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Abstract 
 
Mutavchi, Viacheslav. (2012). Solid waste management based on cost-benefit analysis using the 
WAMED model, Linnaeus University Dissertations No 76/2012. ISBN: 978-91-86983-30-
7. Written in English with a summary in Swedish. 
 
Efficient waste management enables the protection of human health, reducing 
environmental pollution, saving of natural resources, and achieving sustainable and 
profitable management of energy. In many countries, the general guidelines for waste 
management are set by national or local waste management plans. Various models provide 
local authorities with decision-making tools in planning long-term waste management 
scenarios.  

This study aims at providing a special model framework for the evaluation of 
ecological–economic efficiency (ECO-EE) of waste management. This will serve as an 
information support tool for decision making by actors of a solid waste management 
(SWM) scheme, primarily at the municipal and regional levels. The objective of this study 
is to apply the waste management’s efficient decision (WAMED) model along with the 
company statistical business tool for environmental recovery indicator (COSTBUSTER) 
model to SWM and municipal solid waste (MSW) schemes in general in order to evaluate 
and improve their ECO-EE. COSTBUSTER is a mathematical indicator for the size and 
extent of implementation costs of a certain SWM scheme, compared with the total size of 
the average financial budget of a SWM actor of a certain kind. In particular, WAMED is 
proposed for evaluating the suitability to invest in baling technology. Baling of solid waste 
is an emerging technology which is extensively used worldwide to temporarily store waste 
for either incineration or recovery of raw materials. The model for efficient use of resources 
for optimal production economy (the EUROPE model) is for the first time applied to 
emissions from baling facilities.  

It has been analysed how cost-benefit analysis (CBA) and full cost accounting (FCA) 
can facilitate environmental optimisation of SWM schemes. The effort in this work 
represents a continuation of such ambitions as an enlargement of the research area of CBA-
based modelling within SWM. In the thesis, certain theoretical and economic aspects of 
SWM were analysed as case studies. A shift of viewpoints within the field of waste 
management is presented.  This shift is in accordance with the prevailing concept of 
sustainable development, as commonly understood. It is concluded that in the practical 
SWM context, the findings of the study point at the possibilities to modify the common 
CBA- and FCA-based methods by WAMED, COSTBUSTER, and EUROPE. 
Therefore, it can be said that estimations in a SWM scheme can be carried out by using 
certain economic model, if properly modified in a logical and plausible way.  

New principles for cost allocation to SWM residual products are presented in the 
current work. They imply strong industrial cost saving incentives through promoting the 
introduction of new and improved processing technologies for rest-waste. Such incentives 
then strongly promote investments that are likely to improve both the environment and the 
corporate profitability. Thereby, the occurrence of non-commercialised, and hence not 
utilized, wastes is reduced.  This improves the short term corporate economy through 
saving raw materials such as solid waste fuel, spending less time for administrating waste 
flows, and less wear and tear of the plant machinery. Additional environmental advantages 
which affect the balance sheets in a favourable way are related to the long-term business 
economy and extended environmental goodwill. This is due to the recently introduced way 
of considering solid waste as regular goods in financial terms - the equality principle. If 
waste is seen as goods, and not wasted in landfills, the environment will improve. This, in 
turn, leads to an improved quality of life.  



 

Based on the current study, it is recommended to apply WAMED to SWM schemes in 
order to evaluate their ECO–EE to justify decision making and investments. Also, it is 
recommended to apply COSTBUSTER, based on the current WAMED outcome, to 
SWM schemes to determine their relative size and extent. It is recommended to apply 
EUROPE to the emissions in case of accidental burning, treatment of leachate, and 
abatement with odours at any SWM scheme, based on the induced economic incentives, in 
order to reduce unwanted substances and phenomena.  
 
Keywords: economic models, economic incentives, solid waste management (SWM) 
schemes, baling economics, municipal solid waste (MSW) management, ecological–
economic efficiency (ECO-EE), cost-benefit analysis (CBA), full cost accounting (FCA) 
analysis, the WAMED model, the COSTBUSTER model, the EUROPE model. 
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Sammanfattning 
En effektiv avfallshantering medger skydd mot ohälsa, minskade 

miljöföroreningar, hushållning med naturresurser samt att en uthållig och 
lönsam hantering av energitillgångarna uppnås. I många länder bestäms 
riktlinjerna för avfallshanteringen av lokala och nationella 
avfallshanteringsplaner. Olika modeller förser i det sammanhanget lokala 
myndigheter med verktyg för beslutsfattande vid planering för långsiktiga 
scenarier för avfallshantering.  

Föreliggande arbete avser tillhandahålla ett speciellt modellramverk för 
utvärdering av den ekologiska och ekonomiska effektiviteten (eng. ecological–
economic efficiency - ECO-EE) vid avfallshantering. Detta tjänar som ett 
informationsstödsverktyg för beslutsfattande av aktörer kopplat till en 
anläggning för hantering av fast avfall (eng. solid waste management – 
SWM), främst på kommunal och regional nivå. Syftet med detta verk är att 
applicera WAMED-modellen (the waste management’s efficient decision - 
WAMED – model) tillsammans med COSTBUSTER-modellen (the 
company statistical business tool for environmental recovery indicator – 
COSTBUSTER – model) på fast avfall och anläggningar för hantering av 
hushållsavfall (eng. municipal solid waste - MSW) i allmänhet för att kunna 
utvärdera och förbättra deras ekologiska och ekonomiska effektivitet. 
COSTBUSTER är en matematisk indikator för storleken på kostnaderna för 
att implementera en viss anläggning för avfallshantering som jämfört med den 
totala budgeten för den genomsnittlige aktören för hantering av fast avfall av 
en viss sort. Framförallt så framhålls WAMED-modellen som ett verktyg för 
att kunna avgöra om det är lämpligt att investera i en balningsanläggning. 
Balning av fast avfall är en framväxande teknologi som i stor utsträckning 
används över hela världen för att tillfälligt lagra avfall för förbränning eller 
återvinning av råvaror. EUROPE-modellen (the model for efficient use of 
resources for optimal production economy – EUROPE), appliceras här för 
första gången på föroreningar från balningsanläggningar. 

Studier har nu utförts av hur kostnads- och intäktsanalys (eng. cost benefit 
analysis - CBA) och totalkostnadskalkyl (eng. full cost accounting - FCA) kan 
främja miljömässig optimering av anläggningar för hantering av fast avfall. 
Den vetenskapliga insatsen i föreliggande arbete utgör en utvidgning av 
forskningsområdet för kostnads- och intäktsanalysbaserad modellering inom 
hantering av fast avfall. Avhandlingen analyserar vissa teoretiska och 
ekonomiska aspekter av hantering av fast avfall inom ramen för fallstudier. Ett 
ändrat synsätt inom avfallshanteringsgebitet presenteras. Denna förändring är 
i enlighet med det förhärskande konceptet för en uthållig utveckling, som 
detta begrepp vanligen förstås.  
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Slutsatsen dras att inom praktisk hantering av fast avfall så pekar resultaten 
på möjligheterna att modifiera de vanligen förekommande metoderna för 
kostnads- och intäktsanalys och totalkostnadskalkyl genom WAMED-, 
COSTBUSTER- och EUROPE-modellerna. Därför kan hävdas att 
bedömningar för anläggningar för hantering av fast avfall kan utföras via vissa 
ekonomiska modeller, om dessa modifieras på ett logiskt sätt. Nya principer 
för allokering av kostnader till fasta residualprodukter presenteras i 
föreliggande arbete. De bygger på att förekomsten av kraftiga incitament för 
kostnadsminskning inom industrin främjar lansering av nya och förbättrade 
processtekniker för restprodukter. Sådana incitament främjar i sin tur 
investeringar som har goda chanser att förbättra både miljön och den 
företagsekonomiska lönsamheten. Därvid reduceras förekomsten av avfall som 
inte kan kommersialiseras och således inte heller utnyttjas. Detta gynnar den 
kortsiktiga lönsamheten vid företaget ifråga genom en ökad hushållning med 
råvaror såsom fast avfallsbränsle, minskad tidsåtgång för att administrera 
avfallsflöden och ett minskat slitage på anläggningens maskineri. Ytterligare 
miljömässiga fördelar som gynnsamt påverkar balansräkningen är hänförbara 
till den långsiktiga lönsamheten samt en förbättrad miljömässig goodwill. 
Detta kommer sig av det sentida, lanserade sättet att i ekonomiska termer 
betrakta fast avfall som vanliga produkter vilket benämns 
jämställighetsprincipen (eng. the equality principle). Miljön anses i detta 
sammanhang förbättras om avfall betraktas som varor och inte kastas bort på 
deponier. Detta medför i sin tur en ökad livskvalitet hos allmänheten. 

Baserat på resultaten i föreliggande arbete rekommenderas det att 
WAMED-modellen ska appliceras på anläggningar för fast avfall i syfte att 
bedöma deras ekologiska och ekonomiska effektivitet som ett underlag för 
beslutsfattande och investeringar i primärt balningsutrustning. Även så 
rekommenderas det att använda COSTBUSTER-modellen, baserat på det 
aktuella utfallet vid användningen av WAMED-modellen, på anläggningar 
för fast avfall för att kunna avgöra deras relativa storlek och omfattning. Det 
rekommenderas slutligen att använda EUROPE-modellen på föroreningar 
från icke önskade avfallsbränder, behandling av lakvatten och lindring av 
odörer vid dylika anläggningar i allmänhet, baserat på de uppkomna 
ekonomiska incitamenten i syfte att minska oönskade ämnen och andra 
olämpliga fenomen kopplade till avfall.  

 
Nyckelord: ekonomiska modeller, ekonomiska incitament, anläggningar för 

hantering av fast avfall (SWM), balningsekonomi, hantering av hushållsavfall 
(MSW), ekologisk–ekonomisk effektivitet (ECO-EE), kostnads- och 
intäktsanalys (CBA), totalkostnadskalkyl (FCA), WAMED-modellen, 
COSTBUSTER-modellen, EUROPE-modellen. 
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Preface 
This chapter presents an introduction to the work that gives “the 

intellectual environment” of waste management. Basic statistics is given, 
mainly applicable to Europe and within the European Union. The scientific 
contribution and outcome of the present thesis are touched upon. 

An industrial plant usually needs to be analysed as regards the status for its 
current waste management throughout the system. Both economic and 
environmental benefits can be achieved in doing so. This process encompasses, 
for example, study of company internal waste streams and identification of the 
opportunities to recover and save existing resources used. Thus, 
implementation of appropriate waste management usually is favourable. 

For the last 10-15 years, the amount of waste generated in Europe annually 
has grown by approx. 10%. According to the EU, this trend must be stopped 
and reversed if the Europeans are not to be “submerged by rubbish” (European 
Commission, Environment DG, 2000).  

The manufacturing industry in Europe generates every year some 1100 
million tonnes of waste. This corresponds to about 1.4 tonnes of 
manufacturing waste per person per year. Industrial waste accounts for about 
15% of the total waste generated in Western Europe defined as The European 
Union, Iceland, Norway and Switzerland. Municipal waste accounts for about 
14% of the total waste generated in Western Europe. The manufacturing 
waste amounts increase in most European countries (ISWA, 2006).  

Both environment and finances will be improved by the contribution of 
this thesis to the build-up of adequate and relevant know how within SWM. 
The required planning, as regards waste management as well as the necessary 
decisions to be taken, and also the general policy to implement to promote an 
environmentally friendly and economically profitable development of waste 
management, is facilitated by the present study. According to Pearce and 
Brisson (1995), “literature on the economic management of waste is sparse”. 
Thus, the work is regarded as filling up an unwanted vacuum that definitely is 
necessary to fill, within SWM research. 

It is important to eliminate industrial waste as far as possible to achieve the 
clean enough environment. To do this, there must be a direct linking between 
the very existence of waste and company profits. Thus, we need an entirely 
new way of viewing the waste issue, the central paradigm being that the waste 
is raised to the same status as regular, ordinary products from a strictly 
business administration point of view. This induce substantial consequences 
for inter alia the principles used to allocate costs to current waste. 

When doing so, industry is given a very strong incentive to reduce, or 
preferably rather eliminate, the occurring waste by implementation of these 
invented, financial incentive bringing, waste management models. If this will 
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not happen, the realization of the clean enough producing industry, and 
construction industry and other branches as well, will happen too slowly. This 
is the main reason why a shift of paradigms indeed is needed, in the first place 
within SWM. 

The industrial production apparatus in this environmentally pleasant 
society will enable a swift and efficient production of larger quantities of high-
quality products produced per unit of time. Also the cost will be lower than 
what is possible today. 

An improved and more efficient utilisation of natural resources will hence 
occur. Also the recirculation of residual products will be promoted due to the 
existence of the economic incentives that occur when implementing the tools 
presented in this study. 

Thereby, also common people might experience the century-old and 
traditional joy of being able to steadily consume more and more goods on an 
ever more liberated market that hence provide also these average people with 
an abundant flow of increasingly more sophisticated products and services. 
The results of the research performed here enables such a development with 
due respect to the commonly accepted need to save the resources of the Earth. 
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Reading instructions 
Relation to earlier work 

The present work should be seen as the continuation of the work carried 
out mainly at the Department of Technology, University of Kalmar (which 
has been renamed after the university’s reorganization to the School of Natural 
Sciences of Linnaeus University). In particular, the work performed is 
intended to investigate whether traditionally known economic models and 
methods can be applied to waste management aiming at improvement of the 
environment as well as corporate profits. In the first place, the study is a 
further development of the work carried out by Stenis (2002, 2005). Other 
earlier works at the Department of Technology in Kalmar (nowadays the 
School of Natural Sciences), also constituting the foundation of this study, 
describes chemical and physical qualities for waste management activities in a 
practical context, examples being the works by Nammari et al. (2001, 2003, 
2004, 2006). 

The School of Natural Sciences of Linnaeus University has a history of 
distributing know-how from the final end of the process lines to the men of 
practice in daily industrial life. Thereby, a feedback takes place from the 
consequences occurring from different actions taking place to the final end-of-
pipe throughout industry. 

As the next step in the development of these concepts developed hitherto, 
the present work also attempts to cover SWM, with emphasis on baling of 
waste fuel, within the research area of residual products. In doing so, this 
thesis investigates the applicability of a novelty, the WAMED model, when 
applied to solid waste baling schemes. The thesis also investigates whether use 
of the equality principle, first introduced in the licentiate dissertation of Stenis 
(2002), and now applied in this work by, for example, new articles regarding 
baling of waste in connection with e.g. cost benefit analysis, is promising in 
order to obtain strong economic incentives for waste management scheme 
actors that are supposed to drastically reduce their generation of emissions and 
pollution at the source. 

Therefore, the present work should be seen as an extension of the earlier 
works mentioned above into another significant area of waste management. 
However, it should be remembered that many sub-fields of waste (and energy) 
management remain to be explored as regards possible applications of the 
WAMED model and the COSTBUSTER indicator model in combination 
with the EUROPE model, being the mathematical expression of the equality 
principle. 

To fulfil this ambition, in this study, new models, economic instruments 
characterised by providing economic incentives to those applying them, are 
introduced to improve the environment through inducing precisely heavy 
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economic incentives for that, and also the increase of corporate profits – in 
that intended order. Other models, also being economic instruments, which 
have been introduced previously in earlier works, are combined with the new 
models. This aims at further extending the range of application and the 
efficiency of the whole set up of an array of new and combined financial tools 
that now are presented to the interested reader, management and others 
interested in how SWM can be developed and better estimations be made 
when scrutinizing different options for investment in mainly environmental 
technology. 

These new models (the WAMED model and the COSTBUSTER 
indicator model), also in combination with the older one (the EUROPE 
model based on the equality principle), are presented in Papers I, II and III. 
Therefore, in this thesis the emphasis lays on the findings in these three 
papers. 

The other papers, Papers IV-X, give the practical and physical context and 
examples of the prevailing technological surroundings for the, to a large 
extent, brand new model build-up in the three first papers. However, Papers 
VII-X are strongly subjected to the thesis but are not appended. 

Papers IV-VI gives a physical and chemical background to support the 
main economic theory developed in Papers I-III. For instance, Paper IV 
describes the inner conditions inside solid waste bales as regards the 
occurrence of gaseous emissions that the EUROPE model then is applied to. 
Paper V deals with seasonal storage of baled waste fuel, in particular with 
respect to combustion processes, and the related emissions that were studied 
by simulations. Also, Paper VI touches upon the pollutants occurring during 
combustion of baled solid waste plus the behaviour of leachate and storm 
water from such bales. 

These three papers provide the technical and technological basis, as a 
justification in material terms, of why performing this study. This is important 
since financial theory usually must be based on a solid material foundation to 
have a reason for existing. 

Furthermore, the author regards it justified to emphasise the usage of 
economic instruments at the expense of more technologically directed 
findings, the former being regarded as significantly more powerful and 
efficient than purely technical improvements in order to quickly improve the 
living conditions of mankind and, of course, also increase the wealth globally. 
Thus, the World Trade Organization (WTO) framework is regarded as much 
more important for the future of our children than, for example, the 
Intergovernmental Panel on Climate Change (IPCC) framework. 

As a consequence of this view, the reader, when reading this study, is asked 
to try to think for himself primarily in terms of financial pay-off possibilities 
and the profound impact of economic realities, the key term being: “economic 
incentives”, rather than in terms of, for example, tonnes of cubic metres of 
solid waste processed per time unit etc. 
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Thus, the environmental damage that possibly occurs forms just a term or a 
factor in the manager’s or the investor’s estimation or calculation of, for 
example, the expected profitability of the project in question. In particular, in 
Paper III it is showed how also emissions and pollutions can be valuated in 
monetary terms to further improve the decision basis for starting up, for 
example, environmental projects. Thereby, also such extreme occurrence of 
environmental pollution as the fire in the waste storage in Aalborg, Denmark, 
in 2005 (Hogland et al, 2007) can be taken into account when estimating the 
profitability of, for example, SWM scheme projects. 

The structure of the work 
This work consists of seven large parts. The first part is in the form of a 

report. The other six parts consist of the six appended papers. Those papers 
which are denominated “Other papers” are physically excluded from the thesis. 

Management tools are in this study supposed to be able to solve daily waste 
management problems. Therefore, a comprehensive investigation of SWM 
alternatives here constitutes the foundation of the waste management related 
research. After the introduction and methodology description in Chapter 1 
and Chapter 2, in Chapter 3 a broad review of the obtained results is 
presented. The principles for the design of the models studied here are 
reviewed with regard to the possibilities of using and modifying the models in 
line with a waste management perspective. In doing so, the theory concepts 
reached, based on the findings in the appended papers, are of major 
importance. The usage of these models and the present efforts to modify them 
are evaluated from a waste management perspective, mainly related to the 
financial reality of SWM scheme actors of today. In Chapter 4, the case 
studies that are performed are presented to examine these practical 
applicabilities which hence are emphasised in this study. The different results 
that finally are obtained are discussed thoroughly in Chapter 5. This fifth 
chapter is followed by a summary in Chapter 6 of the many different 
conclusions reached. The work, finally, is ended by Chapter 7 as an outline of 
what roads to go when conducting relevant further research, primarily based 
on the current findings. See Fig. 1 for a schematic view of this collocating 
outline. The scientific overall framework as the terminology related basis of 
the present study is expressed graphically in Fig. 2. This general model forms 
the underlying basis for the presentation that follows in the chapters to come. 
Thereby, primarily a business administration based approach to the tasks at 
issues is promoted as being the underlying foundation for the ambitions to 
solve the current problems that are highlighted in this work. 

To a certain extent, economics at the national and continental levels are 
also somehow considered when plausible. However such top-down approaches 
play a minor role in the grand design rolled out in this study, the conditions 
and daily reality of the usually everyday struggling SWM scheme industrial 
actor being of paramount importance to scrutinize. 
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Figure 1 The structure of the work 
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Figure 2 The industrial knowledge transfer model 
 

In the industrial knowledge transfer model, the key components are 
industry in general and the knowledge related to this sector of society. This 
knowledge is transferred between the minds of the organisms in the societal 
body (the oval) on one hand, and the, for an economist, all and everybody 
encompassing market (the rectangle) on the other hand. 

The knowledge is supposed to constantly be accumulated. It is then shared 
to the citizens through the mechanism of distribution, i.e. it percolates down 
through the population levels.  

Down and far below in the knowledge accumulation hierarchy, at first one 
finds technology; if the basic technology does not work, as a prerequisite, 
nothing else works down the line. But if the technology can not show a good 
economy, i.e. increase of the profitability, it doesn’t matter if the technology is 
viable. It will not give rise to any sales revenues anyway. Also, a profitable 
technology must be friendly towards the environment; otherwise it is working 
against life itself. Finally, an innovation or an investment must encompass an 
acceptable standard of ethics; for example, a cannabis plantation is both 
extremely profitable and most environmentally friendly. 

Nowadays, precisely ethics also is a very good marketing argument to make 
the customers buy the products of your own company. In particular, in the 
USA an ongoing ethics corporate debate is prevailing, major aspects of ethics 
being corporate credibility and trustworthiness. 

However, this ethics phenomenon should not be confused with the term 
corporate social responsibility and similar topics. It should be remembered 
that a company performs optimally when producing a maximum of products 
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and services by the use of so little resources, including its amount of employed 
people, as possible. This is a standard measure of efficiency. Therefore, a 
company is not a kind of “welfare service machine” but should in the first place 
aim at giving maximal private profit to its owners, the long run corporate 
survival being of paramount importance both for the company’s anxious 
owners and society at large.  

These owners then pay higher taxes the higher the revenue of their 
companies, hence inducing possibilities for an improved welfare in a more 
indirect taxation based way. Therefore, the model as above do not encompass 
any social terminology, but rather emphasises the importance of, in particular, 
corporate ethics, this being an increasingly major basis for profitable corporate 
good will, the established key term being precisely corporate ethics. However, 
in a larger societal perspective it may be more relevant talking about, for 
example, societal values, this referring to both the major societal view and 
more micro economic related ethically based values. 

Thus the author claim that as long as entrepreneurs are allowed to make 
ever bigger profits (after tax) that steadily increase their private fortunes, they 
will keep on putting ever more sophisticated goods and services on the market 
for the rest of the population to fully enjoy. By this process, the businessmen 
will be able to meet their personal needs, and by so doing, raise the standard of 
living throughout the society where they are living. In general, if these 
fortune-bringers just are given a faint hope to, within reasonable time, be able 
to afford a materially better life with more luxury, due to exploitation of their 
professional skills, the whole economy is assumed to experience a boost and 
blossom and grow forever and ever. 

To an economics scholar, the market represents the whole World with all 
its miracles - “the all embracing phenomenon”. Therefore, it is a suitable 
mental framework counterpart to the minds of the individuals in the upper 
oval where the knowledge is processed basically. 

In the market, a need occur, for the individuals or collectively, among the 
population. The entrepreneurs and businessmen respond to this need by 
performing research and development, i.e. R&D driven by Adam Smith’s 
invisible hand (1776). In other terms, the potential, and therefore very eager, 
well–offs see the opportunities to make money and find out what to produce 
to fulfill the need of the population and hence try to increase their profits. 

But before putting anything on the market, there is made an estimation of 
what the prospects are to successfully launch a market attack. If this estimation 
points at fruitful business opportunities, the production of the product in 
question follow suit. 

When producing physical products, industrial waste occurs, in solid, liquid, 
gaseous or radiating form. Optimally, the reduction takes place at the source 
through, for example, smart use of efficient production technology. Thereby, 
the waste preferably never occurs in the first place, and the non-existing (?) 
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waste equals the regular products. Therefore, the thin arrow line here is two 
way-directed. 

However, in the practical non zero-waste case, a certain amount of waste 
nevertheless results from the industrial process and might be the object of 
recycling. Thus, if the waste cannot be totally eliminated at the source, the 
industrial process continues throughout and ends, for example, by the residual 
products coming out of the end of the sewage pipe or from the top of the 
chimney. In this case, the waste occurs at the end of the pipe. Thus, there it is 
a thin arrow line connecting these activities. 

The consumers in the market must be told that: “now there a product 
exists that fills their needs”. Perhaps, they didn’t even know that they had a 
need? In other terms, the necessary marketing starts up to make the consumers 
buy the product. Note in this context that the customer in question might be 
another company which buys, for example, production equipment to be used 
in their production process. Thus, we talk about industrial marketing. 

Now, finally, the product is on the market and the consumption of the 
product starts. Of course, the consumption cause residual products, for 
example, scrapped products that are the object of recycling. Thus, also here it 
is a thin arrow line to this activity. 

When recycling, R&D is a necessity to perform in order to get a hint about 
how to improve the profitability of the re-usage in question. Thus, also here it 
is a thin arrow line to this activity. 

This probably ever increasing consumption gives rise to an impact in 
technological, financial, environmental and non material way, i.e. of a state 
that finally causes also ethical and moral considerations. (Compare the four 
terms [technology – economy – environment – ethics] in the knowledge 
accumulation and distribution oval above.) 

Thereby, there a new need emerges in different ways. Then, the loop is 
closed on the market. 

This cycle causes a constant knowledge accumulation and distribution 
among the population. From the common advanced consciousness at the top, 
the ever more accumulated knowledge trickles down, i.e. is actively distributed 
down the hierarchical administrative layers to, finally, reach out to each and 
every corner of the individual actors in the global marketplace. 

As said before, this on-going knowledge storage process is represented by 
the top oval that gets its feedback from the personal experiences from the daily 
professional life of the commercial actors in the market. This two way 
exchange movement is maintained thanks to the eternal, overruling 
(industrial) knowledge transfer (Fig. 2.) between the minds of the organisms 
(the oval) and the market, i.e. “the all encompassing whole”. Thereby, the 
picture is harmonic and complete.  
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Overview of the papers in the thesis 
Appended papers 

The findings in the main report are supported by the six appended papers. 
These papers will be referred to in the text by their Roman numerals as 
follows: 
 

I. Moutavtchi, V., Stenis, J., Hogland, W. and Shepeleva, A. 
(2010): Solid waste management by application of the WAMED 
model. Journal of Material Cycles and Waste Management 12 (2): 
169-183. 

 
This paper reviews the environmental evaluation of municipal 
solid waste (MSW) management as based on cost–benefit analysis 
(CBA). A waste management’s efficient decision (WAMED) 
model based on CBA is developed to evaluate the environmental-
economic efficiency of SWM schemes. 
 
The most important findings of Paper I 
 
1. It is found that the WAMED model considers the entire 

scheme and is identified as a single-purpose, complex, short-
term model for municipal and regional decision making. 

2. It provides a unified and adaptive information support tool for 
MSW/SWM management actors. 

3. The model also reflects an integrated approach to solving the 
problem of MSW/SWM by simultaneously decreasing the 
negative impacts on the environment and human health while 
increasing the financial benefits through the implementation 
of MSW management projects. 

 
II. Moutavtchi, V., Stenis, J., Hogland, W., Shepeleva, A. and 

Andersson, H. (2008): Application of the WAMED model to 
landfilling. Journal of Material Cycles and Waste Management 10 
(1): 62-70. 

 
This paper proposes a cost structure for evaluating the ecological–
economic efficiency (ECO–EE) of a MSW management scheme. 
The methodology proposed is based on the recommendations of 
the full cost accounting (FCA) methodology for MSW 
management/SWM and takes into account existing Baltic Sea 
countries’ stereotypes and national standards, employing the 
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previously introduced waste managements’ efficient decision 
(WAMED) model and the company statistical business tool for 
environmental recovery (COSTBUSTER) indicator. 
 
The most important findings of Paper II 
 
1. Cost–benefit analysis (CBA) is shown to be useful in 

decision-making in municipal solid waste (MSW) 
management and SWM as an efficient tool of information 
support for implementation of holistic and financially 
integrated schemes, taking into account the prevailing societal 
priorities and values. 

2. It is concluded that the presented provisions for evaluation of 
the ECO–EE of a MSW management scheme reflect an 
integrated approach to solving the problem of simultaneously 
decreasing the negative impacts of MSW/SWM on the 
environment and human health while increasing the financial 
benefits.  

 
III. Stenis, J., Moutavtchi, V. and Hogland, W. (2011): Solid waste 

management baling scheme economics methodology. Iranica 
Journal of Energy & Environment 2 (2): 104-116.  

 
This paper proposes a cost structure for evaluating and improving 
the ecological-economic efficiency (ECO-EE) of solid waste 
baling management schemes ending with incineration for heat 
and power production. The methodology proposed employs the 
previously introduced waste managements’ efficient decision 
model (WAMED) and the company statistical business tool for 
environmental recovery indicator (COSTBUSTER). The 
previously introduced equality principle and the efficient use of 
resources for optimal production economy (EUROPE) model are 
applied to the emissions in case of accidental burning of bales, 
treatment of leachate, and the abatement with odours at a 
scheme. A case study presents the practical application of the 
proposed methodology.  

 
The most important findings of Paper III 
 
1. It is concluded that the presented methodology for evaluation 

and improvement of the ECO-EE of solid waste baling 
management schemes, simultaneously decreases the negative 
impact on the environment and human health while 
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increasing the financial benefits through the implementation 
of MSW management projects. 

2. The presented methodology provides an investment decision-
making support tool for the implementation of solid waste 
baling management projects. 

3. The presented methodology enables carrying out comparative 
analysis of actual and prevented financial damages at 
realization of schemes to increase also the efficiency of the use 
of natural resources. 

 
IV. Nammari, D.R., Hogland, W., Moutavtchi, V. Marques, M. and 

Nimmermark, S. (2003):  Physical and chemical processes in baled 
waste fuel, with emphasis on gaseous emissions. Waste Management 
& Research 21: 309-317. 

 
This paper describes how, over a period of seven months, the 
temperature and the emissions from six cylindrical and two 
rectangular stored bales containing waste for later use as fuel 
were measured. The bales were kept at two different ranges of 
temperatures: 30-35 °C and 20-25 °C respectively. 
 
The most important findings of Paper IV 
 
1. It was found that only the rectangular bales showed 

significant production of CO2. The increase of emission for 
one of the rectangular bales kept at 30-35 °C was 0.246 % vol. 
CO2 per day for a 2-week period, after which there was a 
decrease of CO2 concentrations at a rate of 0.0224 % vol. 
during a 32-week period. The other rectangular bale kept at 
20-25 °C exhibited a similar trend. 

2. The increase of CO2 concentrations was less at a rate of 
0.0259 % vol. per day during a 8-week period, after which the 
CO2 emission decreased at a rate of 0.0224% vol. per day 
during a 25-week period. 

3. All the bales exhibited aerobic decomposition in the sampling 
point 

4. In measuring the leachate concentrations, it was evident that 
the bales were actually in the equivalent acid-generating phase 
of a young landfill. 

5. The temperature inside the bales did not increase higher than 
the ambient air temperature. 
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V. Nammari, D.R., Hogland, W., Marques, M., Nimmermark, S. 
and Moutavtchi, V. (2004): Emissions from a controlled fire in 
municipal solid waste bales. Waste Management 24: 9-18. 
 
This paper describes how environmental and safety aspects of 
seasonal storage of baled municipal solid waste to be used as fuel 
for energy production (waste fuel) were investigated and 
experiments were carried out on burning of bales. The 
flammability, combustion processes and emissions were studied by 
simulating, in small-scale, potential effects of a possible fire in 
full-scale bale storage area. Despite the high water content and 
the high density of the bales, after setting fire, the bales burned 
well, even though no risk for self-ignition exists. The following 
parameters of the combustion product were measured 
continuously: O2, CO2, CO, SO2, NO, NO2, NOx, THC, smoke 
gas rate and the temperature of the smoke. Soot particles in the 
smoke were collected and analysed for Hg, Pb, Cd, As, Ni, Cr, 
Mn, Cu, Co, Sb and V concentrations. The analysis of the 
moisture content, concentrations of Hg, Cd, HCl, HF, HBr, 
NH3, polyaromatic hydrocarbons (PAH), chlorinated and 
brominated dioxins (PCDD/F and PBrDD/F, respectively) were 
carried out. 
 
The most important findings of Paper V 
 
1. It was found that the PCDD/F levels (TEQs) varied 

according to the system used: 12.53 ng (I-TEF-88)/Nm3; 
14.09 ng (I-TEF-99)/Nm3; 13.86 ng (Eadons)/Nm3. 

2. The PAH concentration was 3.04 mg/Nm3. 
3. The contents of the metals in the smoke (with the exceptions 

of Pb and Cd with mean values of 1.74 and 0.36 mg/m3, 
respectively) were below the limit values established by the 
Swedish Ministry of Environment for emissions from 
incineration plants (Swedish Ministry of Environment, 
(2002:1060), Förordning 2002:1060 om avfallsförbränning. 
Available from 
http://www.notisum.se/rnp/SLS/LAG/20021060.htm/EU-
directive (2000/76/EC), Directive 2000/76/EC, of the 
European Parliament and of the Council of 4 December 2000 
on the Incineration of Waste. http://www.Scotland. 
gov.uk/library5/environment/iecda.pdf. 

4. The HCl concentration was 10 times higher than the limit 
value (mean value of 99 mg/m3). 

 



 

18 

 

VI. Hogland, W., Nammari, D.R., Nimmermark, S., Marques, M. 
and Moutavtchi, V. (2002): Baled MSW and associated problem, in 
the context of fire hazard. In: Grover, V.I., Grover, V.K., and 
Hogland, W. (eds.): Recovering energy from waste: various aspects. 
Science Publishers, Inc., Enfield (NH), Plymouth, UK, pp. 223–
245. 

 
This paper describes how experiments were carried out on the 
burning of baled solid waste to obtain information on the 
flammability of baled waste and also on the pollutants formed 
during combustion, which would be spread into the environment 
during a possible fire in a bale storage area. Given the high water 
content and high density of bales, the possibility of them catching 
fire seemed remote. Unexpectedly however, they burnt well. The 
amount of smoke released was not extreme and, according to 
subjective olfactory perceptions, the smoke did not appear to be 
aggressive or pungent. Also, the behaviour of leachate and storm 
water around solid waste bales was studied. 

The following characteristics of the combustion product were 
measured continuously: O2, CO2, CO, SO2, NO, NO2, NOx, 
THC, smoke gas rate and the temperature of the smoke. Soot 
particles in the smoke were collected and analysed for Hg, Pb, 
Cd, As, Ni, Cr, Mn, Cu, Co, Sb and V concentrations. Samples 
were taken for the analysis of moisture content, the 
concentrations of Hg, Cd, HCl, HF, HBr, NH3, polyaromatic 
hydrocarbons (PAH), chlorinated and brominated dioxins 
(PCDD/F and PBrDD/F, respectively).  
 
The most important findings of Paper VI 
 
1. The baling technique was found to be the most promising 

storage method for the baling of waste fuels. 
2. It was found that the PCDD/F levels (TEQs) were 12.531 ng 

(I-TEF-88)/Nm3 or 14.091 ng (I-TEF-99)/Nm3 or 13.858 
ng (Eadons)/Nm3. 

3. The PAH concentration was 3044 µg/Nm3. The total 
concentration of PBrDD was not obtained. 

4. The concentration of 2378TBrDD was 16 ng/Nm3. All 
values are quoted as in dry gas of 9% CO2. 

5. The contents of the metals in the smoke were below the 
recommended levels, with the exceptions of Pb and Cd (mean 
values of 1.740 and 0.360 mg/m3, respectively), the HCl 
concentration was higher than the recommended value (mean 
value of 99 mg/m3). 
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Other papers  
 

VII. Hogland, W., Marques, M., Nammari, D.R., Nimmermark, S. 
and Moutavtchi, V. (2001): Risks for fires in storage with baled waste 
fuels. In: Proceedings of the Eight International Waste Management 
and Landfill Symposium, 1-5 October 2001, S. Margherita di 
Pula, Cagliari, Sardinia, Italy. 

 
This paper describes how the storage of baled waste fuel will 
increase in the near future. Thus, studies on the stability of baled 
waste during storage are necessary, to promote better handling 
from both energy recovery and safety viewpoints. In an 
experimental storage area for round bales in Sweden, CO2 O2 and 
CH4 were monitored to observe if the bales exhibited any 
tendencies for self-ignition. From the data obtained it was 
concluded that the bales had a low degradation rate during a 8-9 
month period.   To test the pollution transport during a possible 
fire, two bales were set on fire, and the concentrations of   CO2, 
CO, SO2, NO, NOx, N2O, THC, Hg, Pb, Cd, As, Ni, Cr, Mn, 
Cu, Co, Sb, V, polyaromatic hydrocarbons (PAH) and 
chlorinated and brominated dioxins (PCDD/F and PBrDD/F) 
were measured in the smoke and the ash. 
 
The most important findings of Paper VII 
 
1. The levels of most pollutants were bellow the Swedish 

national limits with the exception of HCl, Pb and Cd that 
showed the concentration of 1.740, 0.360 and 99 mg/Nm3 in 
dry gas of 9% CO2. 

2. The concentrations of PAH without naphthalene and 
PCDD/F were 3040µg/Nm3 and 13.585 (Eadons) ng/Nm3 
respectively.   

 
VIII. Moutavtchi, V. (2001): Solid waste management in the Kaliningrad 

region: situation and perspectives. In: Proceedings of Kalmar ECO-
TECH’01: Conference on Leachate and Waste Water Treatment with 
High-Tech and Natural Systems, 26-28 November 2001, Kalmar, 
Sweden. 

 
This paper describes one of the most serious problems in the 
Kaliningrad region which is solid waste management (mainly, 
household waste and industrial waste): its disposition, 
neutralization, landfilling and utilization. This problem is 
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complicated by specific exclave location of the region which is 
separated from the rest of Russia by Lithuania and Byelorussia. 
The region has borders with Lithuania and Poland only. In 
addition, Kaliningrad region has an area of only 15.1 sq. km, with 
a population of about 1 million. 

 
The most important findings of Paper VIII 

 
1.   Existing traditional plants for incineration of medical 

polymeric waste gives 53% of common emissions of such 
hazardous pollutants as dioxins. As regard the future 
Kaliningrad landfill, it will be playing important role and be 
one of the main links in the whole chain of landfilling and 
utilization of waste. 

2.   The most important element of the landfill is its location and 
quality of isolation system. 

3.   The area of the landfill is planed with annual plots, and 
construction will be started from land surface with taking into 
account its slope. For isolation a basis film is laid and 
simultaneously installed the section of a pipeline for leachate. 
Every 25 meters a control pit is constructed. 

 
 

IX. Moutavtchi, V., Shepeleva, A. and Hogland, W. (2003): 
Evaluation bases of ecological-economic effectiveness of solid waste 
management schemes. In: Proceedings of the Ninth International 
Waste Management and Landfill Symposium, 6-10 October 2003, 
S. Margherita di Pula, Cagliari, Sardinia, Italy. 

 
This paper considers the reasons and topicality for the evaluation 
of ecological-economic effectiveness (ECO–EE) of municipal 
solid waste (MSW) management schemes. The proposed model 
of evaluation of ECO–EE of a MSW management scheme is 
based on the economic analysis — cost-benefit analysis, and uses 
the "through" approach to estimate costs for application of a 
scheme. 
 
The most important findings of Paper IX 
 
1. The necessity of the comparative analysis of actual and 

prevented damage to the environment and human health at 
application of a scheme is substantiated. 

2. Basic provisions on selection of an optimal MSW 
management scheme are proposed for discussion. 
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X.  Moutavtchi, V., Hogland, W., Shepeleva, A. and Andersson, H. 

(2004): Application of the cost-benefit analysis to landfilling: 
practical aspects. In: Proceedings of Waste 2004 Conference, 
Integrated waste management and pollution control: policy and 
practice, research and solutions, 28-30 September 2004, Stratford-
upon-Avon, Warwickshire, UK. 
 
This paper proposes a cost structure for evaluating the 
ecological-economic effectiveness (ECO-EE) of a municipal 
solid waste (MSW) management scheme. The proposal is based 
on the recommendations of the full cost accounting (FCA) 
methodology for MSW management and taking into account 
existing international stereotypes (in the Baltic Sea countries) 
and national Swedish norms. 
 

The most important findings of Paper X 
 
1.   The necessity for the use of the cost-benefit analysis (CBA) 

in decision-making in MSW management is substantiated. 
2.   A pilot variant of practical application of the proposed 

theoretical provisions of CBA to landfilling (Kalmar, 
Sweden) is presented. 
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Contribution of the author of this thesis to the different papers 
 

Paper I. In this paper, the basic theory of the first author’s, who is the 
author of the thesis, own innovation (the WAMED model), is outlined. The 
first author has developed the basic theory in co-operation mainly with his 
supervisor, who is the second author. 

 
Paper II. This is the key paper of the first author, who is the author of the 

thesis and who has launched himself the WAMED model. The basic theory is 
developed and then, in co-operation mainly with his supervisor, who is the 
second author, applied it to the landfilling concept. 

 
Paper III. In this paper, the second author, who is the author of the thesis, 

collaborated mainly with his supervisor, who is the first author, to combine the 
WAMED model with the EUROPE model, which was developed by the 
supervisor himself. 

 
Paper IV. The experiments, the measurements and the practical work in 

the field were carried out by the third author, who is the author of the thesis, 
in close cooperation with the co-supervisor, who is the second author. The 
analysis of the data has been performed with significant help from Dr 
Diauddin Nammari, who is the first author. 

 
Paper V. The last author, who is the author of the thesis, was responsible 

for the organization of the practical work, for example, managing the 
handpicking-analyses and the sorting of the waste fractions. He has designed 
the incineration and emission measurements in co-operation with his co-
supervisor, who is the second author. The measurements were carried out by a 
professional consulting company. Dr Diauddin Nammari, who is the first 
author, has greatly contributed to the literature survey and the data analyses. 

 
Paper VI. The first author, being the co-supervisor, has been in the 

forefront of the field of the waste fuel storage studies since 1988. This paper is 
a summary and an evaluation made by the first author and the last author, who 
is the author of the thesis, of the earlier research and the experiences including 
also the knowledge gained in the research studies presented in the Papers IV 
and V. The paper also includes an earlier literature survey made by the first 
author and a survey made by the last author. 
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1. INTRODUCTION 

This chapter presents an introduction to the work. After a general waste 
management background, the general problem as well as the scientific 
problem is presented followed by an outline of the main objectives and 
delimitations of the work. Finally, a nomenclature is followed. 

1.1 SWM development historical perspective 
The problem of waste is usually treated separately as a sector for itself. 

There within, solid waste is most visible and substantial. It also is treated as a 
problem by itself. Sewage and chimney gas emissions are dealt with by 
separate authorities. Solid waste is in turn split into different kinds of waste, 
for example, municipal waste, industrial waste, hazardous waste, etc. Thus, a 
considerable risk exists for sub-optimization if not an all-embracing 
perspective that covers all kinds of waste is applied (Tiberg, 1995) (Stenis, 
2005). 

As regards the place in history for baling, specifically – a forefront object of 
study in this work – it is a technique through which compaction is achieved to 
enable easier handling and better transportation and storage of materials. In 
a waste management historical perspective, baling has long been used by 
farmers for managing hay and cotton (Paper IV). The storage of baled waste 
to be used as fuel for energy production (waste fuel), another phenomenon 
studied in this work, has been shown to be a stable method of storage, with no 
significant risk of self ignition. At the Department of Technology, University 
of Kalmar (the School of Natural Sciences, Linnaeus University), 
environmental and safety aspects of seasonal storage of baled MSW to be used 
as fuel for energy production (waste fuel), have been investigated and 
experiments have been carried out on burning of bales (Paper V). Thereby, it 
has been correctly predicted that the storage of baled waste fuel will increase in 
the near future (Paper III). 

Over the centuries, disposal of waste has been carried out. However, only 
in recent decades the disposal of waste has centered on the temporary storage 
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of the material for later use with energy recovery purpose.  In this context, 
waste primarily is sorted and then stored at landfill sites or storage areas at 
incineration plants. The storing of waste has its own problem characteristics 
that affect the environment (pollution of air, water and soil). 

One of the classical main problems related to storage of waste, over the 
years, is fires, a usually unwanted occurrence that also is studied in this work. 
Fires also occur in landfilled waste. About 200 fire events occur each year in 
Sweden (Hogland and Marques, 1999). 50 % of fires happen during the first 
two-month of storage and some of the fires are hard to extinguish (Hogland et 
al, 1996).  The landfill fires are attributed to the extreme temperatures 
(≥90oC) in the waste piles, which are a result of oxidation, by biodegradation 
of fresh organic waste.  One single fire might give an emission higher than the 
annual emission from all the waste incinerator plants in Sweden (Hogland and 
Marques, 1999). 

To combat this problem, among others, the baling technique was 
introduced into the waste management scene.  Baling has long been used on 
farms as a method for storing of hay during the winter months for use in the 
summer and spring.  The baling technique has been shown by previous studies 
(Ansbjer et al., 1995, Tamaddon et al, 1995a, Tamaddon et al, 1995b, 
Hogland, 1998, Hogland et al, 1996a, Hogland et al, 1996b, Hogland and 
Tamaddon, 1995, Hogland and Marques, 1999, Marques, 2000) to be the 
most promising method for the temporary storage of waste for either 
incineration or recovery of raw material (Paper IV).  

The technique has many advantages, which include (Paper IV): 
- Apparently no risk for self-ignition; 
- Stability during storage; 
- Almost no energy loss; 
- Clean and tidy handling and transport; 
- Volume reduction up to 1/3; 
- Water tightness. 
Thereby the technique for the baling of waste fuels that has been studied 

uses a modern, computerized baling machine and lifting device, which presses 
the waste material into a bale and wraps it with a stretched film of 
polyethylene (PE). A front-end loader is used to transport the bales from the 
conveyer belt of the baling machine to storage. 

Previous studies (Ansbjer et al, 1995; Tamaddon et al, 1995a; Tamaddon 
et al, 1995b; Hogland and Tamaddon, 1995; Hogland and Marques, 1999; 
Marques, 2000) have shown that storage of such bales affords no risk of self-
ignition. There is no temperature rise within the bale, with the inside 
temperature following the temperature of the surroundings. Bales exhibited 
good stability during storage with almost no energy or mass loss. Being 
wrapped, they are clean to handle and transport. There is a reduction in 
volume of about a third during compression. Problems include swelling 
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induced by water ingress and, odour problems resulting from the build up of 
fatty acids (propionic, butyric and acetic acid) (Paper VI). 

During recent years, waste bales can be stored up to twelve bales high. The 
area of a normal storage area might be approx. 150 x 180 m2. The area sizes as 
well as the storage height are constantly increasing. 

However, as storage sizes increase, the amount of leachate, methane and 
the internal temperature also increase. This increases the risk for self-ignition. 
This, in turn, step up possible financial consequences in case of fires in 
storages and landfills etc., one recent major example being the Aalborg fire 
(Hogland et al., 2007). 

Such potential financial threats must be considered when making 
estimations. The present study enables, for example, that by encapsuling the 
negative financial outcomes through implementation of the WAMED and 
EUROPE models. 

In this historical context, the approach now introduced in this work 
represents a new effort to provide industry with an “umbrella solution” that is 
applicable to SWM/MSW management schemes generally. Thereby, the 
proposed model of evaluation of the ECO-EE of a SWM/MSW 
management scheme is based on the economic analysis, cost-benefit analysis 
(CBA), and uses the "through" approach to estimate costs for application of a 
scheme (Paper II). The necessity of a comparative analysis of actual and 
prevented damages to the environment and human health at application of a 
scheme is substantiated. Basic provisions on selection of an optimal 
MSW/SWM scheme are proposed for discussion. 

This approach contributes to the accomplishment of the global ambition to 
control the steady increase of the size of the current waste “mountains”. 
Leading political authorities believe that that this trend must be halted and 
reversed if: “Europeans want to avoid being drowned in rubbish” (European 
Commission, Environment DG, 2000). The WAMED model introduced in 
this thesis, in combination with the equality principle, can be classified as a 
novel concept (Papers I, II and III). In particular, the work is regarded as 
filling a substantial “research gap” since, according to, for example, Pearce and 
Brisson (1995): “literature on the economic management of waste being 
sparse”. Therefore, the approach applied here represents a viable way of 
managing the global SWM problem, primarily in an industrial context. Thus, 
the prospects for the future of the findings here are good due to their high 
novelty value. 

Also, the international perspective is touched upon. The description of the 
SWM situation in Kaliningrad (Paper VIII) points, for example, on geo-
political considerations related to SWM. 
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1.2 SWM modelling 
The first SWM models during the 1970s were optimisation models and 

dealt with specific aspects of the problem, for example, vehicle routing. The 
models developed during the 1980s extended the system boundaries of the 
earlier models and covered MSW management at the system level. The 
models looked at the relationships between the different factors in the waste 
management system, rather than at each separately. These models aimed at 
minimising the costs of mixed waste management and, to a certain extent, 
included recycling. Examples of such approaches are the attempt by Roberge 
and Baetz (1994) to formulate the problem as a general mixed integer linear 
programming (MILP) problem, and by Gottinger (1991) to attempt to 
economise operations of SWM systems also by the use of MILP. During the 
1990s, for example, also recycling was included in the majority of the models 
developed for the planning of MSW management. Later models included the 
whole life cycle of products. Up till then, very literature was available on 
detailed costing information on integrated waste management systems 
(Morrissey and Browne, 2004). More recent approaches by, for example, Kijak 
and Moy (2004) has the ambition to achieve a more sustainable waste 
management by balancing social and economic impacts at different 
geographical levels, the social cost representing the opportunity cost to society 
of a given policy initiative (Vigsø, 2004). Thereby, life-cycle assessment 
(LCA) is applied to evaluate the integrated management of MSW. In later 
years, LCA has been used to optimise SWM systems and identify 
environmentally sustainable solutions (e.g. Kirkeby et al, 2006). However, still 
only limited information is available for getting good cost estimates, the 
literature is rather poor on relevant information and only scattered data are 
available (Tsilemou and Panagiotakopoulos, 2006). 

In the waste management models studied here, throughout, calculation of 
costs is more or less encompassed in order to facilitate the implementation of 
MSW management/SWM schemes. Thereby, the author mainly concentrates 
on the economic results of these schemes which are assessed as regards, for 
example, profits stemming from the current revenues and the environmental 
results of actual emissions as expressed in monetary terms. 

Available waste management models using CBA are analysed, this being 
suitable due to CBA forcing the wider view on decision-makers (Pearce et al, 
2006). This analysis shows that, at present, calculation of the financial damage 
to the environment as a loss of means during implementation of a MSW 
management/SWM scheme (showing the current damage), or as a possible 
positive financial result at a change of the scheme (showing the prevented 
damage) is not offered by these current models in the market in an explicit 
form. Therefore, the introduced WAMED model fills a knowledge gap and 
provides managers and others with a special tool that enables carrying out 
comparative analysis of estimated, actual and prevented financial damages at 
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the implementation of schemes. In particular, no studied model shows the 
same ability to express in monetary terms the environmental impact of a 
SWM plant, in an easy-to-grasp way, as the WAMED model approach. 

The WAMED model is also shown to be able to combine with the 
introduced COSTBUSTER indicator model to further improve the basis for 
managers’ decision making when considering investing in, for example, 
environmental technology and related equipment, installations and plants. 

The previously introduced EUROPE model, based on the equality 
principle, when combined with the WAMED model, is shown to enable 
management to encompass the value of emissions and pollutions in monetary 
terms when making estimations. By doing so, management achieves a fuller 
and more complete assessment of the risk of losing money (or of the chances 
to make big profits) due to not so well prepared investment endeavors. 

1.3 Problem statement  
A SWM scheme manager usually lack instruments at hand that match the 

changing demands of society and its market forces in terms of ensuring an 
acceptable environmental sustainability of his plant. Normally, he just 
considers profitability when decisions are taken. Therefore, the traditional 
control instrument models are likely to not cope with the ever more tight 
environmental demands of society on SWM schemes and other producing 
units. 

That is why management needs new control devices to rely upon when 
cruising on the vast ocean of more and more demanding waste management 
legislation. A general problem to solve, therefore, is to provide the scheme 
manager with this “control joy stick” to be designed in a way that is flexible 
enough for him to run the process sufficiently efficient. 

Also, managers need improved tools for investment decision making 
concerning SWM schemes and how to act within SWM projects. A problem 
in this context is how to adapt the managers’ instruments to the societal 
demands consistent with, for example, the Polluters-Pays Principle. Here, the 
problem is how to use science to meet the needs of the manager and give him 
new and flexible models as a basis for the SWM/MSW management needs. 
Knowledge about the surrounding market is needed in this continuously 
improving process. 

Therefore, another general problem is how to supply scientific results that 
fill up this SWM research gap. This can be done based on established and 
recognised research as regards, for example, bio-chemical and emission-related 
aspects of SWM and certain commonly known financial theory and 
management methods. Thereby, it must be shown how they can be adapted in 
practice and implemented with due respect to the real world market realities. 
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According to the model presented in Fig. 2, the industrial knowledge 
build-up and transfer thrive and the knowledge is continuously distributed to 
the market that gives feed back to this pool of advanced industrial knowledge 
to further improve the knowledge based advancement of mankind. Thus, a 
natural problem when doing so is how to ensure the swift and reliable 
distribution, reception, processing and implementation of the relevant 
information to and from the marketplace. 

Finally, it is most important to ensure the possibilities for the actors on the 
market, in particular the welfare-creating entrepreneurs, to make as much 
money as possible (after, and not just before, due taxation). If these key actors 
in the marketplace are not given proper economic incentives to make them 
dare to take the necessary risk and work hard, they namely will less likely 
perform well. The whole society will then suffer from such a lack of economic 
incentives in such a not optimally working, and hence deteriorating, system 
with respect to its inhabitants’ chances for personal development in mainly a 
material way. 

1.4 Scientific problem 
SWM economics, in particular its cost aspects, is clearly connected to 

environment and health, both in corporate and societal terms.  However, there 
cannot be found much literature on this topic (Pearce and Brisson, 1995). 
Nevertheless, scholars have proven the obvious relationship between industrial 
preventive environmental protection strategies and substantial savings 
(Lidgren, 1993). It has been shown that efficient management of industrial 
waste improves the competitiveness of a firm and its chances to win in the 
constantly on-going war over market shares. 

Therefore, the material welfare of society, i.e. of its single individuals 
which want to consume and have jobs, is thus a matter of clear, ultimately 
corporate concern. Therefore, through adequate pedagogic means, the 
population in general must be made to realise the existence of such natural 
connections and their consequences for daily life of the man on the street. 

The knowledge of SWM models is hence less sufficient, in particular for 
those models aimed at financial matters within a company. The scientific 
problems regarding the SWM models, currently in use in the environmental 
marketplace, and the way they function therefore is: 

- Lack of accumulated knowledge to distribute to the market. 
- The business administration models that are used today are not focused 

on the issue of SWM in particular. 
- The prevailing SWM models of today are generally not adapted neither 

to corporate profit maximization nor the improvement of the public 
understanding of business administration realities of daily 
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businessmen’s life and the related consequences for the (material) 
welfare of the average citizen. 

These scientific problems mentioned here imply a substantial potential for 
performing research concerning waste management modelling. Hopefully, a 
knowledge and competence accumulation within “industrial environmental 
economics” will therefore emerge in order to improve both the environment 
and the corporate profits – in that order. 

1.5 Objectives 
The overall goal is to develop a general model framework for the evaluation 

of the ECO-EE to serve as an information support tool for decision making 
by SWM actors at the municipal and regional levels. 

A more specific objective of this study is to apply the WAMED and 
COSTBUSTER indicator models (Papers I, II and III) on SWM schemes in 
general to evaluate and improve the ECO-EE in combination with the related 
profitability. Thus, a decision making tool is developed to enable evaluation of 
the suitability to invest in SWM projects and environmental projects in 
general, for example, in baling equipment for complementary production of 
solid waste bale fuel to increase the energy supply in the form of electricity 
production or water based heat distribution. In doing so, in the case studies, 
the EUROPE model, based on the equality principle, are applied to usual and 
extraordinary emissions and pollutions from a baling plant in order to develop 
methods, based on economic incentives, to reduce the unwanted and 
sometimes harmful substances from SWM schemes. 

1.6 Delimitations 
The work presents studies of solid waste only. Hazardous waste, for 

example, is not considered in the work. 
The economic models that are adapted and modified to fit SWM needs 

mainly are intended for short run, i.e. daily, operative use. In this context, 
cost-benefit analysis (CBA), intended for long-term use, is regarded to have a 
strategic character in the first place. CBA in the long view, as well as other 
long-run strategic models, are thus excluded. 

There is a very weak connection between international environmental 
standards and the work presented here. Therefore, for example, ISO 14001 
and EMAS are excluded from the current discussion. 

This work has a weak connection to the concept of producer responsibility, 
this approach mainly dealing with that takes place after that the industrial 
goods has left the “black box”. This is so because to a large extent, the research 
presented in this work refers to what takes place within the “black box” of the 
industrial plant in question. 
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The geographical area addressed here is primarily Europe in general and 
the European Union (EU) in particular. 

The target groups intended to read this thesis are (i) the academic 
colleagues of the author, and (ii) the officials, managers and the men of 
practice in industry. This is so since the theoretical review is adapted to both 
prevailing scientific demands and to practical, daily use in industry. 

Pedagogic aspects are not considered. The possibilities of the theory to be 
accepted and established among citizens are the objects for further research. 

Safety issues are also objects for further research. 
This study covers the use of SWM models in SWM scheme companies. 

Societal aspects are considered as well, however of course not fully 
encompassed. Therefore, Fig. 1.1 illustrates the system limits of the thesis 
schematically. 
 

 
 
 
 
 
 
 
 
Figure 1.1 System limits for the thesis considering corporate and societal aspects 

1.7 Nomenclature specific to certain novelties in the 
present work 

Certain key terms invented during the course of the doctoral work of the 
author are explained below. 

• The waste managements’ efficient decision model (WAMED) - a 
single-purpose, complex, short-period model for use at the municipal 
and regional levels, based on a financial analysis, considering the whole 
life cycle of solid waste by offering a certain set of elements which 
constitute a united SWM scheme that envisages calculations of the 
“cost” and “consequences” for each element scenario, as regards costs of 

Society 

Thesis 

 
SWM company 
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implementation of a SWM scheme, which in itself can be used as 
information to support decision making, and which can be integrated 
into uniform indices for the whole scheme. 

• The company statistical business tool for environmental recovery 
indicator (COSTBUSTER) – a mathematical indicator based on the 
WAMED model and generally applicable statistical facts for the size 
and extent of costs of implementation of a certain SWM scheme, 
compared with the total size of the average financial budget of a SWM 
actor of a certain kind (Papers I, II and III). 
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2. METHODOLOGY 

This chapter presents the framework of the methodology that the study is 
based on. 

2.1 Method choice 
2.1.1 The research designs 

The main four categories of research design are as follows: (i)  Change 
(many parameters) centers the research problem on measures and the choice of 
method is centred on participation of stakeholders through case studies; (ii) 
Evaluation (many parameters). The research problem is centred on mapping 
and the choice of method is centred around investigations through 
examinations; (iii) Development of theories and models (few parameters) 
centers the research problem around knowledge build up and the choice of 
method is centred on expert and specialist studies. Data is gathered through 
study of literary sources and the models are presented in e.g. articles and 
papers; (iv) Test (very few parameters) centers the research problem on 
hypotheses and the choice of method is centred on laboratory investigations 
through experiments (Andersson and Borgbrant, 2000). 
 

The research designs applied in the present work 
 

The present study is characterised by partly being consistent with 
”development of theories and models” which is applicable to the current 
modification of economic models. The study is to a certain extent also 
characterised by “change” that is applicable to the case studies which are 
performed. 

2.1.2 The research approaches 
The main three categories of research process are as follows: (i) Analytical 

approach where the whole is the sum of the parts and the reality is considered 
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to be objective. One starts with empirical facts and observations, induces 
theories and deduces predictions in order to obtain new facts that hopefully 
are verified; (ii) Systems approach where the whole is not the sum of the parts 
since the relations between the parts are important; (iii) Actor approach where 
the whole can be understood based on the qualities of the parts. Reality is 
regarded to be a social construction. Systems do not exist. The knowledge is 
individual dependent (Arbnor and Bjerke, 1994). A normative model is often 
based on analytically clear-cut ideas about how decisions should be taken 
while a descriptive model describes how decisions are taken in reality 
(Wiedersheim-Paul and Eriksson, 1991). 
 

The research approaches applied in the present work 
 

Here, an analytical and normative model approach is used. An analytical 
economic-logic approach is applied when modifying economic models such as 
CBA and FCA. Descriptive systems theory is applied when discussing the 
functionality of the modified models arrived. The individual actor theory 
approach perspective is not applied in this work that does not emphasise social 
factors. The market forces, here being the conceptual context, are regarded as 
impersonal. 

2.1.3 The research process 
In this thesis, the research approach is more positivistic than humanistic 

hermeneutics the latter aiming at interpretation and understanding of 
primarily social phenomena which are based on also the scientist’s personal 
values and experiences a holistic perspective (Lundahl and Skärvad, 1992). 
However, a holistic rather than a reductive perspective on the problem is 
applied when making the system approach beacuse the system is regarded as 
being more than its separate parts (Checkland, 1993). The research process of 
the positivistic methodology pass through the following stages: 

1.  Reality is observed and facts about it are collected. 
2.  Enough facts make it possible to see patterns and regularities in reality, 

enabling general conclusions. 
3.  The science grows through the collection of ever more facts, enabling 

ever more bigger and general conclusions to be drawn (Lundahl and 
Skärvad, 1992). 

More in detail, the positivistic research process encompasses the following 
components: 

1.  A phenomenon that seems to follow a consistent pattern is observed. 
2.  A large sample of data is collected in order to investigate if consistency 

can be found also in this large sample material. 
3.  A theory, a model, is developed to explain the phenomena - induction. 
4.  The implications of the theory are used to make predictions, e.g. for the 

environmental impact - deduction. 



 

39 

 

5.  The predictions are tested, for example, through case studies. Do the 
consequences that are predicted in the theory occur in reality? 

6.  Identification of the differences between observations and the 
predictions - verification or falsification. A good theory shows a high 
consistency between the predictions made and the current outcome 
(Stenis, 2005). 

 
The research processes applied in the present work 

 
No predictions are made in this study. The results are meant to speak for 

themselves.  Nevertheless, the overall approach is to a certain extent consistent 
with the positivistic research process as described above. This makes it possible 
to repeat the study according to the following general scheme: 

1.  A pattern is observed. This point in the direction of a need to recognise 
the importance of applying economic models in a SWM perspective. 

2.   Information is gathered to enable infestation of consistency with the 
general SWM pattern that is observed. 

3.  Theories are induced to obtain applicability in a SWM perspective for, 
for example, the economic models studied. 

4.  Methods, such as CBA and FCA, are studied from a SWM adaptation 
through a modification perspective. Case studies are performed to 
support the build-up of the theory. 

5.  The elaboration of the models, based on adaptations and modifications 
(the WAMED model, the COSTBUSTER indicator model and the 
EUROPE model) of the economic method, arrived are evaluated based 
on the findings in the papers appended (I, II and III). 

6.  An attempt is made to “describe and establish connections” this being a 
part of the model development that results. 

2.2 Evaluation of costs 
It is necessary to consider capital investments and all other costs that occur 

when implementing a SWM scheme project. Thereby, management obtains a 
clearer picture of the market situation based on their constant knowledge 
accumulation. The recommendations of the full cost accounting (FCA) 
methodology for MSW management (US EPA, 1997) are considered. Also, 
the “through” approach — which means going “through” i.e. to consider all 
costs involved in a scheme, rather than limiting the calculation to certain cost 
types (VII) — is applied when forming the cost structure. 
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2.3 Evaluation of consequences 
2.3.1 Return of means 

Regarding the “results” part of the evaluation of a SWM scheme, the 
payments and benefits received are increasing the total profitability of a SWM 
scheme based on the perceived need on the market. During the comparison of 
various SWM schemes, one of the main criteria for the evaluation of economic 
efficiency is the degree of utilization according to the estimations made and 
based on the direction of the research and development that is performed. In 
this context, SWM should be considered as a component of the resource 
potential of a region (Stenis, 2005). 

2.3.2 Assessment of prevented economic damage 
In the WAMED model, evaluation of the ECO-EE of a SWM scheme 

carries with it an explicit assessment of the economic damage that potentially 
arises. Usage of the COSTBUSTER indicator model and the EUROPE 
model improve the accuracy in these predictions steered by the prevailing 
market forces, these forces hence efficiently improving environment. 

2.3.3 Indicator matrix for consequences 
Each SWM/MSW management scheme has a certain negative potential 

impact on the environment and human health. This may be alleviated by, for 
example, source reduction and/or end of pipe-solutions to make the 
consumption on the market more in line with the concept of sustainable 
development. 

When a particular variant of a MSW management/SWM scheme has to 
be implemented or a complex technological solution to be developed, hence a 
required stage is the comparative analysis of current and prevented economic 
damages caused by environmental pollution. In other terms, the 
environmental efficiency of a scheme has to be evaluated. The matrix in Table 
2.1 illustrates a method for obtaining the necessary information to enable 
economic damage assessment. 

This matrix could be used in decision support systems for: 
• Calculation of the total ECO-EE of the entire SWM/MSW 

management scheme;  
• Evaluation of the environmental results of the chosen components of a 

SWM/MSW management scheme and selection of its priorities; 
• Selection of suitable implementation variants of the SWM/MSW 

management scheme stages, according to the demands for ECO-EE; 
and  

• Optimization of a SWM/MSW management scheme according to 
requests for the greatest ECO-EE. 
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Table 2.1 The matrix of constituents of economic damage caused by environmental 
pollution for a SWM/MSW management scheme (I) 

 

Factors (j=1...5) Element  1 Element  i Element n Total damage 

1. Estrangement 
of lands 

   n 

∑ Di1 
i=1 

2. Pollution of 
surface and 
ground waters 

 Dij=D1ij+ 
D2ij+ D3ij  

 n 

∑ Di2 
i=1 

3. Pollution of 
atmospheric air 

 i=1...n 
j=1...5 

 n 

∑ Di3 
i=1 

4. Spreading of 
disease (among 
the population) 

   n 

∑ Di4 
i=1 

5. Disturbance of 
landscapes 

   n 

∑ Di5 
i=1 

Total damage 

5 
∑ D1j 
j=1 
 

5 

∑ Dij 
j=1 

5 

∑ Dnj 
j=1 

5      n 

∑    ∑   Dij 
j=1  i=1 

 
D1ij — material damage 
D2ij — damage to the health and activities of the population 
D3ij — damage to the natural resources and industries 
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2.4 Comparative analysis of current and prevented 
economic damages 

In the WAMED model, evaluation of the ECO-EE of a SWM/MSW 
management scheme implies an explicit assessment of the potentially arising 
economic damage. The following procedure components are meant to enable 
calculation of the economic damage of a SWM/MSW management scheme: 

1. The current economic damage caused by environmental pollution of a 
SWM/MSW management scheme can be determined through: 

- Costs connected with the use of natural resources (remediation); 
- Costs for elimination of the consequences of environmental 

pollution; and 
- Indemnification to the population for loss of health. 

2. The prevented economic damage caused by environmental pollution of a 
SWM/MSW management scheme can be determined through: 

- Costs for environmental pollution prevention, including 
environmental protection costs (construction and operating stages 
and post-operating period), and costs for creation and functioning 
of a monitoring service; and 

- Costs for prophylactic and protection measures to prevent the loss 
of population health and the health of personnel. 

3.   The environmental protection costs are: 
- Costs for acquisition, installation, maintenance and repair of 

environmental protection equipment and the means of 
environmental control; 

- Costs for modernization with the purpose of ensuring the 
necessary level of environmental safety and resource saving; 

- Costs for implementation of environmental and resource-saving 
programmes; and 

- Costs related to management and control in the area of 
environmental protection and natural resource use. 

2.5 Comparative analysis of “cost and consequences” 
parts of different variants 

The waste management’s efficient decision (WAMED) model is 
developed by the author of this work for evaluation of the ECO-EE of a 
SWM/MSW management scheme. According to the proposed classification 
it is: 

• A single-purpose, complex, short-period model for use at the municipal 
and regional levels; 

• Based on the financial analysis in Fig. 2.1; 



 

43 

 

  

 
Figure 2.1 Procedures of the environmental-economic efficiency evaluation of a 
SWM/MSW management scheme (I, II, III) 

2.6 Information retrieval 
This work is based on the following sources of information: 

Relevant literature and articles 
Database search 
The Internet 
Questionnaires 
Personal interviews with people working daily in industry as well as 
with academics.  

One of the major objectives of the present study is to show how commonly 
known economic theories can be applied to the needs of SWM/MSW 
management theory. This made it necessary to use extensively secondary 
material literature to, within reasonable time, retrieve relevant economic and 
other theory findings. 

ENVIRONMENTAL NET BENEFIT

Evaluation of
the Ecological-Economic Efficiency of

a MSW Management Scheme 
 

EVALUATION OF COSTS  

 

EVALUATION OF RESULTS  

 Estimation of  the costs for 
implementation of a MSW 
management scheme 

Assessment of  the current 
economic damage caused 
by environmental pollution  

Estimation of costs 
compensation at the 
expense of payments for 
removal and treatment of 
MSW, for resources 
depletion and  pollution  of 
the environment resulting 
from waste treatment 
Estimation of costs 
compensation including 
selling secondary raw 
material, biogas, compost 
and energy 

Assessment of the 
prevented economic 
damage  
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This caused some problems as regards the validation of the results and the 
assessment of their reliability. In the present project, the models that are 
elaborated are being compared with the real world. This makes the study 
trustworthy. This is so since if the models do fit to the real world conditions; 
one of the reasons probably is that the literature that was used has shown to be 
compatible. 

Through the case studies, primary data necessary to collect were obtained. 
Extensive use of data from mainly the Swedish waste management industry 
was the basis of the case studies. 

2.7 Qualitative and quantitative research 
methodology 
2.7.1 Qualitative research methodology 

When applying qualitative methodology, the closeness to the studied 
object is of paramount importance. Thus, a direct subject-to-subject relation 
between the scientist and what he investigates is established. Generally, when 
a qualitative interview is documented, personal expressions should be kept 
without enabling identification the respondent. 

When the scientist makes observations, he either uses open observation 
that is defined as an investigation where the participants know and have 
accepted that one is observing them, or hidden observation that is split into: 
(i) no direct contact with the actors; or (ii) the investigator participates in the 
group that is studied but no one knows that he is conducting an investigation. 

In this study, a “source” is defined as “material that is written down”. It can 
be normative (valuing) and/or cognitive (relating), it can be oriented towards 
the past or the future and be confidential or public, personal or institutional. 
Furthermore, it can be a primary or a secondary source and it can be a first 
hand source or a second hand source. Not seldom, these categories are 
overlapping each other to a certain extent (Magne Holme and Krohn Solvang, 
1991). 
 

The qualitative research methodology applied in the present work 
 

In the present work, the direct contact of the qualitative research 
methodology is represented by the closeness to the studied object with, for 
example, the representatives of waste management industry who were 
interviewed. Mainly, the information in the case studies is based on public and 
personal first hand sources. As regards textual material it is based on primary 
and secondary sources. 
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2.7.2 Quantitative research methodology 
Ideally, quantitative research methodology should be unbiased and 

objective. The scientist himself is supposed to be a detached observer and 
preferably be clearly separated from the object of study. However, he cannot 
be totally free of valuations. Neither he can be totally objective (Magne Holme 
and Krohn Solvang, 1991). 

Generally, it is important to make it possible for others to repeat ones 
study. This is provided for through a thoroughly documentation of the 
information retrieval made. The raw data steer the quality of the result of ones 
research, regardless of computers being used or not. 
 

The quantitative research methodology applied in the present work 
 

The objective detachment concerning the studied object is represented in 
the case studies in the present work by the processing of numerical data. An 
operationalisation takes place through listing the specific definitions for 
invented terms in the nomenclature in 1.7. The use of quantitative raw and 
other data in this work is claimed to be sufficient due to: 

• It partly has it origin in well informed men which are working daily in 
companies that are of interest for the study. 

• It partly has its origin in public information sources. 
• It partly has its origin in textbooks that are relevant for the current 

purpose of study. 
Therefore, qualitative and quantitative research methodologies can be said 

to be successfully combined in this study. 

2.8 Validity and reliability 
In this study, usage of the terms validity and reliability is relevant to apply 

mainly on the modifications of the economic models that is the basis for the 
current theory development. Validity should be understood as whether the 
research has investigated what was intended to investigate. The reliability 
measures to what extent the investigation made is reliable and trustworthy 
(Thurén, 1993). 

In this very study, it is usually not appropriate to apply the terms validity 
and reliability due to the systems approach being the main approach applied. 
The terminology is, however, relevant for the separate methods that are 
developed with the specific purpose of then being applied within corporations. 

Specifically the validity of the developed methods is granted by the 
application of, for example, the traditional CBA method and the FCA 
method. These methods are appropriate to the aims of investigation since. 
Such methods are in daily use since many years and are backed up by science 
plus extensive experience from practical use. 



 

46 

 

The reliability of the results obtained is granted by the use of relevant 
textbooks when designing the models. The use of such standard books enables 
a comprehensive review of waste management models relevant for the 
objective of study. The case studies performed makes the results that are 
obtained even more reliable and trustworthy since being tested against the real 
world conditions. 

2.9 Expected results and benefits 
Overall, the approach introduced here is intended to promote a sustainable 

enough growth. This is a result of reduced amounts of waste and decreased 
pollution being achieved by application of the instruments developed in the 
work that are based on economic incentives. Thus, they are true economic 
instruments (EIs) which could be a foundation for an extended 
implementation of voluntary environmental agreements being agreed upon by, 
for example, authorities and industry. 

Due to the promotion of corporate internal economic incentives, 
introduction in real life of these tools can improve the dialogue between 
industry and society. Above all, it can be done on a more voluntary basis as an 
alternative to the more commonly used rules and regulation that usually cause 
substantial side effects. 

Profit and loss accounts, as well as budgets and forecasts are affected by the 
developed tools and instruments. The positive impact is expected to occur 
mainly in the long run. 

The waste related environmental good will is expected to be positively 
affected due to improved balance sheets. Thereby, very strong economic 
incentives are induced to naturally make managers act according to the 
sustainable development concept. Thus, the knowledge build-up is promoted 
through the new economic instruments inducing economic incentives 
facilitated by the distribution of knowledge in the open industrial marketplace. 

On the corporate micro level, the methods presented in this study will 
enable managers and investors to better know whether to start up, for 
example, environmental projects or not, within the SWM sector as well as 
otherwise. Thereby, the utilisation of society’s resources is improved since 
improved decision bases means less bad investments made and hence means 
less money lost. 

Also, the use of the very physical resources, and not just the financial 
means, will be improved since the research performed intends to make the 
usage of natural and other resources more efficient. And the less purchased 
raw material that is wasted, the more money the companies applying the new 
methodology, and the whole society, saves and makes. 
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2.10 Case studies 
This sub chapter describes the basis of the methodology applied for the 

case studies. 

2.10.1 The case study object CBA for landfilling 
The MSW landfill at Moskogen in the Ljungby River basin is situated 15 

km west of the City of Kalmar, Sweden. The landfill receives approx. 40,000 
tonnes of waste annually (of which approx. 30% is MSW) from the 
surrounding communities having a total population of some 90,000 people. 

After a brief introduction in 4.1.1 concerning the background facts and 
figures such as waste statistics etc., in 4.1.2, the cost structure for the model 
that is reached at is described as regards current financial data used. These 
facts are then analysed in 4.1.3 as regards possibilities to assess the prevented 
damage to the environment so as to provide a basis for the evaluation of the 
current ECO-EE following thereafter in 4.1.4. Thereby it is studied to what 
extent the WAMED and the COSTBUSTER indicator are possible to apply 
on MSW management/SWM schemes. 

2.10.2 The case study object CBA for solid waste baling fuel 
schemes 

The baling scheme theory introduced in this study is tested in practice by 
the use of facts and figures from primarily Lidköping power and district 
heating plant in Sweden, and Flexus Balasystem AB, a real world baling 
machine manufacturer, also in Sweden. The latter supplies the former with 
equipment. 

After a brief introduction in 4.2.1 concerning the background facts and 
figures such as waste statistics etc., in 4.2.2, the development of the cost 
structure for the model that is reached at is described as regards current 
financial data used. These facts are then analysed in 4.2.3 as regards 
possibilities to assess the prevented damage to the environment so as to 
provide a basis for the evaluation of the current ECO-EE following thereafter 
in 4.2.4. Thereby it is studied to what extent the WAMED model, the 
COSTBUSTER indicator model and the earlier introduced EUROPE model 
that is based on the equality principle is possible to apply on SWM baling 
schemes, also in general. 

In 4.3, a general ECO-EE evaluation of the results from the case studies is 
given. This enhances the value of this study as regards, for instance, its 
reliability in an environmentally improving potential context. 

2.10.3 The appended papers 
Here, the results and the presentation in the appended papers are intended 

to speak for themselves and are hence referred to. 
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3. MODEL DEVELOPMENT 

This chapter presents the theoretical results from the appended Papers, 
mainly I, II and III, in order to review to the reader the possibilities to develop 
industrial and waste management systems. Here is presented an innovative 
framework for management of possibly more efficient SWM systems. Thus, 
the current presentation mainly investigates the applicability of the WAMED 
model, the COSTBUSTER indicator model and the EUROPE model. 

3.1 Analysis of assessment techniques for SWM 
schemes  
3.1.1 Classification of waste management models 

Computerized waste management models are typical examples of modern 
applied research work that can be used to support integrated environmentally–
economically efficient administrative decision-making in the SWM/MSW 
sphere. The objectivity of these models depends on their adequacy with 
respect to: (i) the aims and tasks of the management practice in reality; (ii) the 
selection criteria of the most efficient investment projects; (iii) aspects of the 
environmental policies development; (iv) purposeful programmes and business 
plans; and (v) the stages of substantiation of certain measures in SWM/MSW. 
A classification of waste management models developed by the authors using 
these five criteria and information concerning the decision-making modelling 
is presented in Fig. 3.1. 

3.1.2 Application of CBA in SWM 
It is claimed that CBA is a methodology that has the ability to handle a 

wide range of problems. CBA can be applied to any decision that involves a 
relocation of resources within society (Hanley, 1999). The main distinctive 
characteristics of CBA that determine its necessity and sufficiency for 
application to MSW management are: 

• Uniformity of showings for costs and results; 
• The possibility of comparing alternative variants with the purpose of 

ensuring an acceptable result; 
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• Flexibility during the decision-making process in terms of societal 
values and priorities. At present, priorities in the waste management 
sphere are (European Commission, 1999): 
- Prevention of waste; 
- Recycling and reuse; and 
- Optimal final disposal; 

 

 
  1 E.g. IWEM (US EPA, 2000) 
  2 E.g. IWM-2 (McDougall et al, 2001) 
  3 E.g. MIMES/Waste Model (Sundberg, 1998) 
  4 E.g. the MWS Model (Ljunggren, 1998) 
  5 E.g. Chang et al, 1996a, Chang et al, 1996b 
  6 E.g. Barlishen and Baetz, 1996, Everett and Modak, 1996 
  7 E.g. ORWARE (Eriksson, 2000, Björklund, 2000) 
  8 E.g. EUGENE (Berger et al, 1998),  
  9 E.g. ETH Model (Hellweg et al, 1998) 
10 E.g. MSW-DST (Solano et al, 2002a, 2002b) 
11 E.g. EPIC/CSR Model (EPIC & CSR, 2000) 
12 E.g. FMS Model (Finnveden et al, 2000) 

 
Figure 3.1 Classification of MSW models (I). 

sony
Прямоугольник
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• The possibility of substantiating the commonly acceptable level of 
environmental pollution during the process of improving quality; and 

• The adaptability of the form in which the results of the analysis are 
presented to decision makers. 

The ability of different waste management models to accommodate CBA 
has been analysed by the author and is shown in Table 3.1. 
 
Table 3.1 Ability of different waste management models to accommodate the procedures 
of CBA (I). 
 
Model Calculation of costs 

incurred when 
implementing a 
scheme 

Estimation of 
financial 
benefits when 
implementing   
a scheme 

Accounting of 
environmental 
effects when 
implementing 
a scheme 

Collation of 
costs and 
benefits 

WastePlan 
(Goldstein 
and Sieber, 
2003) 

Full cost accounting: 
WastePlan facilitates the 
use of full cost accounting 
(FCA), an approach 
aimed at accounting for 
and allocating all the cost 
for solid waste 
management to 
appropriate programs (i.e., 
recycling, composting, 
collection, disposal) and 
management categories.  

Economic 
benefits: 
- Avoided cost 
disposal ($); 
- Source 
reduction: 
avoided cost of 
finished goods 
($); 
- Recycling: 
value of recycled 
commodities ($) 
Energy benefits: 
Avoided use of 
energy in material 
extraction, 
production, and 
disposal processes 
(MMBTU). 

Air and water 
pollution benefits: 
- Avoided 
emissions in 
material 
extraction, 
production, and 
disposal processes 
(reduced pounds 
emitted); 
Land use benefits: 
- Landfill space 
preserved through 
source reduction 
and recycling 
(cubic yards, 
acres); 
- Avoided 
resource extraction 
(forest acreage). 

CBA, 
least-cost system 
planning, 
capacity 
analysis/system 
mass balance 
assessment, 
sensitivity/ 
scenario analysis. 

IWM-2 
(McDougall 
et al, 2001)  

Inputs: 
- operating costs; 
- energy requirements. 

Outputs: 
- energy; 
- recovered 
materials; 
- compost 
Avoided burdens 
from recovered 
materials and 
energy. 

Outputs: 
- air emissions; 
- water emissions; 
residual solid 
waste (landfill 
volume). 

The inputs and 
outputs are all 
done on a mass 
basis. 



 

52 

 

Model Calculation of costs 
incurred when 
implementing a 
scheme 

Estimation of 
financial 
benefits when 
implementing   
a scheme 

Accounting of 
environmental 
effects when 
implementing 
a scheme 

Collation of 
costs and 
benefits 

WISARD 
(PWC and 
URS, 2001 

The calculation of costs is 
presented for each type of 
collection system: 
capital expenditure and 
financing; operating 
expenditure; 
site management, 
administration, 
monitoring, closure and 
aftercare, insurance etc. 

Revenue from 
energy, compost, 
recycling. 

Air emissions, 
water emissions, 
emissions to soil. 

CBA  
Mass balance. 

EPIC/CSR 
Model 
(EPIC & 
CSR, 2000) 

Collection, processing and 
administration costs. 
(the tipping fee charged at 
facility, actual capital costs 
of equipment and 
infrastructure and 
operating costs). 

Revenue: 
- energy-from 
waste program; 
- recycling 
program; 
- composting 
program. 

Environmental 
impacts: 
- energy 
consumption; 
- greenhouse gas 
emissions (climate 
change); 
- emissions of acid 
gases (acid 
precipitation); 
- emissions of 
smog precursors 
(smog formation); 
- air emissions of 
lead, cadmium, 
mercury and trace 
organics (health 
risk); 
- water emissions 
of heavy metals, 
dioxins and 
biological oxygen 
demand (impact 
on water quality); 
- residual solid 
waste (land use 
disruption). 
 

The 
environmental 
impact is 
determined by 
the model’s life 
cycle inventory 
module. The 
economic 
implications are 
ascertained by an 
economic 
analysis module. 
These modules 
can be used 
together or 
independently. 
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Model Calculation of costs 
incurred when 
implementing a 
scheme 

Estimation of 
financial 
benefits when 
implementing   
a scheme 

Accounting of 
environmental 
effects when 
implementing 
a scheme 

Collation of 
costs and 
benefits 

MSW-DST 
(Solano et al, 
2002a, 
Solano et al, 
2002b) 

Typical capital and 
operating costs for 
residential, commercial, 
institutional and industrial 
sectors. 

Revenues 
generated 
through the sale 
of recovered 
materials 
(recyclable 
revenues), 
compost, fuels 
(gas) energy. 

Environmental 
emissions (air, 
water), energy 
demands, 
landfilling of 
ashes. 

Balancing the 
cost and 
environmental 
aspects to 
provide a win–
win solution. 
Minimum-cost 
strategy. 
The most cost-
effective 
strategy. 

EUGENE 
(Berger et al, 
1998) 

The annual collection and 
transportation costs, the 
annual operating and 
maintenance costs, the 
investment costs, the 
importation costs (from 
the external sources), the 
salvage values of the 
technologies. 

The annual 
revenues from 
sales to the 
markets. 

The 
environmental and 
spatial indicators 
(will be 
integrated). 

Total 
Discounted Net 
System Cost 

ORWARE 
(Eriksson, 
2000, 
Björklund, 
2000) 

Net costs include costs for 
investment and operation, 
spreading of residuals, and 
gas utilization. Costs for 
compensatory production 
of functional units are 
included as well. 

Recovered energy 
is valued at 
market prices for 
compensatory 
generation of 
heat and power. 

Emissions to air, 
water, and soil. 
Calculation of 
degradation 
products, energy 
output, primary 
energy carriers, 
heavy metals, 
nutrients. 

Life Cycle Cost 
Analysis 

MARKAL 
(Gielen, 
1998) 

The investment costs 
(which are proportional to 
the installed capacity), 
fixed annual costs 
(proportional to the 
installed capacity),  
variable costs 
(proportional to 
production volume), 

Energy recovery, 
waste recycling.  

Greenhouse gas 
emissions, 
resource use, 
land use, 
waste volume. 
 

The 
identification of 
least-cost system 
configuration, 
the evaluation of 
the effects of 
prices. 
The 
identification of 
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Model Calculation of costs 
incurred when 
implementing a 
scheme 

Estimation of 
financial 
benefits when 
implementing   
a scheme 

Accounting of 
environmental 
effects when 
implementing 
a scheme 

Collation of 
costs and 
benefits 

delivery costs. cost-effective 
responses to 
restrictions on 
emissions. 

MWS 
(Ljunggren, 
1997, 
Ljunggren, 
1998) 

Total annualized cost for 
the national waste 
management system 

Revenues: 
- recovered 
materials; 
- compost; 
- recovered 
energy (heat). 

The 
environmental 
assessment: 
- the accounting 
of emissions to air 
and residual 
content of harmful 
substances in the 
waste or recovered 
material; 
- the introduction 
of emission 
constraints and 
fees. 

The effect of 
different levels 
of costs increase, 
revenues for 
energy (heat), 
for compost and 
for recovered 
materials. 

 
Analysis of the available waste management models using CBA has shown 

that, at present, calculation of the financial damage to the environment as a 
loss of means during implementation of a SWM scheme (showing the current 
damage), or as a possible positive financial result at a change of the scheme 
(showing the prevented damage) is not offered by these prevailing models in 
an explicit form. 

3.1.3 FCA methodology for SWM 
Until the late 1980s, cost accounting for MSW management was confined 

to collection and disposal costs. The necessity for using special tools for 
planning and cost accounting in decision-making support systems, among 
which the FCA methodology occupies an important place (Ligon and Stutz, 
1997, US EPA, 1997), has been determined by the process of active transition 
to the integrated solid waste management (ISWM) concept. The main 
provisions of the ISWM concept are: 

• to apply integrated variations on conditions of joint use of production–
technological, organizational–administrative, research and educational 
measures; and 
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• to allow ISWM planners flexibility to choose from different elements of 
waste management options, which will result in minimum energy use, 
minimum environmental impact and minimum landfill space at a cost 
affordable to the community (Bagchi, 2004). 

The following list of basic functions of FCA emphasize that it is: 
- An information support tool for decision making in integrated waste 

management; 
- A tool for rational planning of SWM activity; i.e., the budgeting of a 

project; 
- A tool for balanced analysis of elements of the whole SWM scheme 

including collection, recycling, composting, etc.; 
- A tool for efficiency evaluation of a SWM scheme and its attending 

services; and 
- A tool for calculation of competitive rates for services, charges for 

pollution and prices of solid waste facilities (US EPA, 1997). 
The basic cost accounting concept proposed in the FCA methodology (US 

EPA, 1997) is presented in Table 3.2. 
Thus, the FCA methodology provides a basis for developing different 

concepts and tools for ecological–economic substantiation of waste 
management activities taking into account the range of activity, the 
requirements of national, regional and local normative–legal bases and existing 
stereotypes (European Commission, 1996, Makarieva, 1999, Pakhomova et al, 
2001). Consequently, the FCA methodology is considered suitable as the basis 
for the cost structure theory set-up in the present work and as an ECO–EE 
tool. 
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Table 3.2 The FCA concept (US EPA, 1997, II) 
 
Cost category Types and examples of costs 

Up-front costs • Public education and outreach; 
• Land acquisition; 
• Permitting; 
• Building construction/modification 

Operating costs • Normal costs (operation and maintenance, capital costs, 
debt service); 

• Unexpected costs 

Back-end costs • Site closure; 
• Building/equipment decommissioning; 
• Post-closure care; 
• Retirement/health benefits for current employees 

Remediation costs • Investigation, containment, and cleanup of known releases; 
• Closure and post-closure care at inactive sites  

Contingent costs • Remediation costs (undiscovered and/or future releases); 
• Liability costs (e.g., property damage, personal injury, 

natural resources damage) 

Environmental costs • Environmental degradation; 
• Use or waste of upstream resources; 
• Downstream impacts 

Social costs • Effects on property values; 
• Community image; 
• Aesthetic impacts; 
• Quality of life 

3.2 Development of estimation models 
3.2.1 The WAMED model 

The waste management’s efficient decision (WAMED) model, developed 
by the author of this work for evaluation of the ECO-EE of a SWM scheme 
is, according to the proposed classification: 

• A single-purpose, complex, short-period model for use at the municipal 
and regional level; 

• Based on the financial analysis in Fig. 2.1;  
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• A model that considers the whole life cycle of SW by offering the 
certain set of elements presented in Fig. 3.2, which constitute a united 
SWM scheme; 

• A model that envisages calculations of the “cost” and “consequences” 
for each element scenario, which in itself can be used as information to 
support decision making, and which can be integrated into uniform 
indices for the whole scheme. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
Figure 3.2 Elements of a SWM scheme proposed by the WAMED model (I, II, III) 

 
According to Fig. 2.1, the key theoretical features of the proposed model 

are: 
Regarding the “cost” part of the evaluation of a SWM scheme, it is 

necessary to take into account capital investments and all costs accompanying 
the implementation of a project. Taking into consideration the 
recommendations of the full cost accounting (FCA) methodology for SWM 
(US EPA, 1997) and applying the “through” approach — which means going 
“through” or considering all costs involved in a scheme, rather than limiting 
the calculation to certain cost types (VII) — to the formation of the cost 
structure, this could be presented as: 
 

C = Cc + Cop + Cr + Cen + Ct + Ci + Cec + Ctax + Co,                  (3.1) 
 
 

Element No 1 

Element No 2 

Element No 3 

Element No 4 

Element No 5 

Element No 6 

Element No 7 

Element No 8 

Source 
separation 

Collection 

Storage 

Transporta-
tion 

Pretreatment 

Treatment 

Recycling 

Landfilling 

Variant 1 
Variant 2 

Variant 1 
Variant 2 
Variant 3 

Variant 1 
Variant 2 

Variant 1 
Variant 2 
Variant 3 

Variant 1 
Variant 2 

Variant 1 
Variant 2 

Landfills 
Dumps 

Direct recycling 
Indirect recycling 

Incineration 
Composting 

Sorting 
Pressing 
Packaging 

At transfer stations 
At reprocessors 

Kerbside collection 
Material banks 
collection 
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where: 

C = costs for implementation of a SWM scheme; 
Cc = capital outlays; 
Cop = operating costs; 
Cr = costs for extensive and routine repairs; 
Cen = costs for creating engineering networks (infrastructure); 
Ct = costs for creating the transport scheme servicing a SWM scheme; 
Ci = costs for investment project services; 
Cec = costs for current economic damage caused by pollution of the 

environment; 
Ctax = costs for environmental taxes; and 
Co = other costs. 

3.2.2 The COSTBUSTER indicator model 
The additional information about the relative size of the studied scheme’s 

costs could be useful for facilitating SWM/MSW management decision-
making. Therefore, to provide an indicator based on generally applicable 
statistical facts for the size and extent of “C”, compared with the total size of 
the average financial budget of a MSW management actor of a certain kind, 
the authors suggest that Equation (3.2) can express the size and extent of the 
current SWM/MSW management scheme in relative terms: 
 

R = (∑ Cx) / TCavg                                   (3.2) 
          x = c, op, r,…, o, 

 
where: 
 

R = relative size and extent of the current SWM/MSW management 
scheme of a certain kind; 

Cx = sub-cost of C of the studied SWM/MSW management actor of 
a certain kind; 

TCavg = total cost of the averageSWM/ MSW management actor of a 
certain kind. 

 
Equation (3.2) is a mathematical indicator model representation based on 

the WAMED model expressing its implications for SWM/MSW 
management scheme relativistic studies and is termed the company statistical 
business tool for environmental recovery indicator (the COSTBUSTER 
indicator). 
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3.2.3 The equality principle 
A new way of looking at waste is needed. Otherwise, the process of 

achieving an environmentally sound industry may be unacceptably slow. The 
paradigm shift that is argued for here involves equating industrial waste with 
normal products in terms of the allocation of revenues and costs, an approach 
that is termed the equality principle (Stenis, 2002). This approach forms the 
basis for the forthcoming discussion. 

3.2.4 The EUROPE model 
The waste fractions studied are regarded as a company output, which is 

mathematically considered in Equation (3.3) below, and used for the 
allocation of revenues and costs to a certain waste fraction by multiplication of 
Equation (3.3) with the costs or revenues in question that are to be allocated 
by splitting them up in their proper proportions. 
 

PF = X / (Y + Z)                                         (3.3) 
where: 

PF = the proportionality factor; 
X = quantity of a certain waste fraction produced; 
Y = quantity of normal product output; and 
Z = sum of the quantities of all the different waste fractions 

produced. 
 

Of course, to apply Equation (3.3), a suitable production or administrative 
unit must be defined, depending on the circumstances. Equation (3.3) 
represents the financial implications of the equality principle and is termed the 
model for efficient use of resources for optimal production economy 
(EUROPE) (Stenis, 2005). 

Here, it is proposed that C (the implementation cost of a SWM scheme), 
is allocated to the emissions from, for example, open burning, treatment of 
leachate and the abatement with odours from SW bales, etc., multiplied by the 
proportionality factor (PF) in order to create economic incentives through 
shadow prices for the reduction of such emissions. Thereby, the terms denote 
the following phenomena on an annual basis: 

 
X = monetary damage value of a certain emission produced; 
Y = monetary value of the SWM/MSW management scheme in normal 

operation; 
Z = monetary damage value of all the different emissions produced. 
 
The FCA methodology provides a base for developing different concepts 

and tools for environmental–economic substantiation of waste management 
activity, taking into account the range of this activity and the requirements of 
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the national, regional and local normative–legal base, existing stereotypes, etc. 
For most countries, the cost structure presented in Table 3.3 is regarded as 
understandable and convenient for the practical implementation of SWM 
schemes. 

 
Table 3.3 The cost structure for a SWM scheme in the WAMED model (I) 
 
Cost category Cost item 

Cc  Capital outlays  - Costs for land acquisition (purchasing and changing) 
- Costs for construction of main facilities, subsidiary 

industrial and service facilities, temporary buildings and 
constructions 

- Costs for acquisition of buildings, premises and 
constructions 

- Costs for acquisition of trucks and machinery and their 
setup 

- Costs for acquisition of intangible assets (know-how 
transfer, software, databases, patents, trademarks, licences, 
know-how, etc.) 

- Tax and other obligatory payments on investment 
activities 

- Other capital outlays 

Cop  Operating costs - Material expenditures 
- Energy costs 
- Depreciation costs 
- Salaries of operating personnel 
- Tax and insurance costs 
- Rental payments 
- Administration costs 
- Costs for working environment of operating personnel 
- Costs for organisation of work 
- Decommissioning costs (taking into account return of 

means from close-out sale) including retirement benefits 
of operating and service personnel 

- Other costs 

Cr  Costs for extensive 
and routine repairs 

- Costs for repair of buildings and constructions such as 
offices 

- Costs for repair of used and unused equipment, trucks and 
machinery 

- Costs for repair of industrial premises 
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Cost category Cost item 

Cen  Costs for creating 
engineering networks 
(infrastructure) 

- Costs for construction of water supply, sewage, power 
supply, gas supply, communication, telecommunication, 
and signalling facilities, for example, cabling costs 

- Costs for hook-up of engineering networks such as 
connection fees 

Ct  Costs for creating the  
transport scheme 
servicing a MSW 
management scheme 

- Costs for construction of stationary transportation 
management facilities 

- Costs for construction of roads including marking-out and 
installation of means ensuring safety of traffic and 
pedestrians 

Ci  Costs for investment 
project services 

- Costs for research and design works 
- Costs for technical-economic substantiation including 

costs for legal and public hearings 
- Costs for investigations related to a project and 

documentation process 
- Preliminary organisation expenses (costs for registration, 

advertisement, capital issue, marketing, banking and legal 
services, etc.) 

- Payment of long-term consulting and auditing services 
- Costs for scientific and engineering information and 

certification, for example, by ISO and EMAS etc. 
- Costs for creation of a supply network 
- Costs for training and retraining of personnel 
- Other costs 

Cec  Costs for current 
economic damage 
caused by pollution of 
the environment 

- Costs related to remediation of use of natural resources 
- Costs for elimination of consequences of environmental 

pollution such as wind littering 
- Health damage compensations to the population 

including compensations to the operating and service 
personnel 

Ctax  Environmental taxes - Costs for environmental taxes due to current waste 
assortment grade and toxicity etc. 

Co  Other costs - Other unanticipated costs such as sabotage and 
earthquake damages and other force majeure kind of 
costs 
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3.3 Approaches to economic assessment of 
environmental pollution from SWM 
3.3.1 Emissions from open burning 
In the case of accidental fire in bale storages, open burning emission data may 
be applied when performing calculations on emission impacts. Open burning 
emissions data can be presented, for example, as Emission factors (EFs) in the 
form of mass of pollutant emitted per unit mass of material burned 
(Sundqvist, 1999). The EFs are given for the relevant open burning solid 
waste sources in Table 3.4. 
 
Table 3.4 Criteria pollutant EFs (g/kg) and the connected monetary values (€/unit) (€ 1 
= SEK 9.2, July 2006) for the main open burning solid waste sources (IVL, 2002, 
Sundqvist, 1999, III) 
 
Solid waste 
source CO SO2 PM NOx 

EF (g/kg) 1.5 0.0002 0.018 0.79 
        €/kg 0,13 4,17 3,42 3,86 
 

3.3.2 Leachate polluton 
The severity of the environmental impact of the leachate can be classified 
according to the treatability and the polluting impact of the leachate (Table 
3.5). 
 
Table 3.5 Estimated monetary values (€ 1 = SEK 9.2, July 2006) for the environmental 
impact in monetary terms (€/m3) of the leachate from baling schemes (Thörneby, 2001, 
III) 
 
Impact 
category No. 1 No. 2 No. 3 No. 4 

Characteristics 
of the impact 
category level 

Possible to 
lead the 
leachate and 
the 
stormwater 
to municipal 
sewage 
treatment 
plants. 
 

Environmentally 
based methods 
for local 
treatment of the 
leachate and 
stormwater. 
 

Moderate to 
high 
concentrations 
of polluting 
leachate and 
storm water. 

Severe 
pollution of 
leachate and 
stormwater. 
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Impact 
category No. 1 No. 2 No. 3 No. 4 

Monetary value 
of the impact 
level for one 
solid waste 
baling scheme 
plant 
 

€ 1/m3 € 1.5-2.0/m3 € 3-5/m3 € 7-15/m3 

 

3.3.3 Odour emissions 
The severity of the environmental impact of the smell can be classified 
according to the strength of the public reaction (Table 3.6). 
 
Table 3.6 Estimated monetary values (€) (€ 1 = SEK 9.2, July 2006) for the impact of the 
smell from baling schemes (Nammari et al, 2001, III) 
 
Impact 
category No. 1 No. 2 No. 3 No. 4 

Characteristics of 
the impact 
category level 

No smell 
at all 

Reasonable smell 
requiring: 
- Information 

meetings with 
advertisements 

- Work lay 
down at 
certain wind 
directions. 

Severe smell 
requiring 
reconstruction 
with filter 
installations. 

Very severe 
smell 
requiring 
plant closure 
causing 
higher 
electricity 
price. 

Monetary value 
of the impact 
level for one solid 
waste baling 
scheme plant 
 

 

0 
200/labour hour 
400/information 
meetings, 
advertisements 
and expert talk 

50,000 2,000,000 

 
The basic effort of this study is to provide useful tools, for example, when 

taking decisions about whether to invest in solid waste projects or not, baling 
being a possible subsystem among others in the scheme in question, to be 
compared. In doing so, it should also be possible to estimate the 
environmental impact as regards, for example, occurring gaseous emissions, 
treatment of leachate, and abatment of odours. 



 

64 

 

In this respect, the main objective of the study to develop a general model 
framework for the evaluation of the ECO-EE for SWM actors, is fulfilled, 
the strength of the methodology being its general adaptability to the prevailing 
circumstances at hand and the aggregation level for the current scheme. The 
shortcomings of the model mainly lie in the wide span of the input data and 
monetary values used for estimating the environmental impact of the 
emissions in monetary terms. 

When applied to the emissions studied, the EUROPE model, its basis 
being the equality principle, produces reasonable and consistent results as 
regards monetary amount to additionally allocate to the emissions and 
pollutions studied. Thereby, if applied and integrated in practice in the 
companies’ internal accounting, budgeting and forecasting systems etc., these 
additional shadow costs gives management a useful tool to monitor their 
companies’ environmental performance expressed in monetary terms. 

It also induces financial shadow cost chasing incentives to substantially 
reduce the emissions and pollutions that management, by using the EUROPE 
model, wants to pin-point as objects for chasing down. In this context, the 
possibility to apply weights allow the authorities, as well as management, to 
take into account certain concerns for wanting to reduce, in particular, the 
existence of certain negative phenomena by even more allocate financial 
incentive creating shadow costs to these unwanted phenomena. 



 

65 

 

4. CASE STUDIES 

This chapter presents the analysis performed for the appended papers 
concerning the Moskogen landfill case study and the Lidköping power and 
district heating plant case study as regards the practical applicability of the 
WAMED, COSTBUSTER and EUROPE models introduced in a SWM 
and MSW baling management perspective. The suggestions made and the 
corresponding analysis in Chapter 5, the discussion chapter, is the scientific 
basis for e.g. the final statements in Chapter 5.3 and the recommendations 
given in Chapter 6.3. 

The experiment curried out at the Lidköping power and district heating 
plant (Nammari et al, 2003) has shown that the processes that occur inside the 
baled waste are to a large extent the same as that in the landfill, with no 
production of methane during at least the first nine months of storage. The 
hypothesis used to explain the absence of methane inside bales is that the bales 
are acidified due to the accumulation of fatty acids, which reduces the pH and 
inhibits methanogenesis. The rate of biological decomposition of the waste 
inside the bales was very low in the cylindrical bales after 8-9 months. 
Significant levels (>5 vol %) of carbon dioxide were recorded only in the 
rectangular bales. The maximal level of CO2 emission was 17.5±0.25 % vol, 
which was reached within 8 weeks. The decomposition of the waste inside the 
bales caused an intense and unpleasant odour. The presence of volatile fatty 
acids was thought to have been the main cause of the odours experienced. 
Since the bales were wrapped and compacted, as expected, they produced 
small quantities of leachate only. The values of various parameters are higher 
than those found in the literature for leachate values from landfill sites. The 
water percolating through the bale due to compression is expected to show a 
dramatic increase in the concentration of pollutants. It is important to note 
that there was no observed CH4 emission beyond 0.3% vol throughout the 
experiment. 
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4.1 The MSW management scheme of Kalmar, 
Sweden 
4.1.1 Background facts and figures 

The municipal solid waste landfill at Moskogen (Fig. 4.1) in the Ljungby 
River catchment basin, which is situated 15 km west of the City of Kalmar, 
receives approximately 40 000 tonnes of waste annually (of which around 30% 
is household waste; i.e., MSW) from its nearest communities with a total 
population of some 90 000 people. The Municipality of Kalmar is the 
dominating source causing about 60% of the total amount of the landfilled 
waste. The landfill was constructed in 1976 and it is operated by the municipal 
waste management company Kalmar Vatten och Renhållning AB. 

4.1.2 Model cost structure 
The theoretical basis of the “cost” approach to evaluate the ECO–EE of 

the MSW management schemes, according to the proposed WAMED model 
concept, has enabled evaluation of the cost items in the profit and loss account 
of Kalmar vatten och renhållning AB for the year 2002. The results of the 
evaluation are presented in Table 4.1. 

Application of the WAMED model, according to Equation (4.1), on the 
MSW management scheme for the landfill at Moskogen, gives the following 
estimation (kEUR) (EUR 1 = SEK 9.30): 

 
 

C = Cc + Cop + Cr+ Ci + Cec,                   (4.1) 
 
where: 

C = costs for implementation of the Moskogen MSW management 
scheme in 2002; 

Cc = capital outlays; 
Cop = operating costs; 
Cr = costs for repairs; 
Ci = costs for investment project services; and 
Cec = costs for current damage. 
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Table 4.1 Analysis of costs (kEUR) for the Moskogen landfill  (personal communication, 
Kalmar vatten och renhållning AB, II) 
 
Cost 
component 

Cost item MSW 
collection 

MSW 
transportation 

MSW 
landfilling 

Capital outlays  
Cc 

Acquisition 
Interest costs 
Other 
Total 

322 
55 
20 
656 

 161 
98 

Operating costs 
Cop 

Operation of vehicles 
Maintenance of containers 
Maintenance of containers at collection 
stations 
Operating costs for collection stations 
Operating costs for collection, including 
costs for source 
separation (newspapers, colored glass) 
Costs for MSW landfilling 
Salaries to the personnel 
Salaries to managers 
Administration costs 
Other costs 
Total 

 
55 
 
60 
20 
168 
 
330 
 
869 
151 
452 
30 
3077 

571  
 
 
 
 
 
 
 
575 
 
 
91 

Costs for repair 
Cr 

Costs for repair and maintenance of the 
garage 

 
 

 
133 

 

Costs for 
investment 
project services 
Ci 

Information services 
Associated services 
Other costs 
Total 

55 
 
3 
92 

 16 
18 

Current damage 
(remediation 
costs) Cec 

Remediation of oil-polluted soils   112 

Prevented 
damage (costs 
for preventing 
pollution) 

Collection and treatment of landfill gas 
Collection and treatment of leachate 
Operations at the old landfill 
Treatment of oil-contaminated waste 
Costs for research 
Total 

 
 
 
 
78 
385 

 5 
125 
0.1 
176 

 
Table 4.1 gives (kEUR): 

C = 4454; 
Cc = 656; 
Cop = 3077 + 5 + 125 + 0.1 + 176; 
Cr = 133; 
Ci = 92 + 78; and 
Cec = 112. 
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Figure 4.1 The municipal solid waste landfill at Moskogen in the Ljungby River Basin, 
15 km west of the City of Kalmar, Sweden (I) 

Application of the COSTBUSTER indicator to the Moskogen MSW 
management scheme 2002, yields: 

R = (∑ Cx) / TCavg,                                                                      (4.2) 
x = c, op, r, i, ec, 
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where: 
∑Cx = current total cost of the landfill at Moskogen in 2002 =  
kEUR 4454; and 
TCavg = current total cost of the average Swedish municipal landfill 
actor, EUR 71/tonne at a fill rate of 40 000 tonnes/year (Hogg, 
2006). 

 
Equation (4.2) gives: R = (kEUR 4454/ kEUR 2840) = 1.57 = 157%. 

4.1.3 Assessment of prevented damage to the environment 
In the WAMED model, evaluation of the ECO–EE of a MSW 

management scheme implies, in an explicit form, the assessment of the 
economic damage that appears in the form of estrangement of lands, pollution 
of surface and ground waters, and atmospheric air, spreading of diseases 
(among the population and waste management personnel) and the disturbance 
of landscapes. The obligation for calculation is the main feature of the model. 

4.1.4 ECO-EE evaluation for MSW management schemes 
The most difficult part of the practical application of CBA is determining 

the results of the ECO–EE of a MSW management scheme. During 
evaluation of ECO–EE of a MSW management scheme, it is necessary to 
take into consideration the fact that payments of remunerations received for 
waste removal, waste treatment and pollution of the environment, as well as 
benefits received from the sale of secondary raw materials, compost and other 
products of waste processing, can positively influence the total economic 
profitability of a MSW management scheme. 

Regarding the “cost” part of the evaluation of a MSW management 
scheme (see Fig. 2.1), it is necessary to take into account capital investments 
and all costs accompanying implementation of a project (Table 4.1). 
Regarding the “results” part of the evaluation of a MSW management scheme 
(see Fig. 4.2), the payments received for waste removal, depletion of resources, 
waste treatment and environmental pollution, as well as benefits received from 
the sale of secondary raw materials, upgrading of materials to product and 
compost and other products of waste processing, can positively influence the 
total financial profitability of a MSW management scheme. During the 
comparison of various MSW management schemes, one of the main criteria 
for the evaluation of economic efficiency is the degree of utilization of MSW. 
In this context, MSW should be considered as a component of the structure of 
the regional resource potential (Stenis, 2005). 
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At present, payments for pollution do not adequately cover common needs 
for investments in environmental protection activities. The main point is that 
when there is success in the development of a reasonable charge—with respect 
to any user of natural resources—for the pollution of the environment, then 
the calculation turns out to be too complicated for practical application. When 
there is a simple and easily applied calculation, the payment does not take into 
account all aspects of pollution. Therefore, the collation of existing and 
necessary payments should be carried out during the evaluation of ECO–EE 
of MSW management schemes (Pakhomova and Rikhter, 2001). The process 
of the waste managements’ decision making, described above, is summarized 
in Fig. 4.2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
Figure 4.2.Waste managements’ efficient decision making schematic process for a MSW 
management scheme (I, II, III) 
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The case study performed, investigating the practical application of the 

theoretical provisions of CBA to a Swedish landfill, shows good usefulness for 
evaluation of the ECO–EE of the MSW management scheme proposed; 

Therefore, the WAMED model is shown to produce useful and reasonable 
results when applied to the current case study MSW management scheme in 
order to evaluate its ECO–EE. This is confirmed by the application of the 
COSTBUSTER indicator model, based on the WAMED model outcome, to 
determine the relative size and extent of the management scheme in question 
pointing at the direction of a reasonable current extra 57%. 

These results imply a good general usefulness of both the WAMED model 
and the COSTBUSTER indicator model in the purely practical context. The 
major features of the models applied here are their simplicity for practical 
usage based on a logically designed easy-to-grasp structure. The models will 
be generally helpful in improving environmental cost estimations and, over 
time, in making them ever more accurate and reliable. Thereby, decision 
makers will be able to encompass local and, to a certain extent, regional and 
global aspects of the ECO–EE in their decision-making bases. Examples of 
these local, regional and global aspects are neighbourhood demands for 
environmental protection, regionally and globally applicable restrictions. 

4.2 The SWM baling fuel scheme of Lidköping, 
Sweden 
4.2.1 Background facts and figures 

The theory introduced here is tested in practice by the use of facts and 
figures from primarily the Lidköping power and district heating plant in 
Sweden, and a real world baling machine manufacturer, Flexus Balasystem 
AB, also in Sweden. The latter supplies the former with equipment. 

The theoretical basis of the “cost” approach to evaluate the ECO–EE of 
the SWM schemes, according to the WAMED model concept, has enabled 
evaluation of the cost items for the year 2006. The data there from is used to 
construct a fictive but representative example of a combined heat and power 
(CHP) plant of 50 MW giving approx. 20 GWh electricity annually. This 
fictive plant example is assumed to be supplied by a baling plant to provide the 
necessary fuel in the form of 20,000 round bales on 800 kg each produced 
annually and consisting of industrial waste to be incinerated. 

Hereby, the analysis is performed for the emission of NOx due to its large 
emission factor (EF) and its large – in relative terms - connected monetary 
value pointing in the direction of NOx being an important substance to study. 
Thus, it is considered more important to study NOx than, for example, the 
major green house gas CO2 in absolute quantities, due to the formers larger 
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environmental impact in relative terms. Thereby, a probability of 27% for fire 
accidents is applied as a very extreme worst case since in total, 27% of all 
Swedish landfills experienced fires during 2002, mainly due to self ignition 
(The Swedish Association of Waste Management, 2003). 

Also, it is assumed that it is possible to lead the leachate and the 
stormwater to municipal sewage treatment plants. A local annual precipitation 
of 500 mm at the plant area of 4000 m2, gives an assumed total annual 
leachate flow of 2000 m3. 

Furthermore, as regards odour emissions, a state of “reasonable smell” is 
assumed. Finally, four weeks work stoppage is assumed annually during 
summertime due to this “reasonable smell”. An exchange rate of €1 = SEK 9.2 
(July 2006) is assumed throughout. 

Regarding the emission of CO2, it was found that only the rectangular 
bales showed significant production of CO2 in comparison with the cylindrical 
ones (Nammari et al, 2003).  

4.2.2 Model cost structure 
Application of the WAMED model, according to Equation (3.1), on the 

fictive SWM scheme, gives the following estimation (k€) on an annual basis: 
C = costs for implementation of the solid waste baling management 

scheme = 438; 
Cc = capital outlays for land acquisition, construction of main facilities and 

building and ground works etc., machinery and trucks and 
intangibles such as software = 73; 

Cop = operating costs such as energy cost, salaries, insurances, leakage and 
air pollution costs plus in total 139 k€ for annual depreciation = 247; 

Cr = costs for repairs and maintenance of baling machinery and 
frontloaders = 65; 

Cen = costs for creating engineering networks such as technical installations 
(light, sewage etc.) = 1, 

Ct = costs for creating the transport scheme servicing a solid waste bale 
management scheme = 0 due to no lorries used, 

Ci = costs for project services such as research and design, local EPA 
permissions and certification and cost for training of the personnel = 
16, 

Cec = costs for actual damage including costs for pollution and cleaning of 
water and leachate and plant cleaning plus insurance cost increases 
due to accidents = 11; 

Cfee = costs for environmental punishment fees for not allowed actions = 0; 
Crem = costs for remuneration to the local population to make them accept 

pollutions, e.g. suing = 9; 
Ctax = costs for environmental taxes (combustion and landfill tax) = 0 due to 

taxes not being referable to the baling activity specifically; 
Co =  other costs = 16. 
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Application of the COSTBUSTER indicator, according to Equation (3.2), 
to the current solid waste baling management scheme, to investigate its 
relative size, yields: 

 
           ∑ Cx = Cc + Cop + Cr + Cen + Ct + Ci + Cec + Cfee + Crem + Ctax + Co = 73 
+ 247 + 65 +1 + 0 + 16 + 11 + 0 + 9 + 0 + 16 k€ = 438 k€ = total annual cost of 
the current fictive solid waste baling management scheme; 
 

TCavg = current total annual cost of the average Swedish solid waste 
baling management scheme, (at a production rate of 20,000 
bales / year weighing 825 kg / bale @ €20/tonne) = 330 k€; 
and 

R = 438 k€ / 330 k€ = 133 
 

In Equation (3.3), Y = 652 k€ (20,000 bales produced annually at a revenue 
of € 32.6 (SEK 300) each), while Z = 49 k€ (all the four fire related emissions 
taking a 27% fire risk into account: 14 k€; leachate pollution: 2 k€ and; odour 
emissions: 33 k€). Equation (3) gives the following results for: (a) the NOx 
related emissions at fire; (b) the leachate pollutants; and (c) the odour 
emissions: 

a) PF burning for NOx fire emissions as example (Table 3.4) = ((0.79 g 
NOx / kg waste * 3.86 € / kg waste / 1000 g / kg waste / 1000 € / k€ 
* 20,000 bales / y * 800 kg / bale) * 27% fire risk) / (652 k€ + 49 k€) 
= 13.2 k€ / (652 k€ + 49 k€) = 0.019 

b) PF leachate for 2000 m3 leachate for case No. 1 (Table 3.5) = (1 € /m3 
leachate * 0.5 m precipitation / m2 * 4000 m2 total area) / (652 k€ + 
49 k€) = 2 k€ / (652 k€ + 49 k€) = 0.003 

c) PF odours for case No. 2 (Table 3.6) = (((200 €/labour hour * 4 weeks 
labour lay down * 5 days/week * 8 hours / day) + (500 €/information 
meeting, advertising and expert talk * 1 event)) / 1000 €/k€) / (652 
k€ + 49 k€) = 32.5 k€ / (652 k€ + 49 k€) = 0.046. 

Thereby, the terms denote the following phenomena on an annual basis: 
 X = monetary damage value of a certain emission produced 
 Y = monetary value of the solid waste management scheme 

regular output in normal operation  
Z = monetary damage value of all the different emissions 
produced 

Thus, the following total amounts of money are to be allocated to the three 
different kinds of emissions and pollutions respectively: 

a) Amount to allocate to the NOx fire related emissions = PF burning * C = 
8.24 k€ 
b) Amount to allocate to the leachate pollutants = PF leachate * C = 1.25 k€ 
c) Amount to allocate to the odour emissions = PF odours * C = 20.33 k€ 
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Thus, the following amounts of money, related to the three different kinds 
of emissions and pollutions respectively, are to be allocated per unit to the 
current different substances in the waste management scheme: 

a) Amount to allocate per kg NOx for NOx fire emissions = (PF burning * C) 
/ (0.79 g NOx (EF) / kg waste / 1000 g / kg * 20,000 bales * 800 kg / 
bale) = 0.65 € per kg NOx. Alternatively: Amount to allocate per tonne 
waste for NOx fire emissions = (PF burning * C) / (20,000 bales * 800 kg / 
bale / 1000 kg / tonne) = 0.51 € per tonne waste. 

b) Amount to allocate per m3 leachate to the leachate pollutants =         
(PF leachate * C) / (4000 m2 total area * 0.5 m precipitation / m2 / year) = 
0.63 €. 

c) Amount to allocate per tonne waste to the odour emissions = (PF odours * 
C) / 20,000     bales * 0.8 tonne/bale = 1.27 € per tonne waste. 

If weighting (see section 3.3) were considered to be plausible to apply, the 
weights would primarily be multiplied with, for example, the different PFs, 
respectively. 

4.2.3 Assessment of prevented damage to the environment 
In the WAMED model, evaluation of the ECO–EE of a SWM scheme 

implies, in an explicit form, the assessment of the economic damage in a 
similar way as for MSW management schemes. See 4.1.3. 

4.2.4 ECO-EE evaluation for SWM baling fuel schemes 
Here, the same reasoning is applied for SWM. See 4.1.4. As regards the 

practical application of CBA, the difficulty is determining the results of the 
ECO–EE of a SWM scheme. 

The case study shows realistic results when the WAMED model and the 
COSTBUSTER indicator plus the EUROPE model are applied. The 
COSTBUSTER model gives a 133% relative size for the scheme studied, 
pointing in the direction of this scheme being rather large. 

Therefore, the WAMED model and the COSTBUSTER model, in 
combination with the EUROPE model, are shown to produce useful and 
reasonable results when applied to the current case study SWM scheme in 
order to evaluate its ECO–EE. This is confirmed by the application of the 
COSTBUSTER indicator model, based on the WAMED model outcome, to 
determine the relative size and extent of the management scheme in question. 
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Figure 4.3 Waste managements’ evaluation scheme of the ECO-EE for baling at a solid 
waste management scheme 

 
These results imply a good general usefulness of both the WAMED model 

and the COSTBUSTER indicator model, and the EUROPE model in the 
purely practical context. The major features of the models applied here are 
similar to the MSW management case.  

START 

Define the current 
 

Evaluate the ECO-EE by 
applying the  WAMED model, 

if necessary through 
the COSTBUSTER indicator, 
plus the equality principle and 

the EUROPE model 

Determine the evaluation 
 

Make decisions 

Implement the results 
 

Evaluate the project 
 

Feedback 
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4.3 ECO-EE evaluation in general 
The general ECO-EE is considered also in the overall framework being 

applied here - the industrial knowledge transfer model (see Fig.2). 
Environmental aspects are one component among others and when the actors 
on the market make, for example, R&D and estimations, environmental 
economics also are considered. 

Nowadays, the application of ecological normalization methods is one of 
the most effective ways to direct the protection of nature and peoples’ health, 
ecological normalization (also called ecological standardization) being defined 
as a process of determination of the admissible levels of the anthropogenic 
influences on the environment (Stenis et al, 2011). Such approaches also are 
useful combined with the model set-up presented here in order to ensure a 
sufficiently clean environment. 
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5. DISCUSSION 

In this chapter, a discussion is performed concerning primarily the 
relevance of the research that is presented in this study. Thereby, first a 
general analysis is made, based on the findings made. Then, the validity and 
the reliability of the present study are examined. Finally, the findings are 
summarised in the form of a list of statements, listed item by item, as regards 
what actions that preferably should be taken based on the findings resulting 
from this study. 

5.1 General analysis 
A number of models containing CBA elements have been useful 

inspiration when the WAMED model was designed. In particular, the 
WastePlan model has contributed through helping to integrate the FCA 
approach into the WAMED model. The main contribution to the 
development of a MSW management scheme for the WAMED model was 
the approach used in the IWM-2 model. 

Historically, the WAMED model is adapted to current model design 
being consistent with recent developments concerning damage assessment, 
this being an important part of environmental management of today. The 
main contribution of the WAMED model to the knowledge accumulation 
process is noticeable when performing comparative analysis of current and 
prevented economic damage caused by environmental pollution in terms of 
analysis of the ECO-EE when a SWM scheme is implemented. 

The practical usefulness of the WAMED model is good as a result of the 
rather simple mathematics involved. This mathematics is based on a 
statistically acceptable foundation, and it derives its sources from the MSW 
management sector. Therefore, possible applications exist within the 
municipal and regional context. The model satisfies several features possible to 
apply to many different kinds of SWM actors. Therefore, the model has good 
future prospects. 

However, all evaluation of the environmental impact of a SWM scheme 
cannot be expressed in monetary terms. For example, the impact of political 
ambitions and lobby groups are difficult to quantify monetarily. Furthermore, 
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it is difficult to quantify personal attitudes, and people’s understanding of and 
willingness to accept and, above all, apply environmental models, such as the 
WAMED model. 

The WAMED model means recognizing environmental realities in a way 
that is easy to cope with. Its major feature to market is its simplicity compared 
with most models encompassing CBA. As regards its practical application, the 
WAMED model shows greater applicability for cost accounting. This is an 
advantage compared to existing models, including IWM-2 and WastePlan, 
being more complicated. 

The application of the previously developed EUROPE model in 
connection with the WAMED model and the COSTBUSTER indicator 
model enables management to pinpoint, through internal economic incentives, 
unwanted environmental phenomena related to the operation of a SWM 
scheme. Potential model users include practitioners, academics and others that 
desire estimating the financial impacts and consequences of SWM schemes 
and reducing the occuring environmental pollution. 

The WAMED model shows useful and reasonable results when applied to 
the current case study MSW scheme in order to evaluate its ECO–EE. This is 
confirmed by the application of the COSTBUSTER indicator model, based 
on the WAMED model outcome, to determine the relative size and extent of 
the management scheme in question pointing at the direction of a current 
extra 57%. 

These results imply a good general usefulness of both the WAMED model 
and the COSTBUSTER indicator model in the practical context. The major 
features of these models are their simplicity for practical usage and them being 
based on a logically designed structure that is easy-to-grasp. 

The models will be helpful in improving environmental cost estimations 
and more and more making them ever more accurate and reliable. Decision 
makers will be able to include local and regional and perhaps global aspects of 
the ECO–EE in their decision-making bases. Examples of such aspects are 
neighbourhood demands for environmental protection and regionally 
applicable restrictions. 

The structure of the WAMED model is adapted to the FCA methodology 
and on the CBA methodology. The former forms a basis for development of 
different concepts and tools for ECO-EE related waste management 
activities. In most countries, the cost structure presented is plausible for 
practical implementation of SWM schemes. This implies a good usefulness 
for the WAMED model. 

Evaluation of the ECO–EE of a SWM scheme by use of the WAMED 
model means assessment of the appearing economic damage. Thereby 
estimation calculations must be done, this being a main feature of the model. 

Swedish small- and medium-sized (SMEs) waste management companies 
struggle with profitability problems. They must decide if they should operate 
on their own or to join MSW actors. The models presented here are useful as 
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tools for management as a basis for such decisions. The WAMED model 
concept defines the cost structure. The manager improves his control over the 
corporate financial situation. 

Through using the WAMED model, the manager gets a decision support 
tool that he can use for, for example, SWM investment estimations. Thereby, 
he gets a much better picture of, for example, how big risks he takes in terms 
of possible financial losses, alternatively how much the likely reward will be 
and how much money he can afford to pay as a maximal investment sum 
regarding his company’s budget. 

Baling has in earlier relevant work been shown to be the most promising 
storage method for waste fuels. Such storage will increase. The processes 
taking place inside bales are similar to landfills. Environmental and safety 
aspects for seasonally stored baled MSW waste fuel for energy production 
have been investigated and combustion experiments have been made. The 
potential flammability, combustion processes and fire emissions in a full-scale 
bale storage have been conducted through simulations at a relatively small 
scale. This study provides a useful tool for decision making about if to invest 
in, for example, SWM baling equipment or not. Thereby, baling is seen as a 
subsystem among others in the current compared SWM baling scheme. Then, 
the environmental impact is possible to estimate as regards, for example, 
occurring gaseous emissions, treatment of leachate, and abatement of odours. 

The main objective of the study: “to develop a general model framework 
for the evaluation of ECO-EE that will serve as an information support tool 
for decision making by SWM actors at the municipal and regional level”, is 
fulfilled, The strength of the methodology is its general adaptability to the 
prevailing circumstances at hand and the current aggregation level for the 
studied scheme. The shortcomings of the model mainly lie in the wide span of 
the input data and monetary values used for estimating the environmental 
impact of the emissions in monetary terms. 

In this study, the ECO-EE is regarded and improved by the 
implementation of the models and their build-up presented here, the design of 
the models being based on the framework for ECO-EE given in, for example, 
Fig. 2.1. The incorporation of the previously introduced EUROPE model 
ensures that environmental matters are taken into account since this model 
enables expression of emissions and pollutions and odours in monetary terms. 
This substantially increases the quality and usefulness of the resulting decision 
basis when investors are thinking of starting up, for example, environmental 
projects. 

When applied to the emissions studied, the equality principle and the 
EUROPE model, which is based on the equality principle, also produce 
reasonable and consistent results as regards monetary amount to additionally 
allocate to the emissions and odours studied. Thereby, if applied and 
integrated in practice in the companies’ internal accounting, budgeting and 
forecasting systems etc., these additional shadow costs gives management a 
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useful tool to use for an improved monitoring of their companies’ 
environmental performance as expressed in monetary terms. 

These financial shadow cost chasing incentives that are induced, 
substantially reduce the emissions and odours that management, by using the 
EUROPE model, wants to pin-point as objects for chasing down the line. 
The possibility to apply weights allow the authorities, as well as management, 
to take into account certain concerns for wanting to reduce, in particular, the 
existence of certain negative phenomena by even more allocate financial 
incentive creating additional shadow costs to these unwanted phenomena. 

Possible end users for the methodology and the related major importance 
would be as follows: 

• Plant owners who want a, for example, baling equipment investment 
decision making tool that takes into account, and prevents, views of 
the plant neighbourhood possibly leading to, for example, protest 
actions and mass hysteria. 

• Parties who want to estimate and monitor the ECO-EE of a SWM 
scheme plant as regards estimated, occurring and prevented emission, 
and odour annoyance levels expressed in monetary terms. 

• Local authorities, such as local EPAs, wanting to apply environmental 
legislation. 

• National governments that wants to design and apply new 
environmental legislation. 

• Environmental courts that decide fix punishments due to the current 
environmental impact. 

The basis for the analysis, as regards the view on the societal context that 
surrounds the intended implementation of the models presented here, is the 
industrial knowledge transfer model (see Fig. 2 under ”Reading instructions”). 
This model has proven to be most useful to provide the reader with the overall 
frameworks that one must bear in mind when reading this study. 

This model presents how the author looks upon the socio-industrial 
complex wherein his developed models will work. In particular, the flow of 
information based knowledge between the minds dealing with industrial 
matters – the oval encompassing the knowledge accumulating hierarchic 
chain: technology – economy – environment and ethics - and the whole 
wherein these mind dwell – the market – is clarified hence enabling a 
possibility to look at the scientific efforts of this study in a larger and societal 
perspective. 

By applying the concept of the industrial knowledge transfer model it is 
proven suitable to introduce and implement models based on economic 
instruments, these methods promoting economic incentives. This is so since 
precisely incentives is the key word and underlying concept to explain the 
behaviour of the actors on a free market that forever provide more and more 
useful and sound goods and services to the consumers of the society wherein 
they live. 
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5.2 Validity and reliability 
5.2.1 Definition of validity and reliability 

In the first place, the terms validity and reliability is possible to apply on 
the modifications of the economic models performed here. According to 
Thurén (1993), the validity refers to: “whether the research has been aimed at 
investigating what was intended to investigate.” The reliability refers to: “to 
what extent the investigation is reliable and trustworthy.” 

5.2.2 The validity and the reliability due to the theoretical studies 
The application of well known models in the present study ascertains the 

current validity. This is so since these commonly used models within business 
life and the industry sector makes up the basis for the present design of the 
WAMED model and, as a consequence, the COSTBUSTER indicator model 
as well. This validates the WAMED model. Also the current, extensive use of 
empirical input data enhances the validity since it makes the model build-up 
very much in line with the needs of the real world conditions and hence 
improves the chances to investigate what was intended to investigate. 
Therefore, the models invented in the study are likely to well reflect the reality 
that was the object to investigate and improve. 

Thus, also the validity of this study is regarded to be sufficient as regards 
the general applicability on SWM. Economic models that are commonly 
accepted, in certain cases since the medieval era, are applied. Thus, these 
models are likely to be suitable for the purpose of the investigation. Therefore, 
the main objective of the study: to develop a general model framework for the 
evaluation of the ECO-EE, can be said to be fulfilled. 

The reliability is considered to be sufficiently acceptable. This is so since, 
for example, relevant textbooks and standard works are used throughout when 
elaborating the methodology in question. This grants a high level of 
trustworthiness. Thus, the results in a certain way can be said to be 
trustworthy as well. 

The literature used as reference literature is chosen to get the broadest view 
possible of management models concerning mainly business administration. 
To accomplish this ambition, certain examples of relevant business 
administration theory works have been omitted. This imposes a risk for a 
reduction of the scientific quality of the study. However, this is less important 
since the modification of the economic models presented here is made to 
provide a general model framework for SWM applications. Thus, no much 
specialised or very seldom used theories within business administration and/or 
economics are regarded as necessary to use as a basis when doing this study. It 
should be quite sufficient to use the commonly known theories. Thus, the 
reliability is fully acceptable since the motivation for why certain literature is 
used point in the direction of the literature used being chosen on a solid 
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scientific basis and quite sufficient for its intended purpose. Also for this 
reason, the study at hand is trustworthy as well. 

5.2.3 The validity and the reliability due to the case studies 
The validity of the work is strengthened through the carrying out of the 

case studies. This is so since it contributes to the determination to focus on the 
intended study subject. Thus, the focus on the main object to investigate is 
improved. 

The reliability of, for example, the models introduced and applied here is 
granted through the realistic outcome of the current case studies. These case 
studies being based on relevant facts and figures stemming from the daily 
reality of SWM grant that the case studies performed here are reliable and 
trustworthy as regards the obtained results. An example of this is that the 
results in Papers II and III are supported by relevant facts taken directly from 
the daily reality from most representative and suitable SWM plants. 

5.3 Summarising statement 
1. In the long run, it is possible to make the production process more 

efficient in terms of use of resources. According to the results and the view 
presented here, costs and revenues namely can be estimated and allocated 
to (industrial) solid waste by applying the WAMED model, the 
COSTBUSTER indicator model and the EUROPE model, the latter 
being based on the equality principle (Papers I, II and III). This is done in 
order to: (i) improve the environment and to; (ii) improve the economy of 
industry – in that order – with particular reference here to SWM 
companies and actors. 

In doing so, the basis for the additional and other allocation of costs 
can be, for example, volume or costs for the current output. It does not 
have to be mass only (kilograms or tonnes etc.) 

2. Commonly used cost-benefit methods (Papers I and II) can, according to 
the results and the view presented here, be applied through the WAMED 
model and the COSTBUSTER indicator model, (Equations (3.1) and 
(3.2)), and, in a modified way, be applied through the use of the 
EUROPE model, (Equation (3.3), as regards general MSW conditions. 

3. Commonly used cost-benefit methods (Paper III) can, according to the 
results and the view presented here, be applied through the WAMED 
model and the COSTBUSTER indicator model, and, in a modified way, 
be applied through the use of the EUROPE model as regards general 
solid waste baling conditions 

4. Commonly used cost-benefit methods (Papers I, II and III) can according 
to the results and the view presented here, be applied through the 
WAMED model and the COSTBUSTER indicator model, and, in a 
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modified way, be applied through the use of the EUROPE model as 
regards the evaluation of the ECO-EE in general. This is facilitated 
through the possibility to, through application of the EUROPE model, 
express the impact of emissions and odours in monetary terms. Thereby, 
management obtains improved decision bases to enable more accurate 
estimations of, for example, the profitability in intended environmental 
investment projects. 
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6. CONCLUSIONS 

In this chapter, first, mainly the practical applicability is concluded in 
general. Then, the outcome and benefits of the work are outlined. Finally, the 
conclusions reached are collocated as a set of recommendations, listed item by 
item. 

6.1 General practical applicability 
The WAMED model has been developed as a decision-making tool that 

can be applied to waste management projects at municipal and regional levels. 
The model’s target users are practitioners and officials involved in the 
decision-making process in the SWM sphere which means that it has to be 
integrated into the real world business process based on financial activities 
expressed through monetary values. And so the model is based of the 
widespread methodology in respect of investments projects – CBA, with the 
full cost calculation based on FCA.  

In order to investigate the model’s applicability, it has been applied to 
several case studies, including baling and landfilling. After the model has been 
applied to landfilling conditions (Paper II), the following conclusions can be 
drawn: 

• The analysis of the model’s application shows a good usefulness when 
focusing on the practical aspects of CBA for SWM/MSW 
management; 

• The cost part of the total financial value of a SWM/MSW 
management scheme can be estimated in a short term; 

• Good results have been received when the model has been applied in 
order to evaluate the ECO–EE of a SWM/MSW management; 

• The ECO–EE evaluation methodology applied to a SWM/MSW 
management scheme has revealed the following model’s possibilities: 
- It allows to solve the problem of simultaneously decreasing the 

negative impacts of SWM on the environment and human health 
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while increasing the financial benefits from the implementation of 
SWM/MSW management projects; 

- Improves in particular the competitiveness of small- and medium-
sized companies when applied as an information support tool for 
financially based decision making in SWM/MSW management; 

- It allows to optimize the control over the financial benefits achieved 
when using the “through approach” for estimating the 
implementation costs of a SWM/MSW management scheme; and 

- It enables carrying out a comparative analysis of actual and 
prevented financial damages when implementing a SWM scheme. 

After the WAMED model has been applied to baling as a method which 
provides easier handling and better transportation and storage of materials 
(Paper III), the following conclusion can be drawn: 

• When the methodology developed and focused on financial, emission, 
and odour annoyance related aspects of SWM has been applied it has 
showed a good utility in practice; 

• The model’s main practical and general features are: 
- An integrated approach to solving the problem of simultaneously 

decreasing the negative impact of SWM on the environment and 
human health while increasing the financial benefits from the 
implementation of SWM/MSW management projects is reflected 
in the model; 

- It allows to increase the financial benefits by providing an 
investment decision-making support tool for the implementation of 
SWM projects at different levels; 

- The ECO–EE evaluation of SWM scheme enables the comparative 
analysis of actual and prevented financial damages when 
implementing the scheme. 

The good utility for the ECO-EE evaluation of the studied schemes has 
been exposed in regard to the case study performed investigating the practical 
application of economic theory based models on a Swedish SWM baling 
scheme. There are promising possibilities to apply additional allocation of 
shadow costs to emissions and odours from a SWM baling scheme as based on 
use of the EUROPE model which have been revealed in the course of the 
study performed. 

The future relevance of the WAMED model for practical waste 
management is good due to the fact that its rather simple mathematical 
approach is applicable to different SWM actors, and that it is based on a 
statistically acceptable foundation. The target audience of the model is 
expected to be those who wish to in financial terms estimate the impact of 
applying a SWM scheme and to reduce its environmental pollution, when the 
economic instruments developed are implemented, due to induced corporate 
internal economic incentives. 
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6.2 Outcomes and benefits 
General principles for estimation of SWM related company costs and 

revenues have been elaborated in this work. The financial results obtained have 
impact on the related consolidated profit and loss accounts, the balance sheets, 
the budgets and the forecasts etc. 

This was intended by application of the introduced WAMED model in 
combination with implementation of the equality principle as a basis for, for 
example, waste related decision making on financial issues and official 
recommendations and demands. The outcomes and benefits from the present 
study are summarised in Table 6.1 with respect to: a) companies, b) the 
environment, and c) society. 

Thus, these new principles for industrial cost allocation to SWM residual 
products are very likely to imply industrial cost saving incentives through the 
introduction of, for example, new and improved production process 
technology. The consequent waste reduction which is not totally 
commercialised leads to less not utilised waste produced. 

It is supposed that the short term corporate economy will generally be 
improved through the saving of raw materials, for example waste fuel, less 
time necessary for handling and less administration of waste, and less wear and 
tear of the machinery involved in treatment of the waste that is not 
commercially usable etc. 

As a result, the balance sheets gain a positive impact through a long-term 
perspective extended environmental goodwill from a more efficient waste 
management. This development has its origin also from an enhanced status of 
SWM due to the earlier introduced new view on waste as equalised with 
regular products in strictly financial terms – the equality principle. 

A SWM adapted economic theory review based on modifications of 
currently used economic methods such as CBA and FCA is provided by the 
present study. Thus, the present work proposes a shift of, specifically, SWM 
views. 

The main overall idea of the model’s development is a generally improved 
environment. That in turn leads to an improved quality of life, primarily in a 
material sense. 
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Table 6.1 Summary of outcomes and benefits of the study at hand as regards:                     
(a) companies; (b) the environment; and  (c) society 
 
Outcomes and benefits of the study at hand as regards companies 

1. Elaboration of new and general principles for estimation of the profitability and 
financial risks of different potential alternatives for investment in SWM projects. 

2. Elaboration of new and general principles for  estimation of the SWM related 
industrial waste management company costs and revenues. 

3. Establishment of a basis for estimation of the “full” SWM company cost and 
estimation of the “true” waste management company result in financial terms. 

4. Induction of incentives for SWM industrial cost-saving. 
5. Improvement of the corporate economy. 
6. Saving of raw materials, reduction in the time required for handling the waste and 

less administration of the waste and less wear and tear of the machinery, etc. 
7. Positive impact on the balance sheets due to improved goodwill in environmental 

terms. 
8. Enhanced status of SWM.  
9. More use of modernized and more advanced machinery and equipment leading to 

increased profits and a better product quality. 
10. Estimation of the ECO-EE for SWM schemes. 

Outcomes and benefits of the study at hand as regards the environment 
1. The production of the not commercialised solid waste is reduced due to the 

increased utilisation of the current wastes as a result of the improved estimation 
methodology via the WAMED, COSTBUSTER indicator and EUROPE models. 

2. More environmentally acceptable industrial production due to a reduction of the 
current emissions and the abatement of odours from the waste due to corporate 
economic incentives. 

Outcomes and benefits of the study at hand as regards society 
1. A basis for waste-related official recommendations and demands, and voluntary 

environmental agreements. 
2. An improved environment leading to an improved quality of life in, primarily, a 

material sense. 
3. An environmentally improving increase in the gross domestic product (GDP). 
4. An attempt to provide the ones that are interested in waste management with a 

review of economic theory adapted to, in particular, SWM. 
5. A proposal for a shift of views on, specifically, SWM. 
6. Advantages for society at large in environmental and financial terms.  
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6.3 Recommendations’ list 
On the basis of the previously performed analysis, the following 

recommendations are made: 
• The WAMED model is recommended to apply to SWM schemes in 

order to evaluate their ECO–EE;  
• The COSTBUSTER indicator model, based on the current WAMED 

model outcome, is recommended to apply to SWM schemes in order to 
determine their relative size and extent; 

• The WAMED model and the COSTBUSTER indicator model are 
recommended to apply to SWM schemes’ estimates in general and in 
regard to investment projects; 

• The EUROPE model, based on the equality principle, is recommended 
to apply to the emissions in case of accidental burning, treatment of 
leachate, and abatement of odours at a SWM scheme in order to, based 
on the induced economic incentives through, for example, additional 
shadow prices, reduce the amount of unwanted substances. 



 

90 

 

 
 



 

91 

 

7. FURTHER RESEARCH 

This chapter presents an outline of possible avenues for further research 
based on the current findings. 

Further research will focus on, for example, a mathematical algorithm 
development based on existing techniques for assessment of economic damage 
caused by environmental pollution in the form of the alienation of lands, 
pollution of surface and ground waters, pollution of the atmosphere, spreading 
of diseases (among the population) and the disturbance of landscapes. In 
addition, a set of indicators for determination of the application’s 
“consequences” of different waste management technologies will be developed. 

Further research will also be carried out on how to naturally encompass 
global cost aspects into the WAMED, COSTBUSTER indicator and 
EUROPE models in order to constantly improve them. This effort requires, 
and is promoted by, an ever-increasing knowledge about our living 
environment. 

Thereby, the present model build-up improves the efficiency in the 
utilization of the natural resources by being adapted to, for example, 
application to mining and excavation, usage of commodities and to energy 
supply sources aspects. 

Therefore, the planned further research will enforce the increase in 
profitability and the accumulation and distribution of (industrially related) 
knowledge on the market worldwide. Thereby, a possibly negative impact in 
environmental terms may be reduced due to the sound promotion of a public 
welfare increasing desire for corporate profits on a hopefully ever more 
liberated global market. 

And this study, including the goals mentioned in “further research”, 
promotes that development.
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