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ABSTRACT

Waste management company SORPA treats most of #stewgenerated in Greater
Reykjavik Area of Iceland. Some of the producedtwas recycled either in domestic
locations or taken abroad for further treatmentdwdry day a remarkable amount of solid
waste ends up being landfilled to Alfsnes landfiar the capital. Landfilling solid waste
should always be the last and ultimate option istev@areatment since it deposits the waste
into the soil forever. The waste generation of modeonsumer-society has been
traditionally in close relationship with increasifiging standards but the waste amount
cannot keep increasing indefinitely because theesfia final deposit is limited. Founding
a new landfill site would be highly unfavorable aagdainst the prevalent standards so
something else needs to be done.

By examining the current waste management systehwaste profile of SORPA, it was
possible to evaluate and find new suggestions toraee solid waste diversion from
Alfsnes landfill. Possibilities for solid waste éision in the capital of Iceland were
evaluated by studying the current situation ofwlaste management in Greater Reykjavik
area in detail, followed by an analysis with AR\WHadysis tool developed in Finland.
Three alternatives were examined in ARVI tool; eeféective, environmentally friendly
and balanced, and the analysis was concluded witioi@e detailed inspection of each
individual alternative to produce realistic and lggble improvements for the current
setup to divert waste from the landfill. Emphasisvaste diversion was in municipal solid
waste, proper sorting and recycling.
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TIIVISTELMA

Jatteenkasittely-yritys SORPA kasittelee suurimmoaan Islannin paékaupunkiseudulla
syntyvastéa jatteesta. Osa jatteesta kierratetddrsgamenee ulkomaille jatkokasittelyyn,

mutta joka paiva suuri maara kiinteda yhdyskurgstitviedaan lajitettavaksi Alfsnesin

kaatopaikalle padkaupungin laheisyyteen. Jatteatogaikalle sijoittamisen tulisi olla aina

viimeinen ja &arimmainen vaihtoehto jatteenkasitish, koska talloin jate jaa pysyvasti
saastuttamaan maaperdd. Nykyisessa kulutusyhbeisgsa syntyvan jatteen maard on
ollut perinteisesti suorassa vuorovaikutussuhteelseasoon nahden mutta jatevirta ei voi
kasvaa ikuisesti koska jatteen loppusijoitustila omallinen. Uuden kaatopaikan

perustaminen on hyvin epasuotuisaa ja vallitsetdadardeja vastaan, joten jotakin muuta
on tehtava.

Tutkimalla SORPAnN nykyista jatteenkasittelyjarjdst@d ja jateprofiilia oli mahdollista
arvioida ja 1oytaa uusia ehdotuksia Alfsnesin kpatkan jatevirran ohjaamiseksi muualle.
Jatevirran ohjaamisen mahdollisuuksia Islannin pépkngissa kartoitettiin tutkimalla
yksityiskohtaisesti SORPAnN tdmanhetkista jarjeséélmota seurasi Suomessa kehitetyn
ARVI-tyokalun analyysi. ARVI-tyokalussa arvioitin kolmea eri vaihtoehtoa;
kustannustehokasta, ymparistoystavallistd ja tasapmtua, ja analyysi pdaatettiin
jokaiselle vaihtoehdolle yksityiskohtaisesti tehtyytarkasteluun mahdollisimman
todenmukaisten ja kayttokelpoisten parannusten olbgtdmiseksi nykyiselle systeemille.
Padpaino jatteen muualle ohjaamisessa oli yhdyakitteessa, kunnollisessa jatteen
erottelussa ja kierratyksessa.
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NOMENCLATURE

Alfsnes: The studied landfill

EEA: European Economic Area

GRA: Greater Reykjavik Area, originates from Hofoddmrsveedid (The Capital Region)
Gufunes: The location of Baling and sorting plahEORPA

HC: Home composting

IRF: Urvunnslusjédur — Icelandic Recycling Fund

MSW: Municipal solid waste

NWMP: National waste management plan

P&P : Pulp and paper

RDF: Refuse-derived fuel

SORPA: The name of the assigning company, the vteett conducted from an Icelandic
word for waste, Sorp”

SRF: Solid recovery fuel

UAA: Umhverfis- og audlindardduneytid — The Minigtior the Environment and Natural
resources of Iceland

UST: Umhverfisstofnun, Environmental SupervisionviBion, Environment and Food
Agency of Iceland



1 INTRODUCTION

According to the Rio Declaration (UAA 2002), theiméocus of sustainable development
is placed on systematic solutions for waste managelnd on products that do not cause
damage to the environment. This means simply thatriecessary to strive to gain control
of the growing quantity of waste accompanied wattlety's consumer society and decouple
the relationship between increasing waste generaia economic growth (Mazzanti &
Zoboli 2008). Solid waste management functionaigyby large extent based on the
population size, corresponding area, location dimdlatic conditions of the country which
in turn characterize the general waste compos(f&asikumar & Krishna 2009). Changes
in these features can set various challenges b wakte management and without a doubt
conditions vary greatly around the world (Williai2@05).

A country in far north-west Europe, Iceland, hadistinctive waste management system.
Iceland is a small nation with a land area of abb@®,000 krfi (Thérhallsdéttir 2007),
equivalent to about one third of land area of Fidldut having only 320,000 inhabitants.
Population density in Iceland is only 3.1 people klmeter but approximately two thirds
of the total population is living in the so call&@teater Reykjavik area (GRA), an area
consisted of Reykjavik city and six other neighbgrimunicipalities which form a

continuous inhabited area (Fischer 2013).

Municipal solid waste management activities ardlenrise in Iceland (UAA 2002). The
waste management scene of the country is influebgetdarsh climatic conditions with
heavy rains and frequent strong winds, high costsaste transportation and disposal and
inability of domestically treating certain wasteadtions like plastic packaging and
cardboard (SORPA 2013a). Despite the challengimglitons, waste reduction activities
like recycling and re-use are gaining more attentiad their importance is increasing as
environmental awareness is growing among the aosizef Iceland (SORPA 2013a).
Iceland became a part of European Economic AreaAJER 1994 and therefore was
obliged to implement EU legislation pertaining te twaste management of Iceland. The
parliament of Iceland, Alpingi, has signed an agreet on decreasing the landfilling of
organic waste to 35% of 1995’s levels before yegd02(UAA 2002). That is why this
thesis is attempting to improve especially the entrorganic waste management of GRA.

Assessment for an improved waste management plaBRA is necessary because
landfilling does not completely eliminate solid weasLandfilling stores waste into the



ground but it still poses a potential threat inufet as the waste mass remains dormant
(White et al. 1995). With population growth in haggnerated waste from various human
activities keeps increasing while the preservaspace for solid waste is limited (UAA
2002). Founding a new landfill is not an optiorthe near future (SORPA 2013a) so the
most favorable option is to reduce the amount dfl ssaste entering the landfill in the

first place.

The main goal of this Master's thesis is to findpnoved alternatives for waste
management compared to the current solid wasteshsin Alfsnes landfill of SORPA by
means of waste diversion. Comparison of the cursetp and future alternatives is
conducted using a potential assessment tool os toofind new strategies to divert solid
waste from landfilling and improve the current veaghanagement system. A lot of
information about modern solid waste managemeutvalable in scientific articles and
books. However, as this is an individual study wiih unique characteristics, further
examination is required to maximize the most edfitiuse of analytical methods. Thesis
includes a throughout review of SORPA'’s currentidsevaste management and waste
profile to gain a better understanding how the wasanagement system functions in the
capital region as it is at the time of this thdséng written. The review is followed by an
analysis tool assessment to pinpoint important@sgder waste diversion and to evaluate
what methods would be suitable for future waste agament, concluding to the
proposition of new future alternatives focusingveaste diversion from Alfsnes landfill.

Main objective of this thesis in the long run ishtelp SORPA reduce the environmental
and economical costs of landfilling and improve Weste management system in GRA as
a whole. Question to solve is to look for an answerwhat are the economic and
environmental impacts of diverting waste streams&yadrom the landfill in Icelandic
context. After the assessment has been completiusithesis, SORPA should be able to
use the results as guidance to improve its systeateacribed above. Decisions made in
this thesis are meant to offer a proactive solubarnow the waste management could be
improved, not how the system should be unquestignatanged. Main focus is set on
waste diversion from the landfill and this thesil hvave only a minor focus on where the
diverted waste should be forwarded for treatmeattadpom some suggestions how a share
of waste fractions could be utilized further. SORIRa#s a more profound understanding of
waste export and treatment in Iceland in additmthe functions of its own facilities and
processes (SORPA 2013a).



2 WASTE MANAGEMENT IN ICELAND

2.1 Solid waste management, landfilling and wastewersion

The amount of waste produced in the world has lpewing considerably for many
decades particularly in affluent countries as theae been a strong connection between
national gross domestic product (GDP) and wastesrgéion per capita (Giusti 2009).
Waste management hierarchy based on the most amamdally sound criterion favors
waste prevention, waste minimization, re-use, rioyc decomposing and composting.
However, in many countries, a large proportion @&ste cannot be currently re-used,
recycled or composted and main disposal method&adélling and incineration of solid
waste (Giusti 2009). Waste incineration is oftenuafavorable option for waste disposal
as it is prone to produce G@nd hazardous particle emissions (Dezhen & Cimsste
2010) while landfilling of solid waste is a widelgtilized but environmentally obscure
disposal method around the globe. In Europe albrép of MSW was landfilled in 1999
(Giusti 2009) and according to the European Comamseeport from 2011, the share of
landfilling in the EU-27 countries had dropped fré8% in 1995 to 38% by 2008. Even
though there was a remarkable decrease in the danodwvaste ending up to permanent
disposal, in 2008 EU-27 was still landfilling apgimately 100 million tonnes of MSW
(Zorpas & Lasaridi 2013).

Waste management of municipal waste is consideagbbc service, providing citizens a
system of disposing of their waste in an environtagnsound and economically feasible
way (Beigl et al. 2008). It is commonly recogniztedt today that a higher degree of
recycling in waste management contributes to botimemical and environmental benefits
by making use of the materials which would be otle wasted, simultaneously
removing waste from entering a landfill (Willlam€@5). Recycling solid waste is
becoming even more important as waste generaties eae increasing globally. Policy-
makers must decide which recycling practices tolement from the host of options at
their disposal to best divert waste from landfiiueller 2013).

Waste diversion or landfill diversion is the proged directing waste away from landfill.
Diverting waste from a landfill is done through yeking, composting, burning,
compacting or any other means to reduce the thoifesdlid waste to human health and the
environment (Thompson et al. 2012). Motivation behdiverting waste in the first place

usually lies in the waste quality or excessive giyxammf exploitable waste fractions as



waste with high value or high environmental rislofsen desired to be removed from the
waste stream towards permanent disposal (Sasik&méishna 2009). Waste diversion
was most likely referred for the first time witls icurrent description by EPA in the waste
management scene of United States when environmssuis first started to gain notable
public attention in the late 1980’s (Hickman 2003).

2.2 History of Icelandic solid waste management

The earliest official records of Icelandic wastenagement date back to 1970's (UST
2006), when open-pit burning and incineration olidsevaste was a common practice
throughout the nation. Waste incineration was widalacticed around the coastline of
Iceland in various cities until 1990’s but with tsadvantages of generating a lot of thick
smoke, smell and particle emissions to the surrimgneinvironment as well as far-reaching
emissions assisted by strong winds, it was thenostintompletely given up when
landfilling of solid waste took place as a moreeetive and controlled waste treatment.
Alongside the open-pit burning was also some hifjbiency incinerator stations which
were built to handle larger quantities of wastehwatwer environmental stress and minor
energy recovery in a form of thermal energy (UST&0

Due to increased cooperation between municipalittedceland, waste management
became more efficient in the end of 1990’s whenetheas a total of six landfills, three
incineration plants and less than 50 burning pitsperation. Icelandic waste management
had also a large impact from the foundation of SAR& company that handles the
majority (,63% by an estimation) of all the genedatvaste in Iceland today (SORPA
2013a). After joining the European Economic Are& A Iceland became obliged to
implement European Union legislation to its wast@nagement and in the beginning of
2000’s open-pit burning was almost given up congiyetvhile 29 landfills and seven
incineration facilities were in operation. Since90%, municipalities in Iceland started to
gather their waste and clarify their current wasgatment chain (UST 2006).

Waste generation in Iceland has grown steadily tveipast monitored 40 years along the
population growth (UST 2006). With higher demand @rcreasing waste amount, waste
management has become a business activity in ttelBme number of waste treatment
facilities is now lower and they have become bigipan before in order to make waste
collection easier to access for public and moréciefit for waste treatment (SORPA
2013a). The ministry for the Environment in Icelands established in 1990 and soon



after the Rio conference held by United Nationg, ¢hvironmental awareness in Iceland
got its first spike. An act on environmental impassessment of Iceland was first made in
1993 and next edition came out in 2000 (UAA 200R)e first national plan of waste
management was published in 2004 by the Enviroremhégency and it has been updated
frequently since its publication. In close relatit;m the national plan, municipalities in
Iceland have been permitted to create their owntevasganagement plans to meet the
requirements set in the national plan (UST 2006)xdcordance to meeting the standards
of EU regulations, the Icelandic Recycling Fund itmslusj6édur — IRF) was set up in
2002 to manifest and improve the recycling in lodldurther by collecting recycling fees
on hazardous waste, end-of-life vehicles and otlzeste fractions that are likely to involve
additional costs in their handling (UST 2006).

In the near future, the amount of waste generageagpita in relation to GDP is estimated
to steadily increase in a global scale (Giusti 2089 the economical and environmental
costs associated to landfilling are increasinghatdame time (Mazzanti et al. 2009). The
population of Iceland is estimated to reach 500.0d/iduals by 2050 and based on the
current population of Iceland; the majority of newizens are likely to settle to Greater
Reykjavik area (GRA) which increases the demanodhore efficient waste management in
future (UAA 2002). Icelandic waste management isitsnway to become a recycling
oriented society rather than a consumer societyusthier work is required until that goal
is achieved (Fischer 2013).

Next milestone in Icelandic waste management isnaet the requirements set by the
European Union before 2020 and continue to devislemational waste management from
consumer oriented to recycling oriented system (UZ0®2). There has been very little

discussion concerning for example the reductiorg@enhouse gas emissions but the
emphasis in biodegradable waste set by EuropeannUsialready a spot on solution to

reduce the above-mentioned emissions (SORPA 2013a).



2.3 Challenges in Icelandic solid waste management

The solid waste management of Iceland differs iresd ways from the mainland Europe.
The land area in Iceland is rough and sparsely lptgaiand the country does not have the
full capacity of handling all waste it produces ¢fhallsdottir 2007). Whereas Iceland has
one of the highest percentages of recycled electrappliances in Europe (UST 2006),
many of the generated waste fractions need to Ippesth abroad for further treatment
(SORPA 2013a).

Climatic conditions of Iceland can make the wastmagement challenging. Occasional
strong winds blowing throughout the country affdmith the waste collection and
landfilling of waste. Transportation and landfidirof solid waste is arranged to fit the
changing weather (SORPA 2013a). Solid waste is cesspd to bales and transported
from Gufunes plant to Alfsnes landfill in specialutk containers to prevent the
unnecessary scattering of waste (SORPA 2013a) wiing along with rain and snowfall
are also rather common in Iceland especially duttregcoldest months from November to
March. Downpour can unnecessarily moisten the lindbund and increase the water
flow through the landfill turning water into leadhawhich is known to have a harmful
influence to the surrounding environment (UST 2006)

During winter, average outdoor temperature is aabibve zero and during summer it
usually stays slightly below +20 in GRA. Effective growing season lasts only alfour
months in Iceland, limiting the formation and laifiolig of garden waste only to the
warmest time of the year (Thorhallsdéttir 2007). aihthe average temperature is
relatively low throughout the year, the chancel&ndfill or the organic waste landfilling
pit to generate unwanted smell remains lower coethb&r any warmer countries (SORPA
2013a). Lower average temperature can also slowndinve decomposition process of
biodegradable waste and turn it into anaerobic ggedn some parts of the mound,
resulting into bad odors (Themelis & Ulloa 2006).

Additionally, incineration of waste for energy pradion in Iceland is not an optimal waste
treatment. Thermal energy is naturally abundantcivimakes the heat production from
solid waste unnecessary as the current methodne cust-effective. The energy potential
of solid waste could be manifested better by usmge other treatment method (SORPA
2013a).



2.4 Icelandic law and EU legislation on solid wastemanagement

Waste management legislation of European Uniorbbas the basis of Icelandic national
waste management plan for over a decade now. ktgtaned the European Economic

Area (EEA) in 1994 and has since been obliged tplement the waste management
regulations and laws of European Union. Beforeifgrthe EEA, Iceland had a set of laws
regulating especially landfilling and recycling d&fkzardous and long-scale harmful
materials, including law no. 56/1996 on hazardowste fee and law no. 52/1989 on
deposit system of non-refillable aluminum, steispc and glass packaging both replaced
now with law no. 162/2002 on Recycling Fees (UST&0

As law no. 55/2003 on Waste management stipulgtted-nvironment Agency of Iceland
(Umhverfisstofnun, UST) is responsible for the iempkntation of the National Waste
Management Plan (NWMP) which was released for ttst fime in April 2004 (UST
2006). Law no. 55/2003 is one of the most importlamis regarding Icelandic waste
management as it includes various regulations. asdaw no. 55/2003, three important
regulations were issued; regulation no. 737/2003reatment of waste, no. 738/2003 on
landfilling of waste and no. 739/2003 on incinevatof waste to further implement the
Landfill Directive (1999/31/EC). The Landfill Dirége obliges the member states of EEA
to reduce the amount landfilled biodegradable mpalovaste to 35% of 1995 levels by
the year 2020 (UST 2006). SORPA's ideal goal isléarease the amount of landfilled
biodegradable waste to 6% in future before the settdy EEA (SORPA 2013a).

Law no. 55/2003 together with regulation no. 73028tipulates the following EU target
to Icelandic law which is most relevant for thisidy: to reduce the total weight of organic
household waste or other organic waste such agtiadable waste to be landfilled by 25
per cent by no later than 1 January 2009, by 5@eet by no later than 30th of June 2013
and by 65 per cent by no later than 30th of Jurg®Z0ST 2006).

National Waste Management Plan (2002) states tmatmunicipalities in Iceland are
encouraged to make their own waste management plashghis goal has been already
implemented throughout the country. In accordanite MWMP, Regulation no. 737/2003
on treatment of waste makes the local authorigspansible for collection, handling and
treatment of municipal waste which is conductedSGRPA in the GRA (UST 2006). In
addition, the above-mentioned Regulation no. 73828ovides for the ban on landfilling
of scrap metals including end-of-life vehiclesuld) wastes and hazardous wastes as well



as contagious waste and tires. The ban on lamdfilif tires took effect on July 16th of
2006 but before that date the landfilling of shredldires was allowed (UST 2006).
SORPA has also used a fraction of shredded tirea bBase material for some of its
infrastructure in Alfsnes landfill (SORPA 2013a).

3 MATERIAL

3.1 SORPA bs.

SORPA bs. is a municipal intercommunity companyebdas the capital of Iceland,
Reykjavik. It was established in 1991 and it is edmogether by seven municipalities of
the capital area: Reykjavik, Kopavogur, HafnarfjiirdGardabaer, Alftanes, Mosfellbaer
and Seltjarnarnes and it is one of the oldest enuiental companies in Iceland. SORPA
is responsible for running the landfill in AlfsneBaling and sorting plant in Gufunes,
smaller waste collection sites called drop-off psiand processing all waste from all the
municipalities which own it. SORPA is responsibde freating all waste generated in the
capital region. However, SORPA is not responsilde waste collection which is
independently run by third party companies in eaamicipality. In a case of mutual
agreement (as mentioned in SORPA’s Articles of fpoaation), SORPA is allowed to
take the initiative and present propositions fasrdination and economization of the waste
management in GRA (SORPA 2013a).

SORPA has adopted ISO 14001(:2004), an interndtistendard for environmental
management systems, to three of its facilitiesirgabnd sorting plant at Gufunes, the
landfill at Alfsnes and the offices respectivelyheT standard is based on the same
foundations as the ISO 9001(:2008) quality managenséandard which SORPA has
acquired the certification earlier in 2011 (SORRA.2a).

SORPA is the biggest operator in Icelandic wasteagament scene and was employing
over 90 people in 2013. In addition to being a majaste management operator in GRA,
SORPA has its important input in education of yamgeneration of Icelanders in
environmental awareness and sustainability. SORRR® focuses in waste management
are cost-effectiveness and the long-term interestee community (SORPA 2013a). All
real-life data used in this thesis are acquireeatly from SORPA’'s headquarters in

Gufunes, Reykjavik. The real-life data from yead§42— 2013 are used in both theoretical



and analytical part of the thesis. As a part ofwwek, | have been granted an access to
SORPA'’s waste management data in order to achieeebést possible result in data
analysis. | am counseled and supervised for tleisishn collaboration from University of
Jyvaskyla in Finland and SORPA bs. of Reykjaviklgeland. | will write this thesis
entirely in English and | will reside in Icelandrfthe time of my writing to gain a better

understanding of the case | am working on.

3.2 Waste treatment at SORPA

According to SORPA’s company guidelines (SORPA Z)13he final disposal of solid
waste should always be the last and ultimate outconthe processing of solid waste.
Hierarchical steps in usual waste management bddmafilling are energy production,
recycling, re-use and minimization of waste (SORFA3a). SORPA operates currently a
total of 83 drop-off points along 6 recycling castevhere citizens, businesses and industry
of GRA are allowed to bring their solid waste ory@ables in exchange for handling fees

based on the type, quality and quantity of was@RBA 2013a).

GRA has approximately 84.000 municipal housenoB®RPA 2013a) and third-party
contractors are collecting their waste on a wedkdgis. Municipal households have
normally two different bins, a gray bin for MSW whiis now referred as an energy bin
and a blue bin for paper, cardboard and corrugatedboard (Figure 1). Additionally,
collection containers separately for both P&P artastr packaging exist in various
locations around GRA. Reykjavik city has also bantie disposal of paper and cardboard
packaging to energy bin (general household wagstg ihi order to recycle more P&P
products (SORPA 2013a). While the blue bin thriteget more P&P sorted, the energy
bin waste is turned in for mechanical separatiometals by a magnet and it is estimated
that up to 58% of metals in MSW have been succhgsarted (SORPA 2013a). Waste
fractions like newspapers and magazines, cut-ofisnfcorrugated cardboard, garden
waste and tree branches are free to deliver batycling fee is charged on arrival from
more complicated waste fractions like tires, ptagim and clean cardboard packaging
(SORPA 2013a). SORPA also accepts a multitude loérotwvaste fractions like shoes,
refrigerators, electronic appliances, furniture aedond hand items in recycling centers
around GRA (SORPA 2013a). After the acquisitiorlidsvaste is transported to Gufunes
Baling & Sorting plant where a part of recyclabtactions is sorted from waste. The
residual MSW is then baled to cubes and transpantédfsnes for landfilling (Figure 1).
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Figure 1. Simplified waste circulation picture oR&. Thin lines resemble the waste input
to the landfill, thick lines stand for outputs.

3.3 Gufunes Baling & sorting plant

The Baling and sorting plant of SORPA in Gufuneswaened in April 1991 along with
the new landfill in Alfsnes and the first office 8ORPA on the side (SORPA 2013a).
Naturally, the precondition for reuse and recyclmgorrect sorting of waste and thus the
solid waste designated for landfilling is first st in Gufunes before transporting waste to
their respective destinations. Majority of the dokiaste goes to Alfsnes landfill but there
are also several waste fractions that cannot bdfilieal or which have a better use as
recyclables such as the pre-sorted proportion d? Rélastic packaging and magnet-sorted
metals (SORPA 2013a).

Several waste fractions brought to Gufunes are agdor further treatment since either
SORPA or the whole country does not have the chpacitechnology to treat waste
domestically. Among those untreatable waste typesbaled plastic, corrugated paper,
cardboard and newspapers which are sent to Gotelswgden for IL Recycling for
handling, scrap metal to Fura in Sweden (excepWfika Is. which is taking care of the
collection and handling of used cars in GRA), sah¢he wood residue to Elkem ferro-
silicon plant at Grundartangi in North-west Icelaneixtiles like second-hand clothes to
Red cross and glass to domestic recycling. Patteoeénvironmentally hazardous waste is
taken to Efnamottakan Ltd. while the rest is sedmbad for further treatment (SORPA
2013a).
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Over the years, SORPA has taken more waste fractorsort from solid waste, both

before and after the waste arrives to the Gufuhast {<SORPA 2013a). Gufunes plant
handles commercial, industrial and municipal hooskhvaste which is either collected
around GRA by third party contractors or brought ttee plant by corresponding

businesses. Industrial and commercial parties atigleel to bring their waste to either

Gufunes plant or straight to Alfsnes landfill (SORP013a). At the plant, all waste enters
first a weighing bridge before being unloaded aatedh at the plant. MSW, plastic and
cardboard (Figure 2) are baled while only residd8\W is taken to Alfsnes. Solid waste is
wrapped into bales with steel wire and then thedale taken to Alfsnes landfill in closed
truck trailers to prevent waste from spreading adoin wind. Trailers holds usually 25 to
30 tonnes worth of waste bales and each baleésl sikout 1.1 frwith an average density

of 895 kg/mi (SORPA 2013a).

Figure 2. Baling machine in use at Gufunes Balingo&ting plant (SORPA 2013a).

The amount of organic content in collected municipaste has remained high over the
recent years at Gufunes plant but waste fractilgesH&P and timber have recently shown
a slight decrease in quantity (Table 1). On thetreoy, the amount of arriving plastic,

minerals, glass and kitchen waste has been inageésely. Especially the recent increase
of plastic content in municipal solid waste is rekadle since the waste fractions in rise

are the ones that should be given special attemtften planning waste diversion. As per
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capita consumption along the increased use of ptgolackaging waste tends to increase
over time (Giusti 2009), it is reasonable to exgestight increase in solid waste amount in
future unless the consumption habits of consumellsnat change. The overall waste
qguantity over the course of last 5 years has resdaimmainly similar with only minor
changes (Table 1). This is likely because of thprawed waste treatment SORPA has
carried out but it does not mean that the overaite amount would not have risen in the
meantime.

Table 1. MSW characteristics in relative percensaget of 100% collected waste from
recent years in GRA (SORPA 2013d).

Waste category/Year 2007 2008 2009 2010 2011 2012

P&P 30.9% 27.6% 15.9% 23.8% 23.7% 20.9%
Plastic 14.5% 15.4% 17.0% 19.8% 16.2% 19.0%
Deposit items 1.7% 3.1% 2.1% 1.6% 1.3% 1.2%
Fabric 3.1% 4.0% 4.9% 2.3% 2.8% 2.5%
Candles 0.0% 0.0% 0.2% 0.1% 0.1% 0.2%
Metals 2.4% 2.7% 2.6% 2.2% 2.6% 3.2%
Minerals & glass 3.0% 3.4% 5.0% 3.6% 4.5% 5.0%
Timber 1.1% 1.0% 0.7% 0.6% 0.8% 0.6%
Kitchen waste 25.0% 21.9% 28.6% 23.1% 38.1% 37.7%
Garden waste 0.7% 0.7% 1.4% 1.1% 1.3% 1.0%
Hazardous/electr. 0.7% 0.6% 0.4% 0.8% 0.7% 1.9%
Diapers 5.5% 5.1% 8.3% 8.0% 8.0% 6.6%
Rubber/litter 11.3% 14.4% 13.1% 13.2% 0.0% 0.3%
Organic waste 66.3% 60.3% 59.7% 58.8% 74.6% 69.6%

Inorganic waste 33.7% 39.7% 40.3% 41.2% 25.4% 30.4%
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3.4 Alfsnes landfill

Alfsnes landfill is currently the only landfill iIGRA, located northeast from Reykjavik.
Baling and sorting plant in Gufunes concentratestrofthe waste brought to Alfsnes and
both locations are run by SORPA. Alfsnes is a sayitandfill and has approximately 44
hectares wide area (including the infrastructueserved for solid waste. Alfsnes was
founded in 1991 and it receives every day approtaine800 tonnes of baled municipal
solid waste and 50 to 100 tonnes of other wasteughout the year. It has a designated 50
meter depth limit for waste but because of the aesging and overfilling of solid waste,
current depth levels vary around the landfill. Desphe vast land area, littering due to
strong winds has not been reported to be a probtefiifsnes (SORPA 2013a). The waste
collection and treatment network of SORPA endingAifsnes consists of multiple
separate entities (Figure 3).

Figure 3. Solid waste collection, transportatiod drsposal in SORPA'’s facilities in GRA
(SORPA 2013a).

mmmmmmmmm-m oo ---4 Solid waste f--------5---------- |
: l : :
' ! | :
! 1 1 !
84.000 Municipe 83 Droy-off 6 Recycling Industry Commercial
households points centers :
1 | ——— | l
Energy Blue Domestic Export : E
bin bin use : i
! |
¥ | '
! |
> Gufunes plant: i :
Baling of Baling of - -l 4
R e plastic: cardboard & pap: ! '
VY | :
[ Recyaling ] Separation o Sorting of ! |
) metals with municipal solid ! '
| | magnet waste | !
|
Domestic Internatione ] — ! '
I I 1 !
! |
[ Glass] [ Textiles ] : . 4_4'. _______ !
Alfsnes landfill:
Plastics Solid waste landfillin cHa
9 T Compost
Beverage . Rocks
bottles, glass|| Paper & Methane gas collection
& plastic cardboar




14

On the side of the landfill is operating Metan ls.daughter project of Alfsnes which
utilizes the landfill gas generated in the moundpure methane gas is first collected
through the installed piping system in the mound #ren purified in the gas collection
facility (Figure 4). Methane gas is sold and used/@hicle fuel in GRA and a part of the
gas is used for electricity production (SORPA 201%&ome waste fractions brought to
Alfsnes are used for recycling like yard wastesgléhorse manure, treated wood shavings
and minerals. A gradient of waste fractions areo alsed for road surfacing and
infrastructure instead of rocks, gravel and sandchvtwould otherwise have to be
delivered separately to the landfill (SORPA 2013a).

Landfill consists of the main disposal area resgrvely for mixed solid waste brought in
as bales and several other fields designated li@r otaste fractions (Figure 4). Field G is
the current location where solid waste is buriedlevfield A is currently just as a deposit
area. Field A is covered with the methane collectiping system and collected gas is
continuously pumped to the field D where it is fied and stored for later use (Figure 4).
Field B is the current covered pit for organic veadteld C is the deposit area for garden
waste after field J was filled up, field E is folags and porcelain waste and field F is
reserved for construction waste only (Figure 4)mRiming space in fields H, I, K, and L is

just rocks, gravel or free space for contractodsfature utilization (SORPA 2013a).

Figure 4. Alfsnes landfill layout and landfillingbdations of different waste fractions
(SORPA 2013a).
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SORPA (2013a) has implemented the so called “Odojegt” at Alfsnes as a residential
area has been built to the neighborhood of thefilhngler the years and strong odors have
been occasionally emitted to the surrounding aBsane measures have been taken in
order to reduce the dispersal of odors from thefilirio Leirvogstunga residential area
(SORPA 2013a). The goal of the new procedure gate a better control of the amount of
landfilled malodorant waste, to change the commusibf malodorant waste to less odor
inducing, to change the arrangement of baled wast#illing and to spray odor-retardant
to waste as a general rule. Odor reduction measueesarried out every day during the
summer when the average temperature is higherelarid. Odors from solid waste have
decreased significantly since 2012 when a covemall for organic waste was taken into
use (SORPA 2013a).

In order to meet the standards set by EEA in natiovaste management, SORPA has
proposed an implementation of a new compostingostdbr biogas and organic fertilizer
production using mixed organic waste as a fuel ftbenentire GRA. Designed capacity of
the station is aimed to be 30,000 tonnes of mixggmc waste per year and it is a large
step towards the year 2020 goal of discontinuimglaindfilling of organic waste in Iceland
(SORPA 2013c). The composting station will be casgat of closed and ventilated spaces
separated to reception and treatment sections aselddbon a three-phase process which
uses separate batches to continuously treat theniorgvaste by hydrolysis, methane
production pool and composting (SORPA 2013c). Aftee implementation of the
composting station, SORPA has a goal to bury leas 6% of organic waste at Alfsnes
before the 2020 deadline (SORPA 2013a). This waulnst likely have a positive
influence in overall landfill quality and it is eapted to reduce air pollution from open-pit
landfilling of organic waste (SORPA 2013c).



16

Landfilled solid waste in Alfsnes 2009 - 2013
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Figure 5. The distribution of baled and unbaleddsehste landfilled in Alfsnes from 2009
to 2013 (SORPA 2013a). Baled waste is MSW collecesund GRA and baled at
Gufunes Baling & sorting plant. Non-baled wasteresponds to waste which is unfit for
baling or directly brought to Alfsnes.

Waste quantity has not increased drastically okerlast five years (Figure 5) and it is
positive for SORPA that neither the baled or noledawvaste quantity has increased
significantly even though the population in SORPAvaste collection jurisdiction has
slowly risen (SORPA 2013a). The total amount of tedsandled annually by SORPA is
naturally higher than what goes to Alfsnes. In 20th2al processed waste amount was
153,783 tonnes which is about 15% more than theuamdelivered to the landfill
(SORPA 2013a). Variation in the MSW quantity betwebe municipalities of GRA is
based on the amount of residents living in the dnéathe collected MSW content is

generally very similar with only a few exceptioiable 2).
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Table 2. General composition of collected MSW ifatige percentages out of 100% by
from the municipalities of Greater Reykjavik in 20ITop column abbreviations from left
to right: Reyk = Reykjavik, Kop = Kopavogur, HafnHafnafjérdur, Gard = Gardabeer,
Mos = Mosfellsbeer, Selt = Seltjarnarnes, Alf = Atfes. (SORPA 2013d).

Waste type Reyk Kép Hafn  Gard Mos Selt Alf Average
P&P 19.7% 18.0% 24.0% 23.8% 16.7% 18.9% 25.3% 20.9%
Plastic 17.3% 18.3% 17.1% 16.6% 21.3% 20.3% 21.8% 19.0%
Deposit items 1.6% 12% 3.1% 1.0% 06% 0.6% 0.4% 1.2%
Fabric 23% 29% 19% 13% 3.9% 3.8% 1.6% 2.5%
Candles 02% 01% 03% 02% 0.1% 0.1% 0.0% 0.2%
Metals 32% 2.7% 22% 32% 22% 3.6% 51% 3.2%
Minerals & glass 6.8% 59% 36% 24% 6.7% 51% 4.6% 5.0%
Timber 1.1% 05% 04% 03% 0.1% 05% 1.3% 0.6%
Kitchen waste 38.4% 36.2% 42.6% 37.5% 34.5% 40.2% 34.8%7937
Garden waste 08% 08% 06% 48% 0.0% 00% 0.0% 1.0%
Hazardous/electr. 1.3% 1.1% 1.1% 48% 3.0% 1.2% 0.6% 1.9%
Diapers 6.2% 12.3% 3.0% 4.1% 10.8% 5.6% 4.3% 6.6%
Rubber/litter 1.1% 02% 01% 01% 0.1% 0.1% 02% 0.3%
Organic waste 69.6% 70.8% 72.6% 71.8% 66.0% 69.1% 67.496%

Inorganic waste 30.4% 29.2% 27.4% 28.2% 34.0% 30.9% 32.8%4%

3.5 Data acquisition and utilization

Data acquisition process at SORPA is a simple inpubutput system based on a
computerized data collection. The company is obdiddby EU regulations to find out the
origin of waste to have a better control of whatlsen to Alfsnes landfill and to maximize
the sorting of waste fractions that can be eitleeycled or need to be treated further on
elsewhere (SORPA 2013a). From the very beginnintheflife-cycle of waste, SORPA
keeps track on how much waste is collected arobadntunicipalities. After collecting
solid waste, it is sorted, baled and transporteflfsnes (SORPA 2013a).

SORPA weighs all waste entering the landfill withhaavy-duty scale located in the
entrance area (next to the field B in Figure 4)e Heale is the main tool for acquiring
information about waste quantity and quality, aswimat type and how much of waste
enters the landfill. The computer system savesvise data using a manual input method
where the scale access time, date, waste type aightwof waste are all recorded (Figure
6). Based on the type, origin and destination oftesaeach entry in the scale gets a 10-
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digit recognition code for easier processing in AR database (SORPA 2013a). The
recognition code, e.g. 1210119950 (which is alsortiost typical code corresponding to
baled waste) is formed from a starting number @&stination number for landfilling of
waste (21), waste type (01), code for book keefili¥), code for landfilled waste (95) and
null code (0) in the end. Each waste category hag tinique, designated codes and new
categories for the scale are added every year wheliteis necessary. Later on the waste
acquisition codes are utilized for various purpaagsh as when an annual waste report is
compiled or when the fluctuations in waste chandsties over a certain time period are
compared (SORPA 2013a).

Domestic anc
Drop-off points |— international Residua
recycling solid waste
landfilled
Commercia | - e
partie: ! A
: Alfsnes Waste type, origir
Industrial parties === - Gulfunes [» Waste weighingl—»]  date, weight etc.
and landfilling recorded
Municipal | | Y
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Domestic an SORPA system
Recycling exported - cloud
centers | follow-up v
treatmer
CData modificatioD
v

ll Annual repor I'

Figure 6. Waste and data acquisition route at SOEFRPA 2013a).

Typical amount of scale entries in a day is 30 -wich equals to 150 — 300 tonnes of
solid waste every day. The figure varies accordinthe season and busier days can have
up to 100 entries which is a lot of landfilled sbivaste. The waste weighing data from
2012 — 2013 (Table 3) is compiled originally fromot excel files provided by SORPA
which both contained more than 100.000 separate so#ries usually in the range of 50 to
35.000 kilograms with approximately 65 differenpuh descriptions. Many of the written
descriptions were duplicates so they were comhbioedtotal of 35 entries.
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Table 3. The waste distribution by category, type guantity in tonnes landfilled to
Alfsnes in 2012 and 2013. Baled MSW is the largagividual fraction (SORPA 2013d).

Product Name 2012 2013 change/%

Baled waste (MSW, sorted) 90734.6 87549.1 -3.5

-a:) Contaminated soil 544.8  609.1 11.8

= Packaged food (sorted) 607.6 482.4 -20.6
Non-baled waste (recycled, all sources) 2266.4 1987.1 -14.1

«» Animal feed & flour 194.8 423.6 117.5

% Animal carcasses (all sources) 830.7 900.5 8.4

Organic ® Dough (wheat) 268.7 2817 4.9
content @ Fish pulp oil 1672.6 21417  28.0
% Fish waste 712.7 821 15.2

& Horse and pig manure 3259 2189  -48.8
Slaughterhouse waste (all sources) 3731.13426.7 -8.2

» Carving waste (industrial) >50% dm 1062.3 1022 -3.8

% Sewage (sewer cleaning) 20-50% dm 27.3 195.7 615.0

© Sludge / mud 20-50% & >50% dm 3115.3 3285.7 5.5
Branches 2436.2 1891.3 -22.4

Excavated soil 527  499.8 -5.2

Gﬁ;gfen Grass, hay and garden waste 4100.24650.4 13.4
Sawdust (lumber mills and industry) 56.4 49.7 -11.8

Stained wood shavings 90% <180mm 400.9 20.8 -94.8

Ash 677.8 1468.1 116.6

Car waste (other than metal or tires) x 50.2 X

Inerts Glass packaging and glass containers 4258.34571.5 7.4
Minerals (all sources) 6718.2 7750.2 15.4

Plaster and plasterboard waste 437.6 538.9 23.2

Darken wood chip 1946.6 1293.4 -33.6

Energy  Net, trawl and cables from fisheries 411.1 361.3 -12.1
recoverable painting waste 20-50% & 0<50% dm 58 128.9  122.3
Rubber waste (all sources) 208 142 -31.8

Trampling from demolition vehicles 2750.9 3695.7 34.3

Hazardous Asbestos (all sources) 30.3 103.92 242.5
Drugs (low latency) 3.8 10.1 165.3

Total 133124.64132585.23 -0.4
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3.6 Gufunes waste sampling

The contents of household waste from the munidipalunder SORPA’s jurisdiction are
examined annually at Gufunes plant to monitor fmssthanges in the waste composition
and quality over the year. Household waste stgdgone in the supervision of quality
manager and it was first conducted in 1993, folldvby 1996 inspection and from 1999
annually in the end of each year. The purposeestudy is to examine the composition of
mixed waste from households and similar waste ¢peyan GRA. The study is a part of
SORPA'’s compliance to EU regulation about the argnd traceability of municipal solid
waste. Authorities of Gufunes plant ensure thatsdm@ple of the study reflects the origin
of waste treated normally in the plant and thatdtuely proceeds in predestined and safe
manner. Classification for the studied waste i gigsedefined to make the actual
implementation of the study more straight-forwa®RPA 2013b).

The waste sample for the study is designed toligdeaflect the origin of waste and to gain
a better understanding of what is landfilled insiiés. Over the years the study has been
improved by adding more distinguishable waste ibastto correct the characterization of
waste for more reliable results. The study is cateld by first collecting one waste sample
from each waste collection district of GRA; Reyklgv Képavogur, Mosfellsbeer,
Gardabeer, Seltjarnarnes, Alftanes and Hafnarfjoréspectively. Samples are taken from
each district's solid waste deposits. To make thelys correspond the average waste
composition over the year, mixed waste is alsoectdld from several collaborating
locations in GRA, such as from green houses andithehl waste containers in the region.
Some samples are also taken from municipal solsteverought to SORPA by industrial
and commercial parties (SORPA 2013b).

When required amount of samples is collected anddit to Gufunes plant, mixed waste
samples are first taken out of a car from a spetitation in randomized order. Selected
waste is then dumped to a 600 liter container datisgg and moved to the inspection table
where all the present waste fractions are sortetn@ller labeled and weighted containers.
A team of several people sort the waste to smatitaizners and whole process is
documented by supervising authority to ensure anrate execution of the study (SORPA
2013b).

The resulting data from the study is taken to SORPRWgital system storage, Environment
and Education. Data from the household waste stidgmpared to the existing data and
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used for statistics to improve the current wasteagament system further since the study
reflects effectively the type of municipal solid sta which SORPA is dealing with every
day (SORPA 2013b). Gufunes household waste studwsla typical distribution and
percentages of different household waste fractiombile the most abundant waste
fractions were P&P, plastic and kitchen waste i12@Annex 1). In 2012 the study
consisted of 29 different fractions, whereas 20dtlys had 20% more of fractions which
had to be labeled just as plain “waste”. Differshtades in the table refer to the way
SORPA distinguishes waste categories throughoutsyiseem including drop-off points
and smaller waste collection sites (SORPA 2013b).

4 METHODS

4.1 State of the art

If the best affordable and suitable technology Wobk available for application to
SORPA's current facilities and processes to digetid waste from the landfill, choosing
correct methods could be set up by using varioyshases. Based on the needs identified
in the waste management setup, goals set by thenaaity must be economically realistic
and technically achievable (Sasikumar & Krishna®@0 herefore, especially large scale
investments for waste management should not bedmyesd lightly and all the possibilities
should be carefully evaluated.

Waste diversion can be approached for example hycerdrating to economical or
environmental features (Tchobanoglous & Kreith 200%part from zero-waste policies
which have been attempted in some countries (Sck@t#), there is always some input to
final disposal as it is beyond possible to makeaisdl generated waste. Gross economical
and environmental benefits in waste managementlaoeoften difficult to distinguish as a
lot of resources are used for implementation ansht@aance activities alone (Calvo et al.
2007). This state of the art chapter is considdict@nal and only to give an idea what
could be done without economical restraints. Thsulteof this scenario should be
considered beneficial only in the long run. Wastgetions like hazardous waste or larger
scrap metal are excluded here since they are maight to Alfsnes landfill anyway in

normal conditions.
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In the environmentally friendly waste diversion egach, solid waste treatment and waste
collection route should be as short as possibledoice expenses from transportation. It
would best for the general waste management toteertMSW where it is produced
(Sasikumar & Krishna 2009). Waste fractions otl@antMSW could be delivered directly
to Alfsnes after confirming the type, amount andityu Shorter delivery routes generate
less cost since the waste transportation is ontefmost expensive features of waste
management in municipalities (Moliis et al. 201ZJRA has c. 84.000 households
(SORPA 2013a) which should be capable of sortirgyrtown waste before waste is
collected and delivered to Gufunes plant. Sortiogld also be conducted by using several
collection containers to make waste sorting eakegier on, citizens would be able to take
the uncollectable but otherwise sorted and recyelalaste to any of the several drop-off
points around the capital region. This would berdéte especially for metal as only 58%
of the assumed metals in MSW are estimated to teveeed at Gufunes plant (SORPA
2013a). Household waste separation could be atsoged by using trash bags of different
colors for different waste fractions to utilize mad sensors to sort recyclable waste at
Gufunes plant.

Planned biogas and composting station to Alfsnesldvthen be capable of handling the
majority of biodegradable waste generated in GRActwlequals at most to the planned
30.000 tonnes maximum capacity of the station. &tabn of organic waste could be
arranged to reasonable interval, e.g. twice a mamtlabout 24 to 36 times a year.
Naturally the founding input for the biogas and ewosting station would not be
environmentally sustainable solution but reducingdégradable content from MSW
would revoke a substantial amount of £&hd methane gas emissions from the landfill in
the long run (Themelis & Ulloa 2006). Sorting aradlecting the organic waste separately
would also decrease the moisture and bad odorkeinandfill (Williams 2005) which
would improve the overall quality of the landfiEncouraging citizens to build their own
household composting boxes for organic waste andegaresidue would slightly cut the
organic waste build-up before collection. Despite thousehold composting, steady
organic waste flow would still be guaranteed asesgvindustry operators like slaughter
houses and fisheries would still be bringing tleganic waste to Alfsnes throughout the
year (SORPA 2013a).

In a case of cost-effective approach, the arrangemweuld go partially along with the
environmentally friendly approach since an approaohrely based on economic
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considerations cannot be considered as complestigfactory in connection with waste
management problems (Costi et al. 2004). Propemaatidorganized source separation for
MSW would improve the baling of waste and it wonidke investments to Gufunes plant
less necessary. High-temperature incineration isfacient waste treatment and generates
heat energy for further utilization (Dezhen & Cheissen 2010) but unfortunately heat
energy production would be an unnecessary surpl&RPA. Without an actual need for
energy production, it can be left out from the ¢desation. High-temperature incineration
is also known to generate greenhouse gas and Ipagtiissions (Dezhen & Christensen
2010) so it is not in line with SORPA’s interes®JRPA 2013a). The focus in waste
diversion could be set to some of the most abundaste types like P&P, metals, plastic
or kitchen waste (Table 2). Public could also pgate more especially in waste sorting
by raising environmental awareness so that some&viiastions would be brought directly
either to the landfill or for further treatment tleeir respective locations instead of having
to collect them from municipal households.

Short and long scale goals in waste diversion walifer particularly in diversion
effectiveness as some of the waste reduction actimuld require more time to implement
than others while the collected waste from GRA wlostill need to be treated in the
meantime. In SORPA’s case, for example, establishamd getting a biogas and
fermentation plant to be fully operational wouldt¢aat least a few years to complete but
waste diversion for organic content could have bakeeady implemented and used for
some time before said waste could be forwardedht glant. Minimum effective
monitoring period for waste diversion is usuallyear since seasonal changes may occur
(Sasikumar & Krishna 2009).



24

4.2 Data analysis

4.2.1 Setup and system boundaries

Waste or landfill diversion by definition is any thed that prevents solid waste from
being landfilled (Sasikumar & Krishna 2009). SORBAplanning to divert some of the
solid waste streams brought to Alfsnes landfilthie future (SORPA 2013a) and for that
purpose this thesis is searching a proactive soilut aid SORPA to improve its local and
regional waste management. The first criterion iaste diversion is set to SORPA'’s
preferred methods like recycling and energy recgvas e.g. using incineration is not
environmentally sustainable or pollution reducingatment and not in line with SORPA’s
interests (SORPA 2013a). The second criterion faste diversion is to use abundant or
recyclable waste fractions like P&P, plastic anatih&n waste (SORPA 2013a). Diverting
solid waste from Alfsnes is bound to improve thestgamanagement not only on local
scale but later on also on regional and nationallas SORPA is handling solid waste
from the whole GRA which is the waste generated dpproximately 63% of the
population of Iceland (SORPA 2013a).

Waste diversion in this context equals to wasteirendip anywhere else but into the
landfill by any means available (Table 4). Whethvaste is recycled, exported for further
treatment or treated in a biogas and fermentingtpteside the landfill perimeters, the final

destination is still other than the permanent disphan the mound. Diverting waste from
the landfill will naturally gather it somewhere el.g. recycled plastic will end up either
to domestic handling or it will need to be takemoad for further treatment but any
diverted waste contributes to decreased burdenfsnds. From the three different waste
sources of Alfsnes, municipal waste is collectedHisd-party organizations and sorted at
Gufunes, whereas industrial and commercial wastgher brought directly to the landfill

or to Gufunes plant and then sorted and baled sadsidual waste can be delivered to
Alfsnes (SORPA 2013a). All inputs result to potehtivaste diversion locations, from

consumers and citizens to the endpoint at Alfsnes.
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Table 4. The most typical waste diversion method#ized in municipal waste
management (Sasikumar & Krishna 2009). All of thgted methods except waste
minimization are applicable to SORPA's facilitiésit combustion and incineration are not
preferred (SORPA 2013a) and will be thus excludedhfthe analysis.

Reduction method

waste minimization
source reduction
re-use
. . recycling
Waste diversion _
composting
energy recovery
combustion

incineration

Until the improvements | propose in this thesisl wil will not take effect, the population
of the capital region is assumed to stay genesaliye as in the time of writing this thesis.
By UAA'’s estimation (2002), the most notable popiola rise will continue in the capital
region and it will inevitably increase the need domore efficient waste management too. |
will assume that the collected waste quality isgame for all the evaluated alternatives in
the analysis, just like the waste quantity is asstito be on a same level as it has been for
the last couple of years in GRA (Figure 5). Genesalste composition, household
structure and waste quantity inside the waste cale jurisdiction and the landfill gas
collection of Alfsnes are the same in all the eatdd alternatives. Landfill gas collection
pipes would be additionally extended to the newastsof the landfill mound whenever
necessary in all alternatives. Real-life data i®@RPA is used for the data analysis.

To my knowledge, SORPA does not have any majorgdgmm sight for the future waste
management in GRA except for the biogas and fenmgmiant which would expectedly
improve the organic waste treatment towards natigpoals (SORPA 2013c). Currently the
majority of waste delivered to Alfsnes is landfilland a lot of potentially exploitable
material is rendered useless. Optimal future seevaould have less input to and more
outputs from the landfill if possible. It is expedtthat a lower waste input will lead to a
decrease in output quantity as well but out ofdheent three inputs (Figure 3), the most
notable long-term influence would be to the methgas generation (Themelis & Ulloa
2006) as compost is made from garden waste and etk gravel are available almost at
all times. The energy used in the exchange of wiaste starting point to the landfill like
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electricity, consumables or vehicle fuel are notered in the analysis except for the waste
diversion impact on traffic where distances andral@isage of collection vehicles might

be compared roughly.

4.2.2 Analysis tool selection

In order to meet the challenges of climate changé ather environmental threats,
environmental considerations have to be integrateml a number of different types of
decisions made both by businesses, individualsligppatdministrations and policymakers.
Information on environmental aspects of differeygtems is needed, like in the case of
this study, and many tools and indicators for essgsand benchmarking environmental
impacts of different systems have been developathyEden et al. 2009). These tools
include Life Cycle Assessment (LCA), Environmeniapact Assessment (EIA), Cost-
Benefit Analysis (CBA), Material Flow Analysis (MFAand Multiple Criteria Decision
Analysis (MCDA) along with many others (Finnveddrak 2009).

The goal of this thesis is to search for alterregtito improve solid waste landfilling as a
proactive solution by diverting solid waste fronfgkles landfill but a complete analysis of
the landfill in question is not required. For insta, Life Cycle Assessment is a tool to
assess the potential environmental impacts andiress used throughout a life-cycle of a
product, i.e., from raw material acquisition, viaoguction and use phases to waste
management (Finnveden et al. 2009). Going to aenéxitf LCA would be questionable as

the planning of proactive waste diversion from taedfill is only covering the system

partially, whereas LCA studies the whole life-cyolea product, system or process in four

separate phases (Rebitzer et al. 2004).

Selected analysis tool should be able to make titgeovaste data provided by SORPA.
Available data includes the landfilled waste qusegifrom 2012 — 2013, waste types by
category, some dispersed price figures of landfilkaste, dates for landfilling, the future
prospects of SORPA, a rough estimation of upcorsimgnges in population dynamics of
GRA, volume limitation information for the landfihnd SORPA's points of interest in
waste diversion (SORPA 2013a). It is difficult tertve a reliable plan for waste diversion
by judging the available information alone and éf@re an assisting tool is required.

An analysis tool should utilize the provided dasamauch as possible to evaluate the future
development of SORPA’s waste management comparédetcurrent setup. Setting the
emphasis to the characteristics of previously léiedfsolid waste is only logical since the
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main point of the thesis is about solid waste diler from a landfill. Therefore | have
decided that the previous waste collection data ddsp priority in importance while
choosing the analysis tool. Waste collection amtfiling data can also work as a
potential indicator to forecast the future wasteed@oment in GRA.

In order to choose an analyzing tool for this stuzhpabilities of various tools have to be
reviewed shortly. LCA and its similar applicatiohke Life-Cycle Inventory Analysis

(LCIA) or Environmental Impact Assessment (EIA) dam® wide as they consider all
attributes or aspects of natural environment (Reyton et al. 2004), human health and
resources (Finnveden et al. 2009). Cost-Benefitlysm and Material Flow Analysis are
not suited either, CBA for being a more straightfard method concentrating on
economical data (Begum et al. 2006) which is ineigft in this study and MFA not

fitting the scope of this study (Finnveden et &0%2). Multiple-criteria decision analysis
(MCDA) is useful in order to select the best salntifor improvement out of several
alternatives (De Felice et al. 2013). It also cevenvironmental and socio-economic
features and can manage complex data with multipleants. However, a full-scale

MCDA would be so wide that the available real-kifata in this study is not sufficient to
produce a proper analysis, not to mention thas itypically conducted by a group of
professionals or specialists who work the tool tbge for a reliable and plausible result
(De Felice et al. 2013). Such extent is out ofdhestion considering the available time

and resources in hand.

A few applications based on MCDA using the sameegarprinciple exist (Tsafarakis et
al. 2010). One of them is ARVI, a tool designed rfaultiple criteria assessment of impact
significance (IMPERIA 2014) meaning that it canimste how important the impacts in
examined case really are. ARVI would be applicahlehis study as one approach to
estimate the points for improvement in solid wasinagement system is to assess the
impacts of the system to social and socio-econ@migronment and nature (Sasikumar &
Krishna 2009). Considering the scope and time &itiah of this work, it is best to use a
tool to evaluate which factors are the most sigaiit for a proactive waste diversion and
complete the analysis by filling in suggestionseaxh individual case which the tool is
unable to add. | have chosen to use ARVI to clahg abovementioned factors. After the
execution of ARVI analysis, it will be possible gove a more reliable estimation of how
much and to what extent solid waste could be daeert
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4.2.3 ARVI analysis tool

ARVI is an excel-based tool developed in the IMPERYoject (2014) for managing an
impact significance assessment in environmentahahpssessment projects like LCA or
ElIA. The tool can be used to gather and managerbact assessments in one place and to
create visual results for impact assessmentbiised on multiple criteria decision analysis
(MCDA) and the developer team consists of severtifies in Finland (ARVI 2014).

ARVI is more of a helping tool than an independéwtl for decision making. It is
designed for supporting a decision-making procesista give a better perspective of what
kind of impacts a planned project can have to dffie factors in any studied case. Tool is
still in development (2014) and it has not beetetkyet to be suitable for every possible
scenario in environmental research. Especiallyeims of applicability it is likely to have
some minor issues but | have confirmed that ARV$ugable for this thesis and data in
hand due to the availability, flexibility and supp&om the developer team of ARVI. Tool

will be used prior to a more detailed evaluatiomvaite diversion from Alfsnes.

A typical ARVI analysis measures the impact of s@anghropogenic activity to the nature
and social or socioeconomic environment. Dependmthe desired emphasis of the study,
evaluated impacts in ARVI can be set up very distely to cover e.g. water, soil, birds
and mammals or to cover larger entities like lakdsptic factors or simply the entire
climate. ARVI supports a simultaneous evaluatianf one to multiple alternatives for
any studied case. This means that the same measypacts can be made to apply to each
evaluated alternative while they are still weighdiflerently based on the goal of each
alternative (ARVI 2014).

ARVI tool evaluates the characteristics of inputtegacts in several ways. ARVI is split
to two different sections. First section covers thmpact assessment where the chosen
impacts are evaluated by their sensitivity, magtatand significance. Sensitivity consists
of three parts: existing regulations and guidamgentical for most parts in the analysis),
societal value and vulnerability for changes. Magpe consists of intensity and direction,
spatial extent and duration but the significancémgdacts is evaluated alone. Significance
of each impact is evaluated by their estimated mamce for each alternative. Second
section of ARVI covers a detailed Reasoning-sheets$timated impacts and there is also
a tab reserved for possible mitigation measuresirmpdcts which are not included in the
actual analysis (ARVI 2014).
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4.2.4 Analysis tool implementation

Evaluating too many alternatives or impacts for teativersion from Alfsnes would have
been time consuming and result into bias in decismaking. To maximize the benefit
over time, | have decided to assess a total ofe4radtives. The alternatives are the current
landfill setup (1.), cost-effective (2.), environmally friendly (3.) and balanced
alternative (4.). Usually using simple trade-oftstieeen economical and environmental
objectives is difficult and results into using a lthabjective framework to consider the
waste management problem (Robba et al. 2008) boave decided to try all three
approaches in the analysis. Current setup is useal reference to new alternatives and
compared to the new, improved alternatives latehénthesis. Cost-effective alternative is
searching for a more affordable solution to theenirwaste management, environmentally
friendly alternative disregards cost-effectivenlegsattempting to minimize environmental
impact of solid waste landfilling and finally, balzed alternative is striving to combine the

best features of two previously suggested alteresti

The objective of ARVI analysis in this thesis issigoport the decision making process and
define suitable waste treatment methods for thduated alternatives to improve waste
diversion from Alfsnes. ARVI measures the impactfedtures that are influencing the
landfilling of solid waste in Alfsnes. Evaluated gacts are chosen in such a way that
comparing the alternatives with each other showhtpout the sought differences, e.g.
cost-effective approach should obviously have allsm@ampact on affordability than
environmentally friendly approach where the focugot set to economical aspects. Small
impact on affordability equals to more affordablaste management and is likely to

eventually spare resources.

ARVI analysis will mainly focus to impacts in sok&nd socio-economic environment and
will only cover the landfill area except for the pact on employment, traffic, public

acceptance; climate and level of change requir@dl€l'5) which have been extended to
cover also the supporting functions of Alfsnes. thkk impacts chosen for the analysis are
described in Table 5. As for the environmental intpano sufficient data was available to
accurately estimate the impact of the landfill toupnd water, climate, animal populations
or aesthetic outlook. Literature can only work asayal reference (Calvo et al. 2007) since
there is no real-time data for comparison. It wooddpossible to give a vague estimation
of leachate flow or greenhouse gas emissions tosghere based on the size of the
landfill but the estimated impacts would be gergralentical for all the alternatives
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making it difficult to make any comparison. Onlyidfrwritten information was available
about odor emissions and leachate treatment imédfsvhich was covered in chapters 3.4
and 2.3 earlier in the text. It is simplest to exid any uncertain impacts from ARVI
analysis and refer to some of the uncovered festiater in the results and discussion if
necessary. The three remaining environmental inspétable 5) are mostly based on

literature like the impacts affiliated with econa@al features.

Impacts are chosen to ARVI to represent some ofmhé features affiliated with the
landfill and to give a reasonable and noteworthsidto compare and make a distinction
between the proposed new alternatives from eachr.othRVI defines how far each
evaluated impact extends and no separate briefitgai account will be necessary. As the
initiative for the planned biogas and fermentingnplhas already been taken at SORPA, it
is taken into an account in each alternative inolydthe current setup and will be
considered as one of the diversion point for bioddgble waste whether or not the

conclusion of this thesis will result into any réahe actions.
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Table 5. Examined impacts to nature, social anbseaonomic environment in ARVI and
their descriptions in short (ARVI 2014).

Category Impact Impact description

Environmental How the surrounding environment of the landfill is
stress estimated to react from changes in a proposedatige.

Climate and air How climate and air quality are affected by actitaden
Nature quality in a proposed alternative.

How surrounding water system: sea and ground water
Water systemswould be affected by the actions taken in a progose
alternative.

How realistic the alternative and its proposed gesn
Affordability comparing to the current landfill setup are estedab be
in economical terms.

Applicability How applicable the approach of an alternative is
and technical estimated to be considering its technicality and
potency implementation requirements.

How controllable the approach of an alternative lddne
Maintainability in the near future to maintain the same quality and
continuity of the waste management.

Waste How available solid waste would be for utilizatiaround
availability  the year in a proposed alternative.

How the public is estimated to react upon the chang
Public proposed in an alternative for waste managemeilid?u
acceptance especially municipal households and small busirseesar

Social and hold a key to successful waste diversion.

socio- An estimation of how much change in the existingtemn
economic  Level of changeis required to implement the changes in a proposed

: required .
environment q alternative.

How much the alternative would produce beneficial
Landfill outputs byproducts at the landfill in comparison to thereuat
setup.

Living The impact to the quality of life in residentiakas near
conditions  the landfill.

Traffic The impact to the traffic into, at and aiftthe landfill.

The impact to employment at SORPA. More waste
management activity would require more employees
whereas more unified and simplified actions woades
working hours.

Employment

Land use The impact to land use in the landfilling.

The impact to landscape by increased or decreased |

Landscape ce and landscaping of occupied space.
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5 RESULTS

5.1 Comparison of alternatives using ARVI

5.1.1 Current landfilling setup

The current setup of Alfsnes landfill and its sugimg functions (Gufunes, drop-off points
and the waste collection network of GRA) servechagference case for the three new
assessed alternatives in ARVI analysis. The evialnadf impacts (Table 5) and their
attributes sensitivity, magnitude and significafdanex 2 — 5) in the analysis were based
on my personal evaluation, literature and the ¢204.3) from the solid waste landfilling

and current operations of SORPA.

Current setup has been proven functional and efeectver the course of last couple of
years in GRA and the planned biogas and fermemgiagt (SORPA 2013c) will surely
keep improving the system onwards. The key faatowaste diversion in future would
most likely be in improved waste separation withRE®@'s preferred methods as it seems
that there are several waste fractions in MSW @ ablthat are standing out more than the
others. Positively for the reserved landfilling spawaste quantity received at Alfsnes has
not risen in few years (Figure 5) but the demardldadfilling will still increase due to
population rise (UAA 2002).

Current outputs of Alfsnes are purified methane, gaswpost and rocks (SORPA 2013a)
and if a sufficient sanitary level will be achieygdanned biogas and fermenting plant will
be providing organic fertilizer and compost up tonenercial purposes in a few years as a
by-product from the extended methane gas produd®@RPA 2013c). Landfill gas
collection should remain as it is and be expandetthé newer parts of the landfill in time
as the gas generation in the mound will remain igdiyesame for the time being even if
the gas would not be collected. This applies to@ll assessed alternatives as well.

5.1.2 Cost-effective alternative

Cost-effective alternative assessment in ARVI waseld on the minimum financial input
and exploitation of existing functions of SORPA.eTdoal of this alternative is to achieve
the highest economical benefit on a reasonable $cah solid waste landfilling while still
reaching for environmentally sound activities. Teasonable scale refers to an extent of
measures that are possible to carry out withoubmimyvestments while retaining the
functionality of solid waste management at SORP#&stéeffectiveness in this alternative
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refers to making improvements to the existing systéth preferably low costs and saving
in expenses by means of waste diversion as lesfillad waste equals to less required

waste treatment. Net expenses from waste divees®mnot taken into account.

Public is expected to have a greater role conirigufor waste diversion, whereas

environmental features have been left for lesdentidn on purpose. Cost-effectiveness is
brought on by household waste separation, makiegofisome separately collected waste
fractions, possibly altering the waste pick-up stthe, mixing biodegradable waste with

dry waste to decrease the moisture and taking aantalge of existing base of waste
collection locations like drop-off points and larggrbage bins in GRA.

5.1.3 Environmentally friendly alternative

Environmentally friendly approach concentrates kesshe economical factors (Table 6)
and gives some suggestions for how to achieve aimommentally beneficial goal. The
goal of this alternative is to decrease the enwremtal impact of solid waste landfilling in
Alfsnes by diverting some of the more abundant edsactions like kitchen waste
(covered in chapter 3.3.), possibly increasing figlndutput and concentrating more to
overall environmental impact of the landfill. Thadternative implies also that continued
landfilling of inert waste is more acceptable thandfilling for example organic waste or
hazardous materials (Williams 2005) even thougldfiiimg is not an environmentally
friendly solution to begin with. Positive impact émvironment is considered achievable
from waste diversion which reduces the environmdnieden in the landfill and decreases
any further possibility of environmental damage nirdandfilling solid waste. Net
environmental impact from all the activities cadrieut in SORPA's facilities is not taken
into account due to the limited time and data indhand the scope of this thesis.

A large emphasis on waste diversion of Iceland dlesady been put to biodegradable
waste due to EU’s Landfill Directive (1999/31/E@part from biodegradable waste, this
alternative concentrates on diverting efficienttyre waste fractions from MSW while
making a use of separate waste flows. Possiblesiments | propose here are expected to
be the largest out of all evaluated alternativdss Blternative does not take into account
the real costs affiliated with exporting waste cansporting it elsewhere for further
treatment. Benefit is calculated from the net waataount diverted from Alfsnes

comparing to the waste amount that would be laedfilf no waste diversion measures
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would be taken. If less waste will be taken toldgw@fill, it means also that less traffic will

be needed and thus the environmental impact wilvan smaller than before.

5.1.4 Balanced alternative

The last of the three new assessed alternatives agasmed to have the highest
resemblance to the current setup of Alfsnes landfile name of the alternative refers to
the goal of searching an intermediate solution betwcost-effective and environmentally
friendly alternative, taking the most beneficiatlaapplicable parts of both approaches into
consideration and combining them into a workingtesys while still making some

improvements compared to the current setup.

As stated above in the description of current sengptwo new alternatives before this, all

the same rules are applied to this case as well.
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5.2 ARVI analysis results

ARVI analysis produced a number of charts for isngpection and most importantly for
this thesis it provided the impact assessment aadoning sheets (Annex 2 — 9) and an
impact significance chart (Table 6) to comparertber alternatives with the current setup
of Alfsnes. Impact assessment sheets show how ¢ aighted the impacts for each
alternative and reasoning sheets show where thisiales were based on. Finally the
impact significance chart (Annex 10) defines howpartant each impact is estimated to be
for an alternative and to what direction evaluatepgact will shift if a proposed alternative
takes place. While the impact significance tablesdnot give any suggestions on how to
achieve the goal of an alternative, it shows cjehow the landfill is estimated to respond
to the changes.

Table 6. The impact significance chart of altenegi evaluated in ARVI analysis. The

significance of impacts in each alternative ismated on a scale from negative (----) to
positive (++++) in comparison to the current latiohiy setup (ARVI 2014).

Impact Significance

Cost-effective Environmentally Balanced

Current setu . . . .
P alternative friendly alternative  alternative

Impact

Environmental stress + + +++ ++
Climate and air quality ++ - +++ ++
Water systems ++ - + 4+ ++
Affordability - +++ - + +
Applicability and Technical potency + — —— -
Maintainability + ++ = ++
Waste availability + - + +
Public acceptance ++ + ++ +
Level of change required ++ -

Landfill outputs + ++ +++ ++
Living conditions + - +++ ++
Traffic - + ++ +
Employment + ++ — +
Land use - + ++ +
Landscape - = ++ +
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5.3. Improved waste diversion methods for new alt@atives

5.3.1 Preconditions for improved waste diversioAlégnes

All of the suggestions | present in chapters 5-33.3.5 are intended to replace only the
waste management functions in question, e.g. isecedousehold waste sorting and
collection would replace the current arrangementRB® is applying to municipal
households. The rest of the functions and servaresmeant to remain as they are
currently carried out. This rule applies to alltbé new proposed alternatives below. Some
of the suggestions might not be fully applicablé gee to the possible limitations in the
waste management system. Diversion of a certaitewesction is possible to start in any
desired time but if there is not yet a way to treattransport the waste elsewhere for
processing, temporary preservation could turn ouie less favorable than landfilling the

waste in the meantime.

Solid waste received annually in Alfsnes has sumuapedpproximately to 130.000 tonnes
in recent years (Figure 5). The quantity of MSWotal waste volume has varied from
70.3% of 2010 to 66% in 2013 which contributes trenthan twice the amount of other
received waste in the landfill (SORPA 2013a). AsWiSonsiderably exceeds other waste
in quantity, it makes sense to focus mostly on eastersion from that quota. MSW has
more variety in content than any other collectecstegWilliams 2005) as waste like
candle residue, cosmetics and even drugs can el fiouit (Annex 1). Municipal waste
consists of waste generated by households to & gxéant, but may also include similar
wastes generated by small businesses and publiguiimsis and collected by the
municipality; this part of municipal waste may vairpm municipality to municipality
(Williams 2005). These quality fluctuations alonbet possibility of recyclable or
hazardous waste ending up to the landfill are €ason why it is important to concentrate
more to collection and sorting of MSW as opposedtter waste. It is also important to
remember that not all MSW is coming from municipaliseholds. A part of MSW comes
also from small businesses, municipal collectiontamers and trash cans around the city

which means that the waste sorting instructionaatdully apply to all waste sources.

Around the year availability of a certain wastegypight not be constant and sometimes a
waste treatment might not be usable for the timagdoerhis is preventable by making a

temporary deposit space for certain waste typdsetp the excess waste until it can be
treated. Preservation might not applicable if evgste is too active to be contained for
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extended periods like biodegradable waste or gmeng waste in a temporary container
would not be economically feasible. Furthermoreyrirall waste that has entered Alfsnes
in last couple of years, roughly 80% have beenflied and the rest have been recycled
so not all waste delivered to the landfill go signpd disposal (SORPA 2013a). When the
majority of the common waste fractions enteringlévelfill and their respective quantities
are known, it is possible to estimate how muchhef waste flow would be possible to
divert. Higher than 50% diversion rate is unlikédyhappen fast but it is good to contrast
different diversion rates by waste type (Tableof)domparison to understand what kind of
waste quantities SORPA is coping with.

Table 7. Waste characteristics of MSW and the digerrates in 10, 20, 40, 60 and 80 %

from 100% of landfilled waste in tonnes. The wagtmantities are from 2012 (SORPA
2013a). Same analogy applied in this table is apple to the data for later years as well.

2012 % oftotal Weight 10 % 20 % 40 % 60 % 80 %

P&P 20.9 18963.6 1896.4 3792.7 7585.4 11378.1 15170.9
Plastic 19.0 17195.4 1719.5 3439.1 6878.2 10317.3 13756.3
Deposit cont. 1.2 1119.2 1119 223.8 447.7 6715 895.3
Fabric 25 2276.4 227.6 4553 910.6 13659 1821.1
Candles 0.2 138.0 13.8 27.6 55.2 82.8 1104
Metals 3.2 28723 287.2 5745 11489 1723.4 2297.8
Minerals 5.0 4549.4 4549 909.9 1819.8 2729.6 3639.5
Timber 0.6 546.3 54.6 109.3 2185 327.8 437.1
Kitchen w. 37.7 34231.8 3423.2 6846.4 13692.7 20539.1 27385.5
Garden w. 1.0 9052 90.5 181.0 362.1 543.1 724.1
Hazardous w. 1.9 1698.1 169.8 339.6 679.2 1018.9 1358.5
Diapers 6.6 5993.1 599.3 1198.6 2397.2 3595.9 4794.5
Rubber/litter 0.3 2458 24.6 49.2 98.3 1475 196.7
Total 100 90734.6 9073.5 18146.9 36293.9 54440.8 72587.7

Available solid waste for diversion is divided tollected and baled MSW and to other
separately collected or received waste fractiorsbld 3) in new assessed alternatives.
Waste diversion can conserve a lot of space froandfill if done correctly and it will

direct potentially valuable waste like plastic (Hyeo et al. 2002) where it can be utilized
better as raw material or substitute materials twhwould otherwise be expensive or
difficult to acquire. In all alternatives, a propsorting of solid waste is a key feature to

waste diversion regardless where it is carried Some of the features proposed in new
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alternatives might be overlapping as a waste treatncan be both cost-effective and
environmentally friendly at the same time (Robba at 2008). The proposed
improvements and changes to SORPA’s existing systglh not compromise the
functionality of waste management but instead isamheto improve it. All of the
suggestions presented in chapters 5.3.2 — 5.3.8oanpiled to a single table in the end of

Results —chapter for quick reference (Table 8).

5.3.2 Current landfilling setup

Alfsnes utilizes currently (Figure 7) some feeseotrance for certain waste types (SORPA
2013a) and one solution to increase the income feowlfilling would be to raise the fees
in question. Even a marginal raise in handling feesald bring in more money to be
directed for other activities and it might indirlgctincrease especially the municipal
household recycling if citizens would be more wdjito find alternative uses or disposal
locations for their waste rather than bringingitdfsnes. However, it is important to keep
in mind that waste management is a public servBaEg( et al. 2008) and every citizen
should have a right to access it without remarkalfgenses. Secondly, waste disposal fees
at Alfsnes and Gufunes plant entrances are relatedgulations of the Recycling Fund
(SORPA 2013a) so SORPA does not have the righedtmalter the fees.

The organic waste delivered to Alfsnes is estimatedemain generally same as before
except for a possible slight increase in quantityollowing years. Even if the proposed
biogas and fermenting plant will be built (SORPAL28), it is an unrealistic approach to
forward all biodegradable waste there. Some wattions, like industrial carving waste
or sewage sludge do not always have the right ctexistics for biogas production and for
example sewage sludge has often a high possibilibpntaining heavy metals, pathogens
and organic pollutants (Fytili & Zabaniotou 2008hiah restricts the use of sludge as a
landfill cover or as a part of an anaerobic digasfrocess. Harmful or toxic substances
can be passed on to the food-chain if compost sutth previous characteristics is used as
an organic fertilizer (Fytili & Zabaniotou 2008) h& utilization of some waste fractions
from separate streams like ash, sawdust and wapsd cbuld be studied further.

Current setup is making an active effort on treptall waste that is received both at
Gufunes and Alfsnes. Without making any new investis to both locations apart from
the proposed biogas and fermenting plant, increaseste diversion is still possible by
waste minimization and reduction outside the faegi The distribution of different waste
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types in MSW (Table 1) tells about the waste dightsbits of people in GRA. While
there is an existing base of instructions for wasiging in households, landfilling data

(Table 7) indicates that especially glass and meaa¢ abundant and still disposed to

energy bin even though they could be also brougpsmtely to drop-off points.

| Prc-active work tiraise public ;
| awareness for waste reduction 7 .
1
L and minimizatiol : Alfsnes landfill
y
Solid waste
¥
Municipal
_ -Baled solid waste Methane
Commercial > Output
: P (CHy)
-Glass & porcelain kl
l Industrial >
- -Garden waste Output Compos1
Residua & soil
M MSW -Organic waste
Energy 9 Outpu Rocks &
bin Gufune: ™ npu -Rocks & gravel gravel
plant npu
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Othel waste
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Recycling
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treatmer 1 Biogas and compostir | oot Ny fertilizer
' plant P Uty g & !
! ) 7 L !
N - 1 compost 1
Domestic Export Lo !

Figure 7. Current waste inputs and outputs of Adfstandfill site. This is the starting
situation of Alfsnes landfill in the capital regidar the assessment of improved future
waste diversion.
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5.3.3 Cost-effective alternative

Cost-effective alternative (Figure 8) aims for adyral waste diversion starting from a
minor success at first to see how the public arglesy responds to the changes. If the
response is positive, diversion methods can be thereased. Positively municipal
households are not required to make excessive tmeess to comply with the changes,
whereas benefit is expected to be notable compardte current setup. As | stated in the
chapter 5.3.1., it is easiest to focus on diverMt§W due to its characteristics (covered in
chapter 3.3.) and amount exceeding any other vbasteght to Alfsnes.

Content from collected MSW (Table 7) suggests #fidtinds of waste are still disposed in
municipal households despite the regulations anthganstructions provided by SORPA.
Metal content in MSW could be simply addressed agning the disposal of household
metal waste such as empty food cans, wires, caduhels wire coat hangers. Magnet
separation at Gufunes (SORPA 2013a) has provenott gquite well but metal is still
ending up to the landfill even today. In 2012 thedfilled metal quantity was a mere 3.2%
(Table 7) but with the extent of waste handled @RBA, it equals close to 3.000 tonnes
which is a tremendous amount of lost potential.ebtimg even 20% of that amount would
make a remarkable difference in benefit.

Due to the proposition and possible implementatbnhe biogas and fermenting plant,
biodegradable waste should be sorted in municipalséholds to save the effort from
SORPA. While | am not suggesting a separate birkifchen waste, it could be collected
into a separate, distinguishable bag like a yellplastic bag which could then be
recognized and sorted at Gufunes. That way thetareisn MSW would be decreased and
it should also inhibit partially the generation b&d odors. In 2012, kitchen waste
contributed to over 37% portion of all collected WISvhich was a one third of the total
waste volume that year. At first approximately 40%kitchen waste (Table 7) could be
attempted to sort and later on the diversion ratddcbe increased towards the goal of
100% before the year 2020 (SORPA 2013a). On tofhe@fkitchen waste separation to
energy bin in separate bags, home composting (HQ)Id be encouraged wherever it is
possible. HC has been studied e.g. in England apdoaimately 20% from generated
biodegradable waste has been composted in houselwbidh had a home compost box
(Smith & Jasim 2009).
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Plastic content in MSW coming from households cardilected using the same principle
as for biodegradable waste. Collecting hard plgstickaging to another colored plastic
bag like for example a green bag would make thegeition and sorting easier at
Gufunes. Trash bags containing plastic could begodisd to energy bin and both the plastic
and kitchen waste bags would be possible to stivereby optical method or by hand. Up
to 40% of plastic waste (which is close to 7.00@n&s) from municipal households could
be attempted to sort from 2012 quantity (Table W®hile | do not have sufficient
knowledge of optical waste sorting, it could be rakged further. Sorting the arriving
waste by hand at Gufunes would be an efficientratatively cheap method to perform as
it does not require a lot of modifications to th@séng hardware but considering the daily
waste quantity passed through Gufunes plant bigtiter to have only as a secondary option
in this alternative. Depending on the initial extaon, hand-sorting of MSW can turn out to
be consuming and cumbersome to the people assfgnetdso it does not have the first

priority as a sorting method.

The amount of drop-off points should not be reduaedhey have proven to be a viable
element of SORPA’s waste management in GRA (SOR®¥32). Since the amount of
bins per household will not be changed, adjustimgwaste collection routes or cycles is
not necessary either. Municipal households coujorave waste diversion remarkably by
sorting waste already in its birthplace. Havingepasate bin indoors for glass, metal and
other waste fractions accepted by drop-off pointsitel save the trouble of waste sorting
from SORPA. Not all the citizens have a possibilihytake their sorted waste to drop-off
points but there could still be more people delivgtheir sorted waste than what has been
so far. If less waste ends up to disposal in hoaldshand small businesses, less waste
would have to be transported for sorting and faigposal.

SORPA could reprise its role as an environmentakcatbr and distribute a new waste
sorting and disposal instructions to every municipausehold and small business in GRA
and attempt to manage the increasing waste gemerayi improving waste reduction in
the area. While banning a lot of waste from endsgymight not be the most effective
solution, encouraging citizens to sort their wattework together towards cleaner
tomorrow could change people’s attitudes to be nmositive about profound sorting,

recycling and waste minimization.

In addition to MSW diversion, some of the sepavaéste streams can be utilized in small
guantities at the landfill and some other locatioReceived sawdust is available for
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multipurpose use. Relatively dry sawdust can beduse absorb moisture from
biodegradable or other organic waste and small tgigmhcan be applied to anaerobic
composting process (Pichtel 2014) or used as aingulkgent to create better compost
(Zorpas & Loizidou 2008). Manufacturing combustilgellets, selling or giving clean
sawdust away to farms or marketing it to coverldréo reduce erosion could also be
considered. Essentially the utilization of separagste fractions depends on their origin
and purity because their potentially harmful cohteam be passed on to the environment
(Williams 2005).
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5.3.4 Environmentally friendly alternative

Environmental impact of landfilling is intended be decreased with waste diversion.
Higher waste diversion rate benefits the envirotmehen waste is utilized as raw
material elsewhere instead of ending up to perntatisposal at the landfill. Just like in
the previous alternative, the most significant wativersion in this alternative (Figure 9)
is expected from MSW and separately collected wiattions are referred only for parts
that are applicable to waste diversion.

As SORPA is planning to build a biogas and ferrmenplant, a decline can be expected
especially in odors and other gas emissions frolid s@ste which are known to pose an
environmental and health risk to the surroundinigs landfill (Palmiotto et al. 2014). It is
likely that a part of the received biodegradablesteavill be impossible to treat in the
biogas plant without at least some level of prettrent (White et al. 1995), so this
alternative concentrates on improved sorting antlecttmon rather than to the actual
treatment to divert biodegradable waste, as tredtmiiciency does not depend only on
waste quality but also on other features like thkzed technique, moisture and waste
homogeneity (Cheremisinoff 2003). In methane gampction, all hydrolysis processes
are sensitive to continuity of feedstock in qualaypd quantity, which makes them
unsuitable for mixed wastes and more suitable fpicaltural residues such as sawdust,
straw, or specially grown crops (Cheremisinoff 20@#ich are something that SORPA
has available in separately received waste frastidable 5).

Apart from home composting, organic waste is diffico divert as it cannot be recycled
by itself unless it is first pretreated and turm&gd e.g. compost or fertilizer (Pichtel 2014).
On the account of concerns over the possible uredantors from composting, well-
treated household compost box does not producsrball (Smith & Jasim 2009). Citizens
of municipal households of GRA should be encouragely HC and either buy or build
their own composting boxes. Making a pamphlet siriiute around the city on how to
build your own working composting box would posgibhotivate people to help to
decrease the burden on the landfill. While thi®méy possible for a limited number of
citizens, even a little amount of diverted biodeigdale waste would remove it from the
waste flow to Alfsnes. HC has a very little envinsental impact compared to the
untreated landfilling of same material (Smith &id@2009).
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Kitchen waste collection could be done either bywgi smaller insert in energy bin or
using a separate BOIn only for biodegradable waste. Using a sepacatgainer would
benefit the waste collection since the insert wddde to be removed while the energy bin
is tipped over by collection vehicle. Kitchen wast@lection could be then improved
further by combining nearby households to gatheioftheir kitchen waste to a same
container so that every household would not haveest to a separate bin. Collection
interval could be set to e.g. from 24 to 36 timegear or every two weeks and on a
separate day from energy and blue bin (Figure B¢ataon to make better use of existing
hardware and to regulate the waste acquisition fidfarent municipalities. Kitchen waste
collection should be done more often during themvaummer months to prevent the
generation of unwanted odors inl @ns. Considering the proposed bin size, up to 60%
kitchen waste in MSW could be attempted to divieid tvay.

For MSW content, the most abundant waste fractjplastic, P&P, kitchen waste and
metal (Table 7) would be ideal for waste diversiBtastic waste is problematic owing to
the high volume per weight ratio and is not hencatiractive material for collection and
recycling. There are also economic factors assedtiatith recycled plastics but most
importantly post-consumer plastic is still suitaltite be used for another new product,
making it obvious why recycling plastic happensaywdh the first place (Ambrose et al.
2002). Plastic waste content in MSW was around 2@Ya collected waste quantity in
2012 (SORPA 2013a) which equals to over 17.000dsraf waste. By using a separate
colored plastic bag in municipal households, ptastickaging could be disposed to energy
bin along the normal mixed waste bags and sortgdudiines. Up to 60% plastic waste
diversion could expected with this method, whiclhias to about 10,000 tonnes of plastic
content in MSW from 2012 (Table 7). Another way \ebbe to emphasize the importance
of plastic waste sorting to citizens and try to nate them to bring their plastic packaging
either to drop-off points or to the separate ptastaste collection containers around GRA.
Setting a separate bin for only plastic would Is&yibut it would sort at least some of the
plastic in MSW. Estimating the public acceptanceplafstic separation would be another
problem along the uncertainty of how often a stathdsized bin for plastic should be
emptied. It is possible that 4 separate bins cbaltbo much for citizens to cope with but a
gradual introduction to higher degree of houselvedbste sorting might make the 4-bin
system realistic in future. Either a 3-bin or 4-bystem could be experimented in a small
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area, e.g. in a single neighborhood to see what &irfeedback and results it would yield

if direct application of the method to a whole nuipality would be too much to ask for.

Metal content in MSW like empty food cans, wireables and wire coat hangers could be
banned from household disposal. Magnet separati@utines (SORPA 2013a) has been
proven to work quite well but metal is still endiog to the landfill every day. In 2012 the
landfilled metal quantity was a mere 3.2% (Tabléoi) with the extent of waste quantity
handled at SORPA, it equals close to 3.000 tonrt@shnis a tremendous amount of lost
potential. Diverting about 40% from that amount VWioile already environmentally

beneficial for the landfill.

Optical sorting of waste by bag color would seerbéaa reliable waste sorting method but
like any other method, it is not flawless (Williard805). It might be best to compromise if
it would have to be set up only for one waste foagtunlike in the previous alternative.
Optical sensors might mistake other objects ofsdén@e color as colorful waste bags which
they are meant to sort and it is also possiblegbetd plastic bags might break during the
collection or transportation to Gufunes plant, teng the whole point of using a separate
bag. As said in the previous chapter, hand-sohiyISW is also one possibility, but it
requires a lot of manual labor as the daily wastantjty passed through Gufunes plant is
usually very large. Another method of sorting MSWuld be a gravitational sieve which
would sort either heavier objects from lighter orm@slarger objects from small ones
(Williams 2005). Depending on which waste fractwould be sorted, using a sieve might
not be as effective as the other discussed sarigitpods.

It is a positive fact that SORPA has used somehef shredded tires at Alfsnes for
infrastructure and for covering the mound (SORPA3&). Rubber content in waste is
generally very low, only less than one percentotdltcollected municipal waste (Table 7)
and in separately collected waste streams it is é&a&s (~0.1%, Table 3). If rubber would
be separately collected, the simplest way to canttheccollection would be by setting one
collection container to each drop-off point in GR¥#stead of disposing rubber to MSW.
Another environmentally friendly action would be itewrease P&P sorting from MSW.
While it is unclear to me how much energy bin wasiatains P&P after the ban of P&P
disposal to energy bin, P&P waste is known to lawelatively high environmental impact

in landfill based on its cellulose content (Picl&8lL4).
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Landfilling inert waste is relatively cheap and es®sa low risk to the environment in
contrast to e.g. hazardous waste (Williams 20089)RBA deposits a number of inert
materials such as ash, construction waste, plasteglass (Table 3) to a separate location
at Alfsnes (Figure 4) aside with what little ineraiste comes along MSW bales (SORPA
2013a). Inert material can be assumed to be safeofttinued landfilling since it mainly
requires only the physical space at Alfsnes amlhéts not take up space from baled MSW
which in turn has to be covered with soil mater(@®RPA 2013a). If not already applied,
ash brought to the landfill could be utilized femf purposes. If the collected ash is known
to contain only a low amount of toxic substanceshsas heavy metals, it can be used as a
road base material or as a part of waste coveriaggnmal in the landfill (Pichtel 2014).
SORPA collects and landfills annually rather lasgeounts of ash, as in 2012 it was 677
tonnes and 1468 tonnes in 2013 (Table 3).

Decreasing the moisture of biodegradable waste lwbannot be used in the proposed
biogas and fermenting plant would lower the odaregation, conserve space slightly and
improve the overall quality of the landfill as wé¢Basikumar & Krishna 2009). Any fairly
dry and inactive available waste material couldals® used to tie down the moisture in
biodegradable waste, e.g. sawdust and ash froml senahoderate amounts might be
suitable if they do not contain high levels of @mntnants. Dry waste is also easier to store,
whether it is for temporary or permanent preseovati

Municipal households and small businesses shou#ibleeto sort some of their other waste
fractions as well. Sorting glass, minerals, matad food cans and clothes would be better
to put somewhere else than to the energy bin. Bretig sorted waste to drop-off points
would save some effort from SORPA and reduce tlesl e waste sorting hardware at
Gufunes when MSW would have a higher fraction @firplunusable waste. Setting up
smaller municipal collection points for sorted veaBke metal and glass should motivate
people towards recycling. It is possible that alley sorted waste around GRA is not
economically as feasible as collecting just endsigyand blue bin material (Moliis et al.
2012) but as waste collection is answering to ti@ip demand, it would proactively serve
the purpose of waste diversion.
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5.3.5 Balanced alternative

Some of the waste diversion suggestions from tvavipus alternatives are also adopted
here. While this alternative (Figure 10) is notntdeal to any of the previous ones,
improvements | suggest are meant to offer a r@akstd convenient approach for waste

diversion.

Home composting, metal, glass and mineral sortmgnunicipal households and small
businesses are applicable in this alternative dis Mplastic does not have a separate bin
or plastic bag to be disposed to energy bin wdkts it should be at least promoted for
increased sorting rather than disposing it to gnbng. Delivering plastic waste to drop-off
points and collection containers around GRA couddtles upon about 20% plastic
packaging diversion which would be already excelemount to divert from Alfsnes. A
moderate 10% of metal in MSW could be attemptedlit@rt in the same manner as
plastic. Biodegradable waste from municipal houssshshould be sorted to a small insert
which can be placed to the energy bin. Insert sméld be around 20 to 30 liters so it
would have to be emptied approximately 2 to 3 timesonth and a bit more often during
the warm summer months summing up to 24 to 36 timegear. 40% kitchen waste
diversion could be expected from the combined hosoenposting and sorting in
households.

Biogas and fermenting plant proposed by SORPA (SORPL3a) is likely to be able to
treat the majority of biodegradable waste delivamedifsnes. Additionally, small amounts
of clean or dirty P&P can be used in the biogastpdas a filler in the process (White et al.
1995) and sawdust can be used in small or modguatetities to fill in biomass for biogas
and compost production as well (Ankidawa & Nwodd 2 If the biogas plant will not be
built anytime soon, decreasing the moisture in wigavaste with pre-treatment and
mixing dry material to it would possibly decreake bdor production and preserve some

space for waste.

If sufficient dryness is achieved in collected MS&Vpart of it could be used for refuse-
derived fuel (RDF) or solid recovered fuel (SRFpguction. This shredded waste can be
co-combusted in small quantities along high-temjpeea combustion to enhance the
burning process (Christensen 2010). The most optivag to establish the use of refuse
fuel would be by using an existing shredder forduiion of RDF or SRF but only if the
demand for the material would be verified beforeha@urrently Gufunes plant is not
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capable of producing neither of the shredded finels solid waste and most likely at least
moderate changes would have to be made in ordpraduce RDF or SRF. Usually a
waste treatment plant is defined under a certategcay like separators, plants for
production of RDF or plants for treatment of orgamaterial (Costi et al. 2004) but
combining more of these functions can complicagewlaste treatment and unnecessarily
compromise the effectiveness (Costi et al. 2004)was covered in the previous chapter,
waste sorting by hand, gravitational sieve andcapsorting could all be utilized if certain
waste would need to be sorted but either opticelngpor any other preferred method by
SORPA is suitable in this alternative. As | havegmsed to sort some of the biodegradable
waste and plastic in municipal households, usingcalpsorting system would save the
citizens and businesses from the trouble of inugsto new waste containers while still
achieving some level of success in waste diverdibthere is only one waste fraction
sorted and put to energy bin, like kitchen wasta @olorful plastic bag, the optical sorting
could be compromised with some more convenienttismluHand-sorting is most likely
out the question since the daily waste volume au@s plant is so high that sorting all
arriving MSW even inaccurately would take a trenmrsl amount of labor to be
performed efficiently. However, if a potential textiogy would be available, hand-sorting

of waste would collaborate well together with theroved household waste sorting.

In addition to the treatments | have suggestechéngrevious alternatives, some of the
waste fractions in separated streams could beediland diverted from the landfill. In the
midst of fire wood scarcity in Iceland (Thorhall$ti2007), received darken wood chips
at Alfsnes could be considered to be utilized fommercial purposes. Unpolluted wood
chips can be used in small industrial burnersplees and municipal ovens for heat
production. There is no doubt that the extent gliaptions for wood chips is not vast but
the demand for such material could be examinedhdurtEven a small waste diversion is

significant when thinking about the overall benefit

Another interesting waste fraction is disposab#gdrs. Found in collected MSW, in 2012
the amount of diapers was 6.6% or approximatel\0800nes (Table 7) which is enough
to make a notable difference if it is diverted frome landfill. Disposed diapers are mostly
consisted of organic matter but they also have rsigserbent polymers (SAP) and
cellulose pulp in them. SAP is the key difficulty diaper recycling as it can be very
persistent in a composting process. Compost pradwidé about 3% of disposable diapers

have presented a slightly higher level of zinc watgan prevent the usage of large amounts
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of diapers in composting process (Colon et al. 20IBe quantity is still so high in MSW

that in my opinion it would be reasonable to std@per utilization further.

Using a multi-compartment waste collection contaior a trailer platform in the near
vicinity of major supermarkets could motivate a&tis to take their sorted household waste
along the same trip to run errands or buy groceAegslitionally, SORPA should renew
their waste sorting instructions for municipal helslds in order to improve both the
waste sorting and waste prevention. Waste fractigaskitchen waste and P&P in MSW
are partially produced because of the inefficiesé wf raw materials (Cheremisinoff
2003). While the preferences in use of waste prnodumaterial is out of the reach of
SORPA, waste prevention and minimization can bempted e.g. by making a new

recycling pamphlet for municipal households andr®sses to divert more waste.
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Figure 10. A summarized illustration of the propbbalanced alternative for landfilling of
solid waste at Alfsnes with all inputs, outputs augbporting functions. Text boxes with
cut-lines are the new proposed changes to tharexistaste management system.
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Table 8. The summary of proposed waste diversiothagks to improve the current waste
management of SORPA. Small “x” is the suggestiodenia an alternative and “-“ is an
improvement not covered in an alternative of chap$e3.2. — 5.3.5.

1. Current 2. Cost-effective 3. Environmentally 4. Balanced

setup alternative friendly alternative alternative
Biogas plant X X X X
MSW iversion rate
(%) from MSW:
Plastic packaging - 40 60 20
Kitchen waste - 40 60 40
Metal waste - 20 40 10

Waste sorting:

1
X
1
X

By hand or manually

Optical (e.g. NIR) - X X -
Gravitational sieve - - X X
Household sorting - X X X

Separate bin or insert
for households

Better regional
collection or sorting

Any preferred
sorting method

Diversion from
separate streams

Ash - X X -
Sawdust - X X X
Wood chips - X X X

RDF or SRF
production

Diapers - - - X

Other waste
diversion means:

New waste sorting
instructions

Environmental
education

Waste minimization X - - X
Waste prevention X - - X

Home composting X X X X
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6 DISCUSSION

The variation of influential factors in waste maeagent states that no single waste sorting
solution has the capacity to suit the needs ofyewaste management scenario (Ordofiez et
al. 2014). For that reason | came up with a decisioevaluate three different alternatives
for the current waste management of SORPA to inpneaste diversion from Alfsnes
landfill. Using simple trade-offs between econaahiand environmental objectives are
often difficult and result into using multi-objee¢i framework to achieve the goals (Robba
et al. 2008), but despite the labels of the altérea | chose: cost-effective (2),
environmentally friendly (3) and balanced (4) altdive, they all are more or less
combining both the environmental and cost-effectaspects. Only the emphasis is
different.

Using more than one and exactly the chosen threeafternatives for future consideration
was a good choice in my opinion as it gives monesective to the planning but it does
not exten the thesis too far to take the focus afu@y the initial waste diversion and
waste management improvement. While one altematght portray the planned
situation too one-sidedly, too many alternativeseha risk of giving too much similar
options between alternatives and obscuring theresult. Keeping the planning generally
straightforward and simple ensures that the sesgoa met. To meet the goals set in this
thesis, | have worked to my best ability to prowvidalistic and applicable alternatives for
SORPA to choose from closest to the company’s prat. It will be up to SORPA
whether or not they deem my suggestions applicéiileey want to combine the results or
use only a part of an alternative, it should be fas long it takes the waste diversion matter
further and improves the landfill quality from tberrent situation.

To make an alternative for waste management sdifunat that it actually improves the
current system, options between the alternativesgaing to be generally similar as my
analysis has shown. Available data from SORPA Ieklgesatly to narrow down the
applicable options for the alternatives and basethe data, | made e.g. the decision of not
proposing waste incineration to any of the newradigves. The distinction between the
assessed alternatives had to be made somehowewsdltile still keeping each alternative
realistic and considerable for utilization. Whemyvanlikely options like founding a new
landfill or building a completely new waste sortifigcility were ruled out from the
planning, the assessment was then easier to cartyp éhe end, | managed to distinguish
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each of the new alternatives to match their deBonp(Table 8) as it can be seen that
alternatives possess some unique propositions wiiticers do not have. Many of the
suggested improvements are same in all alternatigeshousehold waste sorting and
utilization of some of the separate waste stredrhese improvements are often solely
bound neither by economical or environmental fac{@asikumar & Krishna 2009). That
is why the major differences in the new alternaiage brought about the intensity of

waste diversion and proposed investments.

The question to solve was to ambitiously answer twhee the economical and
environmental impacts of diverting waste strearasfthe landfill in the Icelandic context.
As no solid financial or environmental data wasilatde for the thesis, all decisions made
were based on estimations, literature on the stulged the waste data provided by
SORPA. If the suggestions made in this thesistake effect later on, economical impact
of waste diversion can be calculated when wastersitvyn has taken effect for a long
enough period to track the changes in treated amdfilled waste quantities. For reference,
usual monitoring period for waste diversion is om@ar as seasonal changes may occur
(Sasikumar & Krishna 2009). No estimation made iaste diversion is ever foolproof
and only time can show what the net economical fifeoewaste diversion from Alfsnes
will be. Waste management and landfilling of salidste often possess a higher degree of
ethical values such as if landfilling is a goodhthito do in the first place. That kind of
issues cannot simply be measured by economicakexsutdowever, it is safe to say that if
treating less unusable waste and sorting more whateis worth money such as plastic

and P&P, waste diversion will be economically benef at least in minor scale.

Measuring the environmental impact of waste diwarsvithout any solid environmental
data was only based on literature and personaliatiah, but considering the assessed
measures for waste diversion in the proposed altikss, environment can only benefit
when waste is directed more and more to recyclimra-use, returning it to circulation as
new raw material rather than leaving it to pose aieptial threat to surrounding
environment. Especially diverting organic wastenfrdandfill is known to decrease
greenhouse gas emissions (Liamsanguan & Gheewdd),26hus reducing the net
environmental impact. Diverting more durable wd#te metals and plastic decrease the
environmental further since the disintegration lu$ tkind of waste is extremely slow or
non-existent in a mound (Williams 2005). Therebg #mvironmental impact of waste
diversion from Alfsnes is considered to be positateleast in minor scale as all of the
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proposed alternatives are directing waste moress away from the studied landfill. With
this information, | have come to a conclusion ttis question of the study has been
answered to the extent is it possible with theentrmformation available.

The main goal of this thesis was to find improvdtraatives for waste management
compared to the current solid waste disposal s landfill of SORPA by means of
waste diversion. As can be seen from the Resulapter, | have produced three new
alternatives which have a number of potential psegoadditions to compare with the
current system of SORPA. Not having a sufficienbwiedge or having heavy personal
preferences can distort the decisions and it isiplesthat some applicable waste treatment
or diversion method has been left uncovered bydactiin this thesis, but | am certain that
the suggested improvements are fully functional anéficient as they are currently
presented. Main objective of this thesis was t@ I®DRPA reduce the environmental and
economical costs of landfilling and improve the teamanagement system in GRA in the
long scale. This cannot be answered simply bymglgin results acquired in the work, but
if SORPA will adopt any part of this thesis towsaste management system, the thesis has
fulfilled its purpose. | went well in depth to reseh a lot of material to get acquainted on
the subject and to be able to give an inclusive wetl-reasoned answer to all of the

dilemmas in the thesis.

As for the individual waste diversion propositioinsthe new alternatives, the proposed
biogas and fermenting plant is one of the decif@atures of SORPA'’s future as it works
towards the goal of European Union in banning gvefilling of organic waste by 2020
(1999/31/EC). There is a lot of uncertainty in veasdiversion practices such as
unforeseeable effectiveness of individual diversisethods (Sasikumar & Krishna 2009)
and the difficulty of estimating how well the publvill answer to the demands set by the
local or regional waste operator. Waste reductimhdiversion has been driven forward in
some European countries like UK and Italy by insimeg the landfill tax (Nicolli &
Mazzanti 2013), but as the landfill tax system as¢ applied in Iceland (SORPA 2013a),

more straightforward actions are required to impraxaste diversion.

Icelandic waste management is still relatively ygpuworiginating to the beginning of
1970’s (UST 2006). Main waste management functames already viable and working
well in the capital region (SORPA 2013a) and olstadike coping with the prevalent
weather conditions have been already overcome. Remaroblems like incapability in
domestic treatment of waste fractions such as P&dP @astic are still on the way to
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support the current waste management, but thetistu#g also forecasting a possible
business activity to near future in Iceland. Itestain that some solutions like poor waste
sorting can make waste management cheaper, bwtuidveompromise the sustainability
of the activities by adding more volume to alreduydened landfill, complicating the

situation further and making waste diversion evemenessential than before.

Waste management planning is always case sped#fichtel 2014) and after the

conclusion of assessing the new improved alteresitiit is possible that this thesis might
not offer much new information to the field buistanswering to the demand in Icelandic
context for sure because all the decisions weredbas the real-life data received from
SORPA. It is likely that SORPA has already looketbisome of the suggestions | have
proposed here but | also hope to offer something fi@ SORPA to consider. The

emphasis in waste diversion was set to MSW, SORPAIposed biogas plant and to the
importance of sorting and recycling solid waste.WI8/as chosen for closer inspection
due to its annual quantity and well-known charasties (SORPA 2013a). The political

emphasis on municipal waste is very high becausgsofomplex character due to its
composition, its distribution among many waste gatwes and its link to consumption

patterns (Williams 2005).

On the other hand, recycling as a waste diversiethad is an activity that has a lot of
potential to make citizens contribute to the mug@dl as well. Recycling is not a goal in
and of itself, but rather a necessary responsed®tal consumption patterns. Increasing
the amount of discarded material recovered thrawglycling is a task of considerable
importance in order to divert waste from and extenel lifetime of existing landfills
(Mueller 2013). Waste reduction and prevention lemppy before an item becomes waste
is what takes place in households, industry or rofi@ces which are using goods that
generate waste (Zorpas & Lasaridi 2013). GRA has already an existing base of
locations collecting for example plastic bottlek] olothes and metal food cans (SORPA
2013a) but despite the available services, theemasitection data suggests (Annex 1) in
all likelihood that said waste is still finding itgay to MSW (SORPA 2013a). Waste
reduction, prevention and minimization are importemeasures to address but they are
partially out of the reach of SORPA and also outhef scope of this thesis. As a last link
in the waste management chain, SORPA can still rmakactive effort to change attitudes
towards recycling-inducing activities such as methonentioned above. Public is often
willing to contribute even without any trade-offSzajkowski et al. 2014).
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Initiating new waste diversion methods in GRA walke time to get fully functional and it
takes even longer to start getting positive resbis the bottom line is that if less waste
ends up to disposal in municipal households, bsse® and industry, logically less waste
would have to be transported for final disposahi@énes. Resulting savings could be then
directed to other activities like possible new istveents. Further inclusion of possible new
waste management regions to SORPA'’s jurisdictiolikedy to increase the demand for
landfilling and waste collection, thus complicatitige system more by adding to already
burdened transportation distances and treatmerdcitgpand making the changes even
more necessary than before in addition to wasteease along the population growth.
What comes to the actual implementation for theritvaste management of SORPA in
GRA, there is many variants that all have to bemalkito account to ensure and eventually
surpass the quality of the current waste managesystem.
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7 CONCLUSIONS

7.1 Waste diversion in Greater Reykjavik area

Even as far as this thesis has gone in depth tmiegaAlfsnes to improve the current
waste management and augmented waste diversisnstitl only a scratch to the surface
in a pursuit of getting closer to something likeeso-waste strategy. This thesis proposes a
set of potential ways to improve the current systdrBORPA to divert solid waste from
Alfsnes in future and the majority of proposed roeth have been confirmed in literature
to be practical and usable, but in the end theatn/e to use them has to be taken by a
higher authority. Whatever solution SORPA will end using in order to divert solid

waste in future, changes will be necessary to dser¢he burden on the landfill.

If the motivation for waste diversion is not fouimdeconomical benefits, then it should be
in environmental and ethical values and in theaasjbility of everyone to make the world
a bit better place to live tomorrow towards a dusfiale society. All essential values were
manifested during the planning of the alternatipesposed in this thesis. While some of
the proposed methods are more applicable thanodmet some means such as waste
reduction is out of SORPA'’s direct control, | hawetten and given suggestions in the
limits of this thesis to my best own knowledge &etieve that every alternative is equally
possible to implement. Making even simpler decisian planning could have increased
the applicability of the alternatives, but sincestthesis was searching a proactive solution
to divert waste from Alfsnes, it was outright reaaole to expand the content.

Follow-up question for this thesis would be howget citizens to voluntarily sort their
waste more efficiently. Building for example mutempartment collection platforms to
use around the capital area is not difficult or éxpensive and increased waste collection
cycle would be a sole reality as well but as losgleere is no one to fill the containers,
they are not serving their purpose. In all likebkdoa successful diversion can be observed
in less than a year but a full year should be ckffit interval for a reliable comparison
with the previous waste collection and landfillidgta. Further on, what can be done is to
improve the waste sorting, apply waste manageneafiniques recognized elsewhere in
the world and examine connections between wastergeon and disposal points to

improve waste diversion in national level.
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7.2 Applicability of ARVI tool

ARVI analysis tool has proven to be functional dlexible in this thesis for analyzing
environmental statistics data. It is also suitdbleenvironmental planning which covers
more than one type of variant. Strong features RVAare that it requires adequate
background information to ensure reliable resuitseturn of all the effort put into it and
its interface is very clear even for an inexperezhaser. Setting up the impacts for studied
alternatives was challenging and took a while terycaut, but | came up with a
satisfactory solution to carry the analysis furthigne amount of detail in ARVI is rather
high but | understand that it is made to guaraateeiccessful analysis. Based on ARVI
analysis conclusion and my own estimation, the muable alternative is the balanced
alternative as its approach is subtly the closesheé current landfilling setup of all three.
ARVI analysis gave good reference and framewonwhich impacts | should concentrate
on as | had to make all the impacts fit the progosiernatives to get a comprehensive

result from the analysis.

On the downside of ARVI, from my inexperienced poof view it was difficult to
anticipate the sufficiency of my data and how itudofit the analysis without ending up to
kind of a “back and forth” thinking where | wouléed to rethink whether or not an impact
chosen for evaluation fits the data. ARVI can dlsm out to be rather problematic if for
example you try to make a distinction between apaich significance chart with either -1
(low negative) or -2 (moderate negative)—valuegiegry impact, when only the outlook of
the analysis changes, keeping the nominal diffeeereetween alternatives exactly the
same. From ARVI analysis results, the impact sigaifce chart was the most applicable
feature in this work as it supported the completéhe final analysis. In the end, ARVI
succeeded in providing the kind of an analysis peeted to have and it supported the
further analysis together with other available datlting into a successful thesis.
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Annex 1. 29 waste fractions from MSW examined irfiudes household waste study 1.0
in November 2012 and their respective weights (SOREL3c).

Waste examination: 12.11.12

Gross Container Net % of gross

N Category of waste weight *kg weight *kg weight*kg weight

Corrugated paper 7 4 3 42.9
2 Thick paper 14.255 4.89 9.365 65.7
Paper 14.120 5.36 8.76 62.1
grl?nsitelr((::l film - colorless/ Not 11.260 973 53 -
Plastic film - dyed/ printed 19.825 11.37 8.455 742.
6 thantimy T 12665 588 goeg gy
7  Styrofoam 2.560 1.72 0.84 32.9
8 Other plastic 1.870 0.64 1.23 65.8
9 Deposit containers - plastic 1.705 1.29 0.415 24.4
10 Deposit containers - glass 1.725 0.75 0.975 56.6
11 Deposit containers - metal 2.180 2.03 0.15 6.9
12 Clothes / garment / textiles 3.260 1.94 1.32 40.5
13 Candle residue 2.000 1.50 0.5 25
14 Metals - magnetic 3.500 1.50 2 57.2
15 Metals - non-magnetic 2.500 2.00 0.5 20
16 Minerals 4.965 0.48 4.485 90.4
17 Timber - untreated 0.005 0.005 100
18 Timber - treated 2.060 1.62 0.44 21.4
19 Organic kitchen waste 50.050 9.19 40.86 81.7
20 Garden waste 2.245 1.90 0.345 15.4
21 Cosmetics 0.840 0.49 0.35 41.7
22 Drugs 0.850 0.30 0.55 64.8
23 Bulbs 0.005 0.005 100
24 Batteries 0.130 0.08 0.05 38.5
25 Electronics 0.105 0.105 100
26 Hazardous 0.330 0.29 0.04 12.2
27 Diapers 6.000 1.50 4.5 75
28 Rubber 0.210 0.21 100
29 Dust, ash and sweepings 2.585 2.00 0.585 22.7
Total 170.805 72.195 98.61 57.8
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Annex 2. ARVI impact assessment sheet for the ntigetup (ARVI 2014).

Characteristics of
magnitude s o
=2
> ., >
- 2 o — = o > c c = E_t)
Z®8es 23 Co c et Eo = = =
2S5 g8 ©@® oS Y o O 3 % = = o
< 2 = o > ¢ © b= = »n =3 = 7
g o S 6 < = e u
—
Impact > =
1.1 Environmental stress Mod. Mod. Low Mod. Mod. - Mod. High Low + Low +
1.2 Climate and air
K Mod. Mod. Low Mod. Low - High High Low + Mod. +
quality
1.3 Water systems Mod. Mod. Mod. | Mod. Low - Mod. High Low + Mod. +
2.1 Affordability Low Mod.  Llow | Low Low - Mod. im'\:):ct Low + Low -
2.2 Applicability and
F,)p Y Low Low Low Low No impact Low . No . No Low +
technical potency impact | impact
2.3 Maintainability High Mod. Low Mod. Low + Mod. Low Low + Low +
2.4 Waste availability Low Low Mod. Low | Noimpact Mod. Low Low + Low +
2.5 Public acceptance Mod. High  Mod. | Mod. Low + Mod. Low Low + Low +
2.6 Level of change ) No No No No
. Low Low Low Low No impact . . . .
requ|red impact impact impact impact
. N
2.7 Landfill outputs Low Low Low Low Low + Low imp:ct Low + Low +
2.8 Living conditions Mod. Mod. Low | Mod. Low + Mod. Low Low + Low +
2.9 Traffic Low Mod. Mod. | Mod. | Noimpact Low Low Low + Low -
2.10 Employment Low Mod. Low Low Low + Mod. Low Low + Low +
2.11 Land use Mod. Low Low Low Low - Low Mod. Low - Low -
2.12 Landscape Mod. Mod.  Mod. | Mod. Low - Low Mod. Low - Low -
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Annex 3. ARVI impact assessment sheet for the effsttive alternative (ARVI 2014).

Cost-effective alternative

Characteristics of
maghnitude L S
=) Z
)
w £ (O E Q > c c = S
c .9 g 8o 5 & Z S ® ¢ 2 = T
B2 T 5 [T © LT B S =} (G] =
Hh o c© = = B o cC co § 9 © =
25 c 8 SHN o S 9] @ e e <
X2 °35 o> c © £ © L ax S s o
(IE] d o0 (%] = 16 = S () (%]
Impact > "
1.1 Environmental stress Low Low Mod. Low Mod. - Mod. High Low + | Mod. +
1.2 Climate and air
. Mod. Mod. Low Mod. Low - High High [ Mod. + Low -
quality
1.3 Water systems Mod. Mod. Mod. Mod. Low - Mod. | High | Mod.+ | Low-
2.1 Affordability Mod. - High High Low + Mod.  Mod. | Mod.+ | High+
2.2 Applicability and
pp y Mod. Low Mod. Mod. Mod. - Low Mod. Low + Low -
technical potency
2.3 Maintainability Mod. Low Mod. Mod. Low + Low Low | Low+ | Mod.+
2.4 Waste availability Low Mod. Mod. | Mod. Low - Mod.  Mod. | Mod.+ | Low-
2.5 Public acceptance Mod. Low Mod. Mod. | Mod.+  Mod. Mod. | Mod.+ | Low-
2.6 Level of change
) g Low Mod. Mod. Mod. Mod. + Mod. Mod. | Mod. + | Mod. +
required
2.7 Landfill outputs Low Low Low Low Low + Low Low | Low+ | Mod.+
2.8 Living conditions Mod. Low Low Low Low - Mod. low | Low+ | Low-
2.9 Traffic Low High Mod. Mod. Low + Mod. Low Low + Low +
2.10 Employment Low Low Mod. Low Low - Mod. Mod. | Low+ | Mod.+
2.11 Land use Mod. Low Mod. Mod. Low - Low Mod. Low - Low +
2.12 Landscape Mod. Low Low Low Low - Low Low Low - Low -
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Annex 4. ARVI impact assessment sheet for the enuentally friendly alternative
(ARVI 2014).

Environmentally friendly alternative

Characteristics of
magnitude

Intensity
and
direction
Duration
MAGNITUDE

Impact

1.1 Environmental stress
1.2 Climate and air
quality

1.3 Water systems
2.1 Affordability

2.2 Applicability and
technical potency

2.3 Maintainability
2.4 Waste availability
2.5 Public acceptance
2.6 Level of change

required Mod

2.7 Landfill outputs Low Mod Low Low Mod. + Low Mod. Mod. + | High+
2.8 Living conditions Mod. Low Low Low + Mod. Low Low + High +
2.9 Traffic Low - Low Mod. Low - Mod. Low Low + Mod. +
2.10 Employment Low Mod. Low Low Mod.+  Mod. Mod. Mod. + Low -
2.11 Land use Mod. Mod. Low Mod. | Mod. + Low Mod. Mod. + | Mod. +
2.12 Landscape Mod. Mod. Mod. Mod. | Mod.+  Mod. Mod. Mod. + | Mod. +




67

Annex 5. ARVI impact assessment sheet for the bealhalternative (ARVI 2014).

Balanced alternative

Characteristics of
maghnitude L S
=) Z
)
(%]
Q0 2 v = g g > c c = s
29 _ ¢ fBao 1 2 _ 0o ®% o z T
5B T 5 @5 T o 205 5 oG f= C] =
Picms 22 £ 2288 B¢ 2 Q =
4] S O ® o S 0 c O b3 < Q
3 n:’o = o > = @ = b= % [0} = > =
(11| ] o0 (%2} = 16 = S () (%]
Impact >
1.1 Environmental stress Mod. Mod. Mod. | Mod. Low - Mod. High Mod. + | Mod. +
1.2 Climate and air . .
k Mod. Mod. Low Low Low - High High Mod. + | Mod. +
quality
1.3 Water systems Mod. Mod. Mod. | Mod. Low - Mod. High | Mod.+ | Mod. +
2.1 Affordability Mod. Mod. High High Low - Low Low Low- | Mod. +
2.2 Applicability and
. Mod. Low Mod. Mod. Low - Mod. Low Low - Low -
technical potency
2.3 Maintainability Mod. Mod. Low Low Low + Low Low Low+ | Mod. +
2.4 Waste availability Low Mod. Mod. | Mod. Low - Mod. Low Low + | Low+
2.5 Public acceptance Mod. Mod. Mod. | Mod. Low + Mod. Mod. | Mod.+ | Low-
2.6 Level of change
. Low Mod. Mod. Mod. Mod. + Mod. Mod. Mod. + Low +
required
2.7 Landfill outputs Low Mod. Low Low Low + Low Mod. Low+ | Mod. +
2.8 Living conditions Mod. Mod. Low Mod. Low + Mod. Low Low+ | Mod. +
2.9 Traffic Low High Mod. | Mod. Low - Mod. Mod. Low + | Low +
2.10 Employment Low Mod. Low Low Low + Mod. Low Low+ | Low+
2.11 Land use Low Mod. Low Low Low + Low Mod. Low + | Low +
2.12 Landscape Mod. Mod. Low Mod. Low + Low Mod. Low+ | Low+
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Sensitivity

Magnitude
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Significance

11Environmental stress

1.2 Climate and air quality

13 Water systams

2.1 Affordability

2.2 Applicability and technical
patency
2.3 Maintainability

2.4 Waste availability

2.5 Public acceptance

2.6 Lewel of change required

2.7 Landfill outputs

2.8 Living conditions

2.9 Traffic

210 Employment

21 Land use

212 Landscape

The state of current landfilling of sofid waste in Alfsnes. Mo
meazured strezs to surrounding environment but in-all
likelyhood traceable emiszions from the landfill to environment;
are present,

Climate iz affected mostly by greenhouse gas emizsions from
the landFill. Part of the methane [CH4) generated in the LandFill
mound is collected For commercial use,

Ground water and sea next tothe landFill are at least theoretically
wulnerable to pollution by leachate leak age or water run-off from
the waste mound,

Financial input needed for the system to make it functional. Mew
investments make the alternative less affordable. Currently no
major investments needed except For the biogas plant. Low
sensitivity.

Current technology and waste treatment methods are suitable
and no changes are bo be expected.

Aliznes landfill is maintainable as proven by recent years without
any drastic changes in the landfill structure. Higher degree of
changes to the landfill or SORFA's waste management system
are likely toinfluence the functionality.

Currently solid waste iz available at all times and for all the
functions of the landfillin Alfsnes. Low sensitivity.

The reception of changes to waste management in public
depends on the magnitude of changes and haw much input from
public is required to make the system functional.

Current system does not need ta change to function properly.

Fosszible outputs produced at the landfil. Currently compost,
metan gas [CH4) and gravel.

Meighboring residential areas of Alfznes landfill have suffered
from aceasional bad odors coming from the landfill. Increased
=olid wazte landfiling is likely to increaze unwanted odar
emissions if the waste iz not pre-treated or coverad properly.
Tratfic: into, in and out of the landfill iz currently moderate.
Increased waste quantity iz likely to increase traffic.

Concerns not only the landfill but also the other Facilities of
SORFA. Currently the waste management scheme is estimated
to grow, £0 the employment iz steady.

Inzreased landfilling of solid waste would increase the land use,
whereas decreased waste amount would conserve the space for
alonger period. Due to averfilling of the landfill, usable space iz
currently sufficient,

Inzreased landfilling of solid waste would increase the changes in
landzzape. It is important bo modify the landfill zothat it does not
pose an environmental threat,

Annex 6. ARVI impact reasoning sheet for currenstgamanagement setup of Alfsnes
(ARVI 2014).

“Water systems arcaund and in the landil, i quality and
animals or plants in and around the landfill are not actively
monitored except for odors generated in the landFill.
Excezsive measures are only taken if 2 problem arises.
Odaors rizing from the landfill affect the immediate vicinity of
the landfill, and greenhouse gas emizsions are prone to
having a much more widespread influence in climate.
Landfill affects the water resources in its immediate
proimity.

Financialinput iz not only needed at the landfill but also o fit
the other facilities of SORFA for a desired waste
management alternative.

Concerns only the landfill.

Concerns only the landfill.

Concerns the tandfill, arriving waste from Gufunes and
collection network.

Extends to the municipal househaolds and small businesses
which would be influenced if .q. stricter waste separation
rules would be implemented.

Extends at most ta the municipal households, Gufunes
plant and AlFznes Landil,

Concerns only the landfill.

Extends to the surroundings of the landfill, no further than §-
10 kilometres.

Concerns only the landfill.

Concerns the landfil and other facilities of SORF A as

The landfill should not pose any threat to the environment.
Improved waste management contributes ko conservation
but additional actions ta measure or control impacts to
nature are not taken.

Impact on climate and air quality is especially impartant to
surrounding living areas but on a wider scale less emissions
to atmosphere contribute to the prevention of climate
Leachate and contaminated water run-off from the landfill to
surrounding water systems should be prevented at all costs.

Mot significant For current situation.

Significance rizes when larger and more complicated
applications are planned for the landFill.

The waste management system has to be designed o that
it remains functional and operational far longer periods.

Mlinar significance far the current situation.

Mlinor significance in current situation.

Mo impact in thiz alternative.

Larger amount of landFill cutputs iz a surplus especially
when it iz profitable but autput production shauld not
compromise waste diversion from the landFill.
Itizimportant o take to an accaunt how the surrounding
enuironment i influenced by the landfill. Every citizen has a
right to elean air and water, no matter where they live.

Mlinor significance in current situation.

Significant as a company cannot run itself without a

wagste diversion andits is partially dep

of competent employees who actively contribute to manual
labor.

Collected solid waste volume is directly related how much
of WS i landfilled in the end. Only the land area uzed for
landfilling is considered.

Concerns only the landfill.

amount of competent employees. Reducing
employess is also likely to act a5 a demotivating factor bo
remaining employess.

Landfill haz a maximum filling capacity and it should not be
exceeded.

Es=thetizal outlook of the landfill as well az not posing an
enuironmental threat to landfill and itz surroundings are
both important features.

Impact

Sensitivity

Magnitude

Significance

11Environmental stress

1.2 Climate and air quality

1.3 Water systems

2.1 Affordability

2.2 Applicability and technical

potency

2.3 Maintainability

2.4 Waste availability

2.5 Public acceptance

2.6 Level of change required

27 Landfill outputs

2.8 Living conditions

2.9 Traffic

210 Employment

211 Land use

212 Landscape

Annex 7. ARVI impact reasoning sheet for cost-dffecwaste management alternative of

Mo meazured stress to surrounding environment. Efforts to
decrease stress from current levels is not intenticnally
conducted by financial means not neither should stress be
increased. Estimated low sensitivity,

Climate iz affected mostly by greenhouse gaz emissions from
the landfill. Increased organic waste landfilling is nat expected az
it would contribute to increased emizsions.

Griound water and sea next to the landFill are atleast theaoretically
wulnerable to pollution by leachate leakage or water run-off fram
the landfill. Moderate sensitivity.

Only reazonable investments are considered for thiz alternative
to remain competitive against others.

Minor technological changes are likely tobe neaded but with
erpenses incontrol. Maoderate sensitivity, depending on the
magnitude of expected waste diversion.

Esztimated to be az maintainable as the current landfill setup.
Moderate sensitivity.

Solid waste is estimated to be available for all the necezsary
waste treatments.

The reception of the new waste management principles in public
depends on the magnitude of changes and what kind of input is
required from public. Maderate sensitivity.

Changes are required to improve the systeém towards an cost-
effective approach but the functionality of the landfill will not be
compromized. Moderately vulnerable to changes; low
sensitivity.

Along the Landfill Functions, outputs are expected to rem.ain at
least the zame as they are in the current landFill set-up. Mo
Huctuations in output quantity are expected.

Landfilling of organic waste is estimated to contribute the mast
to the quality of living conditions cloze to the landfill. Low
=ensitivity if the waste management will remain at least az itis
currently.

Traffic: to, in and out of the landfill is dependant of various
factors such as the future waste quantity and the amaount of
waste collection vehicles. Decreased traffic is estimated be
optimal ta run down the transportation costs.

The exact demand far employment can only be defined after the.
wazte diversion would take place in Alisnes. Waste diversion
does not only affect the landfill but also the waste collection
network around it

W aste diversion suceess defines the saved or opened space for
wagte, When less waste is delivered to the landfill, it guarantees
longer utilization of the landFill in future.

Mot wery sensitive to changes and not the center of the focus in
this approach.

Alfsnes (ARVI 2014).

wfater systems around and in the landFill, air quality and
anirmals or plants in and around the landfill are not actively
monitored except for odars generated in the landeill.
Etcessive measures are only taken if 3 problem arizes.
Odors rizing from the landfill affect the immediate vicinity of
the landfill, and greenhouse gas emissions are prone ko
having a much more widespread influgnce in climate.
Landfill affects the water resources in its immediate
progimity.

Financial input iz not only needed at the landfill but alzo ko fit
the other facilities of SORPA for a desired waste
management alternative.

Concerns only the landFill.

Concerns only the landFill.

Concerns the landfill, arriving waste from Gufunes and
collection network.,

Extends to the municipal houzehaolds and small businesses
which would be influenced if e.. stricter waste separation
rules would be implemented.

Certain financial investments would have to be made to

i the cost-effect ive, &g collection
wehicles with multiple collection compartments andtar
optical Zensors to automatize the waste separation befare
landFilling.

Concerns only the landFill

Extends ko the surroundingz of the landeill, no further than 5-
10 kilometres.

Mare unified and scheduled waste transportation would
rezultinto less expenses but also likely to more stress on
smaller amount of wehicles which would be actively
circulated.

The cost-effective alternative would require the labor force
torbe re-evaluated as automatization and re-zcheduling
wagte deliveny can ave workload significantly. Some
wacancies could be given up b Save More in expenses.
Concerns only the landFill. Waste diversion can potentially
extend the landfill lifespan for years or even decades,

Concerns only the landFill.

The landfill should not pose environmental or socio-
economical stress o its surroundings.

Impact on climate and air quality iz especially important to
surrounding living areas but on a wider scale less emizsions
to atmosphere contribute o the prevention of climate
Leachate and contaminated water run-off from the landfill to
surrounding water systems should be prevented at all costs.

High significance.

Significance rizes when larger and more complicated
applications are planned for the landfill.

The waste management system has to be designed so that
it remains functional for longer periods, especially if cost-
effectiveness is desired.

Minar significance, constant waste streams are needed Lo
k.eep the system profitable and competitive against other
opticons.

Minar significance.

rises d di

on how cost-effecti
is desired. remains lower by minimizi
additional investments and increasing the consumer rale in
waste management:

system

Maderate significance, increased amount of autputs is
expected ta result into more income and 2avings but autput
production should not compromise waste diversion fram
the landfill.

Mlinar significance, noimpact to-surrounding areas is
desired.

Maderate significance,

Moderately significant, savings can be made by re-
evaluating the demand for employment but reduction is nat
recommended to maintain the system functionality.

Higher degree of waste diversion contributes to saved
landiilling space at Alfznes and improves cost-

i . Moderate signifi z
Mlinar significance.




Impact

Sensitivity

Magnitude
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Significance

11Environmental stress

1.2 Climate and air quality

1.3 water systems

21 Afrardability

22 Applizability and technical

potency

2.3 Maintainability

2.4 Waste availability

28 Public acceptance

28 Lewel of change required

27 Landfill outputs

28 Living conditions

2.9 Traffic

210 Employment

21 Land use

212 Landscape

Environmental stress has to be minimized by decreasing the
quantity of landfilled arganic waste, long-lasting materials such
as metalsor hard plastic and by optimizing the waste
transportation.
Climate iz affected mostly by greenhouse gaz emissions from
the landfill. Incre ased organic waste landfillis not expected asit
would contribute toincreased emissions.
Ground water and sea next to the landfill are at leazt thearetically
wulnerable to pollution by leachats leakage or water run-off fram
the waste mound.
Minor investments estimated at least Far better control of
organic waste. More new investments make the alternative less
affordable. Moderate sensitivity.
Minar technological changes are likely to be needed. Minar

itivity, d ding on the itude of expected waste

diversion,
Alrsnes landFillis maintzinable a5 proven by recent years without
any drastic changes in the landFill structure. Bigger changes
inside the landfill or SORPA's waste management system could
resultinto a change.

Higher fraction of environmentally harmful waste is excepted to
be diverted. Low sensitivity, waste is etcepted ta be available for
mostinstances.

The reception of new waste management principles in public
depends on the magnitude of changes and how much public iz
required to give its input to make the new waste management
Changes are required to improue the system towards an
environmentally friendly approach but the functionality of the
laredfill will not be compromised. Maost wulnerable to changes out
of all the examined alternatives.

Possible cutputs which the landfillis producing, Currently they
are compost, metan gas (CH4) and gravel.

Meighboring residential area of Alfsnes landfill suffers
oecasionally from odors coming from the landfll Increased
landfilling of solid waste is likely to increase unwanted odor
emizsions.

Traffic to, from andin the landfill is curently moderate. Increased
waste quantity would likely lead ta increazed traffic.

Concerns not only the landfill but alzo the other Facilities of
SORPA. Currently the waste management scheme is estimated
to grow, 50 the employment is steady for now. Lo sensitivity,
not compromised in this alternative.

Low sensitivity, More saved space contributes to estended
utilization of the landfill in future.

Increased landfilling of solid waste would increase the changes in
landscape. Itis important to modify the Landfill o that it does not
poze an environmental threat, Esthetical outlook of the landfill iz
alsoimpartant.

‘w'ater systems, nature, birds and mammals in and around
the landfill. Gas emis=sions extend upta atmozphere, liquid
emizsions can be carried further away in sea water.

Odors rising from the landFill affect the immediate vicinity of
the landfil, and greenhouse gas emissions are prone to
having a much more widespread influence in climate.
Landfill affects the water resources in its immediate
proirmity.

Financialinput is not only needed at the landfill but alzo to fit
the other Facilities of SORPA for a desired waste
management altemative.

Concerns only the landfill.

Concerns only the Landeill,

Concerns the landfill, arriving waste from Gufunes and
collection network.

Extends to the municipal householdz and small bugsinesses
which would be influenced if e.q. stricter waste separation
rules would be implemented.

Certain financial investments would have to be made to

i the cozt-effective al ive, e.g. collection
wehicles with multiple collection compartments andior
optical senzors b0 aukomatize the waste separation befare,
landfilling.

Concerns only the landfill.

Extends to the suroundings af the landfill, no further than 5-
10 kilometres,

Concerns only the landfill.

Congcerns the landfill and other facilities of SORFPA as
wagte diversion and its effectiveness iz partially dependant
of competent employess who actively contribute to manual
labor,

Collected solid waste valume iz directly related how much
of ME%W is landFilled in the end. Concerns onlythe land area
uzed for landfilling.

Concerns only the landfill.

The landfill should not poze environmental or socio-
economical stress to itz surroundings, it should at least
remain neutral. If the influence is not meazured, this should
be improved in future,

Impact on climate and air quality iz especiallyimportant to
suirounding living areas but on a wider scale less emissions
to atmozphere contribute to the prevention of climate
Leachate and contaminated water run-off from the landfill to
surrcunding water systems should be prevented at all costs,

Minar significance.

Significance rizes when larger and more complicated
applications are planned For the Landfill

The waste management system has to be designed so that
it remains functional for longer periods.

Minor significance to make all the waste treatment options
Functional to mazimize the environmental benefits.

Maderately significant as this alternative would most likely
require the highest input from municipal households and
small buzsinesses.

Moderately significant, both the participation of public and
minar investments in landfilfwaste collection operator's
end is required to make the system functional,

Larger amaunt of landfill cutputs is & surplus especially
when it iz profitable but autput production should ot
compromise waste diversion from the landFill.

It i impartant ko take b an aceaunt how the surrounding
environment i£ influenced by the landFill. Every citizen has a
right to clean air and water, no matter where they live.

Lesser traffic to the landfill could contribute to decreased
environmental impact. Moderate significance,

Significant as a company cannot run itself without a
sufficient amount of competent employess. Reducing
employees iz also likely to act as a demotivating factar to
remaining emplogees.

Landfill has a magimurm filing capacity and it should not be.
enceeded.

Esthetizal outlook: of the landfill az well as not posing an
environmental threat to landfill environment and its
surraunding are bothimpaortant Features. Landscaping might.
improwve the appearance of the landeill;

Annex 8. ARVI impact reasoning sheet for environtaéy friendly waste management
alternative of Alfsnes (ARVI 2014).

Impact

Sensitivity

Magnitude

Significance

11Environmental stress

1.2 Climate and air quality

1.3 water systems

2.1 Arfordability

2.2 Applicability and technical
potency
2.3 Maintainability

2.4 Wazte availability

2.8 Public acceptance

2.6 Level of change required

2.7 Landfill outputs

2.8 Living conditions

2.9 Traffic

210 Employment

2 Land use

212 Landscape

Annex 9. ARVI impact reasoning sheet for balancezst® management alternative

Environmental stress is likely to change along the:
imprausments in the landiill, decreased stiass by waste
diversion is desired.

Climate iz affected mostly by greenhouze gas emissions from
the landfill. Increased organic waste landfill is not expected as it
would contribute to increased emissions.

Ground water and sea next tothe landfill are at least thearetically
wulnerable to pollution by leachate leak age or water run-off from
the waste mound,

How much financial input is needed for the systermn to make it
work. Mare new investments make the alternative less
affordable

Current technalogy and waste treatment methods are suitable
and no changes aie expectad.

HAlfsnes landfill iz maintainable as proven by recent years without
any drastic changes in the landfill structure. Bigger changes
inside the landfill or SORFA's waste management system could
result into achange.

Currently solid waste iz available at all times and far all the
tunctions of the landfillin Alfsnes.

The reception of new waste management principles in public
depends onthe magnitude of changes and how much public is
required to give its input to make the new waste management.
Changes are required toimprave the system towards a balanced
approach but the functionality of the landFill will not be.
compromized.

Possible outputs which the LandFill i producing, Currently they
are compost, metan gas [CH4) and gravel.

Meighboring residential area of Alfsnes landéill suffers
oceasionally from odors coming from the landFill. Increased
landfilling of solid waste is likely to increase unwanted odor
emissions.

Tratfic to, from and in the landfill is currently moderate. Increased
waste quantity would likely lead to increased traffic.

Coneerns not only the Landfill but alzo the ather Facilities of
SORPA. Currently the waste management scheme is estimated
ta grow, 5o the employment is steady For now. Low sensitivity,
not compromisedin this alkermative,

More saved space contributes to estended utilization of the
lanudfillin Future, Low sensitivity,

Increazed landfilling of solid waste would increase the changes in
landzoape. It iz important to modify the landfill so that it does nok
po=é an environmental threat. Esthetical outlook, of the landfill is
alzoimportant.

Alfsnes (ARVI 2014).

Ywfater systems around and inthe landfill, air quality and
animals or planits in and around the landFill are not actively
monitored except for odors generated in the landfill.
Excessive measures are onlytakenif 5 problem arises,
Odors rising from the landfill affect the immediate vicinity of
the landfill, and greenhouse gas emissions are prone to
having a much more widespread influence in climate.
Landfill affects the water resources in its immediate
prosimity.

Financial input is not only needed at the landfill but also to fit
the other Facilities of SORPA for a desired waste
management albernative.

Concerns only the landfill.

Concerns only the landfill.

Concerns the landfill, ariving waste from Gufunes and
collestion network,

Extends to the municipal households and smallbuzineszes
which would be influenced if e.g. stricter waste separation
rules would be implemented.

Extends at mozt to the municipal households, Gukunes
plant and Alfsnes landFil.

Concerns only the landfill.
Extends to the surroundings of the landFill, no further than 5-
10 kilametres.

Concerns only the landfill.

Concearns the Landfill and ather Facilities of SORPA az
wagte diversion and its is partially dep

The landfill should not pose environmental or socio-
economical stress toits surroundings, it should at least
remain neutral. I the influence is not measured, this should
be improwed in future,

Impact on climate and air quality is especially important to
surrounding living areas but on a wider scale less emissions
to atmosphers contribute ta the prevention of climate
Leachate and contaminated water run-off from the landfill to
surraunding water systems should be prevented at all costs.

Some investments are inevitable but the benefits in return
should be Moderate significance.

Significance rizes when larger and more complicated
applications are planned for the landfill,

The waste management system has to be designed 2o that
it remains functional for longer periods. Moderate
significance.

Mlinar significance,

Actions to improve landfilling and waste diversion should
not be zoradical that it would rise opposition in public.
Minar significance.

Suppozedly closest alternative to the current situation of
Aliznes landfill. Seeking For 2 zolution between two
previous alternatives. Minor ignificance.

Larger amaunt of landFill outputs is a surplus especially
when it is profitable but cutput production should not
compromise waste diversion from the landfill,
Itizimportant to take to an account how the surrounding
environment is influenced by the landfill. Every citizen has a
right ko zlean air and water, no matter where theq live.
Miaderate significance.

Minar significance.

Significant a5 a company cannat wn itslf without 2

of competent smployees who actively contribute to manual
labor.

Collected solid waste volume is directly related how much
of M5 iz landfilled in the end. Concerns only the land area
used for landfilling.

Concerns only the landfill.

amount of competent employees. Reducing
smployees iz also likely to 2ct as a demativating Factor to
remaining employees.

Landfill has & maximum filling capacity and it should not be
exceeded

Esthetizal outlook of the [andfill as well as not posing an
environmental threat to landfill environment and its
surraunding are both impartant features, Landscaping might
improve the appearance of the landfill:

of
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Annex 10. Impact significance chart of the evaldaa#ernatives in ARVI tool displaying

the distribution of impacts by their significancéhe significance of impacts in each
alternative are estimated on a scale from negé&e/ high or ----) to positive (very high

or ++++) in relation to the current landfilling sgt(ARVI 2014).

Environmentally

- Cost-effective . Balanced
Significance Current setup . friendly .
alternative . alternative
alternative
- Environmental
stress
- Climate and air
High - Affordability quality
- Water systems
- Landfill outputs
- Living conditions
- Environmental
- Environmental stress
stress - Climate and air
- Climate and air - Maintainability - Traffic quality
Moderate quality - Level of change - Land use - Water systems
- Water systems required - Landscape - Affordability
- Landfill outputs - Maintainability
- Employment - Landfill outputs
- Living conditions
- Environmental
stress -
- Applicability and - Waste availability
. - Level of change
technical potency required
- Maintainability - Traffic - Waste availability q .
Low I . - Traffic
- Waste availability |- Land use - Public acceptance
. - Employment
- Public acceptance
: - Land use
- Landfill outputs
L . - Landscape
- Living conditions
- Employment
No impact - Lev'el of change
required
- Climate and air
quality
- Affordability - Water systems ) - Affordability o
- Traffic - Applicability and - Maintainability - Applicability and
Low - Land use technical potency - Level of change technical potency
- Waste availability | required - Public acceptance
- Landscape .
- Public acceptance |- Employment
- Living conditions
- Landscape
- Applicability and
Moderate pp'lca ttyan
technical potency
High




