ReGPe H fCharactessaton

. T ansport, lorry >32t, EUROSRER S

N Transport, lory 16-32t, EUROSYRER S

= Clnker alplant/cHU

Pre-cast concrete, min. reinf., prod. mix, concrete type C20/25, wjo consideration of casings RER 5
and spreading, by | and spreader/CHU

E— 6iogas, rom sewage sucoe, ot sterageiCH U

KTH 1 Lcao7

7.3.3 Classroom Mult user

S [ 65]0%]

Paper Bags 100% digestion Characterisation process contrib to Human tox

S o TP Ao e i o 5 e T T |

(S Fie Edt Coluite Took Window Help BO|

IR

Indicator
Characterisation -
Category

[Human toxddity <

kg 1,408 eq
g 8
g 3

B|o|s

Network | Impact assessment | Inventory

Cuteff
oore 2
& Standard
&

o[ 50 | 3e il e B

Process contibuton | setup | chedss (510,0) | Product overvien |

B [u o] wl
Chart of process / product stage
[rotal -

™ Defauk units
I™ Exdude long-term

— Dicposa, biowaste, to anserobic digeston/CH Uind avoided burdens
I Trarsport, mnicpal waste cobection, lorry 21t/CH S
[ Disposal, spol from lignite mining, in surface landfil /6LO U
I 1ot 3l gas (m3)
g 1p Paper bag system 100% digested
et ke Midpaint (H) ¥1.05 / World ReCiPe H / Cheracterisaton

2t paper, unbleached, at pant/RER S
) Disposa, muricpal soid waste, 22.9% woter, ta municpal indneration/CH U IS
—

B Cost o, 3t pEntRER U
e Remainng processes

) Transport, municpal waste collection, lorry 21t/CH § biogas.
Disposal, sulfidic tafings, off-site/6LO U
Dispasal, spol from coal minng, n surface landfil/6LO U

LcAo7 7.3.3 Classroom Mult user




Paper Bags 100% digestion Characterisation process contrib to Terrestrial acidif

|S) fms-eduinfrakthse\H
(S Fle Edt Colculate Tools Window Help
Nea|us+m 50 30w BB

Network | Imoact assessment | Inventory  Process contributn | Setup | Checks (510,0) | Product overview |

Indicator Cytoff

(Cheracterisation o.o1% :| 7 Defack s ﬁ':ﬂ mﬂﬁl

cmgw I Exclude k Chart of process

= [rota IE |

kas0zeq

Disposal, biowaste, to anaerobic digestion/CH U ind avoided burdens N Tiarsoort, municpal waste colection, lorry 214EH S

] Transport, municipal waste collection, lorry 214/0H § bogas. N aft paper, unbleached, at plant/RER S

1 Transport, munidpal waste collecton; lorry 21 I S tainless steel hot rolled col, annesled & pded, slec. arc fumace route, prod. mix, grade 394 RER §
I Giogas, fiom bowaste, at storage/Cr U S Cpcation, lorry 3.5-201, fleet average/CH U

N ©:og:25, production mix, at storage/CH S N T ansport, lory >32t, ELROS/RER S

) Natural gas, sour, burned in preducbon fiareM/GLO U N ©i=cvicity, at cogen with biegas engine, allocation exergy/CHU

G ston orry 30281, et average/CHU
E==————— Transport, lorry 16-32t, EURO4RER 5

E—————— solid mantre badng and spreadg, by hydraulic loader and spreader/CHU
I '3, ot cogen with biogas engine, llocation exergy/CHU

Operation, transoceanic tanker fOCE U [E———— Diesel, burned in buiiding machine/GLO U
Fu

———— Operaton,

Analysing 1p 'Paper bag system 100% dige:
Method: ReCiPe Midpoint (H) V1.05 / Workd R:C\Pe H f Cheracterisaton

) Heavy fuel of, burned in refinery furnaceMJRER U

Lcao7 7.3.3 Classroom Mult user

Paper bag system 10

S Fle Edit Calculaste Tools Window Help
D@ad|6&| s2E|A|: % M S
Nemx\- t | Inventory | setun | Chedks (510.0) | Product overview |
Cut-off
[characterisation fo.0r% @Im mﬂﬁ
re P Chart of process

Category P
[Freshwater eutrophication ¢ Gow [rotal =]

Total
I Disp0s2, biowaste, to anaerobic digestion/CH U ind avoided burdens " {2t paper, unbieached, at pant/RER S
— Transport, municipal waste colection, \mv 21t/CH S biogas ] Transport, munical waste coliecton, lorry 21t/CH S
) isposal, sulfidc taings, off-site/GLO A Transport, lorry >321, EROSRER S
_ Biogas, production mix, at shxaq!/CHS N Transport, lorry 16-32t, EURO4RER S

) Injection mouding RER S
— Remaning processes

‘Paper bag system 100% d
Memd etpe Ticooit 0 V1,06 viord RecPe H [ Characterisaton

1 Disposal, spoil from kgnite mining, in surface landfil/GLO U
— Disposal, spoil from coal mining, in surface landfil/GLO U
I 050052, municpal solid waste, 22.9% water, to municpal indineration/Cr U
) Disposal, basic oxygen , 0% water, jcHU
——— Neturadlgas (m3)

Lcao7 [7.3.3 Gassroom Mult user




KFWP System 100% digestion
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KFWP System 100% digestion Characterisation inventory

B L et e e o L s e ——— . —
§ Fle Ed Colculte Tooks Window Help [==l=]
DB | +BE|(LIZE|ET | aunDe

Network Impact assessment | Inventory | Process contibuton | Setup | Checks (631,1) | Product averview |

Characterisation Normaisation
hever -

@ stendar
€ Growp.

sxclude long -ters
Sp categories (W

Eu s|

%

Wiater deplet  Metal depleti  Fossi depleti
on on on

Cimate
change
P food waste

Analysing 1p KFWP food waste 100% dioested’;
Method: ReCiPe Midpaint (H} V1.06 / World ReCiPe H / Characterisation

Photochemic
 onddant

Particate Tonisny
matter form radition

Terrestrial

acdification

Freshwater
evtrophicati

Marine eutro
phicaton

Terrestrial
ecotowidty

Agriauitural
and ocapat

Urben lond
ocaupation

Naturalland

Ozone depet
ion transfomati

Freshwater  Marine ecoto
ecotoxidty xidty

W Electriity, low voltage, producton SE, at grid/SE S [ Transport, municipal waste collection, lorry 21t/CH 5 I, KFIP food waste wsc 100% digested B KFVP equppment

Lcpo7 7.3.3 Classroom Mult user

S fms-cduinfrakthse

S Eile Edt Calculste Tools Window Help

= 0 A Y 2B PlES ERN R RN
Network ~Impact assessment | Inventory | Process contributon | Setup | Checks (631,1) | Product overview |

5 e

Characterisaton __ Normaisation
soams [os = P T ™ Exclude ong term
sel Ilnvan category. 7 |um I Show table| IH‘WP food waste [Eectriity, low [ Transport, KFWP food waste [KFWP equipment
voltage, production | municpal waste | wsc 100% dgested
¥ Gimate dhange igCozeq 3 0 %4 2,88E3 77 2,453
¥ Ozone depleton kg CFC-11eq 0,000767 0 53166 0,000432 19%6 0,000332
[V Human toxiaty k9 1,408 eq 8,9%4 0 8,5 123 8,894 246
¥ Photochemical oxidant formation kg NVOC £ 0 0,097 2,5 284 12,2
¥ partaate matter formaton kgPMiDeq 10,5 0 0,094 6% 0,21 416
¥ lonising radiation kU235 eq 574 0 279 14 2 157
[ Terrestrial acdification kgS02eq 26,9 0 0,111 133 1,52 12
[V Freshwater eutrophication kgPeq 98 0 0,0173 0,0954 9,4 0,286
[V Marne eutrophication kgheq 2,03 0 0,00615 0,754 0,131 1,14
[V Terestral ecotoxiity kg 1,408 eq 1,2663 0 0,075 0,238 1,2663 0,000614
¥ Freshwater ecotoxdaty kg L408eq 244 0 0,423 2,85 133 7,%
[V Marne ecotoxiaty kg 1,408 eq 74,3 0 0,505 3,38 63,4 7,02
¥ Agraitural land occupation m2a 7,3 0 6,56 3 3,62 14,1
[ Urban land occupation m2a 34,3 0 0,242 158 6,83 11,4
¥ Natural land transformation m2 1,53 0 0,00743 1,02 0,141 0,3%
[Z Water depletion m3 256 0 18 434 0,418 15,1
[V Metal depleton kgFeeq 103 0 10,6 25,3 155 51,2
¥ Fossl depleton kgoleq 648 0 434 %81 2,43 764
Analysing 1.p YFWP food waste 100% dgested'Method: ReGPe Mdpont () V1.06 / World ReCPe H | Characterisation
KiH 1 Lcao7
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KFWP System 100% digestion Normalisation inventory

\S) fms-eduinfrakthsel

e
S Fle Edt Calculate Tools Window Help Clelx|
D3| 6 B2 5% % m®e

Network Impact assessment | Inventory | Process contibuton | Setup | Checks (631,1) | Product averview |

Characterisation Normasal

- - TP E e

onsgesEHEEEENEY

Cimate  Oznedepet  Human Photochemic  Parbculate Tonsing Terestol  Freshwater  Manneeuvo  Terestial  Freshwater  Marineecoo  Aguutral  Urbanlend  Natralland  waterdeplet  Metaldepleti  Fossi depleti
nge fon toxidty dloxdant  matterfom  radaion  acdfiaton  eutrophicai  phication ccotoxicty  ecotoxicty ity landoccupat  ocaupaton  bansformat ion o on
P food waste W cectricity, low voliage, producbon SE, at gnd/SE 5[] Transport, municipal waste collection, lorry 21t/ 5 I, KF/P food waste wsc 100% digested I PP equipment
Analysing 1p'KFWP food waste 100% digested';
Method: ReCiPe Midpoint (H) V1.05 / Warld ReCiPe H / Normalisation
KTH 1 icao7 7.3.3 Classroom Ml user

[S) fms-eduinfrakt

S Ele Edit Calculate Tools Window Help
122 |HS|(PRE|(L|IZE|E |
Network ~Impact assessment | Inventory | Process contributon | Setup | Checks (631,1) | Product overview |

Characterisaton Normaisation

& stard <
e Ca—— En il it I Exclude long-term
sel llnvact category. % |um Irau IKFWP food waste [Eectriity, low [ Transport, KFWP food waste |KFWP equipment

voltage, production | municpal waste | wsc 100% digested

¥ Gimate dhange 0,87 ] 0,00256 0,417 0,062 0,352
[ Ozone depleton 0,0204 0 0,000141 0,0115 -5,09-5 0,00881
[V Human toxiaty 7%1 0 0,413 1,05 757 2,1
[V Photochemical oxidant formaton 0,776 0 0,00138 0,583 0,058 0,249
[V Partiulete matter formaton 0,747 0 0,0067 0,459 0,015 0,2%
¥ lonising radiation 0,43 0 0212 10,0863 0,0175 0,12
[V Terrestrial acdification 0,704 0 0,00291 0,348 0,0398 0,313
¥ Freshwater eutrophication 338 0 0,059 0,329 324 0,98
[V Marie eutrophication 0,276 0 0,000838 0,103 0,017 0,155
[V Terestral ecotoxiity 194 0 0,0115 0,037 184 5,455
¥ Freshwater ecotoxdaty 5,63 0 0,077 0,681 3,17 1,68
[V Marne ecotoxiaty 0,8 0 0,209 14 %3 2,91
[V Agrailtralland ocaation 0,00503 0 0,00121 0,000553 0,000667 0,0026
[ Urban land occupation 0,042 0 0,000312 0,0204 0,00881 0,0147
[V Natural land transformation 0,127 0 0,00018 0,0851 0,018 0,0238
[Z Water depletion 0 0 0 0 0 0
[V Metal depletion 0,23 0 0,023 10,0569 0,0349 0,115
[V Foss depleton 0,471 0 0,00316 0,714 4,74 0,5%

Analysing 1.p XFWP food waste 100% dgestedMethod: ReGPe Mdpont () V1.06 / World ReCPe H / Normalsation
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KFWP System 68% digestion 32% incineration

1,7€3 tkm
Transport,
municipal waste
collection, lorry
41,3%

ip
KFWP food waste
68% digested 32%)
incinerated
100%
201 tkm 1,66E4 kg
Transport, KFWP food waste
municipal waste wsc 68% digested
collection, lorry 32% incinerated
3% 10,3%

ip

KFWP equipment

45%

9,65%

0,02p
Tank 1 block

— 1

I
I

1,19E4 tkm
Container ship
ocean, technology
mix, 27.500 dwt

2,88%

3,06E3 tkm
Transport, lorry
>32t, EURO4/RER
S

5,99%

9,6 kg
PVC pipe E

0,576%

3,25E3 tkm
Transport, lorry
16-32t,
EURO4/RER S
9,96%

108 kg
Glass fibre
reinforced plastic,
polyamide,
17,6%

118 kg
Injection
moulding/RER S

2,92%
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KFWP System 68% digestion 32% incineration Characterisation Inventory

KAWP food oo
[=Ie]x]

(S File Edt Colculate Tools Window Help
N3 B2 n%ea
Network  Impact amthnmm | Process contribution | Setup | Chedks (631,1) | Product averview |
Characterisation Normaisation
@ standar I Exclude kong-term
T T — | T | co

Cimate  Oznedeplet  Human  Photochemc  Partiaiste Lonising Teeswisl  Freshwater  Mameeums  Temestial  Freshuater  Maneecsto  Agiaited  Urbanlnd  Natrallnd  Waterdeplet  Metaldepie  Fossideplet
change fon oty asloxdant  matterform  radiaton  acdficaton  eutophicat  phicaton ecotowaty  ecotoaty ity landocapat  ocaupaton  wansformati on on
— KFWP food waste N Elcctiaty, low voltage, production SE, at grid/SE S ) Transport, municipal waste collection, lorry 21/CHS W Transport, municpal waste collection, lorry 21t/CH S
Transport, murscipal waste collecton, lorry 21t/cH § bogas B KFV/P food waste wsc 68% dgested 2% nanerated IR KFWP equipment

Analysing 1p 'KFWP food waste £8% digested 32% incnerated’;
Method: ReCiPe Midpaint (H} V1.06 / World ReCiPe H / Characterisation

KTH 1 Lcpo7 7.3.3 Classroom Mult user
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@ Ele Edt Calculate Tools Window Help
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Network ~Impact assessment | Inventory | Process contributon | Setup | Checks (631,1) | Product overview |

Characterisation Normaisation

B | 2|28 | 5| %

e o @ & il € 2= I Exclude long-term

el llnvacl category 7 |um Irau Show trizngleffood waste |Eectriity, low | Transport, [Transport, Transport, KFWP food waste | KFWP equipment
‘ﬁ—' voltage | |muricpal |muniapal wsc 63% digested

¥ Climate change kgCOZeq 5,393 0 20,4 1,96E3 263 162 557 2,423

[ Ozone depleton kg CFC-11 eq 0,00072 0 53166 0,000294 3,955 4,09%-5 B8,81E6 0,000332

¥ Human toxiaty kg 1,408 eq 6,1E4 0 48,5 839 11,3 12,4 6,06E4 246

¥ Photochemical oxdant formation kg NMVOC. 35,9 0 0,097 15,4 2,61 1,81 0,299 12,2

[V Particulate matter formaton kgPM10 eq 9,81 o 10,0942 44 0,591 0,331 0,237 4,16

¥ lonsing radation kgU235eq 567 0 279 77,9 10,5 138 28,9 157

[ Terrestrial acdification kgSO2eq 25,1 0 0,111 9,05 1,2 0,777 1,9 2

[V Freshwater eutrophication kgPeq 6,9 0 10,0173 0,065 0,00873 0,00961 6,51 0,286

[V Marine eutrophication kaNeq 2,01 o 0,00615 0,514 0,0691 0,0375 0,248 1,14

[P Terrestral ecotouaty kg 1408 eq 857 0 0,075 0,163 0,0218 0,022 857 0,000514

W Freshwater ecotoxiaty kg 1,408 eq 2,3 0 0,423 2,01 0,27 0,283 12,1 7,26

P Marne ecotoxidity kg 1,408 eq 55,9 o 0,505 2,3 0,309 0,334 45,4 7,02

¥ Agraitural land occupation m2a %,5 0 6,56 2,05 0,275 0,2% 3,21 14,1

[V Urban land occupation m2a 31,7 0 0,242 0,3 1,45 1,52 63 4

¥ Netalland ransformation m2 1,35 0 0,00743 0,6% 0,0837 0,0952 0,059 0,358

[Z Water depletion m3 277 0 18 2,% 0,3% 0,426 3,04 13,1

[V Metal depletion kgFeeq 9 0 10,6 17,3 2,32 2,57 15,1 51,2

¥ Fossi depleton kgoleq 16,1 0 4,34 669 89,3 92,1 1,663 764

Analysing 1.p XFWP food waste 68% digested 32% incinerated';Method: ReCiPe Midpoint (H) V1.06 / World ReCipe H / Characterisation
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KFWP System 68% digestion 32% incineration Normalisation Inventory

\S) fms-eduinfrakthsel
S e Edt Colculste Tools Window Help
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Network Impact assessment | Inventory | Process contibuton | Setup | Checks (631,1) | Product averview |

Characterisation Normasal

U e | T
Show chart

CGimate  Oznedeplet  Human  Photochemic  Partaate
r| won

Lonsing Temestral  Freshwatsr  Marneeubo  Terestidl  Freshwaler  Marineecoto  Agrictral  Ubanlnd  Natwallad  Waterdeplet Metaldeplet  Fossi depieti
change toxaty dlodent  matterfom  radation  acdfcatn  eutiophicati  phicaton  ecolowioly  ecotoxiaty ity landoccupat  ocapaton  transformati on on on
— P food waste — clecicty, low voltage, production SE, at g7d/SE § ) Transport, municpal vaste collection, lorry 21/CHS N Transport, municpal waste colection, lorry 214/CH S
S Transport, murscpal waste collection, lorry 21t/CH S biogas NS KFV/P food waste wse 63% digested 31% nanerated IR KFWP equpment
Analysing 1p 'KFWP food waste 68% digested 32% incnerated’;
Method: ReCiPe Midpeint (H) V1.06 / World ReCiPe H / Normalisation
KTH 1 LCAOT 7.3.3 Classroom Multi user

\§) Hle Edit Calculaste Took Window Help
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Network Impact assessment | Inventory | Process contibutn | Setp | Chedks (631, | Product averview |

Characterisaton Normaisat
I3
Spatgores e - = ml&| w it s
el [impact category / Junit Tota Show chartkFyP food waste [Beciricity, low | Transpart, [Transpart, Transport, KFWP food waste | KFWP equipment
voltage, jon | | | wsc 68% digested
T Cmate change 0,782 ] 0,00296 0,284 0,082 06,0235 0,0808 0,352
¥ Orone depletion 0,0191 0 0,000141 0,00782 0,00105 0,00107 0,000234 0,00831
¥ Human toxioty 520 o 0,413 0,715 0,096 0,108 516 21
W Photochemical oxidant formation 0,733 0 0,00198 0,397 0,0533 0,037 -0,00511 0,249
¥ Partauiate matter formaton 0,698 o 0,0067 0,313 0,0421 0,0235 0,0168 0,296
¥ Ionising radation 0,431 0] 0,212 0,0592 0,00755 0,0105 0,021 0,12
V| Terrestrial acdification 0,657 0 0,00291 0,237 0,0318 0,0204 0,0513 0,313
[Z Freshwater eutrophication 58 o 0,0595 0,224 0,0301 0,0331 25 0,986
¥ Marine eutrophication 0,274 Ll 0,000838 0,071 0,00941 0,00511 0,0338 0,155
[ Temestral ecotoxiaty 132 o 0,0115 0,025 0,00335 0,003a1 12 camEs
¥ Freshwater ecotoxidty 515 0 0,0977 0,464 0,0624 0,0677 2,78 1,68
¥ Marne ecotoxicity 2,2 0 0,209 0,954 0,128 0,138 18,8 2,91
[ Agrculiusal land ocapatin 10,0098 o 0,00121 0,000377 5,065 5,465 0,00092 0,002
¥ Urban land occupation 10,0409 Ll 0,000312 0,0139 0,00187 0,00196 0,00812 0,0147
[ Naturalland transformaton 0112 o 0,000518 0,058 0,0077% 0,00792 0,00823 0,028
W Water depletion 0 o 0 o o 0 0 0
[7 Metal depieton 0,222 o 0,0233 0,0388 0,00521 0,00577 0,034 0,115
¥ Fossi depletion 0,0117 0 0,00316 0,487 0,0654 0,0671 1,17 0,55
Analysing 1p XFWP food waste 68% digested ';Method: i '1.06 [ World ReCiPe H
XTH

7.3.3 Classroom Mult user
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KFWP System 68% digestion 32% incineration Characterisation process contribution to Climate
Change

|S) fms-eduinfrakthe

lyse KFWP food waste 68

(S Fle Edit Calculate Tools Window Help [=T=lx]
DS & dRE| L[| % m®e

Network | Impact assessment | Inventory ~ Process contribution \ Setun | Checks (631,1) | Product overview |

Indcator Cuteff

[Crasceriton TR (SR 2 [ e|w

Category @ Standard [~ Exdude long-term Chart of process / product stage

[Climate change - &

frotal

N Transport, municipal nas\:m\kd:m lorry 21t

4 S — (i5pcsal, biowastz, to anasrobic dgeston/CH U ind aveided burdens exd pre reatment
) Gass fbore de, nsection moulding, at pant/RER 5 — ooty 1632 BROYRER S

1 Transport oy >32t, Eunowsns ) 0sposa, lasics, mure, 15.3% water, tomuicpal ncneratonCH Uind avaded burdens
I 0i=czs) Bovasie, 6% 20, i murcalrcoraton, slocatonrce/CH S it heat nd ceckicty — Injection mouding/
W, Corcinc" s ocean, technology mix, 27,50 dt pey oad copacity R — oo st st colecton, ey 210 Sbioges
— Transport, municpal waste colection, lorry 21/CH U E— Eiogas, from biowaste, 3t storage/CH

I 0:p=2), muricpal sold waste, 22.6% water, to municipal incneration/CHU E—— PVCpipeE
E— cecrcty, n vokage, producion S, st odfses . 5005, procuction mix, at storage/CH

>100KWRER U

s_4 Chnhﬂ atplant/ci U

C———— Operation, lory 3.5-20t, fieet average/CHU

=== Operation, lorry 20-28¢, fleet average/CH U
Analysing 1p'KFWP food waste 63% digested 32% incnerate

.
Method: ReCiPe Midpoint (H) V1.06 / Workd ReClPe H f Characterisaton

Lcho7 7.3.3 Classroom Mult user

|S) fms-eduinfrakthe rofessiona
S File Edit Calculate Tools Window Help
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Network | Imoact assessment Inventory | process contributon | Setup | Checks (631.1) | Product overview |
Indicator Cutoff
s emacs | P 2w [we| wf
Category [~ Excuda long-tem Chart of process / product stage
lm[ c [Total

Total

- Phosphorus - vanganese [=F23 - rsenic, ion =3 Cadmim B e
Analysing 1p 'KFWP food waste 63% digested 32% incnerated’;
Method: ReCiPe Midpoint (H) ¥1.06 / World ReGiPe H / Characterisation

B Remaning aubstances

Lcao7
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KFWP System 68% digestion 32% incineration Characterisation process contribution to
Freshwater eutroph

|8 fms-eduinfrakth.se 1 comy ~TAnalyse KFWP food waste [l T
§ File Edit Calculate Tools Window Help

[-[=]x]
NS W& dREB| L[5 m®e

Network | Imoact assessment. Inventery | process contributon | Setup | Checks (631,1) | Product overview |

Indiator Cutoff

I ko uused [craractensaton I [ T = [0 e w
Category @ ndard I Exclude long-tem Chart of process j product stage
[Frectater eutopicaton  *] € o B

[Total -

Total

- Phosphorus - rromhate =3 Phosphorus - phosphors, total () Remaring substances

Analysing 1p KPP food waste £3% digested 32%incerated’;
Method: ReCPe Midpint (H) V1.06 / World ReCiPe H / Choracterisation

Lcho7

7.3.3 Classroom Mult user
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KFWP System 68% digestion 32% incineration Characterisation process contribution to Terrestrial
acidif

|S) fms-eduinfrakthse _Pro\Professional, comy “TAnalyse KFWP food waste i [=Rle™ ")
§ File Edit Calculate Tools Window Help [=T=lx]
DA HS[dRE[L[GE|E | aunde
Network | Imoact assessment. Inventery | process contributon | Setup | Checks (631,1) | Product overview |
Indicator Cutoft
Sk ised - | "
[ St urus [crarectersaton PO e = el w
Categary @ Fandard I~ Exdude long-term Chart of process / product stage
*l o - Total =

koso2en

W Nivogen oxdes - sulfir diovide = Ammona - sulfir oxdes

(=3 Remaining substances
Analysing 1p WP food waste 3% digested 32% incnerated’

Wethod: ReCPe Mdpaint (H) V1,06 / Worid ReGPe H f Cheracterisaton

KTH 1 Lcho7 7.3.3 Classroom Mult user
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