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PREFACE 

The present report “Modelling life cycle assessment for solid waste management 
systems and technologies” has been submitted as a PhD thesis at Environment & 
Resources at the Technical University of Denmark. The first version of the model 
named EASEWASTE was developed during the study. 
 
The PhD project was initiated in February 2001 and finalized in December 2004. 
Professor Thomas Højlund Christensen, Environment & Resources, and Associate 
Professor Michael Z. Hauschild, Department of Manufacturing Engineering & 
Management, DTU, have been supervising the project. 
 
The report is accompanied by four journal papers, where the first paper is a manuscript 
for further review and the last three all have been submitted for publication. The first 
paper is a review of previous models for environmental assessment of solid waste 
management. The second paper focuses on the EASEWASTE model made as part of 
this PhD project in collaboration with three other PhD students at the Technical 
University of Denmark. The third paper describes the landfilling module in the 
developed model and the final paper describes a case study conducted for the 
Municipality of Aarhus, Denmark. Also the program documentation is attached as an 
appendix to the thesis describing the calculation methodologies behind the 
EASEWASTE model. 
 
The papers are not included in this version but can be obtained from the Library at the 
Institute of Environment & Resources, Bygningstorvet, Building 115,  
Technical University of Denmark, DK-2800 Kgs. Lyngby  
(library@er.dtu.dk) 
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SUMMARY 

A new computer based model for environmental assessment of municipal solid waste 
systems and technologies has been developed. The name of the model is EASEWASTE, 
which is an abbreviation of Environmental Assessment of Solid Waste Systems and 
Technologies. The model enables, by the use of life cycle assessment, comparisons 
between different waste management strategies and different technologies within a 
waste treatment method. Life cycle assessment is a systematic and holistic approach of 
evaluating resource consumption, potential impact on humans and on the environment 
of a product or service including all upstream and downstream activities. The model is 
developed so sources of potential environmental impacts can be traced back to an 
activity, to a waste material fraction and to a substance in a waste material fraction. The 
model is designed to be flexible, transparent, user-friendly and well documented in 
order to ensure widely use by local and regional waste planners as well as by authorities 
setting guidelines and regulations. 
  
The functional unit of the model is waste management of an amount of household waste 
generated in an area that is divided into three main types of residential areas: single 
family housing, multi-family housing and small commercial business units producing 
household like waste. The system boundaries of the model cover “Waste bin to grave”, 
i.e. the point from where products become waste and put into the waste bin at the waste 
generation source to the point where the waste and arisen residues are inert and will not 
contribute to any further environmental impacts. This point is partly defined by the 
overall time frame for emissions from landfills. The environmental exchanges, resource 
consumption and emissions, are calculated for collection, treatment of waste and 
residues, landfilling, remanufacturing and reuse. Also, processes that occur upstream or 
downstream of the waste system are included. These include manufacturing of material 
input to the waste management system as well as substituted materials where production 
is assumed avoided because of material and energy recovery. Any avoided resource 
consumption or emissions due to avoided production of energy or materials are included 
as negative consumptions and emissions resulting, in some cases, that the overall 
impacts can become negative in cases for waste management systems with a high level 
of energy recovery or recycling. An extensive model for use of compost or other 
biomass on soil is included calculating benefits and drawbacks compared to use of 
commercial fertiliser. 
 
The EASEWASTE model has been used on the waste management system of the 
Municipality of Aarhus, the second largest city of Denmark, to compare the traditional 
waste incineration with a scenario including biogas production from organic household 
waste. Both scenarios showed to produce large amounts of district heating and 
electricity, thus a large saving of energy resources and emissions of green house gasses 
arises. The study showed that there were no significant differences in the consumption 
of resources or the environmental impacts with exception of potential human toxicity 
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via soil, when residue from the biogas plant is used on agricultural land. Other results 
showed that by recycling of glass and of paper resources were saved and potential 
environmental impacts were avoided. 
 
There are a number of challenges and limitations by applying life cycle assessment and 
EASEWASTE on municipal solid waste systems. Allocation problems of input and 
emissions from treatment options treating more than one type or fraction of waste, 
market based system expansion for recovered material and time frames including 
estimation and future uses of area are some of the problems that have to be dealt with in 
a serious manner. The current version, EASEWASTE-2004, have some limitations in 
not including social and environmental costs of the solid waste management systems, 
but this is usually not included in life cycle assessments. Site variations, considering the 
sensitivity of the ecosystem where emissions actual occur, are not yet part of the life 
cycle impact assessment. Life cycle impact assessment methods are continuously being 
improved to consider some of these aspects.  
 
Future versions of EASEWASTE will, as developments in life cycle impact assessment 
methods are made and being generally accepted, implement these new methods. Also 
social and environmental costs are planned to be implemented in the near future. 
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DANSK SAMMENFATNING 

Et nyt computerbaseret modelværktøj til miljøvurdering af affaldssystemer og 
affaldsteknologier for dagrenovation er blevet udviklet. Modellen hedder EASEWASTE, 
som er en forkortelse af Environmental Assessment of Solid Waste Systems and 
Technologies. Modellen anvender livscyklusvurdering (LCA) til at sammenligne 
forskellige affaldsstrategier og teknologier. Livscyklusvurderinger er et systematisk og 
holistisk værktøj til at evaluere ressourceforbrug, potentielle påvirkninger på det 
menneskelige helbred og på miljøet. LCA inkluderer ressourceforbrug og emissioner fra 
selve kerneprocessen, f.eks. affaldssystemet, og fra opstrøms og nedstrøms aktiviteter 
(eksempelvis el- og varmeproduktion og erstatning af jomfruelige papir materialer). 
Modellen er udviklet således, at enhver potentiel miljøpåvirkning kan spores tilbage til 
en proces i affaldssystemet, til en materialefraktion og eventuel tilbage til et stof i 
affaldet. Modellen er designet til at være fleksibel, gennemsigtig, brugervenlig og 
veldokumenteret, således, at den både kan anvendes af lokale affaldsplanlæggere til 
optimering af affaldssystemet såvel af regionale og nationale myndigheder, til at 
definere målsætninger og lovgivning indenfor affaldshåndtering. 
 
Den funktionelle enhed i modellen er håndtering af en given mængde dagrenovation, 
som er produceret i et givent område. Området kan inddeles i 3 affaldskilder: enfamilie 
boliger, fler-familieboliger og småt erhverv med dagrenovationslignende affald. 
Systemafgrænsningen dækker fra det tidspunkt, hvor affaldet opstår hos affaldskilden, 
til det punkt, hvor affaldet og opståede restprodukter ikke længere bidrager til 
emissioner. De miljømæssige udvekslinger, som er ressourceforbrug og emissioner, kan 
beregnes for indsamling, behandling af indsamlet affald samt af eventuelle 
restprodukter, deponering, direkte genanvendelse og genindvinding. Eksterne aktiviteter, 
som både sker opstrøms og nedstrøms for affaldssystemet og som også inkluderes, er 
materiale- og energiforbrug samt de processer, som undgås ved erstatning af energi og 
jomfruelige materialer fra genindvundne materialer. Ressourceforbrug og emissioner fra 
undgåede processer, som produktion af energi og jomfruelige materialer, indgår i 
beregningerne som negative, idet de anses for at være ”sparet”. EASEWASTE 
inkluderer også en detaljeret model til beregning af emissioner ved anvendelse af 
kompost og afgasset biomasse på landbrugsjord. Modellen tager de undgåede 
emissioner ved produktion og anvendelse af den kunstgødning, som biomassen 
potentielt kan erstatte. 
  
EASEWASTE modellen har været anvendt i Århus Kommune, for at sammenligne 
forbrænding med et scenario, som inkluderer optisk sortering og bioforgasning af 
organisk dagrenovation. Begge scenarier producerede en væsentlig mængde el og 
fjernvarme, hvorved en stor mængde energiressourcer og emission af drivhusgasser blev 
undgået. Konklusionen var, at der ikke kunne påvises nogen signifikante forskelle på 
miljøeffekterne for de 2 scenarier, med undtagelse af en potentiel påvirkning på det 
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menneskelige helbred grundet anvendelse af afgasset biomasse på landbrugsjord ved 
bioforgasningsscenariet. 
 
Der findes en række udfordringer og begrænsninger ved anvendelse af 
livscyklusvurderinger og EASEWASTE på affaldssystemer. Fordeling af 
ressourceforbrug og emissioner ved processer, som behandler mere end en type eller 
fraktion af affald, markedsbaseret systemudvidelse ved genanvendelse af materialer, 
definering af tidshorisont og eventuelle fremtidige anvendelser af bl.a. affaldsdeponier 
er problemstillinger der skal tages stilling til. Den nuværende version, EASEWASTE-
2004, har begrænsninger, bl.a. ved ikke at inddrage økonomi og social acceptabilitet i 
vurderingerne. Dette er dog kendetegnet ved LCA og de eksisterende metoder, at dette 
normalt ikke inddrages. Stedlig variation, som betragter miljøets følsomhed hvor 
emissionen finder sted, er ikke en del af den eksisterende metode, men udviklinger 
finder fortsat sted, og dette vil i fremtiden være en del af de eksisterende 
miljøpåvirkningsmetoder såvel som en del af EASEWASTE. Også økonomi, inkl. 
miljøøkonomi, er planlagt at blive integreret i modellen i fremtidige versioner. 
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1. INTRODUCTION 

1.1 The waste hierarchy 

Solid waste management has for decades in many countries, been ruled by the waste 
hierarchy that suggests waste minimisation and cleaner technology should be given 
higher priority above recycling, incineration with energy recovery and landfilling in that 
order (Figure 1). The waste hierarchy is part of the European directive on waste 
management, Council Directive 91/156/EEC (Council of European Communities, 1991) 
with the purpose of protecting the environment and ensuring sustainable development. 
The question is however, whether the waste hierarchy is scientifically based or based on 
presumptions and affective values? The waste hierarchy does not attempt to evaluate 
environmental impacts from a given waste management system and it does not consider 
any local conditions that may change the environmental consequences significantly, e.g. 
long distances for recycling (White et al., 1995). The waste hierarchy does, however, 
give guidelines for the preferred waste management strategy if very limited data is 
available for an environmental assessment. 
 

 

Figure 1: Concepts of the waste hierarchy 

 

1.2 Waste management and related problems 

Environmental problems have globally received more and more attention in recent years 
and efforts have been made to decrease environmental problems. The generation of 
solid waste contribute to environmental problems when treating and disposing solid 
waste.   
 
Many problems are involved in collection and treatment of municipal solid waste 
(MSW). The first task by a solid waste management system is to remove the bulk waste 
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from the source. It requires man power and/or energy resources for collection.  
Traditionally solid waste was disposed off in landfills, which still is the case for much 
of the waste in many countries such as United States and UK.  
 
Problems that should be avoided by solid waste management systems are odour, 
hygienic and environmental aspects arising by removing, treating and final disposal of 
waste from the source within a certain time frame. The costs of collecting and treating 
waste are also a substantial part of the total costs used on overall environmental issues 
in the society. Different waste treatment methods have different benefits and drawbacks. 
For example, landfilling may have significant impacts on the surrounding environment 
such as damages to vegetation, ground- and surface-waters as well as nearby citizens 
who risk contact to landfill gases. In extreme cases it is known that houses have 
exploded because of seepage of landfill gas ignited by a spark (Christensen, 1998). 
Waste incineration on the other hand may lead to air emissions of carcinogenic 
substances, which have led to a reserved attitude towards waste incineration and a very 
limited prevalence in some countries. In recent years focus has been on exploiting the 
energy content and fertiliser value of waste. Waste incineration facilities with energy 
recovery have been widely used in solid waste management system because of the 
ability of utilising the energy content and decreasing the mass and volume of the initial 
incoming waste. Thus, the need for landfilling is greatly diminished especially if 
residues are reused e.g. for steel remanufacturing or reuse in construction. By this 
approach waste can be viewed as an important source for energy and material rather 
than “just” being garbage for disposal. 
 

1.3 Aim of study 

To ensure sustainable development regarding solid waste management three areas have 
to be ensured (Francke & McDougall, 1999): 

1. Environmental sustainability 
2. Economical sustainability 
3. Social acceptance  

 
This means that an environmental assessment is not sufficient to base decisions upon, 
why models for evaluating environmental consequences of a solid waste management 
system are decision support tools rather than decision tools. The result from an 
environmental evaluation must be considered along with financial costs and 
acceptability in society. Only the issue of environmental sustainability is regarded in 
this PhD project and was defined by the Brundtland report as:  

”…development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs” (World Commission on 
Environment and Development, 1987). 
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For ensuring environmental sustainability the concept of life cycle thinking is 
appropriate, because it includes a holistic and systematic approach for environmental 
assessment from “cradle to grave”. 
 
The main aim of this PhD study is to develop a user-friendly and flexible computer 
based calculation model for environmental assessment of waste management systems 
for municipal solid waste. The model must be able to compare different waste strategies, 
treatment technologies and simultaneously identify waste substances and sources for 
any potential environmental problems. An important issue is that the model could be 
applied not only in Denmark but also abroad. This requires other datasets but the 
structure of the model must be applicable for most cases. 
 
It is important that the model is flexible and user-friendly in order to be used by both 
local and regional/national waste planners and authorities. The model should be able to 
both make comparisons between two or more alternative scenarios as well as to help 
authorities to set regional or national guidelines for municipal solid waste (MSW) 
treatment. 
 
The work has been divided into four main parts: 

1. Literature and model survey 
2. Defining framework and structure for model 
3. Modelling of EASEWASTE (actual programming has been done by fellow PhD 

student) 
4. Testing and case study 

 
 

1.4 Contents of the PhD thesis 

This PhD thesis contains an introduction to life cycle assessment (LCA) and how LCA 
can be and have been applied to evaluate solid waste management systems. Followed by 
this, the EASEWASTE model, which is one of the main products of the project, is 
described in terms of the methodologies used, the structure and finally each module 
representing activities in solid waste management systems. Two cases are illustrated, 
where the first case is an introductory and simplified case whereas in the second case 
the EASEWASTE model has been used. A discussion follows on uncertainties and 
limitations by using life cycle assessment and EASEWASTE on waste management 
systems. Finally, a description follows of the future work that has to be done on 
EASEWASTE both in respect to improving the model itself and by making the model 
public so it can be used correctly. 
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2. LCA AND SOLID WASTE MANAGEMENT 

2.1 Life cycle assessment 

Life cycle assessment is a tool for evaluating the environmental impacts and 
consumption of resources and was initially developed for evaluating the whole life 
cycle of products including extraction of resources, production, distribution, use and 
disposal. Environmental assessment of a product can be defined as: 

“ to define and quantify the service provided by the product, to identify and 
quantify the environmental exchanges caused by the way in which the service is 
provided, and to ascribe these exchanges and their potential impacts to the 
service” (Wenzel et al., 1997), p.26. 

 
LCA was standardised (ISO, 1997) so product systems and services systematically and 
adequately could be evaluated on their environmental aspects from raw material 
extraction to final disposal, also called from “Cradle to grave”. Specific requirements 
are necessary in LCA studies giving that different LCAs would follow the same routines 
and thus being more comparable with each other. Conducting an LCA of a product or 
service, like waste management, at least three main groups, also referred as areas of 
protection (Udo de Haes et al., 1999) have to be included:  

1. Human health 
2. Natural environment 
3. Natural resources 

 
A fourth area, that could be included, is the human environment consisting of cultural, 
economic and intrinsic values. This inclusion increases the scope significantly because 
there has to be made an evaluation of benefits and damages on monuments, forests, 
buildings etc. (Udo de Haes et al., 1999). Traditionally, LCA does not include this area 
of protection but other tools like cost benefit analysis (CBA) and life cycle costing 
(LCC) can be used for evaluating this issue. 
 
Life cycle assessment can be made on different levels which are very different by the 
work needed and thus by the reliability of the results. Hansen, 2004, recommends, that 
an assessment could start simple and, if needed, a more detailed assessment can be 
conducted. Three main levels of LCA are (Hansen, 2004b): 

1. Life cycle thinking, conceptual qualitative assessment of inputs, emissions, 
chemicals etc. 

2. Simplified LCA , including screenings with limited data collection 
3. Detailed LCA, quantitative assessments based on much data and calculations 

 
In some cases this approach can be used in solid waste management but it depends very 
much on the purpose of the assessment. Life cycle thinking and simplified LCA can be 
used internally by waste planners to identify and improve existing systems. A detailed 
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LCA can be used externally with a detailed documentation of all relevant assumptions 
and data sources.  
 
A detailed LCA must follow a systematic approach with four phases. The phases in 
LCA according to the ISO standard are (Jerlang et al., 2001): 

1. Definition of goal and scope: Purpose, target for whom the results are used, 
the functional unit, system boundaries and data requirements of the LCA study 
are defined 

2. Life cycle inventory (LCI):  An identification of involved processes and 
collection and allocation of data is conducted 

3. Life cycle impact assessment (LCIA): Assigning inventory data to impact 
and resource categories. Normalisation and weighting can also be part of this 
phase. 

4. Interpretation:  The interpretation phase is an iterative process of reviewing 
and modifying the goal and scope, the LCI and the LCIA until the results 
comply with the goal and scope and trustworthy recommendations and 
conclusions can be made on the basis of sensitivity analysis. 

 
The potential impacts are evaluated on behalf of the properties of substances emitted, 
their quantity and their fate. The total potential impact for one category is a function of 
the fate of each substance, exposure of each substance and the potential impact of the 
substances (Pennington et al., 2004). It is thus important to assess the environmental 
recipients and how the exposure is to humans and the natural environment from this 
recipient.  
 
A Danish methodology for conducting LCA for products was developed in the 1990’s. 
The methodology is called EDIP97 (Environmental Design of Industrial Products) and 
is in compliance with the ISO standards. The EDIP97 methodology is the most widely 
used LCIA methodology in Denmark and is also the methodology used in this PhD 
project. In a life cycle assessment made with the EDIP97 results can be viewed at four 
different levels: 

1. Life cycle inventory 
2. Impact characterisation 
3. Normalisation 
4. Weighting  

 
A holistic and systematic approach is used to evaluate the environmental impacts when 
applying life cycle assessment on integrated solid waste management, here including 
consumption of resources and potential impacts on human health and on the 
environment. The procedure for conducting an LCA on a waste management system is 
very similar to an LCA on a product. The goal or objective of the study must be 
described, followed by the scope or systems boundaries including a definition of the 
functional unit, followed by the inventory or data collection for all influenced activities 
finalised by the impact assessment and interpretation.   



 

 7 

 
 The total LCI for a waste management system can be calculated as (Clift et al., 2000): 

direct burdens from waste management activities 
+ indirect burdens associated with providing material and energy to the waste 
management activities 
– avoided burdens associated with processes which are avoided because of 
production of materials and energy. 

 
By using this approach the system expansion is applied by including processes that are 
external from the waste management system. This approach may lead to overall 
negative burdens, indicating an avoided impact, when the benefits of production of 
materials and energy turnover overcome the burdens from the waste management 
system. The system boundaries for a solid waste management system will thus include 
both processes upstream and downstream of the core system. The core system includes 
all solid waste processes. Upstream processes include activities related to input material 
and energy to the core system, where downstream processes include activities related to 
final use of products and the following displacement of external material and energy 
production (Björklund & Bjuggren, 1998). The core system is also known as the 
foreground system where the upstream and downstream processes make up the 
background system. 
 

2.2 Previous environmental models and assessments 

System analysis for assessing environmental consequences has increasingly been 
applied on industrial products as well as on solid waste management systems during the 
last two decades. The life cycle thinking approach has gained respect because of the 
holistic view, systematic approach and its standardisation. Through the last 10 years 
several models have been developed for the special purpose of assessing environmental 
consequences of solid waste management systems with the approach of life cycle 
thinking.  
 
White et al (1995) published a book including a spreadsheet model, the IWM, 
(Integrated Waste Management) for calculation of the life cycle inventory for waste 
management systems. The model was updated in a more user-friendly version with a 
new book in 2001 (McDougall et al., 2001) but non of the models included life cycle 
impact assessment (LCIA) but give the results in life cycle inventories (LCI).  
 
The Mimes/Waste model was developed at Chalmers University of Technology in 
Sweden and used in evaluating waste systems in several municipalities and regions 
since 1992 (Sundberg, 1998). The purpose of the model is finding cost effective 
solutions that meet emission restrictions by a cost minimization and emissions 
accounting (Ljunggren, 1998).  
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Another Swedish model, the ORWARE model (ORganic WAste REsearch), has special 
focus on evaluating different strategies for organic waste from both households and 
industry. The model works with a set of functional units that all have to be obtained for 
all comparing scenarios (Björklund & Bjuggren, 1998; Eriksson et al., 2002).  
 
The Environmental Protection Agency of the United States developed the Integrated 
Solid Waste management Decision-Support-Tool (ISWM DST) which main objective is 
to optimise a waste system in respect to one of the given functions while the system 
comply with a set of restrictions. The ISWM DST does not include LCIA calculation 
but has a higher focus on the optimisation module (Harrison et al., 2001; Weitz et al., 
1999).  
 
A traditional LCA tool for industrial products, UMBERTO, has developed a module 
with special focus on solid waste management. This module has shown to have very 
little sensitivity to the type of waste input that is being chosen in the model (Winkler, 
2003).  
 
A spreadsheet model has been developed especially for estimation of emissions from 
landfills to be used in LCA. The model considers the components in the waste 
individually and emission estimates are calculated on the basis of the input quantity and 
type of components (Nielsen & Hauschild, 1998).  
 
The Wisard tool was developed by Ecobilan (now PriceWaterHouse Coopers) for the 
Environment Agency in United Kingdom and is one of the most complex models giving 
the user opportunity to choose many treatment methods and technologies. The model 
was criticised for usability, lack of transparency and lack of guidance for interpretation 
of results (Environment Agency, 2000).  
 
A review paper with a more detailed description of the four most used and advanced 
LCA models for solid waste management systems is found in Paper I (Bhander et al., 
2004). 
 
Many case studies have been made on local or regional levels for evaluating several 
waste fractions using some of the models mentioned above (Sundberg, 1998; Sundqvist 
et al., 2000) but very often case studies focus on treatment options of one specific waste 
fraction. Fractions that often have been assessed are among others plastic (Frees, 2002; 
Hunt, 1995; Otto, 1999), paper (Byström & Lönnstedt, 1997; Finnveden & Ekvall, 1998) 
and organic waste (Barlaz et al., 2003; Grant et al., 2003; Hogg, 2002; Kirkeby & 
Christensen, 2003; Kirkeby & Christensen, 2004; Sundqvist et al., 2002) with the 
purpose of finding the most environmentally friendly waste management strategy for 
the waste fraction.  
 
Cost benefit analysis has increasingly been used to find the most optimal strategy for 
waste treatment in respect to economic and environmental costs and consequences. Cost 
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benefit analysis (CBA) have among others been made on beverage containers, paper 
and organic waste (Damgaard & Strandmark, 2003; Danish EPA, 1995; Petersen & 
Andersen, 2002; Vigsø & Andersen, 2002). A major similarity of the two tools is the 
system boundaries of the product or system to be evaluated. One important difference 
between cost benefit analysis and a life cycle assessment is that the purpose of a CBA is 
optimising the benefits of society through an outweighing of economical and 
environmental consequences on preference based assumptions. LCA is a standardised 
tool, which has the purpose of minimising potential impact on the environment, human 
health and on resources. The boundaries are thus smaller because economics are not 
included (Hansen & Gilberg, 2003). However, CBA’s are often used on a national level 
disregarding environmental impacts occurring abroad and focusing on the costs for 
import of materials. 



 

 10 

 
 
 



 

 11 

3. THE EASEWASTE MODEL 

The EASEWASTE model is described in the following chapter. The model is one of the 
main results of the PhD research work. The model was developed because none of the 
previous described models have achieved simultaneously: 

- flexibility to model and modify processes for any waste management 
system,  

- to describe and document data and calculation methods,  
- to be transparent in calculations and assumptions,  
- to be user-friendly and make results easily comprehendible and  
- to include a full life cycle impact assessment method to calculate 

potential environmental impacts and resource consumptions.  
 
 

Figure 2: Conceptual structure of EASEWASTE 

 
EASEWASTE is an acronym of Environmental Assessment of Solid Waste Systems 
and Technologies. Paper II describes the model and Appendix 1 describes the program 
and calculation methodologies in more detail. The model is under continuous 
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development and the current version, EASEWASTE-2004, is the initial version that 
considers management of household waste from the point of waste collection to final 
treatment, recovery and disposal, Figure 2. Future version EASEWASTE-2005 will 
include processes as composting and wastewater treatment and the model will be more 
flexible in respect to naming waste material fractions, substances and treatment options. 
The next version will be programmed during 2005 and is described in chapter 6. 
 

3.1 Methodology 

The EASEWASTE model is a model for environmental systems analysis of solid waste 
management systems using the methodology of life cycle assessment. System analysis 
is a systematic assessment of a given system including all processes and interrelated 
connections (Björklund, 2000). The systems for assessment by EASEWASTE are real 
or potential future solid waste systems for a given area with a certain population. Many 
processes in the model depend on the waste composition, defined both by material 
fractions and physical and chemical properties, enabling the model to calculate 
consequences of a changed waste composition. 
 
Some processes in EASEWASTE are modelled as input waste specific where other 
processes are assumed process specific. As an example, the incineration process is both 
process and input specific, thus emissions are related to the waste composition as well 
as the process technology. The model uses substance flow analysis (SFA), which makes 
it possible to evaluate the waste sources of any emission to air, water or soil. The SFA is 
used only for waste input and not for auxiliary materials consumed by the solid waste 
system.  
 
The model is able to support several different life cycle impact assessment (LCIA) 
methodologies as emissions can be given environmental impact factors for any potential 
environmental impacts and for any methodology. The model is developed as flexible 
and transparent as possible giving the user many opportunities to modify input 
parameters. In the EASEWASTE version 2004 the Danish EDIP 1997 methodology 
was implemented (Wenzel et al., 1997). This methodology gives the possibility to view 
the results in four levels: 

1. Life cycle inventory (LCI) 
2. Potential impact characterisation 
3. Normalised potential impact characterisation 
4. Weighted normalised potential impact characterisation 

 
The life cycle inventory shows all environmental exchanges (i.e. resource consumptions 
and emissions) for each process in the defined waste management system. The potential 
impact characterisation is a recalculation of the LCI where exchanges are grouped in a 
number of environmental impacts. The third level is a normalisation where the impact 
categories are normalised with a common reference that resembles the impact from an 
average person. Global impacts, such as global warming and stratospheric ozone 
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depletion, are normalised with the impact from a global average person, while regional 
or local impacts, such as nutrient enrichment and acidification, the reference is an 
average person from the region of where the emission occurs. 
 
The environmental impacts included in the EDIP 1997 method are listed below: 

• Global warming potential (CO2-equivalents) 
• Acidification (SO2-equivalents) 
• Eutrophication (nutrient enrichment, NO3-equivalents)) 
• Stratospheric ozone depletion (CFC11-equivalents) 
• Photochemical ozone formation (C2H4-equivalents) 
• Ecotoxicity (m3 soil, water or air) 
• Human toxicity (m3 soil, water or air) 
• Resources consumption of Al, Cu, Fe, coal, oil, natural gas, water, wood, etc. 

 
Potential impact from working environment is included in the EDIP97 method, but is 
excluded in the EASEWASTE model. In the later version to be developed, 
EASEWASTE-2005, a new environmental impact will be included describing the 
disposed toxicity potential remaining in the landfill beyond the defined time frame for 
emissions (Hansen, 2004a). Also water emissions will be differentiated between 
emissions to groundwater, fresh surface water and marine waters because the impacts 
on ecosystems and on human health are very different due to different exposures from 
each type of water recipient, see chapter 6.1. 
 

3.2 Scope 

The EASEWASTE model is able to assess the environmental exchanges and potential 
environmental impacts associated with a waste management system for MSW. The aim 
of the model is to support decision making for waste planners and to give a thorough 
insight in potential environmental impacts and the sources for these. The model is able 
to identify waste fractions, substances and treatment options that contribute to a set of 
environmental impacts. 
 
The scope of the model covers the point of where products become waste and is put into 
the waste bin at the waste generation source to the point where the waste and arisen 
residues are disposed off by reuse, recycling or landfilling, where the overall time frame 
decide the quantity of environmental exchanges. The model covers “Bin to grave” 
(White et al., 1995) including waste management processes in the core system, also 
called the foreground system, and all influenced process the supply or receives products 
in the background system, which are upstream and downstream processes (Clift et al., 
2000). The environmental exchanges or interventions are calculated for collection, 
treatment of waste and residues, landfilling, remanufacturing and reuse. Also, processes 
that occur upstream or downstream are included. These include manufacturing of 
material input to the waste management system as well as substituted materials and 
energy where production is assumed avoided because of material and energy recovery. 
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Any avoided resource consumption or emissions due to avoided production of energy or 
materials are included as negative consumptions and emissions resulting in some cases 
that the overall impacts can become negative in cases for waste management systems 
with high degree of energy recovery or recycling. 
 
The waste input composition in EASEWASTE can be defined with up to 48 material 
waste fractions, see Table 1. The high degree of waste characterisation into material 
fractions enables a flexible system routing any material fraction with specific 
characteristics. Each material fraction is described by a chemical composition, lower 
heating value and a methane production potential, see Table 2. The physical and 
chemical properties have importance for energy recovery and emissions e.g. at 
incineration, anaerobic digestion and landfilling. The substances in Table 2 have been 
chosen on behalf of their concentrations in waste and their toxic and environmental 
properties. In future versions of EASEWASTE material fractions and substances can be 
modified in order to meet special requirements, e.g. for specified material fractions or 
chemicals that are not included in the tables. 

 

 

Table 1: The waste material fractions in EASEWASTE 

No. Material fraction No. Material fraction 

1 Vegetable food waste 25 Wood 
2 Animal food waste 26 Textiles 
3 Newsprints 27 Shoes, leather 
4 Magazines 28 Rubber etc. 
5 Advertisements 29 Office articles, plastic products 
6 Books and phonebooks 30 Cigarette buts 
7 Office paper 31 Other combustibles 
8 Other clean paper 32 Vacuum cleaner bags 
9 Paper and cardboard containers 33  Clear glass 
10 Other cardboard 34 Green glass 
11 Milk cartons and alike 35 Brown glass 
12 Juice cartons with alu-foil 36 Other glass 
13 Other dirty paper 37 Aluminium containers 
14 Other dirty cardboard 38 Alu-trays, alu-foil  
15 Kitchen tissues 39 Metal foil (-Al) 
16  Soft plastic 40 Metal containers (-Al) 
17 Plastic bottles 41 Other of metal 
18 Other hard plastic 42 Soil 
19 Non-recyclable plastic 43 Rocks, stones and gravel 
20 Yard waste, flowers etc. 44 Ash 
21 Animals and excrements 45 Ceramics 
22 Diapers and tampons 46 Cat soil 
23 Cotton stick etc. 47 Other non-combustibles 
24 Other cotton etc. 48 Batteries 
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Table 2: Chemical composition and properties defining each material fraction in EASEWASTE 

No. Parameter No. Parameter 
 Heating value [MJ/kg TS] 19 Al 

 Methane potential [Nm3 CH4/ton VS] 20 As 
  21 Br  
1 H2O 22 Cd 
2 TS 23 Cr 
3 VS 24 Cu 
4 COD 25 Fe 
  26 Hg 
5 fat  27 Mg 
6 protein 28 Mn 
7 fibers  29 Mo 
  30 Ni 
8 C-tot 31 Pb 
9 Ca 32 Sb 
10 Cl 33 Se 
11 F 34 Zn 
12 H    
13 K 35 DEHP 
14 N 36 NPE 
15 Na 37 PAH 
16 O 38 PCB 
17 P   
18 S   

 
 

3.3 Structure of EASEWASTE 

The model is divided into three main parts for user input: ‘Waste generation’, ‘waste 
collection’ and ‘waste treatment, recovery and disposal’. Under the waste generation 
part the amounts and composition of waste are defined. The waste is defined by material 
fractions and the chemical and physical properties may be modified. The collection 
system is defined initially by defining source separation fractions and efficiencies, 
secondly by defining the fuel consumption for waste collection. The third part ‘waste 
treatment, recovery and disposal’ is the largest user input part to be conducted. In this 
part all routings of collected waste collection fractions to desired treatment methods are 
chosen. Within each treatment method the database includes a number of different 
technologies of which one is chosen in the scenario. The technology can be viewed and 
input data can be modified without changing the original technology in the database. 
Any residues arising in the treatment must be routed to subsequently treatment or 
disposal. This includes also defining transport distances and specific fuel consumptions. 
Residues are routed until disposed off in a terminated module. Final treatments that do 
not leave any residues are remanufacturing of materials (ex paper and glass), reuse of 
biomass on arable land and landfilling. These processes are defined as terminated 
calculating all environmental exchanges without leaving material to be routed further. 
 
The model gives the user the possibility to define different waste systems for three 
waste generation sources: Single family housing, multifamily houses and small 
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commercial business units (SCBU). The division of sources is possible because very 
often the waste composition and collection systems are different for different residential 
areas and dwelling type, thus it is possible to model the waste composition, fuel 
consumption and treatment routing for each waste generation source.  
 
The model includes a large database defining default waste composition and 
technologies for waste collection, transportation and waste treatment and disposal 
options. Furthermore, the database includes a large set of data defining the life cycle 
impact assessment (LCIA) data: environmental impact factors for emissions and 
normalisation and weighting factors for potential environmental impacts. Technologies 
and environmental exchanges in the database can used in a scenario involving the 
corresponding potential environmental impacts due to the LCIA data. 
 
Each waste technology and externality process (e.g. power production) includes a 
documentation sheet describing the technology, the source, the year etc, see Table 3. 
This sheet helps the user to evaluate the robustness and uncertainties involved in the 
data. The documentation sheet includes a data quality indicator, 1-6, where the lowest 
value represent data that are well documented with very few uncertainties and without 
allocation problems, while the highest value represent data that are guesses or estimates. 
However, data documentation and data quality indicators for processes are not yet fully 
implemented in the EASEWASTE-2004 model. 
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Table 3: Example of data documentation for remanufacturing of paper in EASEWASTE 

Created 17.02.2004 Modified: 17.02.2004 

Scope/technology description 
Dalum Papir A/S produces fine paper and 75 % of the production is based exclusively on recycled fibres. 
The last 25 % is based on a mixture of virgin and recycled fibres. Dalum Papir A/S consists of two sites; a 
pulp production site and a paper production site located in a distance of app. 120 km of each other. In 
2001 the total production was app. 109 000 tonnes and there was around 300 employees. Dalum Papir 
A/S sells their products mainly in Europe.  
The pulp production site has a natural gas fired boiler to cover the heating need and the paper production 
site has a combined power and heating production (natural gas) that covers the heating need and app. half 
the electricity consumption. 
Data references    
Environmental Report from 2001 (in Danish) 
Covered data period    
2001 
Country    
Denmark 
Pre-requisites    
Waste paper 
Co-production and allocation 
In 2001 the production consisted of 75 % Cyclus and CyclusPrint which is based on recycled fibres and 
25 % RePrint where maximum 50 % of the fibres are virgin. 75 % of in- and outputs to paper production 
are allocated to purely remanufactured fine paper. 86 % of the produced pulp is used for Cyclus and 
CyclusPrint and therefore 86 % of in- and outputs to pulp production is allocated to production of these 
products. 
Quality indicator    
3 of 6 

 
 
 

3.4 Treatment and disposal options 

Modelling potential environmental impacts from treatment of solid waste in 
EASEWASTE can be viewed as a branch or hierarchical system where one treatment 
may have residues that need to be routed to subsequent treatment. There are therefore 
many choices to be made in conducting an assessment as many residues may arise. The 
hierarchical structure gives the user the opportunity to choose different technologies for 
a treatment method (e.g. incineration) for different waste materials and residues.  
 
In the following paragraphs each process or module involved in the EASEWASTE 
model will shortly be presented. Figure 3 shows the modules for waste composition, 
treatment, recovery and disposal included in EASEWASTE. For further details see the 
technical documentation of the EASEWASTE model, Appendix 1. At the time of 
writing the composting module has not yet been implemented and other treatment 
methods are being planned. Stabilisation of fly ash from thermal combustion and 
wastewater treatment is yet to be defined for programming. 
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Figure 3: Possible waste and treatment flows in the EASEWASTE model 

representing modules for treatment, recovery and disposal 

 

3.4.1 Material recovery facilities 

Material recovery facilities (MRF) consist of mechanical sorting or pre-treatment prior 
to remanufacturing or biological treatment. Source separated organic waste or mixed 
waste may be directed to a MRF for organic waste where two waste material streams 
are produced: Pre-treated organic waste for biological treatment and a residue for other 
treatment may be the products from the MRF for organic wastes. Recyclable waste 
fractions (such as waste paper, glass, metals, and plastics) may also be directed to a 
MRF that sorts the recyclables in different qualities for subsequent remanufacturing. 
 
A special feature for the MRF for organic waste includes the possibility of distributing 
the water content and dry matter content differently to the two outputs: pre-treated 
waste and residue. This gives the user the possibility to model different total solids (TS) 
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content in the pre-treated waste compared to the collected organic household waste. Pre-
treatment technologies investigated often show this trend (Christensen et al., 2003) why 
it is important to have the possibility of simulating different TS contents in residue and 
biomass, because it often involves that the residue has a higher TS content giving a 
higher calorific value which can be utilised at an incineration plant. 
 

3.4.2 Anaerobic digestion 

Anaerobic digestion has the advantage of producing biomass for nutrient recycling as 
well as energy recovery by production and combustion of biogas. The anaerobic 
digestion module only considers the organic household waste directed to the plant and 
does not cover the consequences of treating other biological wastes such as liquid 
manure. The biogas production is related to the content of volatile solids (VS) and the 
specific methane potential for each waste material fraction. The methane potential has 
been measured in batch experiments (Hansen et al., 2004a) and compared with actual 
productions at pilot plants and thereby finding an actual utilisation ratio of the total 
methane potential (Svärd et al., 2003). The anaerobic digestion module gives the 
possibility of defining process specific air emissions on the basis of the energy content 
of the produced biogas. Energy recovery is defined as a percentage of the energy 
content of the biogas and the production will substitute an external energy production 
technology defined by the user.  
 

3.4.3 Composting 

The composting module has not yet been implemented in the EASEWASTE-2004 
model but will soon be part of the EASEWASTE-2005. The composting process 
considers the organic content of the waste regardless if the waste is co-composted with 
other waste material such as garden waste. The output from the composting process is 
composted biological material that can be utilised on arable land, thus nutrients in the 
waste will be recycled. Residues may be produced from a post-treatment or separation 
of inorganic components at the composting plant. The composting module can calculate 
the environmental exchanges for windrow composting, closed reactor system 
composting as well as home composting. Differences in modelling for different types of 
composting are among other issues energy consumption and emission loads (Kirkeby et 
al., 2004a; Kirkeby et al., 2004b). 
 
The composted material has a reduced weight due to degradation of organic matter and 
due to water evaporation. The degradation of VS is dependent on the user specified 
degradation rate defined for each waste material fraction. Emissions arising from the 
composting are ammonia, nitrous oxide, nitrogen gas, methane, VOCs and biological 
related carbon dioxide. Emissions are related to the content of carbon and nitrogen in 
the waste fractions. Removal efficiencies for substances in the gas can be defined for 
the produced gases to reflect any possible gas cleaning.  
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3.4.4 Use on land 

The use on land module is designed to handle composted waste or digested waste from 
anaerobic digestion with the aim of adding organic matter and nutrients to arable soil. 
The overall impacts are compared to impacts that would arise from use of alternative 
nutrients in form of commercial fertiliser.  
 
The emissions of nitrogen and phosphorous depend on the composition of the compost 
or digested waste and on the soil type and crops grown. Thus the user defines the 
composition of soil types and crop vegetation for the area where the biomass is 
expected to be utilised. Leaching, run-off and evaporation parameters should be defined 
for use of waste material and with use of commercial fertiliser. The remaining amount 
of nitrogen, phosphorous and potassium leads to an avoided consumption of 
commercial fertiliser. The avoided use of fertiliser involves not only the production but 
also the emissions expected to arise from the use of these. Air emissions (ammonia, 
nitrous oxide and retained carbon dioxide), surface water emissions (nitrate and 
phosphorus), groundwater emissions (nitrate and phosphorus) and soil emissions (heavy 
metals and persistent organic compounds) are quantified based on the composition of 
the treated organic waste and the emission coefficients. Increased soil quality due to 
addition of organic matter is not included in the module, since it has not been possible 
to quantify the impacts of this (Hansen et al., 2004b). 
 

3.4.5 Incineration 

Emissions calculated by the incineration module are both waste input specific and 
process specific in the EASEWASTE model. The module takes into consideration the 
chemical composition of each of the 48 waste material fractions with a three 
dimensional matrix with transfer coefficients defining the proportion of each substance 
in each material fraction that is led to air, residues and wastewater. Outputs that may 
arise from the incineration module are air emissions, bottom ash, fly ash, APC residue, 
gypsum and wastewater. In addition to the waste related air emissions also process 
specific emissions may be defined, either on the basis of the waste quantity incinerated 
or on the basis of the total sulphur content in the combusted waste. The emission of 
sulphur dioxide may often be dependent on the sulphur content (Erichsen & Hauschild, 
2000) and can therefore be defined in relation to this. Energy recovery is based on the 
lower heating content that is summarised for all waste material fractions. The 
incineration module is capable of simulating environmental exchanges for all types of 
thermal treatment as long as information about transfer coefficients and process specific 
emissions are known. 
 

3.4.6 Bottom ash treatment 

The bottom ash from waste incineration is by far the largest residue fraction generated 
and many incentives have been conducted in order to reuse this fraction and reduce the 
landfill requirements. The bottom ash treatment module is located subsequently after 
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incineration and can be used for the generated bottom ash only. Iron scrap may be 
sorted out for remanufacturing while a major amount can be utilised in construction. 
The sorting of the bottom ash is conducted by a set of transfer coefficients for each 
waste composition substance to each output. Currently up to nine outputs including 
residues and evaporation to air exists in the model. 
 
In future versions of EASEWASTE also fly ash treatment will be included. The fly ash 
treatment has the purpose of stabilising the fly ash or APC residue so that leaching of 
heavy metals will be decreased during a subsequent landfilling. 
 

3.4.7 Reuse of bottom ash 

The reuse of bottom ash is a subsequent module after bottom ash treatment or in some 
special cases directly after incineration. The module is a terminated module where 
emissions to air, water and soil are quantified regardless of the chemical composition of 
the bottom ash. The module is thus, process specific and this is chosen because it is 
assumed that the chemistry and equilibriums between solid phase and water phase are 
the controlling parameters in the leaching of for example heavy metals. Finally, 
materials that may be substituted are defined. This may be gravel from an ordinary 
gravel pit that otherwise would have been used e.g. in the sub-base layer of a road 
construction.  
 

3.4.8 Remanufacturing 

The remanufacturing module is another terminated module that includes all input and 
outputs related to remanufacturing or recycling of recyclables, i.e. paper, glass, ferrous 
and non-ferrous metals, plastic. Material loss by recycling is defined along with all 
environmental interventions occurring by remanufacturing. As the case with reuse in 
construction, the remanufacturing module also gives the user possibility to define the 
virgin material that may be substituted with a degree of substitution value that must be 
between 0 % and 100 %. The substitution value defines the share that the 
remanufactured material is assumed to substitute the virgin produced material. The 
value may often be less than 100% due to material loss during recycling, quality loss 
due to physical properties, the preferences of consumers etc. The product and 
technology that is assumed to displaced by recovered material must be assessed by a 
market survey, since it cannot in all cases be assumed that virgin material of similar 
properties will be displaced (Schmidt et al., 2004). The remanufacturing module 
calculates the difference between the environmental exchanges occurring at 
remanufacturing and at the avoided production of displaced materials. 
 

3.4.9 Landfill 

The landfilling module is by far the most complex of all terminated modules. Paper III 
describes the landfilling module in EASEWASTE and the following is a short summary 
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of the article. Consumption of materials and energy may be defined as well as 
consumption of soil and clay for daily and top cover of the landfill can be defined by 
mass per ton landfilled waste and by transportation distances.  
 
Generally speaking the landfill module has two main outputs: landfill gas and leachate. 
Landfill gas is produced when organic waste is placed in the landfill. The organic 
material will over time degrade usually anaerobically and carbon dioxide and methane 
is produced. The production of landfill gas is related to the VS content and the methane 
potential of each waste material fraction in the landfill. In the model landfill gas 
production over time can be divided into four variable time periods, each with a 
constant generation. The production in each time period is defined by an utilisation ratio 
of the overall potential. The collection system for the produced landfill gas is also 
divided into four time periods where collection efficiency and routing is defined. The 
composition of the landfill gas, oxidation during emigration through top layer, and 
removal efficiencies by landfill gas treatment are defined.  
 
Landfill leachate is produced by the infiltration into the landfill by precipitation. The 
leachate production is defined by a volume per area and for four different time periods. 
The collection system for leachate including collection efficiencies and treatment is also 
defined for four time periods. As the leachate composition may change over time 
especially in respect to salts, the composition may be defined in four different time 
periods. Uncollected leachate migrates through the unsaturated zone towards the 
groundwater and may undergo natural attenuation that is defined by a set of removal 
efficiencies. Treatment of collected leachate at an on site waste water treatment plant is 
similarly defined by removal efficiencies for the leachate substances. 
 
Overall the landfill module may generate emissions to groundwater, surface water and 
air. The time frame of both air emissions and water emissions are set by the user by 
defining the length of the individual time frames.   
 

3.4.10 Collection and transports 

Fuel consumption for collection of waste at the source is defined by a specific 
consumption per ton of waste collected. Fuel consumption is the dominant impact from 
waste collection and transport and very often production of vehicles are omitted from 
environmental assessments (Dalemo et al., 1997; White et al., 1995). The transports of 
collected waste as well as for residues from one treatment to another treatment or 
disposal are defined by specific fuel consumption per ton per distance. Combustion of 
the fuel consumption is chosen as a technology including all emissions per volume of 
fuel combusted.  
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4. CASE STUDIES 

Management of solid organic household waste has been much debated in the Danish 
municipalities, who locally are governing the waste management systems, and several 
attempts have been made to treat source separated organic household waste separately. 
Thus, both cases described below have the aim of identifying the most environmentally 
friendly waste strategy regarding anaerobic digestion and waste incineration of organic 
solid household waste. The first case is a survey of the biogas potential of source 
separated household waste subsequent pre-treatment with different technologies. The 
project was made for the Danish EPA and modelling was made in Excel and results 
consisted of emissions of global warming gases, use of primary energy sources and the 
recycling of nutrients. This case gave much insight into how to model anaerobic 
digestion and the biogas production from organic household waste. The second case 
was modelled both in Excel (2003) and in EASEWASTE (2004) and the aim was to 
identify the benefits of anaerobic digestion and of incineration in the case for the 
Municipality of Aarhus, Denmark. This does not, however, indicate the only use of the 
EASEWASTE model but rather that the public have focused on treatment of biological 
household waste waste.  
 
In the following chapter these two cases will be described shortly including the main 
assumptions and results.  
 

4.1 Case 1: Biogas potential of organic waste 

4.1.1 Introduction 

Waste incineration and anaerobic digestion are two competing methods of treating 
organic solid waste. Incineration leads to emission of several undesired substances to 
the environment but has the capability of producing district heating and/or electricity. 
Anaerobic digestion has the capability of electricity and heat production as well as 
producing a fertiliser for use in agriculture. Therefore anaerobic digestion could seem 
superior to incineration also considering the relatively high water content of organic 
waste leading to a relatively poor energy production when combusted.  
 
The objective of the project can be described in two parts: 

• To assess the energy balance, emission of global warming gasses, and quantify 
the recycled nutrients by anaerobic digestion of source separated organic 
household waste compared to incineration. 

• To compare anaerobic digestion of source separated organic household waste 
with different technologies for pre-treatment, biogas plants, incineration of 
residues etc. 
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This project was based on a project for the Danish EPA assessing the energy balance, 
the global warming balance and the recycling rate of nutrients for anaerobic digestion 
compared to incineration. In Denmark source-separated organic household waste 
usually is pre-treated prior to digestion in order to sort out plastic and other undesired 
substances in the biomass. In Denmark two major technologies of pre-treating the 
source separated waste are used: a hydraulic screw pressure device and a disc screen. 
This pre-treatment is crucial for the amount and quality of waste to the anaerobic 
digester and for the TS content of the residue that is directed to incineration. The 
environmental assessments were done for both pre-treatment technologies as well as for 
a third technology, which is using a piston with high pressure. This project had focus on 
the pre-treatment and a sensitivity analysis, both on waste collected in the Municipality 
of Copenhagen, but waste were collected, sampled and methane potential were 
measured from five municipalities in Denmark. There were no major differences in the 
results for waste collected in the five different municipalities in Denmark (Kirkeby et al., 
2003). 
 

4.1.2 Conclusions 

Waste from five municipalities was collected, analysed and the methane potential was 
measured. A calculation model for assessing energy consumption/production, emission 
of carbon dioxide equivalents and reuse of nutrients was established.  
 
Results from the model showed that the pre-treatment of the source-separated organic 
household waste has a crucial importance for all three results; however, it is not the 
quantity of the residue from pre-treatment that is decisive but the quality in respect to 
dryness of the residue. This is because incineration of the residue contributes 
significantly with energy recovery to the overall waste management system. With the 
existing technologies of pre-treatment anaerobic digestion has no significant advantages 
in respect to energy consumption and emission of global warming gasses compared to 
an effective incineration. A saving in nutrients is obtained; however, this saving is 
negligible compared to nutrients in spread manure and artificial fertilisers.  
 
Energy production in the waste management system is a very decisive factor in 
determining waste treatment of organic household waste. The energy production and the 
replacement of artificial fertiliser makes the waste management system to energy 
producing system, that in the same time has an avoided emission of global warming 
gasses. 
 
This project clarified some of the needs for a model for environmental assessment. First 
of all, it demonstrated that the pre-treatment of organic household waste was an 
essential part and the transfer coefficients to biomass and residue should be user defined 
and it should be possible to model the dry matter content in both waste outputs. Figure 4 
shows the result of scenarios with pre-treatment at different facilities and that the dry 
matter content of the produced reject is of significant importance for the overall 
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environmental consequences. Another important issue that was clarified was how to 
calculate and allocate the biogas production from an anaerobic co-digestion plant to 
illustrate only the impacts arisen from household waste and not including the biogas 
produced by other organic wastes. 
 
 
 

Figure 4:  Emission of global warming gasses from anaerobic digestion and incineration waste 

management systems. Press pressure pre-treatment makes 7 % reject, but does not give a better 

result than pre-treatment with 50 %. Pre-treatment giving reject with high TS content gives the 

best result and is better than pure incineration scenario. 

 
 

4.2 Case 2: The Municipality of Aarhus 

4.2.1 Introduction 

The Municipality of Aarhus, Denmark, consists of approximately 300,000 inhabitants in 
approximately 140.000 dwellings. The municipality generates approximately 81,000 ton 
of MSW from households not including garden and bulky waste. The case of 
environmental assessment of the Municipality of Aarhus is described in paper IV and in 
(Kirkeby & Christensen, 2003; Kirkeby & Christensen, 2004). 
 
In spring 2001 the municipality implemented a new waste management strategy that 
included a source separation of organic household waste in green plastic bags, a 
commingled collection of organic and residual waste, and an optic sorting plant prior to 
anaerobic digestion at a co-digestion plant. The optic sorting plant sorted out all green 
bags from other plastic bags containing residual waste. The green bags were 
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subsequently opened and the content screened for larger and ferrous items from where 
the organic waste was led to anaerobic digestion and digested biomass used on nearby 
agricultural soils. The quality and quantities of the organic waste to anaerobic digestion 
were not satisfactory for the local authorities and they chose to make some 
optimisations. First of all it was decided that the collection vehicles should decrease the 
degree of compaction which involve that each truckload will decrease. Another 
incentive was to distribute plastic bags to the inhabitants for both the organic waste 
fractions and for the residual fractions so the optic sorting plant could function 
optimally. It was also decided to use stronger, and thereby thicker, plastic bags in order 
to reduce the number of broken bags for hopefully to increase the amount of organic 
waste for anaerobic digestion. The quantities of plastic rose due to thicker bags and 
because shopping bags were banned for both organic and residual waste. In autumn 
2003 a subsequent pre-treatment was implemented to improve the waste for anaerobic 
digestion (Municipality of Aarhus, 2004). 
 
The aim with the environmental assessment was to investigate the consequences and 
differences by treating the source separated household waste by anaerobic digestion 
with the system described above or in the case where the organic household waste is 
treated at the waste incineration plant with the residual waste.  
 

4.2.2 Scenarios 

The environmental assessment was based on two pairs of scenarios, where the first pair 
examined the total amount of municipal solid waste from households in the 
municipality with an incineration and a biogas alternative for organic material. The 
other pair of scenarios examined only the organic waste that was expected sorted 
correctly in the green bags. A set of sensitivity scenarios was made on these scenarios, 
where the differences in environmental impacts appear more clearly. The scenarios 
including anaerobic digestion includes an additional consumption of plastic bags 
estimated to 211 ton per year for the area. The plastic bag consumption involved 
increased oil and natural gas consumption for production as well as an increased carbon 
dioxide emission due to production and due to waste incineration of the plastics. 
 
Scenario A considered app. 81,000 ton/yr household waste of which 6000 ton was 
directed to anaerobic digestion. 4500 ton glass and 18,000 paper were directed to 
remanufacturing. The remaining app. 52,500 ton/yr mixed residual waste was 
incinerated with both district heating and electricity generation. An extra consumption 
of 211 ton plastic bags per year was included to achieve a proper sorting at the optic 
sorting facility. 
 
Scenario B considered the same amounts of glass and paper to remanufacturing and 
nearly 59,000 ton organic and residual waste was combusted at the incineration plant. 
There was no extra plastic consumption, and the fuel demand for collection is a little 
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less than in scenario A due to a higher degree of compaction and larger loads in the 
waste collection vehicles.  
 
Scenario C considered 17,211 ton organic source separated household waste that was 
led to the optic sorting plant. Only 6000 ton was sorted out at the optic sorting and pre-
treatment facility for subsequent anaerobic digestion. An extra plastic consumption 
constitutes 211 ton of these. 11,211 ton residue from pre-treatment was combusted at 
the incineration plant. 
 
Scenario D considers 17,000 ton organic household waste that potentially could have 
been source separated, but was combusted at the incineration plant. 
 
A set of sensitivity scenarios were conducted in order to identify some of the most 
important input data and to assess the robustness of the results. The parameters 
examined have been chosen either because there was a certain degree of uncertainty on 
the data or because it was assumed that the parameter could have a significant impact on 
the results. The sensitivity analysis is made on scenarios considering only solid organic 
household waste, scenario C and D. 
 

4.2.3 Results 

The results from the scenarios were all calculated as normalised potential impacts and 
resource consumption according to the EDIP97 methodology. Primary energy was 
however, normalised according to the average consumption in a household of electricity 
and heating in Denmark (Danish Energy Authority, 2003). The results are for some 
impacts negative due to the energy recovery and recovery of glass and paper.  
 
The results from the environmental assessment of the solid waste system in the 
Municipality of Aarhus, scenario A and B, showed that there were no significant 
differences in most of the potential environmental impacts nor in the consumption of 
resources whether the source separated organic household waste was anaerobically 
digested or incinerated. The results indicated that the incineration scenario could save 
the energy for heating and electrical appliances for approximately 10000 dwellings. 
Furthermore, compared to the biogas scenario the differences in global warming 
potential was corresponding to 60-70 persons and in primary energy consumption for 
heat and electrical appliances 60-70 dwellings, both in favour to the incineration 
scenario. 
 
Remanufacturing of paper and glass showed to be both saving resources and avoiding 
emissions, especially global warming gasses. 
  
The results from the scenarios considering only organic waste, scenario C and D, 
including a set of sensitivity scenarios showed some differences for the incineration and 
biogas scenarios. They showed that the consumption of extra plastic needed for a proper 
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collection is the main reason for the differences in environmental impacts. This is due to 
the high energy consumption for production of plastic and the high emissions related to 
production as well as subsequent combustion of plastic at the incineration plant. One 
major difference in the two alternative treatment options is the potential human toxicity 
via soil that occurs at a significantly higher level in the biogas scenarios due to the 
content of heavy metals, especially arsenic, in the source separated organic household 
waste. The digested biomass that is spread on arable land contributes with higher 
amounts of arsenic to the soil than avoided use of commercial fertiliser. The 
incineration scenario seemed more environmentally friendly, but one major reason for 
this is that the overall time frame for emissions occurring from the landfill is set to 100 
years. This relatively short time frame allows less than 1% of all heavy metals to be 
leached. Increasing the time frame to ex. 10,000 years a potential impact on eco toxicity 
may become an important aspect. 
 
The most important environmental impacts in relation to this case for organic waste 
only are the saved global warming potential due to energy recovery and the potential 
human toxicity impact via water and soil, Figure 5. The potential human toxicity via 
soil is due to the arsenic content in organic waste and the potential human toxicity via 
water is mainly caused by the air emission of mercury from the incineration plant. The 
mercury is assumed eventually to settle down on soil and surface waters and thereby 
contribute to human toxicity potentials via soil and water. Acidification, photochemical 
ozone formation and nutrient enrichment are environmental impacts that have less 
magnitude in this case. 
 
 

Figure 5: Normalised potential impacts for anaerobic digestion and incineration scenarios for the 

case of organic household waste in the Municipality of Aarhus (scenario C and D) 
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The energy savings calculated in primary energy for the two alternative systems for 
organic waste only are nearly equal, corresponding to the power and heat consumption 
of 600-700 dwellings, Figure 6. The resource that is saved the most is coal since both 
external district heating and electricity is based on coal from the nearby coal powered 
heat and power plant. Natural gas and crude oil is consumed but not in same order of 
magnitude. Also iron is saved due to iron recovery from the incineration plant. 
 
The results show that regardless of anaerobic digestion or incineration is chosen as the 
waste treatment option large energy and resource savings occur. The incineration 
scenario will however supply approximately ½ ‰ more dwellings with energy for 
heating and electricity than a biogas option is able to and at the same time save the 
emission of global warming gasses with approximately 60 persons more. This is due to 
different handling of organic household waste from an area with approximately 300,000 
inhabitants, so the relative differences are insignificant. 
 
The Municipality chose in spring 2004 to close the optic sorting plant and direct all 
organic household waste to incineration because the expenses by the system did not 
compensate for the benefits. 

 

Figure 6: Primary energy savings for anaerobic digestion and incineration 

scenarios for the case of organic household waste in the Municipality of 

Aarhus, (scenario C and D) 

 
The results from the environmental assessment showed that choosing the waste 
treatment strategies that are in correspondence with the waste hierarchy does not 
necessarily lead to any environmental benefits. The case study showed that the waste 
hierarchy, which would have proposed anaerobic digestion above incineration, may not 
valid in an environmentally perspective. The waste hierarchy is probably more based on 
green faith and beliefs while results from EASEWASTE in this case are based on 
technical and environmental approaches.  
 
Comparing the results with similar assessments including anaerobic digestion of organic 
household waste the results agree in many cases. Finnveden (Finnveden et al., 2000) 
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found similar results but with a few differences. The global warming potential is 
significant higher, and has a positive value, at the incineration scenario, where there is a 
saving by the anaerobic digestion scenario. This is due to the fact that Finnveden has 
included CO2 emission from incineration to contribute to climate change, where in the 
case of Aarhus CO2 emission from incineration is assumed to be CO2 neutral. Also 
Finnveden has not found the same high impacts to human health because of the use of 
digested biomass. Sundqvist (Sundqvist et al., 2002) have also found similar results but 
where acidification for anaerobic digestion has a significant higher magnitude than from 
incineration. Also toxic effects seem higher by anaerobic digestion systems than from 
incineration scenario which is in agreement with the case of Aarhus. Sonesson 
(Sonesson et al., 2000), found that the emission of global warming gasses are less at 
anaerobic digestion scenario than at incineration which especially is due to emission of 
dinitrogen oxide, N2O. Edelmann (Edelmann et al., 2000) found that there were no 
significant differences for global warming potential between anaerobic digestion and 
incineration. However, anaerobic digestion seemed preferable concerning nutrient 
enrichment, carcinogenics (human toxicity), smog (photochemical ozone formation) 
and acidification. One major difference is that Edelmann only considered electricity 
generation and not district heating from incineration nor combustion of biogas.  
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5. DISCUSSION 

The following chapter describes the limitations and uncertainties involved using a 
mathematical model for environmental assessment of solid waste management systems. 
As a holistic consideration is included by using life cycle assessment, all more or less 
directly involved processes and their environmental exchanges are included in the scope. 
However, there are limitations and challenges when using a model such as 
EASEWASTE. 
 

5.1 Limitations of EASEWASTE 

First of all there may be some limitations to the model due to the structure, because of 
the available treatment methods in the model and because of the options within each 
treatment method in respect to emissions, residues and routing of residues. Each 
treatment or disposal method has a restricted set of emission recipients and residue 
output flows. These can be modelled as desired, but no additional recipient or residue 
can be added. Challenges may arise when handling very inhomogeneous waste that may 
be separated into a large number of fractions directed to very specific and complex 
waste treatment methods.  
 
Waste composition is limited to 48 material fractions each defined by 40 physical and 
chemical properties. The compositions of these fractions include a comprehensive list of 
substances, which can not be extended further in the current version. Therefore 
substance flow analysis is not possible for heavy metals or organic pollutants which are 
not already included. This may involve great uncertainties in assessing waste 
management systems for hazardous and chemical waste, which can consist of many 
pollutants. Treatment of these fractions may also be very complex and may be treated 
among many other types of waste, thus allocating emissions specifically to each waste 
material may be difficult. 
 
The EASEWASTE model is limited in respect to calculation methodology in relation to 
process specific and waste input specific emissions. Choices have been made for each 
treatment method whether emissions are controlled by the incoming waste, by the 
technology or by both. New knowledge may change the perception of which treatment 
methods are process specific and which are waste input specific, thus demanding 
adjustments in the EASEWASTE model. 
 
The EASEWASTE model with its current EDIP methodology does not include impacts 
such as area occupation, working environment, costs, social acceptability, human 
environment etc. These areas must be evaluated separately whenever found important.  
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5.2 Uncertainty of input data 

The data requirements to conduct an environmental assessment of any given waste 
management system in EASEWASTE are large. Input data may have uncertainties due 
to uncertainty and inaccuracy in measurements, unrepresentative waste or technologies, 
and uncertainty concerning site and technology specificity. A big challenge lies within 
selecting accurate and representative data for the system to be assessed. The model is 
basically a structure for waste system analysis where data for treatment, recovery and 
disposal must be defined if the database does not include technologies similar to the 
assessed processes. The results from a calculation are not more reliable than the input 
that the user specifies. 
 
Waste characterisation involves great risks of being uncertain for several reasons. The 
representativeness of waste samples and analysing them without increased or decreased 
content of foreign substances from shredding and treatment may involve uncertainties. 
Data from literature, where waste composition and characterisation into fractions may 
be different from the characterisation in EASEWASTE, may similarly lead to 
unrepresentative and incorrect data. The waste composition shows to be very important 
in relation to some environmental impacts because of the use of substance flow analysis 
(SFA). In paper IV it was found that the content of arsenic in organic waste showed to 
be very influential on the potential human toxicity via soil and that the mercury content 
was contributing significantly to human toxicity. 
 
Some data input will probably be easily accessible whereas other data input need 
comprehensive experiments. Therefore, default data, which originates from other 
treatment facilities, which may treat another composition of waste, will probably often, 
be used when it is estimated by the user, that the error margin is less significant. This 
will surely give rise to uncertainties in the results when these default datasets are used. 
 
Allocation problems concerning waste treatment and disposal arise because several 
waste materials often are treated as one mass, these processes are also referred to as 
‘multi-input multi-output’ processes (Finnveden, 1999). Multi-input, multi-output 
allocation is necessary whenever a treatment option treats more than one type or 
material of waste, and material consumption and emissions needs to be defined for each 
type of waste treated.  Using data from green accounts or environmental declarations 
consider the emissions occurring from treatment/disposal of mixed waste, why it is 
necessary to link emissions to the type of waste fractions (Bjarnadóttir et al., 2002; 
Sundqvist, 1999). This is partly solved in the EASEWASTE model e.g. by transfer 
coefficients at the incineration module that takes the chemical composition of waste into 
consideration. 
 
Another challenge is defining the time frame for emissions occurring from the landfill. 
First of all the overall time frame must be defined and future emissions must be 
estimated by modelling and by laboratory tests. Most other emissions in relation to the 
waste management system occur within a very short time, while emissions from landfill 
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may occur over thousands of years. The accumulated emissions may become significant, 
while the actual risks may be minimal due to a “dilution” in time (Bjarnadóttir et al., 
2002). Future uses and quality with respect to biodiversity of landfills should also be 
included in a qualitative assessment. The landfill may occupy a certain area for a certain 
time period, but after some time the area may be used for recreational purposes and 
these values could be included.  
 
Many choices are made by defining the system boundaries of the waste management 
system and some choices may not be representative or even correct. As an example is 
the electricity used and produced in a waste management system of significant 
importance so the choice of external electricity production technology can be of extreme 
importance. Substitution of coal based electricity production leads to extremely 
different impacts than substitution of wind or nuclear power. Allocation, which is a 
common problem in LCA, is also an issue when conducting LCA on solid waste 
management systems. An important example is defining resources and emissions to 
combined electricity and district heating production. Other choices could be of 
technology for remanufacturing and virgin production of materials. It is argued by 
(Schmidt et al., 2004) and (Weidema, 2003) that the displaced material is determined by 
the economical market conditions. The problem is to identify how the market reacts 
when an extra amount of collected waste material enters the market for this type of 
material. The reaction is determined by the price of the recycled material compared to 
the price of the virgin material and the relation between these prices. This is known as 
market based system expansion. Whether virgin material or recycled material is 
displaced is dependent on the prices and quality and should be investigated in each case.  
 
Because of all the uncertainties mentioned above in addition to simple key punch 
mistakes it is very important to conduct uncertainty or sensitivity analysis on sources of 
potential impacts with significant magnitudes. Conclusions and recommendations can 
only be made if these are conducted and the robustness of the results is evaluated. 
 

5.3 Limitations and uncertainty on LCIA data and results 

The LCIA methodology includes a large set of assumptions about fate of emitted 
substances, exposure and potential impacts. However, many of these assumptions can 
be discussed why methodologies continuously are being improved.  
 
The life cycle impact assessment (LCIA) calculation does not consider the speciation of 
the emitted substances and the spatial conditions. The speciation of heavy metals may in 
some cases be very important but investigations on speciation of all emitted metals will 
usually not be done. Therefore the LCIA calculates the potential or worst case scenario 
under assumption that metals are in the most hazardous compound. The interpretation of 
the LCIA can if any information is known about speciation of emitted metals takes 
speciation under consideration.  
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The spatial conditions are important for regional and local impacts where the exposure 
towards the ecosystem or humans is different. The EASEWASTE model or EDIP97 
does not consider whether an emission takes place inside or outside, in a vulnerable 
ecosystem, at a densely populated area or far from any exposure to humans or terrestrial 
ecosystems, e.g. far at sea. Environmental impacts such as acidification, nutrient 
enrichment and photochemical ozone formation have shown to be very site dependent 
why new methodologies are being introduced to consider this aspect (Hauschild & 
Potting, 2004). The site characterisation should be used when the place of emissions is 
known but not be used when the purpose is to make environmental declarations and 
eco-labels. The argument for not using site characterisation for eco-labels and other 
marketing is that a more polluting facility may contribute less to environmental impacts 
in one area than a more clean facility in another area. This could eventually lead to 
movement of industry to less sensitive environments that with time may become 
sensitive. 
 
Another important spatial problem is that emissions are not distinguished between 
emissions to groundwater, fresh surface water and marine waters. The exposure towards 
nature and humans are very different for these three recipients and for each recipient the 
exposure can change from area to area. An important issue is as an example whether 
groundwater or fresh surface water is used for drinking water will influence the 
exposure.  
 
All emissions calculated in the model are assumed to be emitted immediately even if 
they occur some time in the future. Most of the processes involve emissions that occur 
in the near future with exception of the landfill module. In this case emissions occur 
over the user defined time frame which may be up to 10,000 years or more. Two main 
problems exists in estimating environmental impacts for long term emissions: future 
emissions are difficult to predict and the potential impact of emissions are difficult to 
assess. Emissions occurring in the future are assumed to have the same potential 
environmental impacts even if the environmental state of the future is unpredictable. 
Environmental problems may be solved, worsened or new knowledge have contributed 
to a new estimation of impact potentials of emissions.  
 
Salts leaching from landfills may constitute a problem for utilisation of the receiving 
water body if the concentrations are too high. The LCIA methodology does not consider 
that e.g. groundwater is destroyed for human purposes because of too high 
concentrations of salts. This is because salts usually do not have any immediate toxic 
effects but they can however, lead to a non-usable groundwater resource. Salts leaching 
to groundwater or surface water can be a potential problem in relation to landfills for 
bottom ash and from reuse of bottom ash, ex. in construction.  
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5.4 Important uses of environmental assessments 

Environmental assessment with a systems and holistic approach is important when 
assessing solid waste systems and it is necessary to include many processes that are not 
directly waste related but influenced by the solid waste system. It is important to realise 
how all influenced processes in and beyond the waste management system contribute to 
the overall impact potentials. This holistic view may identify new issues and sources for 
potential problems and give waste planners, authorities, researchers and students a new 
understanding. Results from an environmental assessment with a system perspective can 
support decision-making but they cannot stand alone. Decision makers must consider 
other aspects such as costs, technological possibilities, noise and working environment. 
The case study also showed that the prioritisation that traditionally has been used, the 
waste hierarchy, is not necessarily satisfactory when considering the environmental 
consequences. The waste hierarchy, which states that waste minimisation should be 
prioritised above recycling and reuse above incineration with energy recovery above the 
landfilling, may have functioned well until now, where new understanding and methods 
are available for a systematic approach of environmental assessment. The 
EASEWASTE model is even able to evaluate waste management systems for waste 
minimisation and cleaner technologies by modifying the waste input in mass and 
composition. 
 
The tool can at least be used at two levels for supporting decision making: at a regional 
or national level for the purpose of setting guidelines for solid waste management and at 
a local level for the purpose of choosing a more environmental beneficial strategy or to 
optimize the current system by identifying one or more of the processes that potentially 
gives the most important impacts. Use on a national or regional level would usually 
require average data for average technologies in the region and results can be used as 
supporting decisions in setting guidelines or making new legislation for solid waste 
management by the local authorities. Using EASEWASTE at local level data 
specifically for technologies used or planned must be applied in the modelling. Results 
cannot be directly transferred to other areas or to a general conclusion since many site-
specific parameters or technologies may have a significant importance.  
 
The case study from the Municipal of Aarhus described earlier showed that the model 
easily handles different waste strategies and was able to identify problems and benefits 
from each activity involved in the waste management systems. In the future when the 
composting module is developed another biological treatment can be modelled.   
 
Benefits and offsets of remanufacturing are easily assessed by using the calculation 
methodology used in EASEWASTE. Environmental exchanges from any avoided 
production are subtracted from the environmental exchanges occurring from 
remanufacturing and negative values are obtained if recycling is beneficially. 
Alternative treatment of recyclables must however be assessed to find the most 
environmentally friendly strategy for a waste fraction. Alternative strategies should be 
compared to recycling scenarios before conclusions can be made that recycling is the 
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“best” option e.g. recycling vs. incineration. Incineration with energy recovery of e.g. 
paper may also be resource saving and the “best” option is the option with the largest 
savings in resources and emissions.  
 
The model also handles comparison of different waste treatment methods and 
technologies. Two or more technologies e.g. within flue gas treatment at an incineration 
plant, can be compared to obtain information about potential impacts due to the 
different technologies and subsequently support decision making for waste planners. 
Data collection for a new future technology may turn out difficult why comparisons 
between an existing and future technology is associated with data gaps and uncertainties.  
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6. FUTURE WORK 

The work conducted under this PhD project has led to the first version of the 
EASEWASTE model, EASEWASTE-2004. This model has been used on a case study 
and much data has been incorporated into it. However, there are still many issues that 
can be improved significantly to facilitate application by other users than model 
developers. The improvements are in consideration to provide more data for treatment 
and disposal technologies, more flexibility and a higher degree of reliability so the 
model works without errors. In addition to specific improvements in the model there are 
more long-term wishes for functions that by time may be implemented. Furthermore, 
the model should be released to potential users. Specific improvements planned for the 
next version, EASEWASTE-2005, and the work of making the model public are 
described below. 
 

6.1 Developments in future versions of EASEWASTE 

A new version is already under way and will give more reliability and flexibility for the 
user.  
 
Chemical waste composition of a range of material fractions is currently being 
investigated. The material fractions samples were collected at a national waste 
composition survey (Petersen & Domela, 2003) that separated household waste into 19 
main material fractions and approximately 125 sub-material fractions. Material fractions 
defined in EASEWASTE were sampled from the survey and are being analysed for all 
substances given in EASEWASTE. This will make the data reliability of waste 
composition higher and results more trustworthy regarding Danish household waste. 
 
Treatment and disposal data will continuously be collected and put into the database 
for waste options giving the user the ability to choose among several technologies. Also 
datasets (quantifying input and output) for external processes, such as electricity 
production and paper manufacturing, will be imported directly from the Danish EDIP 
tool as a new function enables import from other LCA tools. This will ease the work for 
implementing new datasets.  
 
Composting, waste water treatment and fly ash treatment modules will be 
implemented in the next version of EASEWASTE. The composting module will handle 
home composting, central windrow composting as well as a closed reactor composting 
facility. The waste water treatment plant will handle waste water from incineration as 
well as from incineration and will direct substances to soil, air and water. 
 
Flexibility will be increased in the model by giving the user a higher degree of defining 
names for substances and residue flows. The substance list that defines the composition 
will be extended to app. 55 substances, of which a few “blank” substances can be 
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defined by the user. The user can use these blank substances for any interesting metal or 
xenobiotic compound that could have an importance in the environmental assessment. 
Material recovery facilities will have user defined output mass flows and not restricted 
to a set of possible waste fractions. Each of these mass flows can be directed to any 
waste treatment or disposal module. 
 
Water recipients will be divided into three: groundwater, fresh surface water and 
marine water. This is due to the different exposure routes and thus different impact 
potential factors for emitted substances to each of the three recipients. The exposure of 
emitted substances is also dependent on the use of each water recipient in the specific 
area of where the emissions occur (Hauschild & Potting, 2004).  
 
Division of the carbon content into a fossil and a biological related source will in the 
next version be implemented. This will enable the incineration plant to calculate both 
carbon dioxide that is fossil related and thereby contribute to the global warming and to 
calculate biologically related carbon dioxide that may be assumed to be neutral in 
respect to global warming.  
 
Landfilled toxicity calculation  of substances laid in landfills that after the total defined 
time frame has not yet leached. The methodology will be a revised version of a concept 
published by the Danish EPA (Hansen, 2004a). The aim is to quantify the potential 
impact by the toxicity of landfilled substances in an individual impact potential category 
that can be compared to the traditional categories, e.g. global warming. 
 
Area use of waste treatment facilities should be included since area use may be an 
important environmental impact in dense populated regions. The area use should 
optimally be based on the area that is occupied, the time of occupation and the quality 
change in respect to biodiversity (Hansen, 2004a). There are however not consensus on 
methods to quantify quality changes so the preliminary method only takes area and time 
in consideration. 
 
Uncertainty and sensitivity analysis functions will be implemented to ease these 
analyses. Uncertainty analysis involve that each parameter is possessed with an interval 
and a coefficient of variation.  
 
Total social costs and environmental costs may in later versions be implemented. It is 
possible to include costs in the current version by defining costs equally with impact 
categories, but there are no specific functions for capital and operation and maintenance 
costs. This will be implemented as well as environmental costs for each emission. 
Environmental costs enable the user to compare the direct costs of construction and 
operation with the possible economic consequences due to emissions. Environmental 
costs are defined from the point of view of willingness to pay for a certain 
environmental issue, e.g. access to a forest, survival of an endangered species etc. 
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6.2 Other work 

Currently only the group of developers have used the EASEWASTE model. The aim is 
to make the model widely known for waste planners and authorities firstly on a national 
level followed by international level. Before being generally applicable by people 
outside the group of developers most of the developments described above must be 
implemented. Then the model will be introduced in combination with a manual and an 
offer for an introductory course. The EASEWASTE model is complex in its structure 
and scope, and the results offer a range of possibilities to assess contributions and 
sources for each impact category. An introductory course in use of the EASEWASTE 
could therefore be very helpful and may assist in preventing any misuse and errors by 
the use. Misuse may arise if the user has too much trust in default data, which may not 
represent the system of the user. 
 
Eventually when external users have applied the model their experiences with working 
and using results will be collected and used for later improvements.  
 
At a later stage similar modelling may be made for garden waste and bulky waste from 
households as well as for commercial and industrial waste. The structure can be the 
same but new material fractions, composition and treatment options must be added. 
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7. PERSPECTIVES 

“ I have a dream” (King, 1963) that environmental assessments with a systems and 
holistic perspective will be used prior to decision making for solid waste management 
systems and prior to any other large infrastructural systems. At least decision makers 
should use life cycle thinking or screenings before modifying or implementing new 
technologies into the waste management system. It is absolutely necessary that the 
boundaries of the system include processes outside the core system (Björklund & 
Bjuggren, 1998) because processes, products, materials and energy are all interrelated 
and have a possible influence on each other. Especially energy use and recovery have 
shown to have a substantial contribution to the overall environmental impacts and 
resource consumption.  
 
The EASEWASTE model is developed to evaluate solid waste management systems 
and technologies, and the model can assist in identifying activities and waste materials 
that contribute to potential environmental impacts/resource consumption. This may help 
in optimising the environmental score by focusing and improving on the activities that 
contribute significantly to environmental problems or avoid or reroute waste materials 
that are the source of the potential problems. 
 
Another very important aspect is to remember waste minimisation and reduction of 
hazardous substances in products/waste and thereby minimising the potential 
environmental impacts from solid waste treatment. This is a more important aspect that 
optimising the environmental aspects of solid waste management systems. The problem 
is only, that waste always will contain hazardous substances and that optimising all 
products that eventually will become waste, is a never-ending process. A huge step 
towards environmentalism is to reduce hazardous compounds to enter the initial 
municipal solid waste stream and by either terminate use of these compounds in 
products or divert these hazardous compounds to special treatment.  
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ABBREVIATIONS 

 
 
 
  
APC: Air pollution control 
CBA: Cost benefit analysis 
EASEWASTE: Environmental Assessment of Solid Waste Systems and 

Technologies 
EDIP Environmental Design of Industrial Products (LCA methodology 

developed by the Danish EPA and DTU, Denmark) 
LCA: Life cycle assessment 
LCC: Life cycle costing 
LCI: Life cycle inventory 
LCIA: Life cycle impact assessment 
MRF: Material recovery facility 
MSW: Municipal solid waste 
ORWARE: ORganic WAste REsearch 
SCBU: Small commercial business units 
SFA: Substance flow analysis 
TS: Total solids (dry matter) 
US EPA Environmental Protection Agency of the United States 
VS: Volatile solids (organic matter) 
WISARD: Waste Integrated Systems Assessment for Recovery and Disposal 
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