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Sammanfattning 
 
Detta examensarbete är en del av ett EU-LIFE projekt, ‘Short circuiting the carbon and 
nutrient cycle between urban and rural districts by establishing three new systems for source 
separation, collection and composting of organic waste in the greater Copenhagen area’, i 
vilket KTH och KVL samarbetar tillsammans med kommersiella aktörer i Danmark. Den 
huvudsakliga målsättningen med Short-Circuitprojektet är att optimera en strategi för hur 
näringsämnen och organiskt kol kan återvinnas ur organiskt avfall. KTH:s del i projektet är att 
med hjälp av datamodellen ORWARE beräkna miljöeffekter för tre komposteringssystem. 
ORWARE står för ORganic WAste REsearch och är en datasimuleringsmodell för att 
genomföra miljösystemanalyser på avfallshanteringssystem. I detta examensarbete utarbetas 
skräddarsydda simuleringsmodeller för två system för att kunna beräkna och jämföra 
miljöeffekter. Det ena systemet beskriver kompostering vid Krogerup Farm och det andra ett 
system där förbränning av samma typ av avfall beskrivs.  
 
När en systemanalys genomförs i ORWARE används både Substansflödesanalys (SFA)  och 
Livscykelanalys (LCA). Grundämnen och substanser följs, liksom i en SFA, genom systemet. 
Förändringar i mängd och sammansättning, samt emissioner till vatten och luft kontrolleras. 
Emissionerna från de olika aktiviteterna i systemen adderas och miljöeffekerna beräknas, 
denna del av systemanalysen motsvarar livscykelinventeringen i en LCA. 
 
De miljöeffekter som studeras är växthuseffekt, försurning, eutrofiering och bildandet av 
fotokemiska oxidanter. Mängderna tungmetaller (bly, kadmium, kvicksilver, koppar, krom, 
nickel och zink) i det komposterade materialet beräknas och presenteras. Återvunna mängder 
av näringsämnen (kväve, fosfor och kalium) och organiskt kol bestäms också. 
 
Tre simuleringar genomförs, en för varje studerat scenario. Scenario 1 beskriver företaget 
Årstidernas insamling av separerat frukt- och grönsaksavfall i Köpenhamn. Det insamlade 
avfallet transporteras till Krogerup Farm, där det komposteras i en öppen kompost. Det 
komposterade materialet sprids därefter på ett fält på Krogerup som gödningsmaterial. 
Scenario 2 baseras på samma system som Scenario 1, med skillnaden att insamlingen är på en 
kortare sträcka och mängden avfall är större för varje insamlingstur. Scenario 3 beskriver en 
alternativ behandlingsmetod, där avfallet inte sorteras ut, utan förbränns tillsammans med det 
övriga hushållsavfallet.  
 
Emissionerna till luft och vatten från de olika aktiviteterna presenteras i kilogram per 100 
kilogram insamlat vått avfall. För att beräkna och jämföra miljöeffekterna för varje scenario, 
multipliceras mängden av emitterad substans med en viktningsfaktor. Beroende på miljöeffekt 
varierar det vilka substanser som är aktuella samt värdet på viktningsfaktorerna. Mängderna 
av de återvunna näringsämnena multipliceras med emissionsfaktorer för att beräkna sluppna 
emissioner för Scenario 1 och 2. På samma sätt värderas emissioner från produktionen av 
mängderna elektricitet, värme och diesel som används eller produceras i scenarierna.  
 
För de givna data bidrar Scenario 3 mest till alla de fyra studerade miljöeffekterna. Den 
största orsaken är det höga vatteninnehållet i avfallet som leder till en komsumtion av både 
elektricitet och värme under förbränningen.  
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För att kunna avgöra hur mycket olika parametrar bidrar till resultatet genomförs ett antal 
känslighetsanalyser. 
 

• En förminskad vattenhalt, 84%, leder till att Scenario 3 förbättras vad gäller 
växthuseffekt, försurning och bildandet av fotokemiska oxidanter. Detta beror på att 
både elektricitet och värme nu produceras under förbränningen. 

 
• Försurning och eutrofiering i Scenario 1 och 2 påverkas i hög grad av kvävehalten i 

avfallet. En hög halt leder till högre emissioner av NH3/NH4 från kompostgasen och 
under spridningen av komposterat material. 

 
• Hur långt fordonen färdas under insamlingen av avfallet och vid transporter är direkt 

relaterade till storleken på emissionerna för scenarierna. Ju längre sträcka, desto högre 
emissioner. 

 
• I de ursprungliga simuleringarna används data för elektricitet producerad i östra 

Danmark, och i känslighetsnalysen byts dessa ut mot data för västra Danmark. För 
Scenario 3 leder detta till högre emissioner till försurning, eutrofiering och bildandet 
av fotokemiska oxidanter. 

 
• Om mängden återvunnen slagg varieras påverkas eutrofieringen för Scenario 3. 

 
 
En kontroll av fullständighet ger att en större del av de data och den information som används 
i Scenario 1 och 2 är uppmätta och platsspecifika jämfört med Scenario 3. 
 
Vid en kontroll av överrensstämmelse fås att de data som rör avfallets sammansättning samt 
processer vid kompostering, jord och förbränning inte hamnar inom ramarna. Tanken var från 
början att använda uppmätta och platsspecifika data för dessa aktiviteter. 
 
Några av de aktiviteter som har satts utanför systemgränsen kan vara relavanta för det 
slutgiltiga resultatet. Produktionen och behandlingen av de plastpåsar, som består av 
majsstärkelse, som används för insamligen av avfallet ingår inte i systemet. Inte heller 
miljöpåverkan från den del av slaggen som används vid vägbyggen. Ursprungligen skulle 
mängden återvunnet organiskt kol inkluderats i studien och värderats som mängd producerat 
kol i torv. Då mängderna är så små blir det dock ingen effekt på den totala miljöpåverkan och 
detta exkluderads därför ur studien. Om värderingen istället beräknas som en kolsänka  
kanske resultatet ändras. 
 
När alla resultat vägs samman kan slutsatsen dras att det småskaliga systemet att hantera 
avfallet, Scenario 1 och 2, är konkurrenskraftigt gentemot det storskaliga, Scenario 3, ur 
miljösynpunkt. 
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Summary 
 
This master project is a part of a EU-LIFE project, called ‘Short circuiting the carbon and 
nutrient cycle between urban and rural districts by establishing three new systems for source 
separation, collection and composting of organic waste in the greater Copenhagen area’, 
where KTH and KVL are co-operating with commercial participants in Denmark. The main 
purpose of the Short-Circuit project is to optimise the Community strategy for recycling 
nutrients and organic carbon from organic waste. KTH’s part of the project is to run the 
computer-based ORWARE model for three different composting systems in order to 
determine the environmental impacts. ORWARE stands for ORganic WAste REsearch, and is 
a simulation model for environmental system analysis of waste management systems. In this 
master project, custom-made simulation models are developed for two systems in order to 
calculate and compare the environmental impacts. One of the systems describes composting at 
Krogerup Farm and the other incineration of the same waste.  
 
When performing a system analysis in ORWARE, both Substance Flow Analysis (SFA) and 
Life Cycle Assessment (LCA) are used. As in a SFA, chemical elements and substances are 
traced through the systems, and the changes in amount and composition, as well as emissions 
to water and air are monitored. The emissions from the different activities in the systems are 
summarised and the environmental impacts are calculated. This part of the system analysis 
corresponds to the life cycle inventory in a LCA.  
 
The studied impacts on the environment are global warming potential, acidification potential, 
eutrophication potential and the formation of photochemical oxidants. The amounts of heavy 
metals in the composted material are calculated and presented. Recycled nutrients and organic 
carbon are determined as well.  
 
Three simulations are performed, one for each studied scenario. Scenario 1 describes the 
collecting of separated vegetable and fruit waste by Aarstiderne Ltd. in Copenhagen. The 
collected waste is transported to Krogerup Farm, where it is composted in an open air 
compost, windrow compost. The composted material is spread on a field at Krogerup Farm as 
fertiliser. Scenario 2 is based on the same system as Scenario 1, but with a shorter distance 
travelled on the collection route and a higher amount of waste collected on each trip. Scenario 
3 describes an alternative treatment method, where the waste ends up as household waste and 
incinerated.  
 
The emissions to air and to water from the different activities are presented in kilogram per 
100 kilograms collected waste. Depending on the studied environmental impact, 
characterisation factors are multiplied to emitted substances, in order to calculate and compare 
the effects on the environment from each scenario. The recycled amounts of nutrients are 
multiplied to emission factors to receive avoided emissions from Scenario 1 and 2. Emissions 
from the production of electricity, heat and diesel used within the scenarios are also taken into 
account and valuated.  
 
For the given data, Scenario 3 becomes the less favourable from an environmental point of 
view considering all four studied impacts. The main reason is the high water content of the 
waste, which leads to electricity and heat consumption in the incineration process.  
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In order to conclude the importance of different parameters, a number of sensitivity analysis 
where conducted.  
 

• For a lower water content, 84%, Scenario 3 changes to the better considering the 
global warming potential, acidification potential and the formation of photochemical 
oxidants, because both electricity and heat are produced during the incineration.  

 
• The acidification and eutrophication potential for Scenario 1 and 2 are influenced at a 

high degree when the nitrogen content is varied. A higher content leads to higher 
emissions of NH3/NH4 from the compost gas and during the spreading process.  

 
• The distances travelled on the collection route and the transportations are directly 

connected to the amounts of emissions from each Scenario. The longer the distances, 
the higher the emissions.  

 
• Originally, values for the emissions for production of electricity in eastern Denmark 

are used. In the sensitivity analysis, values for western Denmark are used instead. This 
leads to higher emissions to the acidification and eutrophication potential and the 
formation of photochemical oxidants for Scenario3.  

 
• The amount of recycled slag affects the eutrophication potential of Scenario 3. 

 
 
The result of the completeness check gives that a larger part of the data and information used 
in Scenario 1 and 2 are measured and site-specific compared to Scenario 3.  
 
The consistency check leads to that data concerning the waste fraction and the compost, soil 
and incineration process are inconsistent, since the purpose from the beginning was to use 
measured and site-specific data. 
 
Some of the activities that are excluded from the system might be relevant for the final results. 
The production and treatment of the plastic bags, composed of maize starch, used in the 
collection are not accounted for in this study. Neither is the environmental impact from the 
part of the slag from the incineration process that ends up in roads. At first, recycled organic 
carbon was supposed to be evaluated as produced carbon in peat, but since the amount is too 
small to have an effect on the results, this activity is excluded. However, if the amount is 
evaluated as a carbon sink, the results might change. 
 
The sum of all results is that the small scale treatment systems, Scenario 1 and 2, are 
competitive from an environmental point of view compared to the large scale system, 
Scenario 3.  
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1. Introduction 
 

1.1 Background 
 
Along with almost all kinds of production and consumption in the community comes the 
production of waste. Questions about how to take care of and treat the waste, in ways that are 
sustainable from an environmental point of view, becomes more and more important. Within 
the European Union projects that concern the environment, and have participants from more 
than one of the union’s countries, can be supported with financial means. This master project 
is a part of such a project, financed by LIFE-Environment, that is called ‘Short circuiting the 
carbon and nutrient cycle between urban and rural districts by establishing three new systems 
for source separation, collection and composting of organic waste in the greater Copenhagen 
area’, LIFE02 ENV/DK/000150, or shortly ‘Short-Circuit’.  
 

1.1.1 EU-LIFE 
 
In year 2000 the European Union founded a new regulation (1655/2000), a financial 
instrument for projects that are directly connected to the environment.1 The regulation is 
called LIFE and its main purpose is to make it easier to accomplish, examine and develop the 
politics of the union and the environmental legislation. This will be carried through mainly by 
integrating the environmental matters with other areas and by achieving a sustainable growth 
in the region. The LIFE-program encourages demonstration projects with an aim to minimise 
the gap between research and development results and their large-scale application. 
 
In the LIFE regulation there are five areas qualified for funding:2 
 

• Land-use development and planning 
 
• Water management 

 
• Reduction of the environmental impact of economic activities 

 
• Waste management 

 
• Reduction of the environmental impact of products through an integrated product 

policy 
 
 
 
 
 
 
 

                                                 
1 Mahmoudi, Rubenson, 2004 
2 LIFE Environment Homepage 
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LIFE consists further of three branches: 
 

• LIFE-nature, with the purpose of preservation of natural habitats and the wild fauna 
and flora of European Union interest, according to the Birds and Habitats directives3 

 
• LIFE-third country is meant to contribute to the capacity and administrative 

structure necessary in the environment area and also to develop environmental related 
strategies and programs in the Mediterranean and Baltic Sea countries outside the 
European Union. 

 
• The purpose of LIFE-Environment is to contribute to the development of innovative 

and integrated technology and also to support the environmental politics in the union.4 
It is a demand that the technologies or infrastructure does not already exist for 
research or investment to be financed by LIFE-Environment.5 

1.1.2 Short-Circuit 
 
In the description of the LIFE-Environment Programme Application Guide part I it is pointed 
out that projects favouring recycling, including composting of waste products, have a very 
high priority, and the need for projects focusing on source separation of biodegradable waste 
and improving compost quality is urgent.6 Since the Short-Circuit project follows this 
description it qualifies for funding from EU-LIFE.  
 
The Short-Circuit project is a co-operation between Danish and Swedish partners. In Denmark 
the participants are KVL - The Royal Veterinary and Agricultural University and also 
commercial participants like Aarstiderne Ltd. The Swedish participant is KTH – The Royal 
Institute of Technology.  
 
The main purpose of the Short-Circuit project is to contribute to optimise the Community 
strategy for recycling nutrients and organic carbon from organic waste. Three parallel new 
collection and composting systems for urban organic waste is to be implemented. Here 
follows a short description of each system: 
 
System 1: Aarstiderne Ltd. will collect organic waste from households in the Copenhagen 
area simultaneously with their weekly distribution of organic vegetables and other foods. The 
collected organic waste is transported to Krogerup Farm where it will be composted in 
windrow compost and afterwards used as a supplementary soil amelioration and fertiliser. 
 
System 2: Separated household waste and faeces will be transported from Munksoegaard, an 
ecological settlement, to an experimental farm in Taastrup for sanitation and semi-closed 
composting. The product will be used in field experiments.  
 
System 3: SOLUM A/S will establish a high-tech, odour free community composting plant to 
treat the waste from a newly established source separation schemes. 

                                                 
3 LIFE Homepage 
4 Mahmoudi, Rubenson, 2004 
5 LIFE Environment Homepage 
6 Application for the project, LIFE02 ENV/DK/000150 
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It is included in the project to develop and demonstrate to the public these three new full-scale 
separations and composting systems. The systems will be designed to optimise recycling of 
organic waste by establishing a close relation between the sources, households and the end 
users, mainly farms and allotment gardens. There are intentions to maximise the amount of 
organic waste source separated and also minimise the amount of contaminants; this will be 
achieved by participation of the public. The three systems will be evaluated by computerised 
system analysis in order to compare recycling efficiency and environmental impacts mutually. 
KVL will monitor the systems performance with the aim to optimise the systems and the 
quality of the compost.  
 
Expected results of the project is a better understanding of locally based systems for organic 
waste and a unique comparison between the systems mutually and with reference to 
centralised systems. Other important achievements are that the compost has a low content of 
impurities, micro-pollutants and heavy metals, both before and after the composting process, 
is acceptable among farmers and that the systems has a low cost/benefit ratio. 
 

1.1.3. KTH’s participation in the project  
 
KTH’s contribution to the Short-Circuit project will be to run the computer-based ORWARE 
model for the three composting systems in order to determine and compare the environmental 
impacts. ORWARE (ORganic WAste REsearch) is a computer-based simulation model for 
environmental system analysis of waste management systems.  
 
The objectives are to evaluate and compare the three composting systems both mutually and 
with more conventional treatment methods.7 The evaluation and comparison are supposed to 
be done with respect to beneficial effects on recycling of nutrients and organic carbon from 
biodegradable urban waste including effects of global warming potential, acidification and 
eutrophication potential, formation of photo-chemical oxidants, heavy metals and energy 
turnover. Another goal is to further develop and validate the model and also to include new 
aspects.  
 
The expected results of the system analysis of the scenarios are meant to lead to a more 
extensive picture of the environmental performance of organic waste management.  
 

1.1.4 ORWARE  
 
The development of the ORWARE computer model started in 1993 as part of a project 
between the collaborating participants the Swedish Institute of Agricultural Engineering, the 
Swedish University of Agricultural Sciences, the Royal Institute of Technology and the 
Swedish Environmental Research Institute.8 The Swedish Waste Research Council at the 
Swedish Environmental Protection Agency funded the project.  
 

                                                 
7 Application for the project, LIFE02 ENV/DK/000150 
8 Nybrant et al., 1995 
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ORWARE is developed with SIMULINK/MATLAB. Initially the model was only able to 
cover municipal biodegradable wastes.9 Since then the model has been developed to also 
handle fractions of non-biodegradable wastes, and functional units has been implemented for 
the quantification of impacts. Sub-models like nitrogen leaching from soil and economy has 
been added and the transport sub-model has been developed since the first ORWARE model.  
 
At this point ORWARE is a model for calculating environmental effects, substance flows and 
costs for a waste management system.10 
 

1.2 Purpose with this master project 
 
In this master project custom-made simulation-models based on the ORWARE model for two 
specific systems are developed and evaluated in order to calculate the flows, the emissions 
and the environmental impacts. The studied systems are windrow composting at Krogerup 
Farm, mentioned in chapter 1.1.2 and a system based on treatment with incineration. 
Altogether, simulations and calculations of three scenarios are made: 
 

• The first scenario, called Scenario 1, is based on the collection and windrow 
composting system in present time.  

• Scenario 2 is a future scenario where there is a larger amount of customers on the 
collection trip. The differences between Scenario 1 and 2 are a larger amount of waste 
collected and a shorter distance travelled on each trip. 

• Scenario 3 describes the incineration system.  
 
The mode of procedure is to collect the necessary information and data and to perform system 
analysis by monitoring specific substances in the waste through the systems by using the 
ORWARE simulation model. The information that is received from simulating the scenarios 
is used to calculate the environmental effects of the three scenarios. The environmental effects 
are then compared and analysed. In order to increase the understanding of how 
SIMULINK/MATLAB is used to describe a system, a thorough description of the collection 
sub model used in Scenario 1 and 2 is made. The interpretation part of this master project 
contains discussions about the completeness of the study, sensitivity analyses and consistency 
checks.  
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
9 Björklund, 1998 
10 Baky, Eriksson, 2003 
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2. Method  
 

2.1 Collecting information and data 
 

• Knowledge about how system analysis and life cycle assessments are performed and 
evaluated is studied in the literature.  

 
• Information about the ORWARE model is to be found in the literature and also 

received from personal contacts. 
 

• Site specific data are used when available. In other cases data is obtained from the 
literature or the preset values in ORWARE are used. 

 
• Information about the systems is received from personal contacts, both at a workshop 

at KVL in Copenhagen and also by telephone and e-mail.   
 
Participants from the Short-Circuit met at a workshop at KVL in Copenhagen in 23-25 
November 2004. The different systems where presented and parameters where discussed. A 
visit to the KVL experimental compost in Taastrup and to the Solum composting plant where 
also made. Participants at the workshop where Sander Bruun, KVL, Morten Carlsbaek, 
Solum, Svend Daverkosen, Aarstiderne, Otto During, KTH, Anna Hansson, KTH, Anna 
Haraldsson, KTH, Kasper Kjellberg Kristensen, Solum, Trine Lund Hansen, DTU, Jakob 
Magid, KVL and Jacob Møller, KVL. 
 

2.2 System analysis 
 
When large and complex systems are studied, a system analysis approach is often used.11 A 
system is for example windrow composting with biological, chemical and physical processes 
as its submodels. In an environmental system analysis the purpose is to analyse the 
environmental impacts caused by the studied system.  
When a system is analysed it is convenient to use a model, a simplified version of the system. 
ORWARE is an example of a mathematical model.  To be able to perform system analysis of 
waste management systems different methods can be used and combined depending on the 
focus. In the ORWARE model the two methods Substance Flow Analysis (SFA) and Life-
Cycle Assessments (LCA) are implemented in the simulation model.  
 

2.2.1 Substance Flow Analysis 
 
Substance Flow Analysis (SFA) is based on the idea that extraction, use and disposal of 
natural resources cause environmental problems (Figure 1).12 Chemical elements and 
substances, in a particular geographical area, are followed through the system over a certain 
period of time.  

                                                 
11 Dalemo, 1999 
12 Dalemo, 1999 
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Figure 1. Schematic model for describing material flows. 
 
 
SFA is applied to identify environmental problems both in the present and in the future by 
tracing flows of elements and substances that disappear within the system. By identifying all 
the different steps in the management system the expectation is to be able to reduce the 
amount of extracted or disposed materials. 
 

2.2.2 Life-Cycle Assessment 
 
Life-Cycle Assessment (LCA) is used to estimate the total environmental impact for a product 
or an activity.13 The mode of procedure is to identify and quantify the flows of material and 
energy and to value the environmental effect they cause. The LCA method is often called a 
‘cradle-to-grave analysis’ since it follows the product from raw material extraction through 
production, distribution and consumption until the product is disposed. Economic and social 
effects are not covered with this method since LCA only take environmental effects into 
account.  
 

2.3 The ORWARE model 
 
The ORWARE model is designed to be able to describe a large waste management system, 
for example a city or a region. In this study two relative small systems are studied and 
therefore custom made models are developed. Only parts of the original ORWARE model are 
used to describe the two systems windrow composting and incineration. Some of the 
submodels are modified for the specific conditions in the studied system. The custom made 
models are referred to as the ORWARE model in this report for the sake of simplicity.   
 
The ORWARE model consists of a main system, which is divided into sub models that each 
of them describes the activities related to the collection of the waste, transports, treatment 
systems and end-use. The sub models are mathematical descriptions of the flows of materials 
and energy between the different processes in the system. A more thorough description of the 
sub models are to be found in chapter 3.6.   
 
                                                 
13 Nilson, Persson, 1998 
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When the different substances pass through the waste treatment system changes occur in 
amounts and composition. For example some of them might leak out to the water and other 
might react with other substances. The different fractions are traced through the system, as in 
a SFA, and emissions to air and water from the different steps are monitored. 
 
The model includes processes concerning the generated waste, such as transport and different 
treatment and disposal methods.14 However processes that generate the waste are not included 
in the model. Emissions from the consumption and use of energy and material within the 
waste management system are included but not emissions that comes from extracting, 
processing and transporting these resources.  
 
The results of a simulation in ORWARE correspond to the life cycle inventory in a LCA. 
Emissions to air and water from the activities in the system are calculated along the way and 
summarised. The environmental impacts from the emissions are classified using 
characterisation factors from Lindfors / Nybrant.15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
14 Björklund, 1998 
15 Björklund, 1998 
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3. General conditions for the study 
 

3.1 Evaluation parameters 
 
The environmental effects that are studied are global warming potential, acidification 
potential, eutrophication potential and the formation of photochemical oxidants.16 The 
presence of heavy metals in the compost product is determined as well as recycled nutrients 
and organic carbon back to the soil.  
 
Environmental effect Substances
Global Warming Potential CO2-fossile

CH4 
N2O

Acidification Potential NH3/NH4-N
NOX-N
SOX-S

Eutrophication Potential – Water 
 
 
Eutrophication Potential – Air 

NO3-N
P-tot 
COD

NH3/NH4-N
NOX-N

P-tot
Photochemical Oxidants CH4

VOC
CO

Heavy metals Pb
Cd
Hg
Cu
Cr
Ni
Zn

Nutrients and carbon Nitrogen (N)
Phosphorous (P) 

Potassium (K)
Organic carbon (C) 

Table 1. Summary of the studied environmental effects and substances. 
 
 
When simulations of the three scenarios are completed, amounts of the studied substances are 
to be found in water, air and soil. To achieve the proportions of the environmental effects, the 
resulting amounts of the substances involved in the studied effects are multiplied with 
characterisation factors. Amounts of heavy metals in soil for Scenario 1 and 2 are presented. 
Recycled nitrogen, phosphorous, potassium and organic carbon are multiplied to emission 

                                                 
16 Application for the project, LIFE02 ENV/DK/000150 
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factors in order calculate the environmental effects the corresponding amounts of industrially 
produced nutrients and carbon would cause. Energy turnover is presented and analysed.  
 

3.2 System boundaries  
 
Selecting system boundaries is an important step since it defines what is to be studied and 
what is not. There are three dimensions for which system boundaries must be specified:  
 

• Functional unit: The functional unit in this study is collection, transport and treatment 
of one ton of wet organic waste.  

 
• Time: The impacts of handling this amount of waste considering global warming are 

calculated over 100 years. The other impacts are calculated over an unspecified period 
of time. It will give the same results independent of time period. 

 
• Space: This dimension bounds the geographic area that is affected by the 

environmental impacts. In this study, the boundary is greater Copenhagen. 
 

• Product system: Included in the system are environmental impacts from production of 
electricity, heat, diesel and nutrients. Environmental impacts from the part of the slag 
used for building roads, the structure material for the composting process and the 
plastic bags used for collecting the waste are excluded in the system. This is illustrated 
in the figure below.  

 
 

 

 
 
Figure 2. A schematic description of the product system.  
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3.4 Windrow composting at Krogerup Farm 
 
All data concerning the description of this scenario, except when it is specified, are received 
from personal contact with Svend Daverkosen at Aarstiderne. 
 
Aarstiderne Ltd. is a business that delivers vegetables and fruit produced at Krogerup farm in 
Humlebaek to households in the Østerbro area in Copenhagen.17 Along their weekly trip to 
their customers they are also collecting separated vegetable and fruit waste from some of the 
households. If the customers wish to participate in the collection they receive a bucket and 
biodegradable plastic bags made of maize starch for the waste. During the weeks 36-48 in the 
year 2004, 28.7 of their in average 162.5 customers were leaving vegetable waste back to 
Aarstiderne. That corresponds to an average amount of 30.1 kg collected amount of vegetable 
waste on each trip. The van has got a separate waste container for the collected waste on the 
back of the vehicle. It holds at a maximum 60 kg and then it has to be replaced. After the 
deliverance and collection trip, the van drives right back to Krogerup farm where the collected 
waste is to be composted. The deliverance/collection trip is 26.5 km and the distance from the 
last stop to Krogerup Farm is 37 km.  
 
In the future, Aarstiderne intends to expand their business and that will lead to a higher 
amount of collected waste on their weekly trip. The numbers of customers in a future scenario 
is 660, of which 330 are leaving vegetable waste. It is assumed that an average amount of 
collected waste on one trip will be 346.5 kg. The deliverance/collection trip will be 72.5 km. 
Since the container on the van holds only 60 kg, it will be replaced along the trip. This is done 
when reloading the van so no extra energy will be consumed for this. The estimated distance 
between the reloading stations is 12.5 km.  
 
Since the main purpose of the trip is to deliver vegetables, only emissions and fuel 
consumption caused by the collection and the extra weight of the collected waste will be 
accounted for. There are 5 extra seconds of idling for each customer that is leaving waste.  
 
Below is a schematic description of the environmental effects caused by the collection. On the 
x-axis is kilometres travelled and on the y-axis the weight. The areas inside the thick lines 
represent the collected waste. The first “box”, from the left, represents the van when it drives 
from Krogerup Farm to the first stop on the collection trip. The van is loaded with fruits and 
vegetables and since the purpose of this trip is to deliver these to customers, environmental 
effects caused by this trip are not accounted for in this study. The second box shows how the 
weight of the van decreases when fruit and vegetables are unloaded and at the same time 
increases when waste is collected. In this study, environmental effects are only based on the 
weight of collected waste, not the weight of the van itself or the fruit and vegetables. The last 
box represents the trip from the last stop to Krogerup Farm.  

                                                 
17 Application for the project, LIFE02 ENV/DK/000150 
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Figure 3. A schematic description of the collection in Scenario 1 and 2. The scale in the figure 
is not accurate; the purpose is to illustrate the environmental effects. 
 
 
Along with the production of vegetables and fruits at Krogerup farm there is also a shop 
where the products are sold. The waste from this activity at the farm is co-composted with the 
collected waste. For each tonne of collected waste, two tonnes of vegetable waste from the 
shop is added. Before composting, structure material is mixed in with the waste fractions. The 
purpose is that the compost will be properly aerated. The proportions are one ton of collected 
waste, two ton of straw, one ton of clover hay and one ton of horse manure. In the future, 
Scenario 2, there will be no waste from the shop mixed in with the structure material, and the 
proportions will then be three ton of waste, two ton of straw, one ton of clover hay and one 
ton of horse manure. The mixing is done by hand and then the material is composted in 
windrow compost, an open air compost. It is uncertain how long the total composting process 
takes, but an approximated time is between 18 and 24 weeks. That includes six weeks when 
material is mixed in the compost and then another six weeks for turning the material. After 
this period the compost is after-composted without further mixing and turning for 6 to 12 
weeks. The produced mature compost material is used as fertiliser on the soil on Krogerup 
farm.  
 
The waste from the shop is not accounted for in this study, only the collected waste. 
Alternative uses for clover hay and straw are to plough the materials directly down into the 
soil. Horse manure would first be composted in stack for 10 months, and after that used as 
fertiliser on the soil. Therefore nutrients and carbon from these materials are not accounted for 
in this study. Neither will emissions from the compost caused by the structure materials.  
 

3.4.1 Assumptions 
 

• The composition of the collected waste is approximated with data from three sources. 
1. Sonesson and Jönsson 1996, Urban Biodegradable Waste and Composition, SLU 

Report 201, table 25 (composition of vegetables). 
2. Sonesson and Jönsson 1996, Urban Biodegradable Waste and Composition, SLU 

Report 201, calculations from chapter 3 and 4 and table 6 (composition of 
vegetables). 

3. SLU Table of Feed for Ruminants 1999, line 58, Carrot.  
 
• The fuel consumption of the van is assumed to be 0.2 litres per kilometre when fully 

loaded and 0.1 litres per kilometre when empty.  
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• Only the fuel consumption caused by the collected waste is considered in the 
composting scenarios. The fuel consumption due to driving from Krogerup to the 
Østerbro area and delivering the vegetables is not taken into account. 

 
• The plastic bags are composed of maize starch and their influence on the environment 

will be neglected in this study, since the amount is relatively small compared to the 
waste fraction, 7.9 grams per kilogram waste or 0.79%.   

 
• Emissions, heavy metals, nutrients and carbon due to composting the structure 

material and the waste from the shop are not accounted for in this study. 
 
• The distance between the compost and the field, where the material is spread, is 

assumed to be 0 kilometres.  
 

3.5 Combustion at Vestforbraending  
 
In Scenario 3, incineration of the waste is used as a treatment method. The waste is collected 
as part of household waste with a garbage removal truck and is delivered at the 
Vestforbraending incineration plant at Glostrup, about 12.2 km from the Østerbro area.18  
In the incineration chamber the waste is incinerated and a gas fraction is built up, fly ash is 
produced and non-combustible parts are separated in the form of slag.19 The raw gas is 
cleaned in the air pollution control and the clean gas is emitted into the air. Ash and slag are 
transported by truck and trailer 10 km to the AV Miljø landfill.  
 
The impacts from landfill are separated into two time-periods:20 

• Surveyable time: The time it takes for the most active processes in the landfill to end 
and for the landfill to reach a pseudo steady-state. For ash and slag, this time 
corresponds to the time needed for highly soluble substances such as alkaline salts to 
leak out. 

 
• Remaining time: The time it takes for the material to be spread out in the environment 

through gas emissions, leaking, erosion and possible inland ices. 
 

3.5.1 Assumptions 
 

• The collection sub model used in the incineration scenario is based on the assumptions 
that the energy consumption is 0.3 GJ/ton waste  

 
• The waste is assumed to go directly into the incineration chamber without pre-

treatment as for example compression or wrapping. 
 

• The slag is recycled to 80% and the remaining 20% is landfilled. This value is preset 
in ORWARE and adapted to Danish conditions. 

                                                 
18 Krak´s homepage 
19 Baky, Eriksson, 2003 
20 Baky, Eriksson, 2003 
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3.6 Description of the sub models and inventory data 
 
In this chapter the different submodels in ORWARE will be described. Some of the data are 
presented in this chapter. See also Appendix A for inventory data. 

3.6.1 Organic waste 
 
The waste fraction consists of vegetable and fruit leftovers and is very clean. Since measured 
data on the waste fraction is not available, the composition is approximated with data for 
vegetables and carrot and presented in Table 2. The functional unit is 1000 kg collected waste. 
The water content is 90.8% in this specific fraction. 
 
The composition of the waste is represented by a vector of substances. There are 69 different 
species or materials defined. The vector has room for 74 species but 5 places in the vector are 
undefined. In this study 23 of the specified substances are used, the rest is set to zero. When 
performing a system analysis the amounts of every substance present in the waste are initially 
specified as input data. The amounts of the substances present are given as kilogram per 
kilogram dry material.  
 
Substance kg/kg DM Substance kg/kg DM
C-tot 0.451938 Ca 0.0033
Cch-stable 0.014366 Pb 0.03*10-6 

Cch-biodegr. 0.233892 Cd 0.02*10-6

C-fat 0.0152 Hg 0.001*10-6

C-protein 0.0315 Cu 0.60*10-6

VS 0.97 Cr 0.01*10-6

DM 0.092 Ni 0.10*10-6

H2O 0.908 Zn 2.20*10-6

N-tot 0.0099 Cch-medium 0.15698
S-tot 0.0009 Mg 0.002
P-tot 0.0028 Ash 0.03
K 0.028 
Table 2. Vector of substances, waste fraction.21 
 
 
In this submodel all the species, except dry matter and water, are multiplied to the amount of 
dry matter, in order to receive a vector of substances in kg per kg wet weight. The vector is 
the multiplied to 1000 since the functional unit is 1000 kg collected waste. 
 

3.6.2 Collecting the waste for transport to Krogerup 
 
Vegetables and fruit from the Krogerup Farm are delivered weekly to customers by 
Aarstiderne Ltd. Along this trip the waste is collected at the customers and the waste fraction 
is transported in a container on the back of the van. For every stop where waste is collected, 
there are five extra seconds per customer compared to deliverance only.  

                                                 
21 Sonesson and Jönsson, 1996 and SLU Table of Feed for Ruminants, 1999 
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This submodel calculates the emissions to air and water when Aarstiderne is collecting the 
vegetable waste from their customers. The van used when collecting the waste is not specified 
in ORWARE and the sub model describing collection as well as the parameters has therefore 
been modified. This is a schematic picture of the sub model: 
 

 
Figure 4. Schematic description of the collection sub model in Scenario 1 and 2. 
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Here follows a walkthrough for this submodel in order to increase the understanding for how 
ORWARE is designed and how the model calculates. The parameters used are from Scenario 
1, composting at Krogerup Farm in the present time. 
 
The functional unit (1), one ton collected waste, is divided to the average amount of waste 
collected on one trip (2), 30.1 kg. This value is then multiplied to the distance travelled on one 
trip (3), 26.5 km, in order to receive the total distance travelled with the van for collecting one 
ton of waste. 
 
( ) 4.8805.261.30/1000 =∗ [km/ton collected waste]. 
 
The density of diesel is 0.815 kg/litre and the energy content of diesel is 43.2 MJ/kg.22 To 
achieve the energy content in diesel per litre these two values are multiplied.  
 

2.35815.02.43 =∗  [MJ/litre of diesel] 
 
The fuel consumption when the van is fully loaded (4), 0.2 litres/km, and when it is empty (5), 
0.1 litres/km, are each multiplied to the energy content. 
 

04.75.352.0 =∗  [MJ/km when fully loaded] 
52.32.351.0 =∗  [MJ/km when empty] 

 
The values in (4) and (5) are subtracted to one another and the result is multiplied to the load 
factor to give the average fuel consumption per kilometre. To calculate the load factor, the 
average amount of waste collected on one trip (2) is divided with the maximum load of the 
van (6), 1150 kg. The calculation for this step is: 
 

( ) 092.0
1150

1.3052.304.7 =∗−  [MJ/km in average] 

 
By multiplying the results from the calculations above, the average fuel consumption per 
kilometre (7) and the distance travelled (8), the total energy consumption for collecting one 
ton of waste is calculated (9). This sum is then multiplied with 0.5 because the van starts 
empty, considering collected waste, and ends up with the average amount of collected waste. 
 

5.405.04.880092.0 =∗∗  [MJ/ton waste] 
 
For every customer that leaves waste, there is five extra seconds of idling,23 compared to 
customers that only receive delivery. An average number of customers that leaves waste on 
each trip are 28.7 and since the total amount of waste collected on each trip is 30.1 kg, each 
customer leaves an average amount of 1.05 kg. 5 seconds per 1.05 kg gives 4762 seconds per 
1000 kg or 1.32 hours. The van consumes 1.58 litres per hour when idling so for every ton 
collected waste there is 2.1 extra litres of diesel consumed (10). This number is multiplied to 
the energy content of diesel and then added to the fuel consumption in order to give the total 
energy consumption for collecting one ton of waste (11). 
 
                                                 
22 OKQ8’s homepage, MK1 
23 Daverkosen Svend, Aarstiderne Ltd 
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( ) 9.1135.402.351.2 =+∗  [MJ/ton waste] 
 
This sum is multiplied with the air emission vector (12) to receive amounts of emissions in kg 
to air of different substances per ton collected waste.  
 
Substance [kg/MJ] Emission [kg/ton collected waste] 
CO2 72.1*10-3 8.212 
VOC 0.0227*10-3 2.586*10-3 

CO 0.0653*10-3 7.438*10-3 

NOX-N 0.147*10-3 1.674*10-2 

SOX-S 0.0424*10-6 4.829*10-6 

Particles 5.68*10-6 6.470*10-4 

Table 3. Emissions to air, collection in Scenario 1.  
 
 
The sum of energy used is also multiplied to a factor describing tyre wear per MJ fuel used 
(13), 2.7*10-5 kg tyre wear/MJ fuel used and the result is then multiplied to the water 
emission vector (14) to receive emissions to water of different substances per ton collected 
waste. 
 

0031.0000027.09.113 =∗  [kg tyre wear/ton waste] 
 
Substance [kg/kg tyre wear] Emission [kg/ton collected waste] 
PAH 240*10-6 7.44*10-7 

Phenols 15*10-3 4.65*10-5 

S-tot 10*10-3 3.1*10-5 

Cd 1.8*10-6 5.58*10-9 

Zn 15*10-3 4.65*10-5 

Table 4. Emissions to water, collection in Scenario 1.  
 
 

3.6.3 Transport to Krogerup 
 
After the last stop on the collection trip, the van transports the collected waste to Krogerup 
Farm, a distance of 37 km. This distance is the same for both compost scenarios. 
 
The sub model describes the transport from the last stop on the route to Krogerup farm, and is 
similar to the one describing the collection of the waste. The differences are that the load is 
constant all the way, and that there is no extra idling for transporting the collected waste. 
Emissions to air and water are received at the same way as in the previous sub model.  
 

3.6.4 Windrow composting 
 
The structure material is mixed with the waste by hand and then placed in the windrow 
compost, an open air compost, for 18 to 24 weeks. Only emissions and nutrients from the 
collected waste are accounted for in the study.  
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In ORWARE there are three different types of sub models available for describing 
composting processes: home composting, windrow composting and reactor composting.24 
Considering the basic process these sub models are built up in the same way. The differences 
between the three types consist of the amounts of energy used when handling the compost and 
that there are smaller amounts of heavy metals in small-scale home composting. Another 
difference is that for reactor composting it is possible to have compost gas cleaning. Since the 
analysed system contains windrow composting, the sub model describing this type is 
incorporated in the model. 
 
During the composting process organic matter are decomposed and released as CO2, NH3, 
N2O, N2 and CH4

25. The reminding material consists of humus and some cellulose. Different 
materials decompose to various degrees and the fractions becoming humus or gaseous 
material are different. Proteins in the feedstock cause the production of nitrogen compounds 
as for example NH3 and N2O. Some of the nitrogen in the mature compost is mineralised as 
NO3- or NH4+, but the major part is bound in humus. The amounts of nitrogen that form 
gaseous compounds are described with this equation:  
 

( ) ( )NCingincomoffractionlossN /01108,055903,0 ⋅−=−  
 
Gaseous losses of nitrogen are distributed as 2% N2O, 2% N2 and the rest as NH3.  
 
The compost is assumed to be well managed and aerated.26 That is, no failures occur that will 
give high emissions of anaerobic products such as methane. All leakage water is assumed to 
return to the compost so there are no losses and therefore no emissions to water. The amount 
of water is assumed to be constant at 50%.27 There are two sources to air emissions in this sub 
model, compost gas and emissions due to fuel consumption for mixing and managing the 
compost.  
 

3.6.5 Spreading of residues to soil 
 
The compost material is spread on the Krogerup Farm in order to recycle carbon and 
nutrients, as nitrogen, phosphorous and potassium, back to the soil.  
 
This sub model consists of two parts. The first one is spreading the residues, with air 
emissions from the use of energy. There are three different types of spreaders available in 
ORWARE.28 One is a spreader for liquid materials with an amount of dry material up to 12%. 
The second spreader is for residues where dry material is about 25%. The third is used for 
solid residues, as compost material, and is the one used in the current study. The distance 
between the compost and where the compost residue is spread is assumed to be zero since the 
field is on Krogerup Farm. The time it takes to spread 1000 kg of compost material is 2 
minutes, and the fuel consumption for this activity is 1 litre of diesel.29  

                                                 
24 Sonesson, 1998 
25 Sonesson, 1998 
26 Sonesson, 1998 
27 Nybrant et al, 1995 
28 Sonesson, 1998 
29 Daverkosen, Svend, Aarstiderne Ltd 
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The second part of the submodel describes the soil and calculates the remains of substances to 
the soil itself after losses of nitrogen compounds to air and water. 
 

3.6.6 Collection and transport to Vestforbraending 
 
An alternative method for treating the waste is incineration. In this scenario, the vegetable and 
fruit waste are assumed to end up in the household waste instead of composted. The waste is 
consequently collected along with the household waste with a garbage removal truck. The 
truck is assumed to drive directly to the incineration plant after the collection trip. 
 
A sub model that describes the collection labour of household waste in Denmark is available 
in ORWARE and used in this scenario. The energy consumption is preset to 0.3 giga joule per 
ton waste. 
 
An incineration plant that could come in question for this scenario is Vestforbraending in 
Glostrup. The distance from the collection area to the incineration plant is approximated to 12 
kilometres.30 
 

3.6.7 Incineration 
 
The sub model in ORWARE that describes the incineration plant is based on the plant of 
Uppsala Energi AB in Uppsala 1993.31 This sub model was adapted to Danish conditions in 
2002.  
 
All the waste is assumed to go directly into the kiln without any separation, sorting or bailing, 
so the pre-treatment sub model is eliminated from the original submodel. Outputs from the 
incineration process are slag, raw gas and fly ash. Metals, except from Hg and Cd, will mainly 
end up in the slag while the major part of S, P, N and Cl ends up in the raw gas.32 All 
carbohydrates, fats and proteins in the waste are assumed to be completely combusted, 
forming CO2. The raw gas is passed on into the air emission control system in the sub model.  
 

3.6.8 Transport to landfill  
 
The slag and the ash from the incineration process are transported to landfill. The distance 
from the incineration plant at Vestforbraending in Glostrup to the landfill at Averøre Holme is 
14.9 km.33 This submodel contains two truck-and-trailer transports, one for slag and one for 
ash.  
 
 

                                                 
30 http://www.krak.dk 
31 Baky, Eriksson, 2003 
32 Björklund, 2000 
33 http://www.krak.dk 
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3.6.9 Landfill 
 
The landfill used for incineration products from Vestforbraending is AV Miljø, located at 
Averøre Holme south west of Copenhagen.34 Five different landfill types are available in 
ORWARE depending on the type of the waste: mixed waste, bio-cell, sludge, fly ash and 
slag.35 After treatment, the leachate is emitted to a recipient, in this case Køge Bugt. 80% of 
the slag is assumed to be recycled to road construction. This assumption is preset in 
ORWARE and has not been changed in this study.  
 
The emissions from a landfill is long term and difficult to compare with instant emissions 
from for example incineration. The impacts from landfilling are therefore separated into two 
time-periods, surveyable time and remaining (or infinite) time. The surveyable time is the 
time it takes for the most active processes to end and the landfill has reached a pseudo steady-
state. This means about 100 years for mixed waste and 10-20 years for organic waste in a bio-
cell. When it comes to ash and slag, this means the time needed for highly soluble substances 
such as alkaline salts to leak out. Eventually, if the time perspective is long enough, all 
material in the landfill has been spread out to the environment. This time perspective is called 
the remaining time or infinite time.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
34 http://www.av.dk 
35 Baky, Eriksson, 2003 
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4. Material and energy flows 
 
After simulating the three scenarios in ORWARE, output data is achieved. In this chapter 
emissions and turnovers are presented.  
 

4.1 Scenario 1 – Composting in present time 
 
In the tables below emissions to water and to air from the different activities in Scenario 1 – 
Composting at Krogerup Farm in the present time, are presented in kg per 1000 kg collected 
waste. 
 
Emissions to 
air 

Collection Transport 
to 

Krogerup

Maintaining 
the windrow 

compost

Compost 
gas

Spreading Soil

CO2-fossile 8.260 8.172 5.080 - 8.076*10-2 -
CO2-bio - - - 122.2 - -
CH4 - - - 0.4278 - -
VOC 2.599*10-3 2.571*10-3 1.598*10-3 - 2.541*10-5 -
CO 7.477*10-3 7.397*10-3 4.598*10-3 - 7.310*10-5 -
N-tot - - - 0.2064 1.057*10-3 0.1453
NH3/NH4-N - - - 0.1982 1.057*10-3 -
NOX-N 1.683*10-2 1.665*10-2 1.035*10-2 - 1.646*10-4 -
N2O - - - 4.128*10-3 - 5.375*10-3 

SOX-S 4.855*10-6 4.803*10-6 2.986*10-6 - 4.747*10-8 -
Particles 6.504*10-4 6.434*10-4 4.0*10-4 - 6.359*10-6 -
Table 5. Emissions to air in kg per 1000 kg collected waste in Scenario 1.  
 
 
Emissions to 
water 

Collection Transport to 
Krogerup

Spreading

PAH 7.420*10-7 7.340*10-7 -
Phenols 4.637*10-5 4.588*10-5 -
N-tot - - 0.2096
NO3-N - - 0.2096
S-tot 3.092*10-5 3.059*10-5 -
Cd 5.565*10-9 5.505*10-9 -
Zn 4.637*10-5 4.588*10-5 -
Table 6. Emissions to water in kg per 1000 kg collected waste in Scenario 1. 
 
 
All the amounts of heavy metals in the collected waste will end up in the soil. For 1000 kg 
collected waste, the following amounts of heavy metals in will be added to the soil.  
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Table 7. Amounts of heavy metals to soil in Scenario 1, kg per 1000 kg collected waste. 
 
 
The purpose of spreading the compost material as fertiliser on the fields at Krogerup Farm is 
to recycle nutrients and carbon back to the soil. The amounts of recycled nitrogen, 
phosphorous, potassium and carbon are the same for Scenario 1 and 2, and presented below. 
 
 
Recycled kg/1000 kg dry waste
N-tot 0.2689
P-tot 0.2576
K-tot 2.576
C-tot 8.247
Table 8. Amounts of nutrients and carbon recycled to soil in Scenario 1 and 2, kg per 1000 kg 
collected waste.  
 
 
In Table 9, diesel consumption for the different activities is presented in MJ per 1000 kg 
collected waste. 
 
Diesel consumption MJ/1000 kg waste
Collection 114.5
Transport 113.3
Compost 70.42
Spreading 1.120
Total 299.3
Table 9. Diesel consumption in Scenario 1, MJ per1000 kg collected waste. 
 
 

4.2 Scenario 2 – Composting in the future 
 
The amounts of heavy metals, nutrients and carbon that end up in the soil when the compost 
material is spread on the field are the same for Scenario 1 and 2. 
 
The three tables below present the emissions to water and to air and the consumption of diesel 
in Scenario 2. All emissions, except from the collection is identical to Scenario 1. The 
complete set of data is still presented.  
 
 

Heavy metal Amount [kg] 
Pb 2.760*10-6 
Cd 1.840*10-6 
Hg 9.20*10-8 
Cu 5.52*10-5 
Cr 9.20*10-7 
Ni 9.20*10-6 
Zn 2.024*10-4 
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Emissions to 
air 

Collection Transport 
to 

Krogerup

Maintaining 
the windrow 

compost

Compost 
gas

Spreading Soil

CO2-fossile 6.714 8.172 5.080 8.076*10-2 -
CO2-bio - - - 122.2 - -
CH4 - - - 0.4278 - -
VOC 2.113*10-3 2.571*10-3 1.598*10-3 - 2.541*10-5 -
CO 6.078*10-3 7.397*10-3 4.598*10-3 - 7.310*10-5 -
N-tot - - - 0.2064 1.057*10-3 0.1453
NH3/NH4-N - - - 0.1982 1.057*10-3 -
NOX-N 1.368*10-2 1.665*10-2 1.035*10-2 - 1.646*10-4 -
N2O - - - 4.128*10-3 - 5.375*10-3 

SOX-S 3.946*10-6 4.803*10-6 2.986*10-6 - 4.747*10-8 -
Particles 5.286*10-4 6.434*10-4 4.0*10-4 - 6.359*10-6 -
Table 10. Emissions to air in kg per 1000 kg collected waste in Scenario 2. 
 
 
Emissions to 
water 

Collection Transport to 
Krogerup

Spreading

PAH 6.031*10-7 7.340*10-7 -
Phenols 3.769*10-5 4.588*10-5 -
N-tot - - 0.2096
NO3-N - - 0.2096
S-tot 2.513*10-5 3.059*10-5 -
Cd 4.523*10-9 5.505*10-9 -
Zn 3.769*10-5 4.588*10-5 -
Table 11. Emissions to water in kg per 1000 kg collected waste in Scenario 2. 
 
 
Diesel consumption MJ/1000 kg waste
Collection 93.07
Transport 113.3
Compost 70.42
Spreading 1.120
Total 277.9
Table 12. Diesel consumption in Scenario 2, MJ per 1000 kg collected waste. 
 
 

4.3 Scenario 3 – Incineration 
 
In this chapter emissions and turnovers from Scenario 3 are presented. Transport 1 in the 
tables below describes a transport from the collection at the Østerbro area to the incineration 
plant. Emissions from Transport 2 are actually emissions from two transports that are summed 
up, transport of ash and of slag to landfill. Landfill ST means surveyable time and RT means 
remaining time. Below are the emissions to air and to water displayed in tables. 
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Emissions 
to air 

Collection Transport 
1

Incineration Transport 
2

Landfill 
ST 

Landfill 
RT

C-tot - - 40.55 - - -
VS - - 86.58 - - -
TS - - 4.48*10-2 - - -
CO2-f 21.40 0.867 - 2.196*10-2 8.093*10-2 -
CO2-bio - - 152.5 - - -
VOC 6.735*10-3 2.730*10-4 - 6.909*10-6 2.546*10-5 -
CHX - - 2.520*10-9 - 1.207*10-8 1.980*10-9

AOX - - 2.520*10-9 - - -
PAH - - 4.158*10-7 - - -
CO 1.937*10-2 7.852*10-4 4.788*10-4 1.987*10-5 7.325*10-5 -
Dioxins - - 1.002*10-10 - - -
H2O - - 167.3 - - 2*105

N-tot - - 0.1066 - 3.607*10-6 3.603*10-5

NH3/NH4-N - - 5.978*10-10 - 9.837*10-9 1.802*10-5

NOX-N 4.361*10-2 1.768*10-3 9.746*10-2 4.474*10-5 1.649*10-4 -
N2O - - 9.108*10-3 - - -
S-tot - - 3.915*10-3 - 3.592*10-3 -
SOX-S 1.258*10-5 5.099*10-7 3.850*10-3 1.290*10-8 4.756*10-8 -
P-tot - - 1.333*10-3 - - -
K - - 7.651*10-3 - - -
Ca - - 2.016*10-2 - - -
Pb - - 8.150*10-9 - - -
Cd - - 1.698*10-10 - - -
Hg - - 5.976*10-9 - 1.751*10-11 1.751*10-10

Cu - - 6.552*10-9 - - -
Cr - - 2.024*10-7 - - -
Ni - - 5.843*10-7 - - -
Zn - - 1.904*10-8 - - -
Particles 1.685*10-3 6.830*10-5 2.485*10-2 1.729*10-6 6.372*10-6 -
Fe - - 5.040*10-4 - - -

Table 13. Emissions to air in kg per 1000 kg collected waste in Scenario 3. 
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Emissions 
to water 

Collection Transport 1 Incineration Transport 
2

Landfill ST Landfill 
RT

C-tot - - - - 4.0315*10-4 0.5755
BOD - - - - 1.075*10-3 1.727*10-4

CHX - - 5.460*10-9 - 1.193*10-9 
AOX - - 5.460*10-9 - 1.722*10-14 8.610*10-9

PAH 1.923*10-6 7.792*10-8 - 1.972*10-9 4.117*10-11 2.058*10-5

Phenols 1.202*10-4 4.870*10-6 - 1.233*10-7 - -
Dioxins - - 4.008*10-11 - 5.095*10-15 2.548*10-8

H2O - - 743.5 - 57.95 1.8*106

N-tot - - 6.931*10-10 - 3.647*10-6 3.567*10-3

NH3/NH4-N - - 6.931*10-10 - 9.946*10-9 1.784*10-3

NO3 - - - - 3.461*10-5 1.802*10-3

S-tot 8.011*10-5 3.247*10-6 2.349*10-3 8.218*10-8 1.532*10-3 6.808*10-2

P-tot - - 7.731*10-3 - 7.966*10-5 6.388*10-2

K - - 1.263 - 0.2349 0.2365
Ca - - 2.620 - 0.2105 1.217
Pb - - 1.322*10-8 - 3.305*10-9 1.106*10-4

Cd 1.442*10-8 5.844*10-10 4.203*10-9 1.479*10-11 3.823*10-8 4.262*10-6

Hg - - 1.811*10-10 - 2.209*10-11 1.749*10-7

Cu - - 2.621*10-8 - 2.364*10-6 4.085*10-5

Cr - - 1.012*10-7 - 2.019*10-9 1.011*10-4

Ni - - 3.339*10-7 - 3.279*10-9 4.251*10-5

Zn 1.202*10-4 4.870*10-6 8.862*10-8 1.233*10-7 2.641*10-8 3.479*10-4

COD - - - - 1.075*10-3 1.727*10-2

Table 14. Emissions to water in kg per 1000 kg collected waste in Scenario 3. 
 
 
Also in this scenario, diesel is consumed within the system. Diesel is used in transports and 
when maintaining the landfill. In the table below Transport 1 is the transport from Østerbro 
area to Vestforbraending, Transport 2 is the transportation of ash to the landfill and Transport 
3 is transportation of slag to the landfill.   
 
Diesel consumption MJ/1000 kg waste
Collection 296.7
Transport 1 12.02
Transport 2 (ash) 0.2752
Transport 3 (slag) 0.02915
Landfill ST 1.122
Total 310.1
Table 15. Diesel consumption in Scenario 3, MJ per1000 kg collected waste. 
 
 
When waste is burned in the incineration, normally electricity is both consumed and produced 
during the incineration. The consumption occurs when additives are added to the incineration 
process, and the produced electricity comes from the energy released when the waste is 
burned up in the furnace. 
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Since the studied waste fraction is very wet, the water fraction is 90.8%, there is no electricity 
produced during this process. Instead, more electricity is consumed and the amount is 
presented below with a minus sign. 
 
Electricity cons/prod MJ/1000 kg waste
Incineration (cons) 320
Incineration (prod) -99.23
Incineration (total cons) 419.23
Table 16. Electricity consumption and production in Scenario 3, MJ per1000 kg collected 
waste. 
 
 
The same phenomena occur when it comes to produced heat from the incineration process. 
When burning waste, some of the energy from the process is released as heat. The wet waste 
consumes heat instead of produces.  
 
Some of the energy from the incineration process is released as heat.  
 
Heat production MJ/1000 kg waste
Incineration -283.9
Table 17. Heat production in Scenario 3, MJ per1000 kg collected waste. 
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5. Life cycle impact assessments 
 
The data presented in chapter 4 are used for further calculations. Emissions from the 
submodels to air and water are multiplied with characterisation factors in order to calculate 
impacts on the environment. The studied impacts are global warming potential, acidification, 
eutrophication and the formation of photochemical oxidants.  
 
In Scenario 1 and 2, the emissions come from the same kind of activities: 

• Collecting the waste at the Østerbro area in Copenhagen. 
• Transporting the collected waste to the Krogerup Farm. 
• Maintaining the windrow compost. 
• Emissions from the compost as compost gases. 
• Spreading the compost. 
• Residues to soil. 

 
In Scenario 3 the emissions comes from the following activities: 

• Collecting the waste Østerbro area in Copenhagen. 
• Transporting the waste to the incineration plant Vestforbraending in Glostrup. 
• Incineration process. 
• Transporting the ash and the slag to the landfill AV Miljø at Averøre Holme.  
• Emissions from the landfill itself to air and to water and emissions from machinery 

when maintaining the landfill. This activity is divided in two time periods, surveyable 
(ST) and remaining time (RT). 

 
In the figures describing the impacts, emissions from producing the energy used in the 
scenarios are also presented, as well as avoided emissions from recycling nutrients. The 
evaluation of nutrients and energy turnover are presented in chapters 5.5 and 5.6. 
 

5.1 Global Warming Potential 
 
When calculating the Global Warming Potential (GWP) there are three substances involved, 
CO2 from the use of fossil fuels, CH4 and N2O. The characterisation factor for each specific 
substance is multiplied to the emitted amount to air from the different submodels. The tables 
and diagrams below illustrate the GWP for the three scenarios. 
 
The differences between Scenario 1 and 2 is the first activity, the collection of the waste. It is 
clear when looking at the results that the emissions from the rest of the activities are the same 
for the two scenarios. Emissions from the diesel production are different however, but that 
depends on the first activity, collecting the waste. The complete results from every scenario 
are still presented, in its entirety, even though there will be repetitions. 
 

 

Table 18. Characterisation factors for Global Warming Potential.  

Substance Characterisation factor, 
CO2 - equivalents

CO2-fossil 1
CH4 21
N2O 487.14
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In Scenario 1 and 2 emissions of CO2 to air comes from the van that is used for collection and 
transport of the waste, and also from the machinery used when maintaining the open compost 
and when spreading the compost on the field. Emissions of N2O and CH4 occur from the 
degradation process in the compost and N2O are also emitted to air from the compost material 
when it is spread on the field.  
 
Substance Collection Transport Maintaining

the compost
Compost

Gas
Spreader Soil

CO2-fossil 8.260 8.172 5.080 0 0.08076 0
CH4 0 0 0 8.983 0 0
N2O 0 0 0 2.011 0 2.619
Table 19. Global Warming Potential (GWP) for Scenario 1. 
 
 
In the figure below, the Global Warming Potential for Scenario 1 is shown. Included in this 
diagram are also avoided emissions due to recycled nutrients as well as additional emissions 
from the production of the diesel used in the system. These emissions will be discussed and 
evaluated more thorough later, but it is clear that they have an effect on the total GWP for this 
scenario. The benefits from recycling carbon back to soil turned out to be so low, that the 
effects can be neglected in this study. 
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Figure 5. Global Warming Potential (GWP) for Scenario 1. 
 
 
Substance Collection Transport Maintaining

the compost
Compost

Gas
Spreader Soil

CO2-fossil 6.714 8.172 5.080 0 0.08076 0
CH4 0 0 0 8.983 0 0
N2O 0 0 0 2.011 0 2.619
Table 20. Global Warming Potential (GWP) for Scenario 2. 
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GWP - Scenario 2
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Figure 6. Global Warming Potential (GWP) for Scenario 2. 
 
 
In Scenario 3 emissions of fossil CO2 comes from collection of the waste and transporting the 
waste, slag and ash. Emissions of CO2 also come from the machinery used for maintaining the 
landfill. N2O are formed in the incineration process and emitted to air after the cleaning 
process of the raw gas.  
 
Substance Collection Transport 

1
Incineration Transport 

2
Landfill 

ST 
Landfill 

RT
CO2-fossil 21.40 0.8675 0 0.02196 0.08093 0
CH4 0 0 0 0 0 0
N2O 0 0 4.437 0 0 0
Table 21. Global Warming Potential (GWP) for Scenario 3. 
 
 
In figure 6, the global warming potential for Scenario 3 is presented, along with additional 
emissions from the production of diesel, electricity and heat. These emissions have a 
significant impact on the total environmental effects, and will be analysed in chapter 5.6. 
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Figure 7. Global Warming Potential (GWP) for Scenario3. 
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The next diagram illustrates emissions from the three scenarios by activities. The biggest 
difference between the scenarios is the energy production, especially the production of 
electricity in Scenario 3. These emissions, mainly of CO2, leads to that the activities in 
Scenario 3 contribute most to the GWP.  
 
The column ‘Transports’ in the diagram below are emissions from the collection and all 
transports in a system summed up. ‘Treatment’ signifies emissions from maintaining the 
compost and compost gas in Scenario 1 and 2, and the incineration process in Scenario 3. 
‘Final treatment’ for the two first scenarios is emissions from spreading the compost material 
as fertiliser and emissions from the material when it is in the soil. In Scenario 3, this column 
stands for emissions from the landfill, both during surveyable and remaining time. 
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Figure 8. All three scenarios compared by activity, GWP.  
 
 

5.2 Acidification potential 
 
In this chapter the acidification potential for the three systems are presented, as well as a 
figure comparing the systems by activities. Emissions to air of the three substances NH3/NH4, 
NOX and SOX contribute to the acidification of the environment. 
 
Substance Characterisation factor, 

SO2 - equivalents
NH3/NH4-N 2.283
NOX-N 2.3
SOX-S 2
Table 22. Characterisation factors for Acidification potential.  
 
 
Emissions of NH3/NH4 in Scenario 1 and 2 come from the degradation process in the compost 
and are emitted as compost gas. The substances are also emitted during the spreading process. 
NOX and SOX are emitted as parts of the exhaust gas from vehicles used in the system. 
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Substance Collection Transport Maintaining
the compost

Compost
Gas

Spreader Soil

NH3/NH4-N 0 0 0 0.4524 2.412*10-3 0
NOX-N 0.03871 0.03830 0.0238 0 3.785*10-4 0
SOX-S 9.710*10-6 9.606*10-6 5.971*10-6 0 9.494*10-8 0
Table 23. Acidification potential for Scenario 1. 
 
 
Compared to GWP, avoided emissions from recycling nutrients as well as emissions from 
diesel production have a very small effect on the total impact for Scenario 1 and 2.  
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Figure 9. Acidification potential for Scenario 1. 
 
 
Substance Collection Transport Maintaining

the compost
Compost

Gas
Spreader Soil

NH3/NH4-N 0 0 0 0.4524 2.412*10-3 0
NOX-N 0.03147 0.03830 0.02381 0 3.785*10-4 0
SOX-S 7.893*10-6 9.606*10-6 5.971*10-6 0 9.494*10-8 0
Table 24. Acidification potential for Scenario 2. 
 
 



Anna Hansson, K98 
Master of Science Project   
Industrial Ecology, Royal Institute of Technology, 2005 
 

 40

Acidification - Scenario 2
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Figure 10. Acidification potential for Scenario 2. 
 
 
In Scenario 3 emissions of NH3/NH4 comes from the incineration process and the degradation 
processes of slag and ash at the landfill. NOX and SOX are formed when collecting and 
transporting waste, slag and ash and from the vehicles maintaining the landfill as well as from 
the incineration process. 
 

Substance Collection Transport 
1

Incineration Transport 
2

Landfill 
ST 

Landfill 
RT

NH3/NH4-N 0 0 1.365*10-9 0 2.246*10-8 4.113*10-5

NOX-N 0.1003 4.066*10-3 0.2242 1.029*10-4 3.793*10-4 0
SOX-S 2.516*10-5 1.020*10-6 7.70*10-3 2.581*10-8 9.513*10-8 0

Table 25. Acidification potential for Scenario 3. 
 
 
The production of electricity and heat has a significant effect on the total acidification 
potential in Scenario 3, as can be seen in figure 10. 
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Figure 11. Acidification potential for Scenario 3. 
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In the figure below, the acidification potential for three scenarios are presented and compared. 
Most of the contribution from Scenario 1 and 2 comes from emissions of NH3/NH4 from the 
degradation process of the compost material. In Scenario 3, the emissions of NOX emitted 
during the incineration process and emissions from electricity and heat production contribute 
the most.  
 

Acidification - Scenario 1, 2, 3

-0.1000

0.0000

0.1000

0.2000

0.3000

0.4000

0.5000

0.6000

Scenario 1 Scenario 2 Scenario 3

SO
2-

eq
.

Heat production

Electricity production

Diesel production

Avoided emissions -
NPK
Final Treatment

Treatment

Transports

 
Figure 12. All three scenarios compared by activity, Acidification potential.  
 
 
If all emissions from the activities are added, it becomes clear that Scenario 3 has the highest 
contribution to the acidification process, and Scenario 2 the lowest. This is illustrated in 
Figure 13 below. 
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Figure 13. Comparing all three scenarios – Acidification 
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5.3 Eutrophication potential – air and water 
 
Substances that contribute to the eutrophication process are emitted both to air and to water. 
Emissions of NH3/NH4, NOX and P to the air and NO3, P and COD (chemical oxygen 
demand) to the water are considered to have eutrophication potential properties.  
 
Substance Characterisation factor, 

O2 - equivalents
Air 
NH3/NH4-N 20
NOX-N 20
P-tot 140
Water 
NO3-N 20
P-tot 140
COD 1
Table 26. Characterisation factors for Eutrophication potential.  
 
 
NH3/NH4 and NOX emitted to air in Scenario 1 and 2 comes from the degradation process in 
the compost and are emitted as compost gas. Emissions of NO3 to water come from leakage 
from the field, where the compost is spread as a fertiliser. There are no emissions of COD to 
water or phosphorous, either to air or water, in this system. 
 
Substance Collection Transport Maintaining

the compost
Compost

Gas
Spreader Soil

Air   

NH3/NH4-N 0 0 0 3.963 0.02113 0
NOX-N 0.3366 0.3330 0.2070 0 3.291*10-3 0
P-tot 0 0 0 0 0 0
Water   
NO3-N 0 0 - - - 4.192
P-tot 0 0 - - - 0
COD 0 0 - - - 0
Table 27. Eutrophication potential for Scenario 1. 
 
 
The main contribution to eutrophication potential in Scenario 1 and 2 comes from the 
NH3/NH4 emitted as compost gas and the NO3 from leakage to water from soil. Neither the 
avoided emissions from nutrients nor emissions from diesel production have any effect on the 
total impact. 
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Eutrophication - Scenario 1
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Figure 14. Eutrophication potential for Scenario 1. 
 
 
Substance Collection Transport Maintaining

the compost
Compost

Gas
Spreader Soil

Air   

NH3/NH4-N 0 0 0 3.963 0.0211 0
NOX-N 0.2736 0.3330 0.2070 0 3.291*10-3 0
P-tot 0 0 0 0 0 0
Water   
NO3-N 0 0 - - - 4.193
P-tot 0 0 - - - 0
COD 0 0 - - - 0
Table 28. Eutrophication potential for Scenario 2. 
 
 

Eutrophication - Scenario 2
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Figure 15. Eutrophication potential for Scenario 2. 
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In Scenario 3 emissions of NH3/NH4 to air and NO3 to water comes from the incineration and 
the landfill. Emissions of NOX come from the vehicles used in transports and maintenance in 
the system, as well as from the incineration process. Emitted P to air and to water comes from 
the incineration and leakage processes from the landfill gives emissions of P and COD to 
water.  
 
Substance Collection Transport 

1
Incineration Transport 

2
Landfill 

ST 
Landfill 

RT
Air   

NH3/NH4-N 0 0 1.196*10-8 0 1.967*10-7 3.603*10-4

NOX-N 0.8723 3.535*10-2 1.949 8.948*10-4 3.298*10-3 0
P-tot 0 0 0.1866 0 0 0
Water   
NO3-N 0 0 1.386*10-8 0 7.294*10-5 7.134*10-2

P-tot 0 0 1.082 0 1.115*10-2 8.944
COD 0 0 0 0 1.075*10-3 1.727*10-2

Table 29. Eutrophication potential for Scenario 3. 
 
 

 
Figure 16. Eutrophication potential for Scenario 3. 
 
 
The eutrophication potential to air and water from the three scenarios is compared in the 
diagram below. In all three scenarios, most of the eutrophication potential is made up by 
emissions from the treatment and the final treatment. In Scenario 1 and 2 that means the 
degradation process in the compost and the leakage from the soil, and in Scenario 3 the 
incineration and the landfill. Neither the avoided emissions nor the emissions from energy 
production contributes much and are not determining for this impact. The high amount of 
emitted substances from the final treatment in Scenario 3, leads to that this scenario becomes 
the less favourable. 
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Eutrophication - Scenario 1, 2, 3
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Figure 17. All three scenarios compared by activity, Eutrophication potential.  
 
 

5.4 Formation of photochemical oxidants 
 
The substances that contribute to the formation of photochemical oxidants in the air are CH4, 
VOC (volatile organic compounds) and CO.  
 
Substance Characterisation factor, 

C2H4 - equivalents
CH4 0.006
VOC 0.416
CO 0.03
Table 30. Characterisation factors for formation of photochemical oxidants.  
 
 
Substance Collection Transport Maintaining

the compost
Compost

Gas
Spreader Soil

CH4 0 0 0 2.567*10-3 0 0
VOC 1.081*10-3 1.070*10-3 6.650*10-4 6.315*10-5 1.057*10-5 0
CO 2.243*10-4 2.219*10-4 1.379*10-4 0 2.193*10-6 0
Table 31. Formation of photochemical oxidants in Scenario 1. 
 
 
As presented in figures 16 and 17, emissions of VOC from diesel production are the largest 
contribution to the formation of photochemical oxidants in Scenario 1 and 2, and are 
determining for the total impact. 
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Photochemical oxidants - Scenario 1
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Figure 18. Formation of photochemical oxidants in Scenario 1. 
 
 
Substance Collection Transport Maintaining

the compost
Compost

Gas
Spreader Soil

CH4 0 0 0 2.567*10-3 0 0
VOC 8.789*10-4 1.070*10-3 6.650*10-4 0 1.057*10-5 0
CO 1.823*10-4 2.219*10-4 1.379*10-4 0 2.193*10-6 0
Table 32. Formation of photochemical oxidants in Scenario 2. 
 
 

Photochemical oxidants - Scenario 2
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Figure 19. Formation of photochemical oxidants in Scenario 2. 
 
 
Also in Scenario 3, emissions from diesel production are the largest contribution to the 
formation of photochemical oxidants. 
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Substance Collection Transport 
1

Incineration Transport 
2

Landfill 
ST 

Landfill 
RT

CH4 0 0 0 0 0 0
VOC 2.802*10-3 1.136*10-4 0 2.874*10-6 1.059*10-5 0
CO 5.812*10-4 2.356*10-5 1.436*10-5 5.962*10-7 2.198*10-6 0

Table 33. Formation of photochemical oxidants in Scenario 3. 
 
 

Photochemical oxidants - Scenario 3
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Figure 20. Formation of photochemical oxidants in Scenario 3. 
 
 
Also for the formation of photochemical oxidants, Scenario 3 contributes the most to 
environmental impact. Figure 19 shows how the activities in the scenarios affect the total 
impacts. In Scenario 1 and 2, VOC from diesel production and transports and CH4 from the 
degradation process in the compost build up most of the impact. Production of diesel, 
electricity and heat contributes a lot to the impact from Scenario 3. 
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Figure 21. All three scenarios compared by activity, formation of photochemical oxidants.  
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5.5 Environmental evaluation of nutrients 
 
The amounts of N, P and K that are recycled back to soil in Scenario 1 and 2 are presented in 
table 8, chapter 4.1. The amounts of each substance are multiplied to the values in the table 
below in order to achieve the avoided emissions, which are displayed in the last column in the 
table below.  
 
Emissions 
(substance) 

[g/kg N] [g/kg K] [g/kg P] Avoided 
emissions [kg]  

Cd 2.19E-04 4.46E-04 1.19E-05 -2.044*10-7 

Cr 1.71E-03 2.10E-04 2.78E-06 -5.211*10-7 
Cu 1.57E-03 1.10E-03 3.37E-05 -7.924*10-7 
Hg 1.43E-05 6.83E-05 2.12E-06 -2.690*10-8 
Ni 5.11E-03 9.93E-03 2.70E-04 -4.628*10-6 
Pb 1.33E-03 9.31E-04 2.54E-05 -6.629*10-7 
Zn 1.75E-03 9.88E-04 2.96E-05 -8.014*10-7 
CH4 2.85 5.68 0.180 -2.693*10-3 
CO 1.20 4.25 0.167 -1.848*10-3 
CO2 2840 3080 133 -1.90 
N2O-N 9.31 0.183 6.84E-03 -2.568*10-3 
Dioxin 6.40E-10 2.62E-09 8.20E-11 -1.058*10-12 
NMVOC 1.24 6.49 0.219 -2.569*10-3 
NH3-N 0 1.20E-03 3.44E-05 -3.977*10-7 
NO2-N 4.11 0 0 -1.105*10-3 
NOx-N 1.42 5.58 0.210 -2.360*10-3 
N-tot 14.8 5.76 0.217 -6.023*10-3 
PAH 3.20E-04 6.01E-06 5.94E-06 -1.029*10-7 
SO2-S 2.20 19.2 0.526 -6.893*10-3 
SO3-S 0 0.531 1.38E-02 -1.723*10-4 
S-tot 2.20 19.7 0.540 -7.057*10-3 
Cd(aq) 7.77E-06 3.76E-05 1.20E-06 -1.487*10-8 
Cr(aq) 8.51E-06 2.10E-04 6.57E-06 -7.331*10-8 
Cu(aq) 2.80E-06 5.82E-05 2.42E-06 -2.198*10-8 
Ni(aq) 6.20E-05 2.43E-04 7.65E-06 -9.898*10-8 
Pb(aq) 5.80E-05 2.74E-04 8.69E-06 -1.086*10-7 
COD(aq) 1.72E-03 3.51E-02 1.45E-03 -1.324*10-5 
P-tot(aq) 3.43E-06 3.30 8.64E-02 -1.073*10-3 
SO4-S(aq) 0.234 2.33 7.18E-02 -8.481*10-4 
S-tot(aq) 0.234 2.33 7.18E-02 -8.481*10-4 
BOD(aq) 6.86E-05 1.09E-03 4.50E-05 -4.152*10-7 
Table 34. Emission factors for production of mineral fertiliser N, P and K expressed as g per 
kg NPK36. 
 
 
The achieved values for the avoided emissions can be used to calculate avoided 
environmental impacts for the scenarios in the same way that emissions from the different 
activities contributes to the impacts.  
                                                 
36 Baky Eriksson, 2003 
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Avoided emissions of the substances that contribute to the studied environmental impacts are 
low, compared to the total effects. This is illustrated in the previous figures, describing the 
environmental effects of each scenario. The recycling of nutrients benefits the outcome from 
Scenario 1 and 2, from an environmental point of view, only slightly. 
 

5.6 Environmental evaluation of energy turnover 
 
Different kinds of energy are used in the different scenarios. Diesel is consumed in all three 
scenarios and in Scenario 3 also electricity and heat are consumed. Since the waste contains a 
very high fraction of water, the incineration will generate neither electricity nor heat. Instead 
additional electricity and heat are requested during the process. The amounts of used energy 
in the scenarios are presented in tables in chapter 4 and the values are multiplied to emission 
factors for production of the different types of energy. The emission factors and the results are 
presented in the table below. 
 
Substance Production of

electricity, [kg/MJ]37
Scenario 1 

[kg]
Scenario 2 

[kg] 
Scenario 3 

[kg]
CO 6.10*10-5 - - 2.56*10-2 

CO2 0.141 - - 59.1
VOC 1.67*10-5 - - 7.0*10-3

N-NOX 7.35*10-5 - - 3.08*10-2

S-SOX 4.05*10-5 - - 1.70*10-2

CH4 6.70*10-5 - - 2.81*10-2

N2O 7.95*10-7 - - 3.33*10-4

Substance Production of
heat, [kg/MJ]38

 

CO 1.82*10-4 - - 5.17*10-2

CO2 6.35*10-2 - - 18.0
HCl 2.54*10-5 - - 7.21*10-3

CH4 2.57*10-4 - - 7.30*10-2

N-NOX 5.10*10-5 - - 1.45*10-2

N-N2O 1.80*10-7 - - 5.11*10-5

Particles 2.96*10-5 - - 8.40*10-3

S-SOX 1.39*10-4 - - 3.95*10-2

VOC 3.50*10-6 - - 9.94*10-4

 
 
 
 
 
 
 
 
 
 
                                                 
37 Energinet, Østdanmark, 2005 
38 NTM, District heat, Danish average, 2002 
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Substance Production of
diesel, [kg/MJ]39

 

CO 2.0*10-6 5.99*10-4 5.56*10-4 6.20*10-4

CO2 3.50*10-3 1.05 0.973 1.09
CH4 2.0*10-6 5.99*10-4 5.56*10-4 6.20*10-4

N-NOX 9.40*10-6 2.81*10-3 2.61*10-3 2.92*10-3

Particles 1.0*10-6 2.99*10-4 2.78*10-4 3.10*10-4

S-SOX 9.50*10-6 2.84*10-3 2.64*10-3 2.95*10-3

VOC 3.30*10-5 9.88*10-3 9.17*10-3 1.02*10-2

 
Table 35. Emissions for energy production expressed as kg per MJ 37, 38, 39. 
 
 
From the figures in the previous chapter presenting the environmental effects for the 
scenarios, it is obvious that the emissions from energy production have a determining effect 
on the environmental impacts. Considering GWP and acidification, emissions from the 
production of electricity in Scenario 3 contributes considerably to the total impacts. Analysing 
the eutrophication potential, the energy turnover have no significant effect of the mutual 
impacts. The production of diesel contributes considerably on the formation of photochemical 
oxidants, although the mutual difference between the scenarios is not influenced since the 
contributions are almost the same from the three scenarios. However, emissions from heat and 
electricity production lead to a higher impact for Scenario 3 for this environmental effect.  
 

5.7 Comparing all scenarios 
 
Here, the environmental effects for all three scenarios are presented in one radar diagram. 
Avoided emissions from nutrients and emissions from energy turnover are included in the 
diagram. Scenario 1 is the reference scenario and the values for the all environmental effects 
for this scenario are given the value 1. All impacts for the two other scenarios are normalised 
to the reference scenario.  
 
This diagram shows that Scenario 3 differs most from the other two scenarios when it comes 
to Global Warming Potential. For the formation of photochemical oxidants and the 
eutrophication potential, Scenario 3 contributes slightly more than Scenario 1 and 2. Only for 
the acidification potential, all three scenarios are almost the same. 
 

                                                 
39 Uppenberg et al, 2001 
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Figure 22. Radar diagram comparing the scenarios. 
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6. Interpretation 

6.1 Completeness check 
 
The purpose of this part of the interpretation procedure is to ensure that all the information 
and data from the three scenarios have been used and are available for interpretation.40 
Missing data are identified and the need to complete the data is evaluated. The completeness 
check can only be an empirical value and is mainly ensuring that no major aspects have been 
left out of the study. In the tables below, the completeness of the data of the systems is 
analysed. 
 
In table 36, the data available for Scenario 1 and 2 is analysed. Table 37 contains a 
completeness check for Scenario 3. A larger part of the data and information used in Scenario 
1 and 2 are site-specific compared to Scenario 3.  
 
Part of the system Complete? Action required
Waste fraction No Data from analysing the material would be 

more accurate.
Collecting the waste Yes/No Most of the data for this activity is site-

specific, but the diesel consumption when 
the van is fully loaded and empty is 

assumed.
Transport to Krogerup Yes
Maintaining the compost Yes
Compost Gas No Measurements of the composition of the gas 

would be more accurate.
Spreading Yes
Soil No Site-specific data of the soil processes would 

be more accurate.
Table 36 .Completeness check – Scenario 1 and 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
40 ISO 14044:2005 
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Part of the system Complete? Action required
Waste fraction No Data from analysing the material would be 

more accurate.
Collecting the waste No The energy consumption for collecting the 

waste is a preset value in ORWARE. A site-
specific value would be more accurate. 

Transport to the incineration 
plant. 

No The distance is approximated from an 
arbitrary address at Østerbro to the 

incineration plant. 
Incineration No The plant described in ORWARE in based 

on an incineration plant in Uppsala, Sweden, 
and is adapted to Danish conditions during a 

former study. Site-specific data for the 
Vestforbraending plant would be more 

accurate.
Transport to the landfill. Yes/No The distance from Vestforbraending to AV 

Miljø is accurate, but the data of the trucks 
are not site specific.

Landfill ST No Site-specific data would be more accurate.
Landfill RT No Site-specific data would be more accurate.
Table 37 .Completeness check – Scenario 3 
 
 

6.2 Sensitivity check 
 
The purpose of a sensitivity check is to analyse how variations in assumptions, methods and 
data have influence on the results41. The procedure is to vary the assumptions, methods and 
data and compare the obtained results. The following parameters are varied: 
 

• The amount of water in the waste fraction is set to 90.8% during the original 
simulations. To analyse the sensitivity of this parameter, simulations are also made 
with 80% and 84%.  

 
• The nitrogen content in the waste fraction is varied and simulations are made with 

0.099 and 0.00099. The amount of nitrogen in the original simulations is 0.0099. 
 

• In Scenario 1 the distance travelled on the collection trip is 26.5 kilometres. In order to 
analyse the sensitivity of this parameter, simulations are made with 15 and 50 
kilometres respectively. The amount of waste collected of each trip is also varied and 
the results are analysed. 

 
• The parameter that controls the emissions of ammonia after the spreading process is 

preset to 15 % of NH4
+ in ORWARE. Simulations are also made with 5% to analyse 

the sensitivity of this value. 
 

                                                 
41 ISO 14044:2005 
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• The value for electricity consumption during the incineration process is preset to 0.32 
mega joule per kilogram waste in ORWARE, and the value 0.25 is also used for 
comparison.  

 
• Other values for emissions from electricity productions are used in simulations. 

 
• At the landfill, part of the slag is recycled. This value is preset to 80% in ORWARE, 

and simulations are also made with 0% as well as 100% to analyse the sensitivity. 
 

6.2.1 Water content in the waste 
 
The water content in the waste fraction is set to 90.8 %. Generally it is very unfavourable to 
incinerate wet material, and the achieved values from the simulation of produced heat and 
electricity are negative, as presented in chapter 4.3. The negative values depends on that the 
energy of vaporisation is larger than the energy content of the waste.  
 
Recent measurements of the collected waste indicate that the actual water content is lower, 84 
%. For this water percentage, both heat and electricity are produced during the incineration, 
and the environmental effects are changed to the favour of Scenario 3. However, the amount 
of consumed electricity is higher than the amount of the produced, and this leads to emissions 
from electricity production for all four impacts. In addition, a higher amount of dry matter 
leads to higher emissions from the compost gas, the spreading process and the leakage from 
soil in Scenario 1 and 2.  
 
For GWP, acidification and the formation of photochemical oxidants, the changes are large 
enough to change the mutual order between the impacts for the scenarios, as can be seen in 
figure 23, 24 and 25. The benefits from both heat production and the lower amount of 
consumed electricity, in combination with the higher emissions from Scenario 1 and 2, leads 
to that Scenario 3 becomes the most favourable from an environmental point of view.  
 
For the eutrophication potential, the mutual order between the scenarios is unchanged. 
Emissions of nitrogen compound from treatment and final treatment in all three scenarios are 
higher for a higher content of dry matter and all scenarios contribute more to the 
eutrophication potential. This is illustrated in figure 26 below.  
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GWP - Scenario 1, 2, 3
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Figure 23. All three scenarios compared by activity, GWP, DM = 0.16 (water content = 84 
%). 
 
 

Acidification - Scenario 1, 2, 3
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Figure 24. All three scenarios compared by activity, Acidification, DM = 0.16 (water content 
= 84 %).  
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Photochemical oxidants - Scenario 1, 2, 3
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Figure 25. All three scenarios compared by activity, Formation of photochemical oxidants, 
DM = 0.16 (water content = 84 %).  
 
 

Eutrophication - Scenario 1, 2, 3
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Figure 26. All three scenarios compared by activity, Eutrophication, DM = 0.16 (water 
content = 84 %).  
 
 
If the water content in the waste is decreased further to 80%, more heat and electricity are 
produced during the incineration. The amount of produced electricity exceeds the amount of 
consumed electricity for this percentage of water; this is illustrated for GWP in figure 27. 
Also for acidification potential and the formation of photochemical oxidants, the total 
emissions from Scenario 3 become even lower. For the eutrophication potential, the higher 
amount of dry matter leads to even higher emissions from the treatment and final treatment in 
all three scenarios.  
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GWP - Scenario 1, 2, 3
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Figure 27. All three scenarios compared by activity, Eutrophication, DM = 0.20 (water 
content = 80 %).  
 
 
The conclusion from varying the water content is that the results are sensitive for this 
parameter.  

6.2.2 Nitrogen content in the waste 
 
The value of the nitrogen content (N-tot) in the waste fraction is set to 0.0099 kilogram per 
kilogram waste, and simulations are made with 0.099 as well as 0.00099 to analyse the 
sensitivity.  
 
For 0.099, the GWP changes in the way that the total impacts of all three scenarios are 
increased. In Scenario 1 and 2, the increase is caused by the increased emissions of N2O from 
the treatment and the final treatment. On the other hand, there is a higher level of avoided 
emissions due to a higher amount of recycled nitrogen, and this contributes to decrease the 
impacts from Scenario 1 and 2. In Scenario 3, a fraction of 0.099 of nitrogen causes an 
increase of emissions of N2O from the incineration. However, neither the lower nor the higher 
fraction of nitrogen leads to a change in the mutual order for the scenarios. When simulations 
are made with a nitrogen fraction of 0.00099, the GWP for the three scenarios are slightly 
changed to the lower, but the mutual order is not affected. 
 
The acidification potential is influenced at a high degree when the nitrogen content is varied; 
this is illustrated in figure 25 and 26. When the higher nitrogen content is used in simulations, 
the effects of Scenario 1 and 2 becomes much higher than Scenario 3. And for the lower level 
of nitrogen, the acidification effect of Scenario 1 and 2 becomes even lower than Scenario 3, 
compared to the original impact. The changes depend on the higher and lower amounts of 
emissions of NH3/NH4 from the compost gas and during the spreading process. The amounts 
of NH3/NH4 emitted from the incineration and the landfill in Scenario 3 are also changed, but 
since the amounts are very low there is no influence on the total effects.  
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Figure 28. All three scenarios compared by activity, Acidification, N-tot = 0.099.   
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Figure 29. All three scenarios compared by activity, Acidification, N-tot = 0.00099.   
 
 
Varying the nitrogen content has the same effect on the eutrophication potential, as on the 
acidification potential. For Scenario 1 and 2, the higher and lower amounts of NH3/NH4 to air 
from the compost gas and the spreading process, in combination with the higher and lower 
emissions of NO3 to water, when simulating with higher and lower nitrogen content gives the 
same changes in the eutrophication potential as illustrated in figure 28 and 29 above. The 
impact of Scenario 3 is not influenced appreciably. 
 
The mutual order between the scenarios regarding the formation of photochemical oxidants, 
are not changed when the nitrogen content is varied. 
 
Overall, the nitrogen content has a large effect on the environmental effects.  
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6.2.3 Collecting the waste 
 
If the distance travelled on the collection route in Scenario 1 is increased from 26.5 to 50 
kilometres, (collected amount of waste is the same) all the environmental effects are slightly 
increased for this scenario. If the distance is set to 15 kilometres, the environmental effects are 
decreased. This is illustrated in figure 2, chapter 3.4 and it is obvious that the longer the 
distance, the higher the emissions, for all three scenarios. 
 
However, if the collected amount of waste on one trip is increased (the distance is the same), 
there is no difference in the amounts of emissions. The reason is that the emissions are based 
on one ton collected waste. More collected waste leads to higher emissions, but the emissions 
per ton collected waste is not changed. 
 

6.2.4 Spreading the compost 
 
The value that is preset in ORWARE for the emissions of ammonia after spreading is 15 % of 
NH4

+. This value can vary42 and is adapted to industrially produced fertilisers. There is reason 
to believe that a large part of the ammonia is emitted during the composting process, and a 
lower value, 5% of NH4

+, is therefore used in the simulations to analyse the sensitivity. 
However, the changes in the scenarios regarding the studied environmental effects are very 
small and the mutual order between the scenarios is not changed.  
 

6.2.5 Electricity consumption - Incineration 
 
The consumption of electricity for the incineration process is controlled in ORWARE by a 
parameter, which is set to 0.32 mega joule electricity per kilogram waste. This parameter can 
be different for different incineration processes, and as low as 0.25 in some cases. When 
simulations are made with the value 0.25, the impacts of Scenario 3 are improved a bit, but 
there is no significant difference and the improvement is not enough to change the mutual 
order between the scenarios. 
 

6.2.6 Energy Turnover 
 
The emission vector for electricity production that is used in the original simulations is 
presented in table 35, chapter 5.6. In order to analyse the sensitivity of these values, 
simulations are made with alternative data from Energinet43, but for electricity delivered in 
the western of Denmark. The emissions per mega joule are presented in table 38 below. 
 
 
 
 
 
 
                                                 
42 Dalemo, 1999 
43 Energinet, Vestdanmark, 2005 
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Substance [kg/MJ] 
CO 6.90*10-5 

CO2 0.133 
VOC 3.10*10-5 
N-NOX 2.72*10-4 
S-SOX 2.50*10-5 
CH4 1.33*10-4 
N2O 1.94*10-6 
Table 38. Emissions for electricity production expressed as kg per MJ [43] 

 
 
The emissions of kilogram CO, VOC, N-NOx and N2O are higher for the electricity delivered 
i western Denmark, compared to eastern Denmark. This leads to higher acidification and 
eutrophication potentials as well as formation of photochemical oxidants for Scenario 3. The 
global warming potential is slightly change to the lower.  
 

6.2.7 Recycling slag 
 
The parameter describing the amount of recycled slag at the landfill is set to 80% in 
ORWARE. Simulations with 0% and 100% respectively are made to analyse the sensitivity. 
The eutrophication potential is the only impact affected by changing the parameter. In figure 
30 below, the eutrophication potential for a recovery of slag at 0% is displayed, and 100% in 
figure 31. This parameter has a significant effect on the eutrophication potential for Scenario 
3.  
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Figure 30. Eutrophication potential, recycled slag 0%. 
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Eutrophication - Scenario 1, 2, 3
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Figure 31. Eutrophication potential, recycled slag 100% 
 
 

6.3 Consistency check 
 
A consistency check aims to determine if the assumptions, methods, models and data are 
consistent during the life cycle or between different studied systems.44 Another way to put it 
is to check if the scope is consistent with the results. In this study, it is only relevant to check 
the consistency of the data, since the assumptions, methods and models are the same for the 
two studied systems. 
 
Primarily, measured data of the waste fraction would be used, but since there are no data 
available, literature data are used instead. Also for the compost-, soil- and incineration 
process, site-specific data turned out to be difficult to find, and literature data or preset values 
in ORWARE are therefore used, and the data are inconsistent.   
 
For the collection and transports in Scenario 1 and 2 (System 1) as well as for the spreading 
process, site-specific data are used. Since this was the intention, the data is consistent. 
 
Literature data and preset values in ORWARE are used for the collection, transport and 
landfill models in Scenario 3. These data are consistent, since the intention was to use these 
data from the beginning.  
  
In table 40, a summary of the result of a consistency check are presented. 
 
 
 
 
 
 
 
 
                                                 
44 ISO 14044:2005 
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Data Comment Consistent? 
Waste 
fraction 

The composition of the waste is based on literature 
data, and not data from analyses. 

No 

Collection Data for System 1 is primary data, and for System 2 
literature data. 

Yes 

Compost Primary data for the compost process are missing, 
and therefore literature data is used.  

No 

Incineration Literature data is used. No 
Spreading Primary data is used. Yes 
Soil Primary data for the process in soil is missing, and 

literature data is used instead. 
No 

Transport to 
landfill 

Literature data is used. Yes 

Landfill Literature data is used. Yes 
Table 40. Result of a consistency check. 
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7. Conclusion and Discussion 
 

7.1 System boundaries 
 
In figure 2, the boundaries for the product system are illustrated. This system is discussed in 
this chapter. 
 

• Emissions from production and treatment of the plastic bags, composed of maize 
starch, are not accounted for in this study. However, since the emissions are based on 
wet waste, the results might be affected if the addition of starch were taken into 
account. This parameter may be a source of error. 

 
• Inside the boundary is emissions and avoided emissions for production of electricity, 

heat, diesel and nutrients. Primarily, the avoided emissions due to recycled organic 
carbon were evaluated as production of the same amount of peat. During the study, the 
amounts turned out to be too small to have an effect on the results, and are therefore 
not accounted for. However, if the recycled carbon is evaluated as a carbon sink 
instead, the results may change in favour for Scenario 1 and 2. 

 
• The environmental impacts from the part of the slag that end up in roads are placed 

outside the product system. The result would be more accurate if this would be placed 
inside the system. 

 

7.2 Analysing the results 
  
When analysing the results, Scenario 3 is the least favourable from an environmental point of 
view concerning all the studied impacts. This is mainly because of the high emissions from 
production of electricity and heat, except for the eutrophication potential where the high 
emissions from landfill affect the result in a high degree.       
 
Simulations are made with varying values of some of the parameters, in order to analyse the 
sensitivity and the relevance of the result.  
 

• The water content has a high influence on the result, and when simulations are made 
with 84% water (16% dry matter) the results changes to the advantage to Scenario 3 
for all impacts except eutrophication. The change depends on the higher amount of 
produced heat and electricity. 

 
• When changing the value of the nitrogen content in the waste fraction, the 

acidification and eutrophication potential caused by Scenario 1 and 2 are strongly 
affected and leads to changes in the mutual order between the scenarios. High nitrogen 
content gives high impacts for Scenario 1 and 2, and Scenario 3 becomes the most 
favourable. Low content of nitrogen leads to that the emissions from Scenario 1 and 2 
are much lower than Scenario 3.  
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• The distances travelled when collecting and transporting the waste are directly 
connected to the amount of emissions from the scenarios. Long distances – high 
emissions, short distances – low emissions. These emissions comes both from the 
engine when combusting the diesel, and from the process when producing the diesel. 

 
• Since all emissions are calculated per 1000 kilogram collected waste, the amount of 

waste collected on each trip does not make a difference.  
 

• The amounts of ammonia that are emitted after the spreading process are changed to 
5% instead of 15%, but the result is not sensitive to this parameter. 

 
• When changing the value for electricity consumption from 0.32 MJ/ton waste to 0.25 

MJ/ton waste, there is a slight improvement for Scenario 3. However, the 
improvement is too small to make a difference on the mutual order. 

 
• The emissions from the production of electricity are changed to alternative values for 

the western of Denmark, and the acidification and eutrophication potentials and the 
formation of photochemical oxidants becomes higher for Scenario 3. The GWP 
changes slightly to the lower, but not enough to make a difference. 

 
• The eutrophication potential is the only impact affected by the amount of recycled slag 

at the landfill. When changing the amount to 0%, Scenario 3 contributes much more to 
the eutrophication potential than before. For a 100% recycling of slag, Scenario 3 
improves a bit and becomes the most favourable for this impact. 

 
Altogether, a conclusion can be drawn that the small scale treatment systems, Scenario 1 and 
2, are competitive from an environmental point of view compared to the large scale system, 
Scenario 3.  
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Appendix  
 
Parameter Value 
Energy content in diesel oil 43.2 MJ/kg(1) 
Density of diesel 0.815 kg/l(1) 

Tyre wear 0.000027 kg tyre/MJ fuel(2) 

Table A1. Input data for all transport models. 
 
 
Parameter Value 
Amount of collected wet waste (functional unit) 1000 kg 
Distance travelled on the collection route, present time 26.5 km(3) 

Distance travelled on the collection route, future 12.5 km(3) 

Average amount of waste collected per trip, present time 30.1 kg(3) 

Average amount of waste collected per trip, future 346.5 kg(3) 

Distance from the last stop to Krogerup Farm 37 km(3) 

Maximum load for the van 1150 kg(3) 
Fuel consumption when the van is idling 2.1 litres of diesel/1000 kg waste(3) 

Fuel consumption when van is empty 0.1 l/km(4) 

Fuel consumption when van is fully loaded 0.2 l/km(4) 
Table A2. Input data for the transport models – compost scenarios. 
 
 
Parameter Value 
Diesel consumption for maintaining the compost 2 litres/1000 kg waste(3) 

Distance between compost and field 0 km(3)  

Time for spreading 2 min/1000 kg compost material(3) 

Diesel consumption for spreading  1 litre/1000 kg compost material(3) 

Table A3. Input data for the compost and spreading models.  
 
 
Parameter Value 
Energy consumption for waste collection labour 0.3 GJ/1000 kg waste(2) 

Maximum load for the truck 26000 kg(7) 

Fuel consumption when truck is empty 2.5 litres of diesel/1000 kg waste(7) 

Fuel consumption when van is fully loaded 3.4 litres of diesel/1000 kg waste(7) 

Distance between Østerbro and Glostrup 12 km(5) 

Distance between Glostrup and AV Miljø 10 km(5) 

Table A4. Input data for the collection and transports models – incineration scenario. 
 
 
Parameter Value 
Energy consumption at the incineration 0.32 MJ electricity/kg waste(2) 

Part recycled slag at the landfill 0.80(2) 
Energy consumption for managing the landfill 40 MJ/ 1000 kg landfilled(2) 

Table A5. Input data for the incineration and landfill (surveyable time) models. 
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Substance kg/kg DM Substance kg/kg DM 
C-tot 0.451938 Ca 0.0033 
Cch-stable 0.014366 Pb 0.03*10-6 

Cch-biodegr. 0.233892 Cd 0.02*10-6 
C-fat 0.0152 Hg 0.001*10-6 
C-protein 0.0315 Cu 0.60*10-6 
VS 0.97 Cr 0.01*10-6 
DM 0.092 Ni 0.10*10-6 
H2O 0.908 Zn 2.20*10-6 
N-tot 0.0099 Cch-medium 0.15698 
S-tot 0.0009 Mg 0.002 
P-tot 0.0028 Ash 0.03 
K 0.028   
Table A6. Vector of substances – organic waste. (6) 
 
 
Recycling of nutrients N, P, K 
Global warming potential  CO2, CO4, N2O 
Acidification potential  NH3/NH4-N, NOx-N, SOx-S, Cl-tot 
Eutrophication potential   NH3/NH4-N, NOx-N, P-tot 
Formation of photochemical oxidants CH4, VOC, HC , CO,  N-NOx 
Heavy metals Pb, Cd, Hg, Cu, Cr, Ni, Zn 
Table A7. Studied substances. 
 
 
Substance [kg/kg tyre wear] 
PAH 240*10-6 

Phenols 15*10-3 

S-tot 10*10-3 

Cd 1.8*10-6 

Zn 15*10-3 

Table A8. Emissions to water – transport. (2) 
 
 
Substance [kg/MJ] 
CO2 72.1*10-3 

VOC 0.0227*10-3 

CO 0.0653*10-3 

NOX-N 0.147*10-3 

SOX-S 0.0424*10-6 

Particles 5.68*10-6 

Table A9. Emissions to air – transport. (7) 
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Global warming potential 100 years CO2-equivalents 
CO2 – fossil 1 
CH4 21 
N2O 487 
Acidification potential SO2- equivalents 
NH3/NH4

+ 2.3 
NOx 2.3 
SOx 2 
Eutrophication potential, air O2- equivalents 
NH3/NH4

+ 20 
NOx 20 
P-tot 140 
Eutrophication potential, water O2- equivalents 
N-tot 20 
P-tot 140 
COD (chemical oxygen demand) 1 
Photochemical oxidants C2H4- equivalents 
CH4 0.006 
VOC 0.416 
CO 0.03 
Table A10. Characterisation factors for the studied environmental effects, expressed as kg 
substance per kg emission. (8) 
 
 
Emissions [kg/MJ] 
CO 6.10*10-5 

CO2 0.141 
VOC 1.67*10-5 
NOX-N 7.35*10-5 
SOX-S 4.05*10-5 
CH4 6.70*10-5 
N2O 7.95*10-7 
Table A11. Emission factors for production of electricity, expressed as kg/MJ.  (9) 
 
 
Emissions [kg/MJ] 
CO 0.182*10-3 

CO2 63.5*10-3 

HCl 25.4*10-6 

CH4 0,257*10-3 

NOX-N 0,51*10-3 

N2O-N 0.18*10-6 

Particles 29,6*10-6 

SOX-S 0,139*10-3 

VOC 3.5*10-6 

Table A12. Emission factors for production of heat, expressed as kg/MJ.  (10) 
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Emissions [kg/MJ] 
CO 2.0*10-6 

CO2 3.50*10-3 
CH4 2.0*10-6 
NOX-N 9.40*10-6 
Particles 1.0*10-6 
SOX-S 9.50*10-6 
VOC 0.033*10-3 
Table A13. Emission factors for production of diesel, expressed as kg/MJ.  (11) 
 
 
(1) = OKQ8 homepage, MK1 
(2) = Value preset in ORWARE 
(3) = Svend Daverkosen, Aarstiderne Ltd 
(4) = Assumed value 
(5) = Krak’s homepage 
(6) = Sonesson, Jönsson, 1996 and SLU Table, 1999 
(7) = Lastbil: D12 340-420 Euro 3 MK1, Lars Mårtensson, Volvo Lastvagnar,  
(8) = wfinit-file in ORWARE 
(9) = Energinet, Østdanmark, 2005 
(10) = NTM, 2002, District heat, Danish average 
(11) = Uppenberg et al, 2001 
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