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1 Summary

The purpose with this study is to serve as a help for future decisions concerning
waste treatment options in southwestern Iceland (covering 34 of totally 79
municipalities and about 81 % of the Icelandic inhabitants). The scope of the
task was to assess the environmental impact of specified treatment options with
in the first place municipal waste and other waste categories similar to the
municipal waste and in the second place other applicable waste categories. The
work is performed with a LCA Screening method — which is a modern decision-
making tool that makes it possible to consider the great amount of parameters
necessary when waste and different waste treatment methods are involved. The
waste treatment options have been analyzed in following scenarios, simulating a
future waste treatment situation:

- Basic scenario (waste treatment similar to situation in 2008)

- Maximum recycling scenario

- Scenario focused on incineration

- Scenario focused on production of SRF (Solid Recovered Fuel)
- Scenario focused on anaerobic digestion (production of biogas)
- Scenario focused on composting

The study indicates that environmental impact categories of highest significance
concerning waste treatment in Iceland are (1) Global warming (GW) and (2)
Use of land.

Global warming

The results of the LCA analysis concerning Global Warming are summarized in
the diagram below. The most appropriate scenario is the maximum recycling
scenario. The most appropriate waste treatment method from a GW point of
view will be anaerobic digestion and SRF production. The alternative scenarios
I and Il for different treatment methods displays result from plants with
different capacities.

Global Warming potential (ton CO2 equivalent)
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Transports of waste for anaerobic digestion treatment

The environmental effect of transportation compared with the environmental
credits performed with production of biogas was also studied.

If all potential biogas from one ton of waste is used to replace petrol in vehicles
the total reduction of fossil CO, emissions will be leveled with CO, emissions
from transports at a distance of a minimum of 1600 km. The distance is based on
the most pessimistic assumption with use of waste collection trucks running on fossil
based fuel. If the fossil based fuel is partly replaced by CH, the distance will be even
further.

The result shows that it can be supportable - from a Global warming aspect - to
have one large anaerobic digestion plant in Iceland, instead of several small
plants.

Land use

The Land-use analysis (diagram below) shows that the scenario focusing on
maximum recycling will result in the least land use and secondly the basic
scenario (i. e. waste treatment similar to situation in 2008). After about 20 years
practice the incineration scenario will however be in favor, compared with the
basic scenario.

BsWSP
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2 Introduction

In southwestern Iceland - covering 34 of totally 79 municipalities and about
81% of the Icelandic inhabitants - several waste treatment methods were
evaluated during 2006 and 2007 from technical and cost point of view. All the
recommended methods are regarded as “best available technology”. The
different treatment methods, different plant sizes and various possible sites were
used in a cost optimization model to calculate the most cost effective solution
for the area as a whole. This has resulted in a common action plan for the four
waste companies based on the following premises:

 All landfilling of organic and combustible waste will be terminated no later
than 2020

* The hierarchy of waste treatment has been set forth based on the European
waste hierarchy

* The available landfill sites for the next 12 years are clear
« Milestones for the next three years have been set

As a supplement study to this cost efficiency study an environmental impact
assessment was regarded as necessary. In this study a simplified LCA, often
known as screening LCA, has been used. This type of LCA will try to reduce
data collection as much as possible and thus the total effort. As a starting point
an introductory screening is performed aimed at identifying the most important
environmental impacts throughout the process being studied.

Provided all upstream and downstream impacts are equal, the life cycle of waste
starts when products/waste have been collected and ends when the waste
material is degraded or brought back to the technological system through
recycling and replaces other products. Hence, LCA in the waste management
sector can be applied in order to compare the environmental performance of
alternative waste treatment systems and identify areas for improvement.

However it is important to make some reservations regarding further
implication of results of the LCA screening method outside the actual case. The
results of this study are highly site-dependent and dependent on many
assumptions and choices being made throughout the process.
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3 Environmental strategies in Iceland

Welfare for the Future
Framework for sustainable development
in Soelandic socisty

Iceland’s
Climate Change Strategy

Picture 1: The two environmental strategies Welfare for the future and Iceland’s Climate
Change Strategy

In Iceland, the government has put environmental goals into practice through
general policy formulation. In 1997, the government approved an extensive
implementation plan, "Sustainable development in Icelandic society, an
implementation plan through the end of the century", which was an attempt to
introduce the viewpoint of sustainable development into the main industries and
parts of society.

The Icelandic Ministry for the Environment formulates and enforces the
Icelandic government policies for environmental affairs. Two such policies are
possible to implement in the waste treatment management;

- Welfare for the Future — Framework for sustainable development in
Icelandic society (Priorities 2006-2009)
- lceland’s Climate Change Strategy (admitted in February 2007)

3.1  Strategy for sustainable development

The Icelandic Government’s strategy for sustainable development; “Welfare for
the Future — Framework for sustainable development in Icelandic society.
Priorities 2006-2009” states among others the following objectives;

- To ensure that Iceland’s inhabitants breathe clean air, with air pollution
levels below the strictest levels in the European Economic Area.

- To minimize air pollution caused by traffic, industry and other activities.
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To reduce air pollution in the greater Reykjavik area with the aim of
significant improvement in the next few years.

All inhabitants of the country should have access to abundant clean water
unpolluted by chemicals and micro-organisms, for drinking and other uses.

Pollution of rivers and lakes should be non-existent or so miniscule that it
does not affect freshwater ecosystems, fish migration or the recreational
value of an area.

The use of chemicals and chemical products should not threaten the
environment or human health.

The disposal of materials hazardous to health and the environment should be
limited as much as possible, and cease completely within 25 years.

The diversity of species and habitat types should be conserved

The diversity of geological formations should be conserved by protecting
those formations that are distinct or unique regionally, nationally or
globally.

Large areas of wilderness should remain untouched in uninhabited areas of
Iceland.

Man-made structures should preferably be built outside of defined
wilderness areas. When this is not deemed possible, care should be taken
that the structures cause minimal damage and minimal visual effect.

Waste generation should be reduced as much as possible and the handling of
waste should cause minimal negative impact on the environment. It should
be ensured that hazardous waste does not find their way into the
environment.

Current and future legislated targets for the recycling of different kinds of
waste, including packaging, organic waste, electronic devices and
equipment, should be met. Disposal expenses should be taken into account
in the pricing of goods.

Iceland should continue to show leadership in international cooperation on
marine pollution prevention.

Iceland should participate actively in international cooperation to combat
dangerous disturbance of the earth’s climate by human activity through
reduction of emissions and increased sequestration of greenhouse gases.

The use of fossil fuels should be decreased.

Efforts should be made to conserve the biodiversity of Icelandic habitat
types and ecosystems by the protection of animals, plants and other
organisms, together with their genetic resources and their habitats.

All utilization of living natural resources should be sustainable.
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3.2 Climate change strategy

The Iceland’s Climate Change Strategy is the third strategy that the Icelandic
government has adopted with respect to climate change issues. It is conceived as
a framework for action and government involvement in climate change issues
and will be reviewed regularly. The Strategy sets forth a long-term vision for
the reduction of net emissions of greenhouse gases by 50-75% until the year
2050, using 1990 emissions figures as a baseline.

The Strategy sets forth the Icelandic government’s five principal objectives with
respect to climate change, which aim toward the realization of the above-
described long-term vision:

- The Icelandic government will fulfill its international obligations according
to the UN Framework Convention on Climate Change and the Kyoto
Protocol.

- Greenhouse gas emissions will be reduced, with a special emphasis on
reducing the use of fossil fuels in favor of renewable energy sources and
climate-friendly fuels.

- The government will attempt to increase carbon sequestration from the
atmosphere through afforestation, revegetation, wetland reclamation, and
changed land use.

- The government will foster research and innovation in fields related to
climate change affairs and will promote the exportation of Icelandic
expertise in fields related to renewable energy and climate-friendly
technology.

- The government will prepare for adaptation to climate change.

Waste handling is treated in the appendix; Climate Strategy and its
implementation, with the following strategies:

- SORPA collects biomethane at the landfill in Alfsnes. It is estimated that the
gas collected there would suffice for 4,000 — 6,000 biomethane-powered
automobiles per year. Today there are only around 50 biomethane vehicles
in Iceland, so the remainder of the biomethane is used for electricity
production. These measures therefore reduce emissions by 30,000 CO,
equivalents per year.

- A national plan for the handling of waste has been approved and launched.
The aim is to reduce the burial of organic waste, which will result in a
reduction in methane emissions.
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4 Definition of impact categories

Picture 2: Gullfoss, a good example of the unique and valuable nature in Iceland.

Different waste treatment methods affects the environment in different ways
regarding abiotic resources, global warming, toxicity, ground-level ozone,
acidification and eutrophication. A general definition of the different waste
impact categories will be summarized below, and the specific effect in Iceland
from the different impact categories will be further discussed in chapter 8
below.

4.1 Depletion of abiotic resources

The term resource can include a wide range of different components of the
environment, such as raw materials, energy sources, areas for recreation,
wildlife and scenery (biodiversity), as well as essential life support system for
humans. Resources are categorized as renewable or non-renewable and abiotic
resources are almost always resources that are extracted from finite reserves.

The concept of biodiversity includes all the variety exhibited by living things,
including the variation between species, the genetic variation within species and
the diversity of natural habitats. It is important that the biological diversity will
be preserved and used sustainable. All species, habitats and ecosystems must be
safeguarded and humans must have access to a good natural environment rich in
biological diversity.

Waste can be a resource, and it is important to use this resource to reduce the
exploitation of natural resources. Under the EU waste strategy we must firstly
minimize the generation of waste and secondly, if possible, reuse the waste we
generate. Treating waste as a resource also reduces greenhouse gas emissions as
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well as the need for landfilling. Land-use for landfills, energy plants and others
may contribute to the depletion of abiotic resources.

4.1.1 Statusin Iceland

Iceland has some of the few remaining large wilderness areas in Europe, and
their natural features are in many ways unique. The nature is valuable and
conservation of the environment is a high priority for Iceland, as the country's
economy and society are dependent on their natural resources and their
sustainable management. Development pressures on wilderness areas are
increasing, which calls for improved planning and nature conservation. One of
the most serious environmental problems in Iceland is the loss of vegetation by
wind erosion.

According to the strategy for sustainable development, Welfare for the Future,
should efforts be made to conserve the biodiversity of Icelandic habitat types
and ecosystems by the protection of animals, plants and other organisms,
together with their genetic resources and their habitats.

4.2  Global warming

The increased volumes of greenhouse gases are believed to be the primary
sources of the global warming that has occurred over the past 50 years. The
greenhouse effect is an increase in the temperature of a planet, as heat energy
from sunlight is trapped by the gaseous atmosphere. The increase in
concentration of greenhouse gases such as carbon dioxide, methane and nitrous
oxide increase this global warming effect.

Scientists from the Intergovernmental Panel on Climate carrying out global
warming research have recently predicted that average global temperatures
could increase between 1.4 and 5.8 °C by the year 2100. Changes resulting from
global warming may include rising sea levels due to the warmer water, melting
of the polar ice caps, melting glaciers, as well as an increase in occurrence and
severity of storms and other severe weather events.

Carbon dioxide and nitrous oxide is, for example, emitted by the use of fossil
fuels, transports and incinerations, while methane is released from landfill sites
and composting facilities.

4.2.1 Status in Iceland

The global warming effects on Iceland, together with subsequent changes in
precipitation, sea level and storm frequency, is likely to have severe effects on
both the natural environment and human societies. During the past years,
researchers have concluded that Iceland has seen a rise in average summer
temperatures since the early 1980s.

A report from the Icelandic government's Committee on Climate Change warns
that by the next century, Iceland's glaciers will have all but disappeared, adding
to the threat of catastrophic sea level rise. For example, Breidamerkurjokull's
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massive snout ends close to the ocean. In its hasty retreat, the glacier has left the
rapidly expanding lagoon, which is filled with icebergs calved from its front.
The lagoon has nearly doubled its size during the past decade. Every year, it
grows larger.

The Gulf Stream brings warmth to Iceland from southern waters. The increased
heat in the northern hemisphere can increase the melting of Greenland’s
glaciers. Scientific research shows it could have devastating effects on the area
if the melting becomes too much. The melting of the glaciers in Greenland
could prevent deep water currents from reaching Iceland’s shores.

A large amount of emissions of carbon dioxides in Iceland comes from
transports, as Iceland has more emissions of carbon dioxides/kilometer than any
country in the EU, over 200 g CO,/km (Sweden, on second place, has about 195
g COu/km).

4.3 Toxicity

Toxic organic pollutants (DDT, PCB:s, pesticides, solvents, dioxins and similar)
and heavy metals (mercury, cadmium and lead) are harmful to plants, animals
and humans. They tend to accumulate in living organisms and can reach
harmful levels, particularly in species at the top of food chains. The poisons are
concentrated in fat and stored in vital organs, and remain there for a very long
time, in the animal that has eaten poisoned prey. Top predator are exposed to
high levels of such pollutants through their food.

Toxic pollutants has a capacity to transport long distances in the nature. A wide
range of persistent organic pollutants and man-made persistent substances are
making their way to and are being concentrated in the Arctic. For example has
flame retardants been found on Polar Bears in the Arctic.

The primary damage caused by the organic pollutants is to disrupt neurological
function. In addition to being neurotoxic, these compounds are profoundly
immunotoxic and are often toxic to the endocrine system as well. Heavy metals
are associated with many adverse health effects, including allergic reactions,
neurotoxicity, nephrotoxicity and cancer.

Toxic pollutants are emitted by the use of chemicals and heavy metals in
industries, industrial by-products which come from waste incineration,
pesticides and hazardous waste. Landfills are another source of many chemical
substances entering the soil environment and groundwater.

4.3.1 Status in Iceland

The problem with toxic pollutants are considered as high in Iceland as on any
other place in the world. Their capacity to transport long distances makes them
cause severe problems even far away from the pollutant. In Iceland, species like
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Seals, Killer Whale, Polar Fox, Gyrfalcon and White-tailed Eagle are likely to
be affected.

4.4  Photo-oxidant formation (ground-level ozone)

Ground-level ozone is formed by reactions between nitrogen oxides (NOy) and
volatile organic compounds (VOC), in the presence of heat and sunlight.

Ground-level ozone is harmful to the biotic. It is an air pollutant that damages
human health and vegetation and it is a key ingredient of urban smog. It causes
a variety of health problems, including asthma, reduced lung capacity, and
increased susceptibility to respiratory illnesses like pneumonia and bronchitis.
Ground-level ozone also damages the foliage of crops, trees and other plants.

Emissions of NOy are produced primarily when fossil fuels are used in vehicles,
power plants and industrial boilers. There are a lot of different sources of VOC
emissions, including emissions from transports, chemical solvents and
consumer products like paints. Methane released from landfill sites and
composting facilities are sources of VOC-emissions.

4.4.1 Statusin Iceland

There are a high number of cars and many large cars such as SUV:s and other
four-wheel-drives in Iceland, compared to the number of inhabitants. They are
causing air pollutions mainly in the Reykjavik area. In the Welfare for the
Future there are strategies issued in reducing the air pollution in the greater
Reykjavik area. The pollutions from transports may increase the formation of
ground-level ozone. But as the reaction needs heat (most ozone is formed with
temperatures over 20°C) and sunshine to be completed, is that considered to be
a reduced factor in the formation of ground-level ozone in Iceland.

The emissions from industries and power plants can be considered as negligible,
as the number of industries in Iceland is low and most of the energy is produced
from geothermal power or hydro power plants. Very little energy is produced
with fossil fuels - only 0,1% in 2006.
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45 Acidification

Picture 3: A natural source for sulfur emissions.

The main source of acidification is emissions of sulfur from the combustion of
fossil fuels like oil and coal. Deposition of nitrogen is another contributory
cause of acidification. These gases can subsequently react in the atmosphere to
produce acids that are dissolved in precipitation. Acidifying compounds may
fall to the ground with rain or snow as wet deposition, or in the form of particles
or gases as dry deposition.

Acidification represents a serious threat to many plants and animals, particularly
in sensitive aquatic ecosystems. Changes in the pH of lakes and streams affected
by acid rain can result in a decrease in the variety of fish, plants and animals
living in or near the water. Some animals and plants cannot tolerate the higher
levels of acid. Acid rain also impacts trees and plants by causing damage to
leaves and dissolving nutrients in the surrounding soil. One of the most harmful
impacts of acidification is that in acidic conditions toxic aluminum and heavy
metal ions are more easily rinsed out of the soil and absorbed by living
organisms.

Sulfur dioxide and nitrogen oxide are harmful pollutants before they combine
with water and oxygen to form acid rain. These gases cause harmful particles
that can be inhaled by humans, causing lung and heart disorders.

Acid rain can also have a devastating effect on man-made structures, such as
those made of stone and metal. Bronze statutes and marble monuments are
deteriorated by acid rain.
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45.1 Statusin Iceland

Acidification - measured as SO, equivalents - has never been regarded as a
problem of magnitude in Iceland taking in account regional/national buffer
capacity in comparison to actual acid production potential. The main
acidification has been due to European pollution. This pollution has been
reduced considerably in recent decades due to lower sulphur content of fuels in
Europe and better flue gas cleaning.

4.6 Eutrophication

Nitrogen (including nitrogen oxides and ammonia) and phosphorus emissions to
water and air are the main sources of eutrophication, which cause serious
problems in seas, waters and forests. Eutrophication is widely seen as a negative
trend in lakes and seas. Eutrophication generally promotes excessive plant
growth, aquatic vegetation or phytoplankton can overgrow and toxic blue green
algae are produced. It is likely to cause severe reductions in water quality. In
aquatic environments the enhanced growth disrupts normal functioning of the
ecosystem, causing a variety of problems such as a lack of oxygen in the water,
essential for fish and shellfish. Human society is impacted as well as
eutrophication decreases the resource value of rivers, lakes and estuaries and
impacts recreation, fishing and hunting.

Sources for nitrogen and phosphorus emissions includes wastewater from
industries, sewage treatment and drains, energy production, transports,
incineration, runoff from agriculture and leachate from landfills.

4.6.1 Statusin Iceland

Icelanders produce among the highest emission of nitrogen dioxide per capita in
the world. The municipal waste water is not treated in a full-scale sewage
treatment plant. The treatment works in two steps; settling and filtering. There is
no destruction of organics or precipitation of nutrients. After filtering the waste
water is pumped 3-5 km offshore.

Though, at sea off the Icelandic coast nutrients occurs in low concentrations and
the concentrations are more or less constant. There is no indication of
eutrophication at sea around Iceland and the Icelandic waters are considered as
being one of the cleanest in the world.

In lakes and wetlands, the eutrophication impact may cause problems. For
example, Lake Thingvallavatn is one of few lakes in the world which has
nitrogen-limited production, as well as being home to endemic species of fish
and some rare crustaceans. Increased eutrophication may lead to the lake
appearing green rather than crystal clear. But there are no signs of
eutrophication occurring in Icelandic freshwaters, as all lakes and wetlands are
clear.
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5 Methodology

Generally, life cycle assessment (LCA) can be defined as a method that studies
the environmental aspects and potential impacts of a product or system from
raw material extraction through production, use and disposal. LCA can also be
used to assess a part of a lifecycle, i.e. comparing different methods to treat
waste. The results of such a study are relative results comparing different
methods of treatment rather than showing absolute results for any treatment
option.

The general categories of environmental impacts to be considered include
resource use, human health and ecological consequences as explained earlier in
this report.

A number of relevant waste treatment scenarios are studied. The time
perspective is about 2013. The choice is made due to many official objectives
being set by the time of 2020, and 2013 is an intermediate milestone. However
the amount of waste is not forecasted since the LCA study is only comparative.
The composition of waste is assumed to be approximately the same.

Scenario 1: Basic scenario (scenario similar to the waste situation in 2007.)
Scenario 2: An anaerobic digestion scenario

Scenario 3: A composting scenario

Scenario 4: An incineration scenario

Scenario 5: A SRF-scenario (solid recovered fuel/ specified recovered fuel)
Scenario 6: A maximum recycling scenario
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6 General presumptions

6.1 Credibility and validity

The purpose of the study is to grasp the situation in the topical region
(municipalities in South Western Iceland). For the classification of waste
composition data from municipal waste analysis done by SORPA were used. In
some cases — due to lack of relevant data - experiences from other European
countries has been used, mainly from Scandinavia. The industrial waste is —
according to SORPAs experience - considered to have about the same
composition as the municipal waste. Estimation of potential content of treatable
waste (for example combustible or compostable content) and efficiency of
separating waste follows mainly experience from Swedish and European
practice.

6.2 Waste categories being studied

Content Solid Waste Iceland
kton/year
2; 1%
148; 39% 145; 38% @ Inorganic

W Easy degradable
0O Other org
0O Haz

83; 22%

Figure 1: Content in solid waste in Iceland kton /year (Source: SORPA 2008)

The solid waste as a total in the topical area amounts in 2007 about 355 000 ton.
Then WEEE, hazardous waste and bottom ashes are not counted. WEEE and
hazardous wastes are not calculated because Iceland after January 1% 2009 will
have a very well functioning producers responsibility system that probably will
result in almost 100% collecting rate — and these waste categories are
consequently not affecting the comparative LCA analysis. The bottom ashes
emanates from waste already being processed and will be a part of the
calculations regarding the incineration treatment.
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The waste being considered can be divided into the following four main
categories:

Easy degradable
Other organic waste
Inorganic waste
Hazardous waste

The waste categories are roughly labeled in accordance to the treatment
technologies that could be close in mind. Easy degradable is the waste products
that could be interesting to treat with biological treatment methods - i.e.
composting or anaerobic digestion. Common examples are vegetables, tissue
paper, meat, fish etc. Other organic waste is mainly the waste that — beside the
easy degradable waste — is appropriate to incinerate in regard to the calorific
value and absence of PVC and other agents not suitable for incineration.
Consequently the inorganic waste is the remaining part - mainly consisting
metals, concrete, earth, gravel, glass metals etc. Hazardous waste is not
interesting in this study (see below) since it founds it own restricted paths.

In the first place the study will consider the waste categories that are possible to
control by the municipality — i.e. the municipal solid waste and similar that is
the municipalities responsibility according to the legislation. The municipal
waste is generally the waste that is being collected with garbage trucks, together
with commercial waste that is left at recycling centers. In addition the industrial
and some other wastes that can be spotted as interesting for waste treatment by
incineration, composting or anaerobic digestion.

6.3 Waste treatment methods and related waste

Garden waste is today put on countryside dumps. These dumps will soon be
covered and ended as waste landfills according to the Iceland reg. no 738/2003
in landfill of waste. Consequently this waste will be regarded as combustible in
all scenarios except scenario 1.

Animal manure (mainly from horses) is a rather great part of the total amount of
solid waste — about 9%. The manure is today being spread on farmlands in a
relatively disordered way. In scenario 1 and 2 the manure will be utilized as raw
material in the process.

A major part of the slaughterhouse waste — mainly consisting of residuals after
chicken slaughter — is recycled in a meat meal factory. A minor part is today
landfilled, but will soon be treated according to the ABPY) regulations.
Consequently, this waste will not be considered in this LCA study.

! Animal By Product
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6.3.1 SRF Production (Solid Refuse Fuel)

In the process of SRF-production the non-combustible materials such as glass
and metals are removed during the post-treatment processing cycle with an air
knife or other mechanical separation processing. The residual material can be
sold in its processed form (depending on the process treatment) or it may be
compressed into pellets, bricks or logs and used for other purposes either stand-
alone or in a recursive recycling process. In Sweden the BRINI system was
regarded as an emerging technology during the 80" and 90"

Advanced SRF processing methods (pressurized steam treatment in an
autoclave) can remove or significantly reduce harmful pollutants and heavy
metals for use as a material for a variety of manufacturing and related uses. SRF
is extracted from MSW using mechanical heat treatment, mechanical biological
treatment or waste autoclaves.

The best quality is achieved with carefully separated waste fractions of paper
and plastics. To increase the amounts of separated waste it will probably be
necessary to pick out waste a fraction that decreases the quality of SRF.

SRF can be used in a variety of ways to produce electricity. It can be used
alongside traditional sources of fuel in coal power plants. SRF can also be used
in the cement kiln industry, where the strict standards of the Waste Incineration
Directives are met. However, the use of municipal waste contracts and the bank
ability of these solutions is still a relatively new concept, thus SRF 's financial
advantage may be debatable.

The biomass fraction of SRF has a monetary value under multiple greenhouse
gas protocols, such as the European Union Emissions Trading Scheme and the
Renewable Obligation Certificate program in the United Kingdom. Biomass is
considered to be carbon-neutral since the CO, liberated from the combustion of
biomass is recycled in plants. The combusted biomass fraction of SRF is used
by stationary combustion operators to reduce their overall reported CO,
emissions.

Several methods have been developed by the European CEN 343 working group
to determine the biomass fraction of SRF. The initial two methods developed
(CEN/TS 15440) were the manual sorting method and the selective dissolution
method. Since each method suffered from limitations in properly characterizing
the biomass fraction, an alternative method was developed using the principles
of radiocarbon dating. A technical review (CEN/TR 15591:2007) outlining the
carbon-14 method was published in 2007. A technical standard of the carbon
dating method (CEN/TS 15747:2008) will be published in 2008. In the United
States, there is already an equivalent carbon-14 method under the standard
method ASTM D6866.

Although carbon-14 dating can determine with excellent precision the biomass
fraction of SRF, it cannot determine directly the biomass calorific value.
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Determining the calorific value is important for green certificate programs such
as the Renewable Obligation Certificate program in the United Kingdom. These
programs award certificates based on the energy produced from biomass.
Several research papers, including the one commissioned by the Renewable
Energy Association in the UK, have been published that demonstrate how the
carbon-14 result can be used to calculate the biomass calorific value.

6.3.2 Incineration

Today Kalka operates an incineration plant in Helguvik (design capacity is 16
thousand metric tons/year). This plant is mainly erected as a treatment option
for the waste emanating from the US Navy Campus outside Keflavik. The US
Navy has left Iceland but the plant is still used by NATO and by waste from air
traffic. The incinerator is five years old and designed according to EU
regulations. The plant is equipped with fully functional heat recovery system
with both turbine for electricity and condenser for heat production as well as
flue gas cleaning according to EU regulation. The function of the flue gas
cleaning undergoes regular inspection. In all scenarios incineration with 12 000
ton/year with the current site is used.

Concerns regarding the operation of incinerators include fine particulate, heavy
metals, trace dioxin and acid gas emissions, even though these emissions are
relatively low from modern incinerators. Other concerns include toxic fly ash
and incinerator bottom ash management. Discussions regarding waste resource
ethics include the opinion that incinerators destroy valuable resources and the
fear that they may reduce the incentives for recycling and waste minimization
activities. Incinerators have electric efficiencies on the order of 14-28%. The
rest of the energy can be utilized for e.g. district heating but is otherwise lost as
waste heat. In practice that means that the energy recovery will be of low
interest with Icelandic current conditions.

6.3.3 Anaerobic digestion

Anaerobic digestion (AD) is a biological process in which biodegradable
organic matters are broken-down by bacteria into biogas, which consists of
biomethane (CH,), carbon dioxide (CO,), and other trace amount of gases. The
biogas can be used to generate heat and electricity. An oxygen-free environment
in the reactor is the primary requirement of AD to occur. Other important
factors, such as temperature, moisture and nutrient contents, and pH are also
critical for the success of AD.

The types of anaerobic digesters include Covered Lagoon, Batch Digester, Plug-
Flow Digester, Completely Stirred Tank Reactor (CSTR), Upflow Anaerobic
Sludge Blanket (UASB), and Anaerobic Sequencing Batch Reactor (ASBR),
and others.

The complete-mix digester is a large, vertical poured concrete or steel circular
container. Today's complete-mix digester can handle organic wastes with total
solid concentration of 3% to 10%.
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The basic plug-flow digester design is a long linear through, often built below
ground level, with an air-tight expandable cover. Organic wastes is collected
daily and added to one end of the trough. Each day a new "plug" of organic
wastes is added, slowly pushing the other organic waste down the trough.

A cover lagoon is an earthen lagoon fitted with a floating, impermeable cover
that collects biogas as it is produced from the organic wastes. The cover is
constructed of an industrial fabric that rests on solid floats laid on the surface of
the lagoon. The cover can be placed over the entire lagoon or over the part that
produces the most methane. An anaerobic lagoon is best suited for organic
wastes with a total solid concentration of 0.5%-3%. Cover lagoons are not
heated.

Production of renewable energy — especially vehicle fuel - improvement on
environmental pollution in air and water, reduction of agricultural wastes, and
utilization of byproducts as soil improvement from anaerobic digestion (AD),
has increased the attractiveness of the application of AD. AD technology is well
developed worldwide. About the market for bioresiduals and compost in Iceland
- see 6.3.4 Composting.

Of the estimated 5300-6300 MW worldwide anaerobic digestion capacity, Asia
accounts for over 95% or 5000-6000 MW. Traditional, small, farm-based
digesters have been used in China, India and elsewhere for centuries. The
number of digesters of this type and scale is estimated to exceed 6 million.
European (EU) companies are world leaders in development of the AD
technology. Currently, EU has a total generating capacity of 307 MW from AD
technology. The countries in EU with the largest development figures are
Germany (150 MW), Denmark (40 MW), Italy (30 MW), Austria and Sweden
(both 20 MW).

6.3.4 Composting

Industrial composting systems are increasingly being installed as a waste
management alternative to landfills. Treating biodegradable waste before it
enters a landfill reduces emissions from fugitive methane.

Most commercial and industrial composting operations use active composting
techniques. These ensure that the process does not get out of control especially
with the high through-put demand imposed by contracted, incoming waste. This
means that as short as possible a processing time must be maintained to keep the
facility properly functioning. Partly for this reason composters have declined to
support compost maturity standards if it would increase the required holding
time. The greatest amount of technological control of composting is seen in
systems using an enclosed vessel and controlling its temperature, air flow,
moisture and other parameters.

Large-scale composting systems are used by many urban centres around the
world. Co-composting is a technique which combines solid waste with de-
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watered biosolids, which originated in the 1960s and has fallen somewhat out of
favour due to difficulties controlling inert and plastic contamination from
Municipal Waste. In Europe, mixed waste composting is literally illegal.

The potential market for bioresiduals and compost in Iceland is unknown.
Normally compost emanating from waste is used in low standard sectors of
application as landfill topsoil cover or replacement for peat moss with low
requirement of purity. It is not yet common practise to use soil improvers
produced from waste to replace chemical fertilizers even if many suppliers try
to convince the market that it is the case. The market resistance to waste derived
soil improvers is to a great extent emotional and profound.

6.3.5 Landfill gas collection emission and use

hreint eldsneyti

Picture 4: The gas collected from landfills are used as fuel, to replace fossil fuel

Emission from landfills are extremely difficult to model as they occur over a
very long period of time and field data for modeling purpose are not available.
The landfill model therefore must rely on several estimations and assumptions.
It is also uncertain how reliable data from Sweden and Europe are in an
Icelandic context.

One parameter of great uncertainty is the methane oxidation in top soil —
currently and in the future. In Iceland the landfills are continually covered with
layers that contain top soil with unknown oxidation capacity. During the last
years some studies have been made concerning this issue - for example IPPC
guidelines for national greenhouse gas Inventories 2006 and Methane from
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landfills in Sweden?. In these studies it is obvious that the parts of methane
possible to oxidize in the top soil differ in a wide range — actually measured
between 6 — 43%! The oxidation process is depending on many different
parameters. The parameters we know of are for example climate, type of waste
being landfilled, type of top soil construction etc. The last top soil construction
is probably going to be more efficient for the future methane reduction as
experiences from the landfills being covered today most likely will develop the

knowledge.

In our case we have calculated following model (see figure) for the landfill gas
collection, emission and use in Alfnes landfill (which is approximated to be
about 95 % of all landfilled waste in 2013).

That makes a total balanced average of;

e Methane emission within ST: 25%
e Methane collection and utilization as vehicle fuel: 45%

T

Methane collection
within ST:

- 45% Vehicle fuel
- 10 % Elprod. and flare
I

Methane
emissions within
ST 25%

2008

ST (Surveyable

Time)

2020

(combustible
or ED Waste
prohibited)

Methane oxidation
with top soil 15%
within and after ST

Methane
emission after
ST5%

Limit of ST

Figure 2: Model for calculating the landfill gas collection (partly based on Bjorkman K, et
al SORPA Alfsnes Deponigas, SWECO VIAK for SORPA)

2 STEM P10856-4 Project 2005
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7 Scenarios

7.1 Basic scenario.

This scenario shows a situation similar to the current. Most of the waste is still
landfilled. The total amount of waste is estimated to be as today. In the table
below the amount of waste to different treatment is compared with the situation
today.

Landfill | Recycled | SRF | Incinerated | AD | Comp | Other | Total
Basic 208 000 | 69 000 0 12 000 0 0 66 000 | 355000
scenario
Situation | 223000 | 54000 0 12 000 0 0 66 000 | 355000
today

Table 1: Amount of waste in the basic scenario, compared with the situation today

The waste treatment methods being used are landfilling, incineration and
“other”. The recycling rate is somewhat higher than in 2007 (in order to fulfill
the objectives of the waste legislation). The landfill treatment will be 208 000
ton/year compared to the situation today when about 223 000 tons are landfilled.

By the “other treatment” means the following. Manure (horse manure) is spread
in a primitive way and hardly used in an environmentally acceptable way. Some
of the slaughter house waste is landfilled (mostly chicken), other is processed in
meat meal plant. Fat from the plant is used for fuel or biodiesel. The unpainted
wood is used by Elkem in their processes as a source of carbon and the white
painted wood as landfill cover material.

7.2 Maximum recycling scenario.

This scenario is similar to the basic scenario but with a maximum of recycling.
With recycling is meant material recycling and not energy recycling. Most of
the material being recycled is landfilled in the basic scenario. In the table below
the amount of waste to different treatment options is compared with the basic
scenario.

BsWSP

Landfill | Recycled | SRF | Incinerated | AD | Comp | Other | Total
Max 111000 | 170000 0 12 000 0 0 62 000 | 355000
recycling
Basic 208 000 69 000 0 12 000 0 0 66 000 | 355000
scenario

Table 2: Amount of waste in the maximum recycling scenario, compared with the basic scenario

From the households and industrial waste there are about 56% potential to
recycle. Of the material possible to recycle, 80% is estimated to be recycled by
source separation. Even if Iceland is not so used to source separation there is a
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great potential to be discovered. There are lots of examples in different parts of
the world where people have converted from absolute negative to a positive
attitude. The industrial waste is supposed to have about the same potential for
recycling as the municipal waste (according to information from SORPA).

7.3 SRF-scenario |

This scenario is similar to the basic scenario but with a production of SRF,
using suitable waste like paper and plastic from industry. In the table below the
amount of waste to different treatment options is compared with the basic
scenario.

Landfill | Recycled | SRF | Incinerated | AD |Comp | Other | Total
SRF- 189000 | 49000 | 39000 12 000 0 0 66 000 | 355000
scenario |
Basic 208 000 | 69 000 0 12 000 0 0 66 000 | 355 000
scenario

Table 3: Amount of waste in the SRF- scenario |, compared with the basic scenario

The SRF Production is best performed with a content of - in the first place -
paper and plastic from the industry. It is easy to store and transport selected
from other waste without any great problems of hygiene or self-ignition. The
sources in industrial are more easily identified than in the municipality waste.
Furthermore the quality in SRF-scenario | will be higher than SRF scenario 11
and thereby it will be possible to keep up the prices. The SRF sources are taken
half from waste that today goes to landfill and half from waste today being
recycled.

7.4  SRF-scenario Il

This scenario is similar to the basic scenario but with a production of SRF,
using the same material as in SRF |, but also with the use of source separated
waste from the households. The scenario focuses on maximum production
possible — quantity instead of quality. In the table below the amount of waste to
different treatment options is compared with the basic scenario.

Landfill | Recycled | SRF | Incinerated | AD | Comp | Other | Total
SRF- 175000 | 49000 | 53000 12 000 0 0 66 000 | 355000
scenario 11
Basic 208 000 | 69000 0 12 000 0 0 66 000 | 355000
scenario

Table 4: Amount of waste in the SRF- scenario 11, compared with the basic scenario

The amounts of produced SRF in option Il will raise from 39 000 to 53 000
ton/year. The additional waste — compared with scenario | — is taken from waste
otherwise going to landfill. Unfortunately the quality will then be somewhat
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lower and the possibility to give quality guaranties is lower. Hygiene and self-
ignition problems will significantly hazard storing and transportation of the
SRF-product.

The amounts to be recycled, incinerated and “other” options will remain the
same as in SRF-scenario I.

7.5 Incineration scenario

This scenario is similar to the basic scenario but with an incineration plant that
have the capacity to incinerate a greater part of the solid waste. The purpose of
incineration is partly to reduce the volume of the waste and partly to produce
energy — normally focusing district heating due to the low calorific value of
waste. In the table below the amount of waste to different treatment options is
compared with the basic scenario.

Landfill | Recycled | SRF | Incinerated | AD | Comp | Other | Total

Incineration | 99 000 49 000 0 148 000 0 0 59 000 | 355000
scenario

Basic 208 000 69 000 0 12 000 0 0 66 000 | 355 000
scenario

Table 5: Amount of waste in the incineration scenario, compared with the basic scenario

The amounts of waste being incinerated is raised from 12 000 to 148 000
ton/year. Still a great amount of waste will be landfilled. Beside current
incineration plant a new plant have to be built. In this scenario the landfilling
and the incineration option is rather equivalent. None of the treatment methods
gives a great outcome®. The main purpose with incineration will be volume
reduction — which is performed to an exceedingly high investment cost.

7.6  Anaerobic digestion scenario |

This scenario is similar to the basic scenario but with a treatment facility that
can digest easy degradable waste — mainly from restaurants, catering and food
industry. Waste going to composting or biodegradation has to be separated at
source. All experience of automatic separation of mixed waste state that source
separation is the only way to achieve sufficient quality. However the source for
easy degradable waste is in the first place restaurants, large-scale catering,
foodstuff manufacturing and similar. From these sources the waste is easily
spotted to be separate collected. Only when these sources are implemented and
working smoothly separation at households should be managed.

In the table below the amount of waste to different treatment options in scenario
AD | is compared with the basic scenario.

® The bottom ash can certainly be used as road construction material and similar, but the market
value must be considered as low.
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Landfill | Recycled | SRF | Incinerated AD Comp | Other | Total
AD 208000 | 56000 0 12 000 55 000 0 24 000 | 355000
scenario |
Basic 208000 | 69000 0 12 000 0 0 66 000 | 355000
scenario

Table 6: Amount of waste in the AD- scenario |, compared with the basic scenario

In this scenario rather clean material is selected from the industrial waste. In this
case it is easier to define and guarantee the waste content and also the outcome
consisting of biogas and “bioresiduals”. The biogas production processes will be
easier to supply and to operate. Landfilling, recycling and “other” treatment
options will be affected. Fewer amounts will be landfilled. As a result less
landfill gas will also be produced, but on the other hand the biogas production
will be more efficient (more gas per waste volume) being performed in a
digestion chamber.

7.7 Anaerobic digestion scenario Il

This scenario is similar to the anaerobic scenario | but with a treatment facility
that can digest almost all easy degradable waste — both from restaurants,
catering, food industry (like in scenario 1) and also source separated from the
municipality. In the table below the amount of waste to different treatment
options is compared with the basic scenario.

Landfill | Recycled | SRF | Incinerated | AD | Comp | Other | Total
AD 199000 | 54000 0 12 000 66 000 0 24000 | 355000
scenario 11
Basic 208 000 | 69 000 0 12 000 0 0 66 000 | 355000
scenario

Table 7: Amount of waste in the AD- scenario 11, compared with the basic scenario

In this case also so-urce separated waste from the municipalities will be
collected and treated in addition to the amounts in scenario AD I. The amount
of biologically treated waste is raised from 55000 to 66 000 ton/year. The
quality will be lower but the total amount of biogas will be significantly raised.
At the same time the quality of bio-residuals will lower which naturally affects
the value.

7.8 Composting scenario |.

This scenario is similar to the basic scenario but with a composting facility that
can treat similar kind of waste as in AD — mainly from restaurants, catering and
food industry. No investigation for the actual market of degraded organic waste
has been made. Use of compost or residuals after biodegradation is supposed to
be as covering material on landfills or other places were top-soil can be used. A
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sensitive study is made® in the case compost is used as fertilizers and the
avoided energy due to less production of artificial fertilizers is credited.

In the table below the amount of waste to different treatment options is
compared with the basic scenario.

Landfill | Recycled | SRF | Incinerated | AD | Comp | Other | Total
Composting 198 000 54 000 0 12 000 0 | 67000 | 24000 | 355000
scenario |
Basic 208 000 69 000 0 12 000 0 0 66 000 | 355000
scenario

Table 8: Amount of waste in the composting scenario I, compared with the basic scenario

In this scenario rather clean material is selected compared to compost scenario
I1. It is easier to define and guarantee the waste content and also the end-product
from the plant. The Production processes will be easier to supply and to operate.
Landfilling, recycling and *“other” treatment options will be affected. Less
amounts will be landfilled.

7.9 Composting scenario |l

This scenario is similar to the compost scenario | but with a treatment facility
that can compost almost all degradable waste — both from restaurants, catering,
food industry and source separated from the municipality. In the table below the
amount of waste to different treatment options is compared with the basic
scenario.

Landfill | Recycled | SRF | Incinerated | AD | Comp | Other | Total
Composting | 187000 | 54000 0 12 000 0 | 78000 | 24 000 | 355 000
scenario 11
Basic 208 000 | 69 000 0 12 000 0 0 66 000 | 355000
scenario

Table 9: Amount of waste in the composting scenario Il, compared with the basic scenario

In this case also source separated waste from the municipalities will be collected
and treated in addition to the amounts in compost scenario I. The amount of
biologically treated waste is raised from 67 000 to 78 000 ton/year. The quality
will be lower but the total amount of compost will be significantly raised. At the
same time the quality of compost will lower which naturally gives the compost
material even lower value.

* Not referred in the study. The sensitive study is used only to test if the final conclusions can be
jeopardized by manipulating parameters within a possible range.
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8 Environmental impact

Picture 5: Barrow’s Goldeneye. Iceland is the only place in Europe where this species is
breeding, which makes Iceland unique in this respect — like in many other respects regarding
the environment

Generally, life cycle assessment (LCA) can be used to study the environmental
aspects and potential environmental impacts of a product or system, from raw
material extraction through production, use and disposal.

Provided all upstream and downstream impacts are equal, the life cycle of waste
starts when products/waste have been collected and ends when the waste
material is degraded or brought back to the technological system through
recycling and replaces other products. Hence, LCA in the waste management
sector can be applied in order to compare the environmental performance of
alternative waste treatment systems and identify areas for improvement.

In this study a simplified LCA, often known as screening LCA, has been used.
This type of LCA will try to reduce data collection and thereby the total effort.
The study will start with an introductory review of the most important
environmental impact categories throughout the process that is of concern to the
area subject to the study. Based on the result of review the LCA Screening will
be focused on the most relevant environmental impact categories.

If a number of different waste treatment systems are being compared the
functional unit should be ton waste of a specified composition.

An LCA study does not always need an impact assessment. In many cases
inventory data alone are sufficient for an evaluation. The term LCI (life cycle
inventory) is used to indicate that a study has excluded the impact assessment
phase.

8.1 Life Cycle Inventory data; Treatment alternatives

If an LCA study involves specific waste treatment processes, attempts should be
made to collect and apply data that are as specific as possible for these
processes. In the case of more generic studies, such as e.g. a basis for political
decisions, generic data should be applied. However, it is important that the
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generic data represent the specific waste treated and the system boundaries of
the specific study.

Environmental impact of the treatment alternatives: Incineration, landfill,
aerobic composting, anaerobic digestion and solid recovered fuel are discussed
separately below.

Emissions of greenhouse gases, CO, and CHy,, depend on the content of fossil
carbon per waste fraction and maximum CH,4 production potential per waste
fraction®. Calculations are made to represent relevant emissions according to
actual waste compositions for each scenario.

Emissions of greenhouse gases from other activities like treatment and transport
of different waste fractions have not been taken into account. Most of the
energy used in the process comes from renewable sources on Iceland and does
not contribute to the greenhouse effect. Transports do have an impact but this
contribution has been considered marginal in this report and therefore
disregarded. Furthermore transports are a vital and relatively constant part of all
scenarios and therefore do not contribute particularly to any specific scenario.
Waste collection transports is mainly performed by trucks with about the same
capacity unregarded the waste is separated or not. Since the total waste amount
to be transported in both cases is the same the transport-labor will also be the
same. Long distance transports are about 4 — 6 times more transport efficient
than collection trucks — which makes these transports contribution very small.

Another argument to disregard emissions from transport is the fact that more
and more biogas is used to fuel the transport vehicles, i.e. with a renewable fuel
without GWP impact.

CH, is a more aggressive greenhouse gas than CO,. It has a Greenhouse
Warming Potential, GWP, 21 times higher than for CO,.

8.1.1 Incineration

8.1.1.1 Emission of greenhouse gases

CO, emissions are estimated from the carbon content of the incinerated
material. The carbon content contributes to greenhouse emissions such as CO;
and CH,. CO; is by far the component that binds most of the carbon (above
97%). Exhaust gas cleaning or incineration technology does not influence CO,
emissions. It is therefore common to differentiate CO, emissions on waste
composition only.

Emission of CO, from incineration of biological waste material does not
contribute to net emissions of greenhouse gases and should therefore not be

> Guidelines for the use of LCA in the waste management sector. Nordtest Project nr.
1537-01. 2002.
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accounted for. It is therefore necessary to separate between fossil carbon and
biological carbon.

Calculation of net CO, emissions from waste incineration is based on the fossil
carbon content of the waste (kg fossil carbon/kg waste), multiplied by the
amount of CO; generated per amount of carbon (kg CO,/kg fossil carbon).

8.1.2 Landfill

The landfill option is relevant to apply to both the direct municipal waste flow,
and to residual waste flows resulting from other treatment methods, such as
incineration and biological treatment.

8.1.2.1 Emission of greenhouse gases

Focus is on the bulk emissions to air, which is the greenhouse gases methane
(CH4) and carbon dioxide (COy). It is commonly assumed that approximately
the first months there are aerobic conditions in the landfill, which means that
CO, is formed. After that there are anaerobic conditions, which mean that CH,4
is formed in addition to CO..

The carbon content in the waste flow available for degradation decides the
potential emissions of CO, and CHy. It is important to use a product specific
approach to estimate CH, and CO, generation. This is first of all because
biologically based carbon is CO, neutral and a product specific approach is
needed to keep track of the share of biological carbon. In this study all carbon in
landfill is emitted in an infinite time perspective.

A share of the landfill gas is often collected to be used as a vehicle fuel and/or
to be combusted to produce heat or electricity.

In this report calculation credits are based on the assumption that all collected
biogas is used to replace petrol in vehicles: The use of 1 kg biomethane reduces
CO, emissions by 2,83 kg when replacing petrol in vehicles®.

8.1.3 Aerobic composting
The composting option is relevant to apply to organic waste. The end-result can
be used as soil improvement.

8.1.3.1 Emission of greenhouse gases

As long as the waste that is degraded is organic waste and sufficient oxygen
access is secured, generation of CH, is small. The emitted CO; is regarded to be
greenhouse gas neutral and does not contribute to the greenhouse effect.

8.1.4 Anaerobic digestion

The anaerobic digestion option is also relevant to apply to organic waste. The
main purpose of anaerobic digestion is to generate biogas that can be used as an

® Website of the Swedish Consumer Agency, 2008, www.konsumentverket.se
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energy source. As in aerobic composting the process will also result in a
bioresidual, possible to use as soil improvement material.

8.1.4.1 Emission of greenhouse gases

The process takes place in a closed and controlled environment with no access
to air where bacteria digest the organic waste. The biogas (CHy,) is collected and
used for different energy purposes. The heat consuming processes at the
anaerobic digestion plant is often supplied with energy from the recovered
biogas. In Iceland the geothermal heat is probably more appropriate to use in
order to increase the usable biogas for vehicles.

As the waste flow is approximately 100% organic, all CO, emissions are
greenhouse gas neutral. However CH,; might be emitted due to fugitive
emissions during biogas storage causing greenhouse effect.

8.1.4.2 Transports of waste to anaerobic digestion

A question raised during this project was how transports affected the
environmental benefit of anaerobic digestion and collection of biogas. Longer
transports of waste would lead to use of larger and more efficient facilities for
AD and biogas collection but transports to these facilities would lead to
emissions of CO, and also other emissions.

In order to estimate the maximum transport that can be motivated from an
environmental point of view the following comparison has been made.

1 ton of easy degradable material produces maximum 99,4 kg CH, per ton
waste in an AD process.

1 kg biogas (biomethane) reduces CO, emissions by 2,83 kg when replacing
petrol in vehicles. Hence if all potential biogas from one ton of waste, 99,4 kg
CHya, is used to replace petrol in vehicles the total reduction of fossil CO;
emissions is in total 280 kg CO..

On the other hand transport of the waste emits CO,. For a collection truck -
running on petrol or diesel - with a load of 5 ton emissions of CO, are
approximately 0,17 kg/tonkm’. Following this theoretical comparison it could
be motivated to transport 1 ton of waste up to a maximum of at least 1600 km
(280/0,17). If the fossil based fuel is partly replaced by CH, the critical distance
will be even further.

8.1.5 Solid recovered fuel (SRF)

SRF is extracted from MSW and/or industrial waste using mechanical heat
treatment, mechanical biological treatment or waste autoclaves.

The best quality is achieved with carefully separated waste fractions of paper
and plastics. SRF can be used in a variety of ways to produce electricity. It can

" The Network for Transport and Environment, 2008, http://www.ntm.a.se/index.asp
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be used alongside traditional sources of fuel in coal power plants. SRF can also
be used in the cement kiln industry, where the strict standards of the Waste
Incineration Directives are met.

The biomass fraction of SRF has a monetary value under multiple greenhouse
gas protocols, such as the European Union Emissions Trading Scheme and the
Renewable Obligation Certificate program in the United Kingdom. This fraction
is considered to be CO, neutral.

In this report calculations are based on production of a SRF fuel consisting of
1/3 plastic and 2/3 paper. The paper is a biomaterial not contributing to CO;
emissions when used as a fuel but plastics are not and do contribute to CO,
emissions.

The credit for using 1 kg SRF is a reduction of CO; emissions by 0,83 kg when
replacing coal in incineration units (considering different heat values for both
fuels)®. It should be noted that this CO, credit occurs in the place where the fuel
is used, which not necessarily have to be in Iceland. Environmental impact for
potential transport of the SRF fuel is also disregarded because boat transports
capacity leaving Iceland is seldom fully utilized. Hence the impact of additional
freight is marginal.

8.1.6 Material recycling

Recovered materials from waste fractions that are reprocessed can be used to
replace virgin materials, and this may result in overall savings in raw materials
and energy consumption and emissions to air, water and soil.

In the calculations done later in this report the environmental benefit of a
maximum recycling scenario is estimated. In this scenario paper, plastics and
paper is considered to be recycled and replacing virgin material.

These “environmental credit values” allow balancing different waste fractions,
the environmental advantages and disadvantages of materials recycling
processes against virgin materials production processes’.

CO, kg/ton CH,4 kg/ton GWP kg CO, ekv./ton
PET -1340 0.9 -1321
Glass -381 -3.7 -459
Paper -355 -0.4 -363

Table 10: Greenhouse Warming Potential, GWP, credits for recycled materials.

8 Energycontent and density for fuels, AF Energi & Miljofakta, 2008.

® The Use of Life Cycle Assessment Tool for the Development of Integrated Waste
Management Strategies for Cities and Regions with Rapid Growing Economies. LCA-IWM.
EVK4-CT-2002-00087. Technische Universitat Darmstadt (TUD).
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8.2 Life Cycle Inventory data; Land use

In this study the additional amount of waste is considered. That means that if
small amounts of waste are landfilled the occupied land area will be near zero.
The implication is that the landfill as it is today will be sited where it is
regardless how many tons of additional waste that is going to the landfill and
also apart from what type of scenario is being used. The additional amount will
only occupy the area it covers in the landfill plus some additional space for
access roads etc.

Regarding the other waste treatment plants (for incineration, composting,
fermentation or production of SRF) a special building will be erected together
with access roads, storing areas etc and - not least — safety areas depending on
environmental impact (visual impact, smell, noise pollution etc). That means
that if small amounts of waste are treated in these facilities the occupied land
area will in this case be extremely high.

That means that Land use as impact parameter is very sensitive to the
surveyable time being used.

8.2.1 Waste treatment by Landfill

Waste treatment by landfilling means in the scenarios the landfill Alfsnes in
Reykjavik and to some extent also the landfill sites in Fiflholt, Stafnes and
Strénd.. They will probably be the only landfills that will be accepted in the
future. The minor dumps in the countryside will be ended and covered in due
time. In the scenario analysis the presumption is that they are closed.

Additional waste space for every ton of landfilled waste counts at Alfsnes about
0,11 (calculations based on information from SORPA). The safe space use
around the landfill will not be affected by the single ton of waste being
landfilled — since there will always be some solid waste that has to be landfilled
and the single ton waste will not notably increase the odors as a total.

8.2.2 Waste treatment by SRF production

Storing facilities and facilities for the production of SRF should be located with
local conditions in mind. Suitable safe distance should be decided according to
the actual presumption on the spot. The distance to habitation is an important
aspect to avoid or limit the effect of unpleasant odors. Other important
parameters are the general direction of wind, type of habitations, restrictions in
different municipal plans, character of intermediate space, etc. Also the design
of the site, design of the treatment process, the total amount of collected waste,
including methods at loading and offloading the waste.

In general the handling of industrial waste and mostly garden waste and similar
is less delicate than handling of municipal waste and food waste.

In the scenario | only rather “clean” waste from industry — mostly paper and
plastic — is handled. That requires a minor land use than in SRF scenario Il —
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where also source separated waste from household is used. In the SRF scenario
| we recommend 1 ha as total land use area.

In Europe there are no general standard rules of safe distances to different waste
treatment facilities. However there are experiences and there are advices
according to different municipal and state environmental authorities. In our SRF
scenario Il the Icelandic advice in municipal general plans is used as guidance -
that recommends 500 m as a safe distance to habitation. That means as a total
about 25 ha of land use.

8.2.3 Incineration of waste

In the incineration scenario roads, loading and storing facilities and facilities for
combustion etc should be located with local conditions in mind. Suitable safe
distance should be decided according to the actual circumstances. The distance
to habitation is an important aspect to avoid or limit the effect of unpleasant
odors. In a modern incineration plant with flue gas cleaning meeting demands of
EU directives for incineration the discharge is relatively negligible. Other
important parameters are the general direction of wind, type of habitations,
restrictions in different municipal plans, character of intermediate space, etc.
Also the design of the site, design of the treatment process, the total amount of
collected waste, including methods at loading and offloading the waste.

In general the handling of industrial source separated waste and similar is less
delicate than handling of waste consisting of parts of municipal waste and food
waste.

In the incineration scenario all types of combustible waste should be handled. In
Europe there are no general standard rules of safe distances to incineration
facilities. However there are experiences and there a re advices according to
different municipal and state environmental authorities. In our incineration
scenario the Swedish advice in municipal general plans is used as guidance -
that recommends 500 m as a safe distance to habitation. That means as a total
about 25 ha of land use.

8.2.4 Biological waste treatment — anaerobic digestion and composting

Access roads, storing facilities and all kinds of facilities for biological treatment
should be located with local conditions in mind. Suitable safe distance should be
decided according to the actual presumption on the spot. The distance to
habitation is an important aspect to avoid or limit the effect of unpleasant odors
— which use to be the major problem to get permits from the environmental
authorities. Other important parameters are the general direction of wind, type
of habitations, restrictions in different municipal plans, character of intermediate
space, etc. Also the design of the site, design of the treatment process, the total
amount of collected waste including methods at loading and offloading the
waste.
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In all biological treatment scenarios waste including different parts of food
waste and household or similar waste will be handled.

In Europe there are no general standard rules of safe distances to different waste
treatment facilities. However there are experiences and there are advices
according to different municipal and state environmental authorities. In our
biological treatment scenarios the Swedish advice in municipal general plans is
used as guidance - that recommends 500 m as a safe distance to habitation. That
means as a total about 25 ha of land use.

8.2.5 Sensitivity Control

The land use in the different scenarios is a rather complicated parameter — since
the different plants being used for different kind of waste treatment are not
decided in practice but only the result of a speculative reasoning. The local
conditions will probably be differing within a very large range. In the LCA
analysis the most important outcome is relative — which means that the figure
itself might not be so important. To ensure the best result possible the different
data for land use will be modified in a sensitivity control.

8.3 Calculations and discussions

8.3.1 Depletion of abiotic resources

Iceland’s nature is valuable and conservation of the environment is a high
priority for Iceland. According to the strategy for sustainable development,
Welfare for the Future, efforts should be made to conserve the biodiversity of
Icelandic habitat types and ecosystems by the protection of animals, plants and
other organisms, together with their genetic resources and their habitats.
Therefore, it is important to consider the valuable and unique nature when
planning landfills, incineration plants and biogas plants that demands that new
land-areas are taken in use.

With those aspects taken in consideration, the depletion of abiotic resources is
one of the environmental impacts included in the LCA-analysis.

8.3.2 Global warming

A global warming effected increase of temperature in Iceland, together with
subsequent changes in precipitation, sea level and storm frequency, is likely to
have severe effects on both the natural environment and human societies. The
Ministry for the Environment issued the Iceland’s Climate Change Strategy in
February 2007 in order to reduction the emissions of carbon dioxide and
methane.

With those aspects taken in consideration, the global warming is one of the
environmental impacts included in the LCA-analysis.

Based on prerequisites and assumptions made earlier in this report, calculations
for the different scenarios are presented in the diagrams below (chapter 9.1)
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ranging from the scenario giving the least GWP impact to the scenario with the
highest impact.

8.3.3 Toxicity

In all waste treatment options in this report, the use of the best available
technique (BAT) is assumed. BAT means that the toxic pollutants will be
treated with the best known technique, to prevent that they are polluting the air,
water or soil.

This study also excludes the industrial hazardous waste, which is not handled by
the municipalities. Hazardous waste is subordinated special legislation in
Iceland. Imported or domestically produced items which can become hazardous
waste after use carry a special fee. The fee is added when the product is
imported and includes collection and disposal costs. The hazardous waste
disposal cost is thus already paid when the product is bought — which greatly
reduces the incentive for illegal dumping of the hazardous residuals. General
waste landfilled in Iceland is as a result normally including a minimum of
hazardous waste.

As the waste stream that can be regarded as hazardous is running under
relatively good control regardless scenario, the study will not show any
difference in environmental impact and will consequently not consider the
toxicity.

With those aspects taken in consideration, the toxicity will not be included in
the LCA- analysis.

8.3.4 Photo-oxidant formation

The pollutions from waste transports may increase the formation of ground-
level ozone, but the number of transports for waste are negligible compared to
all other the transports and the use of cars in general. Many waste transports are
also made by vehicles using gas as fuel, which is a fossil fuel substitute that
doesn’t contribute to the formation of ground-level ozone. The reaction needs
temperatures over 20°C and sunshine to be completed, which is considered to
be a reduced factor in the formation of ground-level ozone in Iceland. The
formation of ground-level ozone are not considered as a problem outside
Reykjavik, as the number of cars in the countryside are low and the air is in
constant change.

It is also a positive effect on the environment in urban areas in general that
many companies are operating their transportation needs with gas vehicles. The
emissions of harmful substances such as nitrogen oxides, hydrocarbons and
particulates will then be significantly reduced with a gas vehicle, compared with
a car that runs on fossil fuel.
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With those aspects taken in consideration, the ground-level ozone is not
considered as a major environmental or health problem in Iceland and will not
be included in the LCA- analysis.

8.3.5 Acidification

As the largest natural source for emissions of sulphur dioxide is geothermal
activity such as volcanoes, hot springs and geysers and Iceland is richer in hot
springs and high-temperature activity than any other country in the world, the
contribution of sulphur-dioxide from human activities is negligible. There are
also large areas were the ground is naturally basic in Iceland, which neutralize
the acid emissions.

The addition of sulphur-dioxide from waste treatment is small and can be
considered negligible in comparison with the rich presence of sulphur in Iceland
in general. Many waste transports are also made by vehicles using gas as fuel
instead of fossil fuel, which does not contribute to the acidification.

With those aspects taken in consideration, acidification is not considered as a
major environmental or health problem in Iceland and will not be included in
the LCA- analysis.

8.3.6 Eutrophication

There are no indication of eutrophication occurring in Iceland, as all lakes and
freshwaters are crystal clear and at sea the nutrients occurs in low
concentrations and the concentrations are more or less constant. Many waste
transports are made by vehicles using gas as fuel, which does not contribute to
the eutrophication.

With those aspects taken in consideration, eutrophication is not considered as a
major environmental problem in Iceland and will not be included in the LCA-
analysis.
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9 Conclusions and results

In accordance with the discussions in chapter 8.3, an environmental impact
assessment has been made by LCA analysis for the categories of global
warming, land use and transports in biogas production. All other environmental
impact categories have in line with discussions earlier in the report been
excluded from further studies.

9.1 Global warming

The results of the LCA analysis concerning global warming are summarized in
the diagrams below, one diagram for each scenario that has been studied.

The bars in the diagrams shows the environmental emissions that occur in each
scenario shown as ton CO, equivalents (positive bars), and the credit provided
for environmental benefits (negative bars). The red bar to the right is the sum of
all emissions and credits for the scenario, and the bar to be compared with the
other scenarios.

Diagram 1-9: Global Warming Potential for each scenario studied.
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Max recycling scenario, GWP
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SRF scenario |, GWP
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Compost scenario Il, GWP
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9.1.1 Results: Global warming

When the results of the diagrams above are compared with each other, the
following results are revealed (from least impact on global warming to the
most):

Maximum recycling scenario
Anaerobic digestion scenario Il
SRF scenario 11

Anaerobic digestion scenario |
SRF scenario |

Basic scenario

Composting scenario 11
Composting scenario |
Incineration scenario

CoNoO~WNE
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As shown above, the most appropriate way from a global warming point of
view, would be to recycle as much waste as possible as material. As waste
treatment method - unregarded the recycling option - aerobic digestion and
SRF-production would be the most beneficial options, considering global
warming potential for waste management in the surveyed area in Iceland.

Incineration appears to be the least favourable method from a global warming
potential perspective, which is reinforced as Iceland has a limited market
request for low quality energy.

9.2 Land use

The land use analysis is shown in the graph below, as m? land used per ton
treated waste. As treatment plants has to be built in all scenarios - except the
basic scenario and the maximum recycling scenario - the starting point for all
other scenarios will be at 250 000 m* (calculated area for the treatment plant
including the safety distance).

Land use, m2

750000

- Basic scenario

500000 - Max recycling

SRF scenario |

m2

Incineration
scenario
250000 - - AD scenario |

- Comp scenario |

Year Year Year Year Year Year Year Year Year Year Year Year Year
0 1 2 3 4 5 6 7 8 9 10 11 12

Graph 1: Calculated land use in m? for the different scenarios 2008 ( year 0) to 2020 ( year 12)

9.2.1 Results: Land use

The maximum recycling scenario will initially result in the least land to be used
per m* waste and secondly the basic scenario (situation similar to today). After
about 20 years practice the incineration scenario will however be successively
more favorable than the basic, while the three other scenarios (anaerobic
digestion, SRF-production and composting) will be more land-consuming for a
very long time — as new land has to be used when building the plants in those
three scenarios.
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9.3 Transportation limit in biogas production

The environmental impact of transportation compared with the environmental
credits performed with production of biogas in an anaerobic digestion plant was
also studied. Easy degradable waste treated by anaerobic digestion will produce
a certain amount of biomethane gas that can be used as a vehicle fuel, replacing
fossil fuels. The question was at what transport distance the emission of CO;
from transports will exceed the reduction of CO, by replacement of fossil fuel
with biomethane through the AD process.

9.3.1 Results: Transportation limit

If all potential biogas from one ton of waste is used to replace petrol in vehicles
the total reduction of fossil CO, emissions is in total 280 kg CO..

If a common waste compacting truck running on fossil fuel is used for the
transports of waste, the transportation distance limit will be at least 1600 km
until the same amount of CO; is emitted. In reality the transportation limit could
be even longer, since the solid waste should be transferred to more heavy loaded
trucks to be cost efficient and since the fossil fuel will increasingly be replaced
by biomethane.

The result shows that it can be supportable - from a global warming perspective
- to have one large anaerobic digestion plant in Iceland, instead of several small
plants.
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11  Attachment

Calculation results all scenarios

Input basic scenarios

Calculations basic scenarios

Input Max Recycling Scenario
Calculations Max Recycling Scenario
Input SRF | Scenario

Calculations SRF I Scenario

Input SRF 11 Scenario

Calculations SRF Il Scenario

Input Incineration scenario
Calculations Incineration scenario
Input Anaerobic Digestion | scenario
Calculations Anaerobic Digestion | scenario
Input Anaerobic Digestion Il scenario
Calculations Anaerobic Digestion 11 scenario
Transport Anaerobic Digestion

Input Compost | scenario
Calculations Compost | scenario
Input Compost Il scenario
Calculations Compost Il scenario

BsWSP



0000014~ 00000}~
+ 0000S- r 0000S-
m m
3 3
aviol/dmom &, aviol/dmom w
|eoo Buioe|das 43S 104 JIpaId JMO B 0 m 1e0o Buioe|das 44S o) IpaId JMO B ro0 g
Ay w
}sodwod ainuew woly yHO/dMO O o 3s0dwod ainuew woly yHO/dMO O o
uoneJBuIdUI WOl ZOD/dMO O F0000s Q uoneJauloul wol z09/dMO O F0000s Q
llypuel woly yHO/dMO B W liypue| wol yHO/dMO I Mq
[en} se pasn yHO 10} §PaI0 MO B t 000001 19N} SE pasn yHYS 10} #paid dMO O I 00000}
0000S L 000051
dMD ‘|| 0LBUBdS 4YS dMO ‘| OLBUBDS JYS
000001~ 000001}~
- F - m
oooos- 00005~ @
3 7
W1OL/dMOE | g Lo g
*0a. [eld)ew Joj JIPaId MOl 0 m viol/dmom @
150dW0D BINBW WOl YHO/IMO O ° 1s0dWwod ainuew wolj yHO/dMO O g
UOIRIBUIOU! WOk ZOD/dMD O F0000s Q uojeeuIdUl WOl ZOD/dMO O 00005 g
@ llypue| wol yHO/dMO Il N
IIIPUE] 04 PHOMO R : ony se pasn 10} IpaId o 2
on SE pasn pH Joj §PaId dMO B - 000001 19Ny S POSN YHO J0J UPS.0 dMO - 000004 2
00005t 000051
dMO ‘oleusds Buijohoal xep dMO ‘oleuads oiseg

1°0-0 SanjeA o} spuodsati09[G0°0
‘uoyBy L1-10°

Buisodwod wouy papiwg

AV Wolj [an} Se pajdd]|0D)|

lI1JPUB| WOJJ [aN) SE Pa}da||0)

YHO 1e30} |el.

1 0} pajejas suoelapisuoy

Gge £ 8. 4 S |1 oueusds dwo)
GGE £ 19 b 9 | oeuass dwod
SGE i 99 % 9 || OMeusds Ay
€6¢ 14 SS 43 I L) | OLBUSds gy
GGE 65 8yl 6. 69 OLIBUSDS UONjEI8UIoU|
GGe 99 cl €9 6. Gl 11 OlIBUSdS 448
Gge 99 43 6€ 23 Sl | OHeUads JHg
GGE 29 Zl 0Ll 1L BuipAoal xepy
GGE 99 43 69 0C 0lIBUSOS Oiseg
9 S 14 & @ L 0
[e10L J24l0__|paysodwioy | Qv | pajessunul | Jds | pajoAoay | paliypue]

SOLIBUDIS ||B S}|nSal uolje|noje)




00000}~

000001~
00005~ m | - m
o 00005 o
a2 8,
o o
WLOL/dMO m 0 @ WLOL/dMO B ro @
1s0dwod Wol YHO/dMO @ g 1s0dwod wol YHO/dMO @ g
uonelsuoul wol 200/dMo O | oooos @ uoneJauioul wol Zoo/dMO O L o00o0s @
llypuel wol yHO/dMO B M lljpue| woly yHO/dMO I M
|on} se pasn yHJ 104 JIpaId MO O o |onj se pasn yHQ 10} 1Ipald MO O 2
t 000001 = 00000} =
00005} 0000S}
dMD ‘|| oueusds Jsodwo) dMD ‘| oLeuads jsodwo)
000001}~ 000001}~
r 0000S- m r 0000G- M
3 3
Lo g 0 3
wvioL/dmom o vioLl/dmom »
18N} se pasn Qv wol yHO 104 IpaId JMO @ w. |eny se pasn Qy Wolj yHD 10} JIpaid JMO @ S
uoljessudUl Wol ZOO/dMO O 00005 m uolesaudul Wol ZOD/dMO O r 00005 m
N
ll4puel woly yHO/ dMO I W llypue| wol yHO/ MO B o
[on} se pasn yHD 10} 4PpaId dMO B F 00000} = [on} se pasn yHD 10} 1PaId dMO B r 00000} =
000051 00005}

dMD ‘|l oleuSdS Qv

dMD ‘| OLeUSds QY

viol/dMmom

3sodwod ainuew woly yHO/dMO O
uopessuloul woky zoo/dMo O
llypue| woly yHO/dMO B

|1ony se pasn yHO 10} IpaId JMO @

dM9 ‘OlBUSDS uoljelIauIdU|

000001}~

0000S-

0000S

00000}

0000S}

‘A8 ZQD U0} ‘suoissiwg

SOLIBUDIS [|B S}|nSal uolje|nojen




|elajew se pajoAoaas sueaw Buljohoal Yy (€

%01 ajes Buijohoal ,Jewlou,, paysabbng (g
paso|o Bulaq says Buidwnp je padwnp Aepo] (L
WJUU0Y MSIN., Bey 93s (0
GGE 99 (4% 69 802 GGe 141 €8 9Ll |ejol
¢.¢.¢ Buljphosl l S € 6 9 € paxIN
3 1) l l Sa|nxaL
3 l 4 4 ainjiuang
[4} 0 Zl Zl pleogpaed Jaded
14 14 14 poom paxin
JBA0Q |IypueT| L 0 A A poom pajured a}iym
ued 1Iso4 wayI3 (L1 0 Ll Ll pajutedun poom
8y} Je 90INOSUOQIED SE Pas(
S 0 S S judsmaN
‘[eseipolq|g l 9 9 asnoysajybne|s
10 |any Joy pasn jue|d
wouly je4 jue|d [eaw jeaw
ul passaooud (g) J1ayjo (1)
uaxIyo Asow st pajiypue]
F4 z z abpn|s abemag
Aem ajdwis e ul ,pajohoal,[ee 0 e e alnuew [ewiuy
¥ I S S a|qejabap
(1 Zl zl zl uapien
8 ?) Z 9 Jaded jou abejjequig
¢ € € 9)SEM UOIJONI)SUOD
‘sojuedwod € 0 [ [ saih]
a)sem ajeaud ybnouyy
pajoAoal aie salh} ayy Jo }SO
Jx4 0 yx4 yx4 Slelsin
2)sem 1S 15 15 uojaq ‘sse|b ‘ypiea ‘suau|
uofjoNJISU0D Ajsow si siy L
(4 L 6 8'GL 26 [4°] €C 9l leuysnpuj
(z ¥ 9 12 95 £ vl 0l (o pioyasnoH
SjUBWILIO) wjeas} 1aYyj0 | uonesauidu] | (g 291 03 [N 47 03 |13 10} zeH|wo2 1ayjofibap Aseq Jau|
olIeuads oiseg a|gejsnquio)

JusjU0)

oLIeuads diseq jndu|




IVLOL/dMD[£9988 10398} dMO
(4242 YHO
se payiw3
yyve dMD|L06L2- 31PaId 20D
oL 0092 1any
YHO se papiwg Se pajo9||09
08ze $SS0L 88891 GG€ 99 [} 889 2802
96€L 00€ &é¢ Bulphoaulo L S €
0 0 0 0 0 L 0
0 00Z 0 0 0 | !
0 0 0 0 0 [ 0
0 8001 0 0 0 0 2
0 0 L 0 0 0
0 0 Ll 0 0 0
0 0 0 0 S 0
0 66 S 0 0 L
0 661 [ 0 0 0 %
082€ 0 0 Kem ajduwis e ur,pajokoal,[eg 0 0 0
0 66 0 2 0 0 L
0 €611 (t]o 0 0 ZL
0 0 0 0 0 0 8
0 0 0 0 0 0 €
0 0 9[0A0a1 aue salA} 8y} Jo 1o |0 0 ) 0
0 0 [ 0 0 1T 0
0 0 /M UOIJONJISUOD \ﬂ_«moc‘_ SIsiyl|o 0 0 <]
0 7558 (z]o L Z6 8'GL
8516 9€2S o 2 9G ¥9p
uoy sjuswwo)| wjeasysayjQ uonesaurdull (g 991 03 BN 4701 [N
‘bunpsodwod uo}
ainuew ‘uonesauloul| uoj ‘|ypuel
woJj yHO wouy 209 wody yHO

OLIBUaDS O]

seq ‘suolje|nded

001 96€L 00 P3XIN
651 0,6 8.2 Sa|xaL
002 0 0 anjiuing
072 0 0 pieoqpied Jaded
(414 0 0 POOM pa.

(414 0 0 poom pajuied
262 0 0 pajuiedun poom
ove 0 0 jundsmaN
7'66 0 0 asnoyJajybne|s
7'66 0 0 abpn|s abemag
766 0 0 ainuew [ewiuy
7’66 0 0 EEEELEIN
7'66 0 0 usp.ie9
0 96€l 00y J1aded jou abejequiy
0 0 0 9)JSEM UOI}INIJSU0D
0 26.2 008 salk1
0 0 0 BEET
0 0 0 ‘sse|b ‘ypiea ‘spau|
8ZLL 6°€8¢ |erysnpuj
_w.N_, 3 6°€8¢€ PloyasnoH

a)sem B¥/z006

By/6 ‘suolssiwa a)sem
YHO Iejol 209 Iissod|6x/96 ‘O jIsso4 suopnoely a)sep|
lypueq uonelauIdu|
9l 0801 L1y 9e€ [6061 | 1e1oL|
MH| 610 18yi0fiepeibap Aseq oluebiou)|%001L

0 %0 0 XeM
Z %0 4 333IM
8 %0 8 sjadien
Ly %S2C LLy pooy
902 %t 902 d8yjo
l %0 I l10s ‘auojg
vl %L vl MH
S0l %9 S0l siadeiq
€l %L €l M uspleg
0 %0 0 Belanaq YN
[44 %l [44 poom
el4 %2C oF B33
S %0 S ued |y
8 %0 8 D 3noq duse|d
6¥¢ %EL 6¥C O ON 3)09 adnse|d
65 %€ 65 syjo|g
0c %L (4 J sse|9
85 %€ 85 Q ou sse|n
0 %0 0 PieH anse|d
92 %l 92 3d diseld
L.E %6 L 11€ dsmaN
08 %V 08 112M
6EL %L 6EL pleogpied
a|qepesbap yBram |euysnpuj
MH| B10 13y30 Aseg ojuebiou| ‘abejuasiad| jusu0n uajuod MSIN

_m.u_‘r 00°}L 6°€8¢€ 00')L
00 000 ¥'66 0 00 000 0 0
00 000 0 0 00 000 0 0
10 000 6l 0 szl 000 7862 558
8ve SZ0 ¥'66 0 00 SC0 0 0
00 1o 0 0 00 110 0 0
00 000 0 0 00 000 0 0
00 100 0 0 00 100 0 0
1S 900 126 0 00 900 0 0
L0 100 7’66 0 00 100 0 0
00 000 €le 0 00 000 9ey acl
672 100 252 0 00 100 0 0
00 200 0 0 00 200 0 0
00 000 0 0 00 000 0 0
00 000 0 0 v'6 000 4344 09
10 €L’0 ¥'0 0 €162 €10 444 09
(R4 €00 6G1 0 00¢€ €00 046 8.¢C
00 10°0 € 0 00 100 0 0
10 €00 e 0 00 €00 0 0
00 000 70 0 00 000 959
00 100 0 0 L0y 100 1862 968
99 6L°0 ove 0 00 610 0 0
Lol 70°0 ove 0 00 ¥0°0 0 0
Sl 200 ove 0 00 100 0 0
a)sem By/z0ob
a)sem yBram 6y/6 a)sem MSIN yBram ‘suolssiwa ajsem
MSI BY/yHO B|  ‘ebejuadiad YHO [ej0L 6%/6 20D 63%/200 6| ‘ebejuadiad 209 lissod| 6Y/96 ‘) 1ssoy
l1ypue] uonelauldu|

olIeuads Jiseq uolje|noje)



|elajew e se BuljoAoas sueaw , Buiohosal, Yum (¢

1oL 69
0 S
0 l
0 l
0 4]
0 0
0 0
0 0
0 S
0 0
0 0
0 0
0 0
0 0
€ 0
0 0
0 €
0 Jx4
14 0
[43 6
6l 9
adualapia Avaol
Buijohoay

%0S ainjiunj ajqe|oAoal jod
%05 abejjequwa ajqejohoal jod
%0 uo1jonJIsuod ajgejohaal jJod
%39S LJU9JU0d MSHAL, 0} Buipiod9E pu| pue YasnoH wouy a|qe|dAaal Jod
|eliajew se pajoAkoal sueaw BulaAaas ylm (g
paso|o Buiaq says Buidwnp je padwnp Aepoj (L
.JU33U0D MSIAL, Bey @9 (0|
GGe 29 1) 0Ll L L 9€l GGE L SGlL €8 9Ll |ejol
&é¢ BuligAoal L S € 6 9 € PaxIN
l 0 l l Sa|xal
l 3 l 4 4 alnjluing
4] 0 %001 Zl 45 45 pieogp.ed Jaded
14 14 4 POOM paxiI
0 L L poom pajuted ajiym
0 1l ll pajuiedun poom
1 90IN0SUOQJeD Sk pPasM)
S 0 %08 S S S judsmaN
‘lesslpolqlg 3 9 9 asnoysayybne|s
10 |any 4o} pasn jue|d
wouj jed -jueld [eaw jesw
ul passasoud (G) Jay3o (1)
uaIyo Apsow si pajjypue]
0 Z 4 z abpn|s abemag
Aem ajdwis e ul ,pajoAdal,|ee 0 [ X3 alnuew |ewiuy
0 S S S a|qejabap
(1 0 43 4% 4% uspJeo
€ S %08 4 8 4 9 pded jou abejlequiz
0 € %089 60 € € 8)sem uoyonijsuod
‘sajuedwod 9)Sem| € 0 %001} [ € € sak]
ayenld ybnouyy pajohoal
ale salh) ay) Jo SO
Jx4 0 %001 /Z )x4 yx4 SielaiN
s)sem| 14 S 1S 1S ‘sse|b ‘yies ‘spau|
UOoI}ONJISU0D Ajjsow si siy |
L 34 44 %08 [4°] Z6 ] Zs €2 9l lerysnpuj
14 '14 yx4 %08 1 96 [45 ¥l 0l (0 ployasnoH
|pueyaq m_._>n..v uoljesauldu] *094| 47 03 N sau(g alqejahoas j0} zeH| nsnquoa| gepesbap Hau|
0} |eldle N 011109 9, jod 1ayjo Aseg

Sjuswwo)

(3ndui y97) Junowe aysem pajeal |

BuijoAo9a1 Xxew olIBUIDIS

a|ge}snquo)

jusjuon

oLieuass buljpAosaa xew jnduj



IVLOL/
dM9 31pa1d 20|
|an} se pajo9)||0
¥HD se papiuz
29 0L 1
0 S € | _WVS
0 [ 0 026 8.2
0 [ 3 0 0
0 [ 0 0 0
0 0 2 0 0
A 0 0 0 0
way|3 8y} Je 8dJnosuoqJed se pasn |/, 0 0 0 0
[ 0 Is 0 0 0
oU10 ‘(1) UesOIYD Apsow si p; S 0 I A 0 0
[ 0 0 Z A 0 0
Aem ojdwis e ur,pajohoal,[g: 0 0 vl 0 0
0 0 0 [s 2 0 0
(o 0 M4 a 0 0
0 0 € 0 96EL 00¥
0 0 0 0 0 0
noly) pejohoau ale saik} ay) 10 1SON|0 € 0 2642 008
[o 0 0 0 0
13d/ )sem uolonsysuod Apsow st siyl o 0 0 0
€9¢ 0 0 086 0'2€1 [
Jaded| 0 0 _c.na 0'2€1 Ployasnoy
oy LT 4703 9N 9)SEeM|
|e303| uo} pajohoas ‘Bunsodwod uo}| o} [euaje B%/2006
‘sypaid /63 sypaJo uo} 0001 I 1oul uoj ‘ypue| B/B! ‘suoissiwa| ajsem 6y/0b
200|  Buiokosy| Buiohosy| woly yHO wouy 209! wol yHO YHO [ejoL 209 lissod ‘D issod suopoel} 8)sem
liypue uoyesaudU|
(3ndur v57) Junowe sjsem pajeai| -
SjUaWIWOD Buijofoai xew olleuasg
D 0801 11y o€ I 1eo1]
00} lo2eL 00} MH| 610 ssyio|qepeibep Aseg| ojuebiou| %001
000 7'66 0 00 000 0 0 0 %0 XeM|
000 0 0 00 000 0 0 4 %0 333M|
100 61 0 g8l 100 862 668 8 %l syodied
1€°0 7’66 0 00 1€°0 0 0 11y %LE Pooy|
910 0 00 910 0 0 902 %9t 1Yo
000 0 00 000 0 0 ! 0 110S "2u0}S
00 0 00 00 0 0 vl
00 0 00 00 0 0 S0
00 0 00 00 0 0 €1
000 0 00 000 oy |z 0 0
200 0 00 200 0 0 74 z
¥0°0 0 00 $0°0 0 0 oy 2
000 0 00 000 0 0 S 0
100 0 6€lL 100 veze 0v9 8 %l
000 0 00 000 veze 0v9 6vZ %0
[s00 0 [z [s00 046 8.2 65 % 65
200 0 00 200 0 0 0z %C 0z
¥0°0 0 00 ¥0°0 0 0 85 o _mlm
000 0 00 000 [6822 (959 0 0
200 0 €09 200 1862 958 9z z 9z
000 0 00 000 0 0 1.€ 0
67l 90°0 0 00 90°0 0 0 08 9 08
6'GC 110 0 00 110 0 0 6EL 1 lect
a)sem
6%/2096
ajsem| ybBiam o)sem| ybBiam|  ‘suoissiwa a)sem| a|qepelBbap ybBiam
MSW B/yHO B| ‘eBejusdsad|  By/B yHO [e30L 65%/6 209 MSW B%/200 B] ‘ebejusdiad| zo9 I1ssod| B/9B ‘O lissod MH| B10 J3y10 Ase3| ojuebiou| 19d| jusjuoy||eu3snpul fusjU0d MSIN
liypue uoneaudU| l_

oleudss buipAsal xew uonenoje)



|lelia)ew e se BuijoAoal sueaw ,6ulohoal,, yum (v

%0¢ Ansnpuj pue pjoyasnoy ui anyse|d pue saded Ajurepy (1

GG¢e 99 [4% 6€ 6% 681 29 14 9€1L GG¢e 2 4141 €8 9Ll |ejol

&é¢ BulpAdal ! S € 6 9 € PaxiIN

2 0 1 1 so|xoL

3 I l 4 4 ainjluing

[4} %001 0 Zl Zl Zl [4" 4" pieogp.ed Jaded

14 ¥ ¥ poom paxiiN

JBA0Q ||IypueT| L 0 A A poom pajuted ajIym

jueld 1ISe4 waM |3 8y LL 0 Ll Ll pajuredun poom
1B 92Jnosu0qgJied se pas

S %001 0 S S S S S juidsmaN

‘lesalpolq (s I 9 9 asnoysayybnels
10 |2ny Jo} pasn jueld woly
jed jueld |eaw jesw ul
passaocoid pue pajjiypue]

Z Z z abpn|s abemag

Kem a|dwis e uy pejokoal,[eg 0 e e ainuew [ewiuy

v 3 S S a|qejabap

Zl 4" Zl uspieg

8 % 8 Z 9 1aded jou abejjequig

€ 60 € € 9)SEM UOI}ONIJSUOD

'sajuedwod a)sem € IS € € salh]
ajeAud ybnouyy pajohoal
ale salh) ay} Jo J1sop

Jx4 0 Vx4 )x4 )x4 SlelaN

9)sem 1S 1S 1S uo)aq ‘sse|b ‘yjea ‘suau|
uofoNJISU09 Ajsow si siy L

L [44 %08 6 141 8¢ 8¢ [4%] 26 L Zs €2 9l ler3snpul

14 %08 9 14 Ll 1€ 99 [45 ¥l 0l (1 ployasnoH

sjusWWo) 1ay3o| upuo N | 1w 10D | paosod o [ paokosy | 47 03 1IN M | 10} zeH|wo2 iayjoibap Aseq Jau|
1 NS d|qeysnquod
(1 4ys 404 3ndui |euajod ( a19ejoA291 Jod jusjuon

(3ndui y97) Junowe aysem pajeas |

OLIBUdIS | 4¥S Indu]|




IVLOL/dMO
[sse 9 zZ) 62 681
¢é¢ Buiphoailo L 0 € |oseL 00t
0 0 0 0 0 026 8.2
0 0 0 3 0 0
0 0 14 0 0 0
0 0 0 14 0 0
L 0 0 0 0 0
By} Je 821n0osuoqJed se pasn |/, 0 0 0 0 0
0 0 0 S 0 0 0
lu ur passaooud pue pajipue|g 0 0 1 0 0
0 0 0 0 4 0 0
Kem ajdwis e ur ,pajokoal, [€f 0 0 0 0 0
0 14 0 0 0 0
7092 0 0 0 0 0 0
|eod woy z0 0 0 0 0 96€L 00¥
0 0 0 0 0 0
082 010001 a.e seuk) 8y Jo JSOW|0 0 0 26.2 008
92L1 ‘Mo [e0) 0 0 0 0 0 0
|eod ’M UOIJONJ}SU0D >_«mOE sIsIyl(o 0 0 0 0
olq snid |Isso4
123 0017 0 0 L L&413 6°LEE
|e0o |issod|  Jaded g/g! 0 0 La43 6°1€€
snd onseid
€/L = 44S ployasnoy
uoy| 1w [[0D|  pa303)|09 % pajohoay J)Sem|
uoj [ejo0} ‘Buysodwod| uoy 6%/2006
‘S}IpaId’ uojsad JyS|  uoyymy 1] 1ou) uoj ‘Jjypue| 66} ‘suoissiwa| ajsem 63/06
20|  woizoD By enjeajesy wou pHO)| woy Z0d! wouy yHI YHO [e301 209 IIssod ‘0 1sso4 suonoely a)seM
Ssjuswwod lypue] uonesauldu|
oL 0801 1Y [6osr | 1E101]
00°L Joo'L MH| 610 18410 Bap Ase3 %00}
000 766 0 00 00°0 0 0 0 00 0
000 0 0 00 000 0 0 4 00 4
000 6l 0 8l 000 7862 1558 8 00 8
0€0 66 0 00 0€°0 0 0 Lly ©0€ LYy
€10 0 0 00 €10 0 0 902 343 902
000 0 0 00 00°0 0 0 3 0
100 0 0 00 100 0 0 143 3 vl
200 26 0 00 200 0 0 G0L L 0L
100 v 66 0 00 100 0 0 €l 3 3
000 34 0 00 000 k4 3 0 0
100 414 0 00 100 0 0 (44 3 4
€00 0 0 00 €0°0 0 0 Eid € 14
000 0 0 00 000 0 0 S 0
000 0 0 L 000 14244 079 8 00 8
0L°0 0 0 \'eee 010 14244 079 6% %01
uoy/Z0D B1[828- P31y v0'0 6G1 0 9'GE 00 0.6 _MNN |65 % 65
00 Ao 0 00 00 0 0 0z ¥ 02
uoyz09 BX[r09z e] 700 i 0 00 00 0 0 85 % _mn,
uoy/z09 BX[Sv2 EEN| 000 v'0 0 00 000 959 0 %0
00 0 0 €81 200 1862 998 9 % 92
10 OF: 0 00 0170 0 0 (444 1€ %01
00 OF: 0 00 500 0 0 1e0d oig| 08 %S 08 11sm
00 0ot 0 00 600 0 0 6El %6 6E L pieogpJed
ajsem|
Bx/2006
°)sem MSIN. Jybiam| ‘suoissiwalsjsem 6%/06 3|qepesbap jyBram
6Y%/z00 B| ‘ebejusdiad| z0D I1Ssod ‘D lisso4| MH| B10 Jay30| >m«E ojuebiou)| ‘aBejusdiad| jusjuo|jeuysnpul fuajuod MSIW

OlIBeU3DS | 43S uonenoje)



GG¢e 99 cl €S 6% SLL 9€l SG€ SS1 €8 9Ll |ejol
&é¢ buljoAoal ! S € 6 9 € PaXIN
3 0 l l SajxalL
L L } 4 4 ainjuing
cl %001 0 cl cl cl pleogp.ed Jaded
14 14 ¥ poom paxin
J9A00 ||jpueTyL 0 A A poom pajuted ajIym
jueld 1Se4 woig aul|LL 0 L Ll pajuiedun poom
Je 92Jn0Su0QgJed Se pas
S %001 0 S S S judsmaN
‘losalpolq|s 3 9 9 asnoysajybne|s
10 |any 4o} pasn jueld
wouJj yed jued |eaw jeaw
ul passa004d pue pajjjpue]
Z 4 z abpn|s abemag
Aem ajdwis e ur ,pajoAdal,|ee 0 [ (X3 alnuew |ewiuy
2 I S S a|qejabap
[413 cl 43 usp.ieg
8 v ) 4 9 1aded jou abejjequg
€ 60 [ [ 9)SEM UO1}2NIISU0D
‘sajuedwod a)sem € € € € salh]
ajeAuld ybnouyy pajohoal
aJe salh) 8y} Jo JSOp
L2 0 12 yx4 yx4 S[eloiN
a)sem 1S 16 1G 0}9q ‘sse|b ‘yjes ‘suau)
uo[}onJIsuo9 Ajisow si siy] |
L [44 %08 6 VS [4°] 26 Zs [ %4 9l lersnpuj
14 €l %08 9 €€ 33 9S8 [43 ¥l ol (1 pIoyasnoH
sjusWIWo) uouj o} N| 1w oD pa3oa)j0o o pajokoay [47 o1 1N woa Jayjofibap Ase]
11 S s|geysnquod

S 104 3ndul [eRualog

|9A291 J0dq

jusjuo)

(3ndui y97) Junowe ajsem pajead |

oLIBUdIS || 4¥S Induj




av
1OL/dMO
VHO se papiwg
Upaid 209
1any
se pa}o3|j|0)
yse [ [ [sZy
¢ Butphoal L 0 S B 001 [oser ooy [
0 0 0 l 0 651 0.6 8.2 S9|ipxa)
0 0 I ! 00 0 0 ainjuing
0 [ 0 0 ov o 0 pJeoqpies Jaded|
0 0 0 . 25 o 0 POOM PaxIi|
0 0 0 0 25 o 0 POOM pajuled
by} Je 90IN0SU0QGIED SE pasn 0 0 0 0 Z5 0 0 pajuiedun poom|
0 ls 0 0 % o 0 JupdsmeN|
u pesseooud pue pajjypue] 0 0 0 1 2 o 0 asnoyisjybne[s|
0 0 0 0 z v o 0 obpnjs abemag|
Kem ajdwis e ul,pajokoal, 0 0 0 0 s 0 0 ainuew |ewiuy|
0 0 0 0 4 0 0 ELEELDN
092 0 0 0 0 4 0 0 usp.leg
D Wol Z0d 0 0 0 0 0 96€ | 00%
0 0 0 0 0 —Nu 0
082 004021 aue sa1A) By} JO SO 0 0 0 0 2612 008
9.1 ‘M@ |eo) 0 0 L 0 0 0
|e0d olq uolONISUOO ARSOW SI SIY]]| 0 0 0 0 0 0
snid _wmow__ ‘sse|b ‘yues ‘spau|
Sl L 144 6 L4173 LEE
1803 1SS0 IE 9 vzoL “LEE PIOYashoH
M 09|  paaliod %  parokosy
uo} ‘Bu a)sem|
uo} |ejo}| uo} sad nsodwos| uoj ‘uo 63/2006
‘sppao| 4yS wouy| uoyymy| aJnuew| yessuioul| uoj ‘ypuel 6/6! ‘suoissiwa| ajsem 6y/06
209 209 by| anjea jesH| woy yHO|woiy z0o|  woly yHO YHO |ejoL 209 I1sso4 ‘0 Isso4 suoijoel) 3)Sep
liypue] uopeauldu|
9l 0801 11y Joge I 1ejol]
201 00'} | S 00} MH] 610 Jouio|qepesbep Ase3|  owebiour[%00L
00 000 66 0 00 000 0 0 0 %0 Xem
00 000 0 0 00 000 0 0 4 %0 333IMm
1’0 000 61 0 8yl 000 862 Gg8 8 %0 sjadied
|S'62 0€0 '66 0 00 0€'0 0 0 LYy %0¢€ pooy
00 €10 0 0 00 €0 0 0 902 %€ Jayjo
00 000 0 0 00 000 0 0 3 %0 110s ‘auo)s
00 100 0 0 00 100 0 0 143 %l MH
09 200 126 0 00 200 0 0 S0 %L siadeiq
80 100 66 0 00 100 0 0 €l %l M uspie
00 000 (54 0 00 000 9¢h scl 0 %0 Besanag MiIN
e 100 (414 0 00 100 0 0 44 %l poom’
00 €00 0 0 00 €00 0 0 9 %€ _2¢£
00 000 0 0 00 000 0 0 IS %0 ued |y
00 000 70 0 [ 000 €2 0v9 8 %0 O _amoq auseid
00 010 70 0 (X444 010 €22 0v9 6vC %01 O ON 213309 23seid
8’6 700 651 0 9'GE ¥0°0 0.6 8¢ 65 %P Syl
00 100 33 0 00 100 0 0 0z 9 O ssel9
10 700 Eif 0 00 ¥0°0 0 0 85 %V Q ou sse|9
00 000 v'0 0 00 000 [6822 " 9so 0 %0 PIeH dnseld
00 200 0 0 €8 200 /862 968 92 %2 3
6'€C 0L0 (012 0 00 0L'0 0 0 444 1.€ %01
61 1500 (012 0 00 S0°0 0 0 |ecd oig| 08 %S 08 113M!
102 600 (012 0 00 600 0 0 6EL %6 6EL pieoqpied
9)SEM
b%/2006
aysem MSI ybram B/6! a)sem MSI| yblom| ‘suoissiwa| aysem 606 a|qepesbap WyBram |elysnpuj
BY/yHD B .wmﬂ:wuhwm_v:u 1ejo1| 6%/6 ZoD 6%/200 b .umma:w":wn_L 2092 I1ssod| ‘0 |1Isso4 MH| Bi1o Jay3o Ase3g oluebiou)| ‘abejusdiad| juau0y uaju0d MSIN
ypue uoneauldU| |_

olIBUDDS || 43S uonenoe)



|elajew e se BuijoAoal sueaw ,Buiohoaal, Yum (v

SG€ 65 14 6% 66 9€l SGE SS1L €8 9Ll |ejol
¢¢¢ buipAoal € S } 6 9 € PaxIN
L 0 ! ! Sa|IxaL
l 3 0 l 4 Z ainjiuing
43 %001 0 13 cl 43 43 pleoqp.ed Jaded
¥ %001 0 14 14 4 poom paxin
J8A00 |lypueT] A 0 A L poom pajuted ajym
weid]/L 0 0 Ll Ll pajuiedun poom
1S94 Way|J 8y} Je 92In0sSU0gIed se pasn
S %001) 0 S S S S judsmaN
‘|osaipolqls 3 9 9 asnoyisyybnels
10 |any 1oy pasn jue|d woly jeq ‘yueid
|eaw jesw ul passadold pue pajjiypue]
Z Z Z abpn|s abemag
Aem ajdwis e ul ,pajoAdal, |eg 0 e¢ [ alnuew [ewiuy
12 ) G G d|qejabap
143 %001 0 45 Zl 43 uap.leg
[ %00} L ! ¥ 8 z 9 Jaded jou abejlequi3
[ %001 Z [ 60 3 3 9)SEM U01}oN1SU0H
‘soluedwod aysem ajeald [ [ [ [ salk]
ybnouy) pajoAoal ale salhy ayy Jo 1SON
12 0 yx4 yx4 x4 SiejaiN
9)SEM UOI}ONJISU0D Ajsow S| SIy] | 1S 1S 1S Pg ‘sse|b ‘ypes ‘suau|
€9 %08 6 0C 8. [4°] 6 4] €C 9l lerysnpuj
8¢ %08 9 Zl 8Y 1 99 [43 ¥l ol (L ployasnoH
SsjusWIWo) 13Y)0 uioul o} 13N | peyosloo 9, | pajohoay 47 03 [N uiouj Joy ndui jod 10} zeH|wod JayjofiBap Ase] Jau|

pajesauidu|

3]qeysnquiod

a|qe|oAoal jJod

jusjuon

(3ndur y97) Junowe aysem pajeal]

olleuads uoljeauidul 3ndu




uoy
‘Bunsodwod
alnuew

wolj yHO

AVLOL/dMD(LE62L
919 YHO
se papiwg
dMO|8elLe- }paid zod
6011 190y
¥HO se papiwz Se pajos||0)
9ve6LL §S€ 6S 142 0 6v 66
88lYy &é¢ Bupkoal|o € 0 S 3 001 Gmmv 00t PaxiN
0 0 0 0 0 | 0 651 0.6 8.2 Sa|xaL
0 0 0 l 0 l 0 002 0 0 ainjuing
0 0 0 43 3 0 0 (%244 0 0 pieoqpaed Jaded
0 0 0 2 | 0 0 252 0 0 POOM pPaxIiN|
0 48A00 |ypue| o L 0 0 0 [4°14 0 0 poom pajuied
0 je 821nosuoqgJed se pasn| L 0 0 0 0 252 0 0 pay dun poom
0 0 S 3 0 0 (%44 0 0 JudsmaN
0 passaooud pue pajjypue(s 0 0 0 I 66 0 0 esnoyiajybne|s
0 0 0 0 0 0 4 66 0 0 abpn|s abemag
0 0 em m_n_E_m eu ..ﬂm_o>o®._= € 0 0 0 0 66 0 0 dinuew |ewiuy
0 0 0 14 3 0 0 0 '66 0 0 ECEELRN
0 0 0 0 143 l 0 0 766 0 0
96€L 0 0 0 l l 0 L 0 96€ L 00¥
0 0 0 0 3 3 0 14 0 0 0
0 0 081 a1e salh} 8y} JO 1SON|0 0 0 0 € 0 2612 008 saJhy
0 0 0 0 0 12 0 0 0 0
0 0 ojonssuod Apsow st siyLfo 0 0 0 3 0 0 0
0 So¢ElL 0 0 €9 l 6 0: 8'€9 G°06
0 0 8¢ l 9 143 8'€9 _m..oo PloyasnoH
uroul o} [N P3329]102 % pajokoay ajsem
6%/2006
uo} ‘uonesauldul uo} ‘|lypue| 6)/6 ‘suoissiwa| aysem 6y/96
woJj 209 woyj yHO ¥HO |ejoL 20D lissod ‘0 1ssog suopoely )seM
lypue uoljesauldu|
pajesauou] -
sjusawwod
9l 080} Ly 9ee [o68 1ejol]
[8:€9 00} |s:06 00°} MH| 610 sayi0fiepesbap Ase ouebiou|%004
00 000 ¥'66 0 00 000 0 0 0 %0 0 xm>>_
00 000 0 0 00 000 0 0 4 %0 14 333IM
20 100 6l 0 992 100 862 3938 8 %l 8 sjadied
6°¢S €80 1'66 0 00 €350 0 0 Ly %ES LY pooj
00 €20 0 0 00 €20 0 0 902 %ET 902 Jayjo
00 000 0 0 00 000 0 0 l %0 I 110s ‘auojg]
00 200 0 0 00 200 0 0 vl %2 143 MH
00 000 126 0 00 000 0 0 S0l %0 siadeiq
00 000 66 0 00 000 0 0 €l %0 M uspleg
00 000 (424 0 00 000 9eY 143 0 %0 0 Beianaq )
00 000 (414 0 00 000 0 0 c %0 poom
00 S0°0 0 0 00 S0°0 0 0 9 %S 9y [ZE|
00 100 0 0 00 100 0 0 S %l S ued |y|
00 000 0 0 00 000 4344 0¥9 8 %0 Q 3moq duseid
00 000 0 0 00 000 4344 09 6¥C %0 D ON 3049 a3sejd
S0l 200 661 0 6°€9 200 0.6 8.2 63 Yol 69 Syjo|!
10 200 €e 0 00 200 0 0 0C %2 02 J sse|9
c0 900 €€ 0 00 90°0 0 0 8S %9 85 Q ousse|n
00 000 0 0 00 000 68¢¢C 959 0 %0 pJeH aiseld
00 000 70 0 00 000 [Z862 " oss 9z %0 3d onseld
00 000 0ve 0 00 000 0 0 |72 %0 dsmaN
00 000 ove 0 00 000 0 0 08 %0 112M
00 000 ove 0 00 000 0 0 6€l %0 pieoqgpJed
J)SEm
Bx/z006 a)sem
a)sem WybBram 6%/6 ajsem MSIN Wblam| ‘suoissiwd B6y/06 a|qepelbap WbBram JeLysnpu|
MSI BY/yHD B ‘abejuadiad| ¢HI IelolL| BY/6 Z0o B63%/z200 b ‘abejuadiad| zZOI IIssoq ‘0 |Isso4 MH)| B1o 1ay10 Asegx oluebiou]| ‘ebejuadiad| jusauon uaju0d MSI
lipue] uoljesauldu|

OlIeUdDS UOoIjeIaUIdUI UoIje|Ndje)



|euajew e se BuijoAoas sueaw ,Bulohoal, Yyum (v

%S¢ lenyuajod ajqepesbop Ase3 (1
GS€ 14 SS (413 95 802 €8 69 9€L GG€ SSt €8 9Ll |ejol
$é¢ Buphoal ! S € 6 9 € paxIiN
3 0 L L S9|xal
I I l 4 Z ainjuing
Z ol Zl 4} 4} pleoqp.ed Jjaded
14 14 14 poom paxiiN
J9A0D 0 / / poom pajuled a3Iym
jueld IS4 weaNIa|LL 0 Ll Ll pajutedun poom
8y} Je 92INOSUOQIED S Pasn
S 0 S S S jupdsman
‘lesaipolq S %08 3 9 9 9 9 asnoysajybne|s
10 [any Joy pasn jueld
woJj ye ‘jueld |esw jeaw
ul passaooud /pajypue]
[ %08 0 Z z z Z abpn|s abemag
Kem a|dwis e ur pajofoal, 9z %08 / cc cc e e ainuew [ewiuy
4 %08 3 S S S S a|qejebap
Zl 4} Zl uspieg
8 2 ) 4 9 Jaded jou abejjequgy
€ 60 c € 9)SEM UOI}ONJISUCD
"saluedwod a)sem € € € € saif]
ajeaud ybnouyy pajokoal
aJe salhy ayy Jo 1sop
12 0 x4 12 yx4 S|elain
a)sem 1S 1S 1S uojaq ‘sse|b ‘yyea ‘spau|
uoIjoNIISUOO AjIsow si siyl|
[} 8l %08 14 6 19 (X4 (X4 2s Z6 4} (%4 9l |eL3snpuj
(3 0 %08 L 9 ey vl 3 95 23 vl oL (1 pioyasnoy
sjuawwo)s| Jssyio [av o3 1BN| Pa3o3jI09 % [ uIou) pajokoay (4703 1IN Ml 10}, ZeH jsnquiod Jayjojqepesbap Aseg Jau|
| BIp 21qoJaeuy a|gejsnquo)
| av 03 indui jod (¥ a19e194231 304 jusjuod

(3ndur v917) Junowe ajsem pajeal]

olleuadss | @y indu




AVLOL/dMD[66.£6 d0308§ dMD
YHO
Se papiwg
Hpa12 203
1any
se pa}o29||0)
§S¢€ 144 SS 0 (43 95 802
9 &é¢ Bulphoaulo 0 0 3 ] € 00} 96€1 00 PaXIN
0 0 0 0 0 0 l 0 651 0.6 8.2 SaIXaL
0 0 0 0 0 0 1 L 002 0 0 ainjjuing
0 0 0 0 0 Z o] § (974 0 0 pieoqp.ed laded
0 0 0 0 0 0 0 2 (214 0 0 POOM PaXIN|
0 209 |[ypue[Z 0 0 0 0 0 [5x4 0 0 PooMm pajuied
0 J& 92IN0Su0qJed SE pasn |/ 0 0 0 0 0 252 0 0 pajuredun poom|
0 [o 0 0 0 0 S 0 944 0 0 judsmaN
0 lu ur pesseooud /pajiypueT|o S I 0 0 | 7'66 0 0 asnoyusjybne|s
0 0 0 Z l 0 0 0 '66 0 0 abpn|s abemag;
0 em sjdwis e ui ,pajohoal, o|IF 0 0 7 766 0 0 BInuEW [ewiuy
0 0 0 14 l 0 0 3 766 0 0 ECEELDN
0 0 0 0 0 0 0 143 '66 0 0 uspleg
0 0 0 0 0 0 0 8 0 96€} 00¥%
0 0 0 0 0 0 0 € 0 0 0
0 Koo a1e s81A} B} JO 1SON[0 0 0 0 0 € 0 2642 008
0 [o 0 0 0 0 i 0 0 0 0
0 ojonuysuod Asow si siyL|o 0 0 0 0 1S 0 0 0
(t]o ] 6 19 ryLL 182y lelysnpuj
Glo 0 I L 9 194 La4d1) | X:144 PloyasnoH
0 av o} IN| Pa3oa|jod %, udu| pajohoay|o sjsem
uo}. Bx/z00b ajsem
uo} ‘av ‘uojesauloul| uoj ‘jlypue| 6y/6 ‘suoissiwa 6y/06
wol yHO woi zod| wos yHI YHO IejoL 209 |isso4 ‘0 lissod suolnoely a)sep
liipueT uonjeiaulduj
1 Bip d1qoseeUY | 4701 IN
Sjuswwo)
0804 11y 9€€ [eizy [ lejoL]
i TR 610 Joy)0 [epeibep Aseq ojuebiou)|%001
oos | 0 %0 0 Xem)
poe %0 4 333IM
oo | 8 %0 8 siedied
16 yA4 %9L I pooy.
Lo 902 %l 902 layjo
ooo T ] J %0 [ 110S ‘au0}s
I %l 143 MH
g oo ves 0T S0l %9 Jsor siadeiq
e ltob. | f¥es 0 | €l %) €l M usples
0 %0 0 Beianaq NN
[44 %l [44 poom
€00 9 %€ of [ZE
oo 5 %0 Is ue ||
oo | 8 %0 8 O amoq anseld
sve 6v2 %S 6v2 3 ON 213109 d1iseld
B 65 %€ 65 suo19
o  lige | 0z %1 0z O sselo
oo [f00 85 %€ 85 O ou sse|
og | e 959 0 %0 0 PiEH Jnseld
Hev ] ledol T Wieee 0 iiage 9C %2 9c 3d dnseld|
oo | leep | e 1 o LLE %2e LLE dsmaN
e = lsoe W W0 | 08 %S 08 [
SRR R LR DR 6EL %8 6EL pleogple
ajqepesbap ybBram ¢ |eysnpuj
B1o 12y Aseg oluebiou|| abejuaoiad| jusjuony AUau0d MSIN

olleuads | gy uonenojen



|elidjew e se BuioAoaa sueaw , Bulohoal, yum (v

Aem 9|

%S2 d ajqepe.bap Ase3 (|

fefe1 ve 99 [4° 147 661 €8 69 9€L Gs¢e GSL €8 9Ll |ejol

¢.é.¢, BUIDADRI ! S € 6 9 € PaXIN

3 0 l 3 S9|xal

} 3 l 4 4 ainjuing

cl Zl Zl cl pleoqpJed Jaded

14 14 14 poom paxin

JaA00 |lypuey/ 0 A A poom pajuted ajiym

wed|z) 0 n 1l pajuredun poom
1S9 way|3 8y}
Je 80InosuogJeo
se pasn

S 0 S S S judsman

‘leselpoiq o jeny S %08 3 9 9 9 9 asnoysajybne|s
Joj pasn jueld wouy
jed ‘jueid leaw
Jeaw u| passasold
/pajiypue

Zz %08 0 z z z 4 abpn|s abemag

duwis e ur,pajhoal, 9Z %08 L €e €e €e €e ainuew jewiuy

¥ %08 3 S S S S a|qejabap

4} 4} cl uspJen

8 14 8 4 9 pbejjlequ3

€ 60 € € jonjsuon

"so|uedwod a)sem 5 3 3 3 saik]
ajeAud ybnouy}
pajohoal ale
salA) 8y} Jo JsoN

yx4 0 yx4 yx4 yx4 Slel?N

9)SEM UOIIONI}SUOD 1S 1S 1S lLiea ‘suauj
Ansow st sy

( 8l %08 14 6 19 €C €2 s 26 [4°] [ %4 9l letysnpuj

(1 Ll %08 A 9 [43 vl L€ 9s [43 14 oL ployssnoHy

sjuswwos| Jayo [av o1 IWPas9l00 e udul  [psphaay [47 03 1IN Ml | 10} zeH|woo 1ayjolibap Aseq Jau|
11 Bip 21qoJseuy 9|qejsnquod
[ av o} induijod |gejohoaijod jusjuon

(3ndui y97) Junowe ajsem pajeal |

olieuadss || @y induj




v|r6€88
101/dMD

40308} dMO

6021

YHO
se payiw3|

(44424

¥PaId Z0D)

LLSL

13ny
se pa}oa||09)|

2£891

SS¢€

00€

©
©

2

=3
o
-

&4, bulphoal

0

0

002

=

L) 18 921n0OSuUOqIED SE pasn

[o

ow ul passeooid /pajjpueT

e

Aem adwis e u ,pa|okoal,

0

0

&

0

0

10A08. aue sa1k) 8y} JO 1SON

[o

EEEEEEEEEEEEEREEEE

uoNoONIISUOD ARSow sI siy]]

0

olo|o|o|o|o|«|e|a|w|o|o|o]o|o|o|o]e

ololo|o|olof+[+|+[~]|o|olo|o]o|o|c]e|e

BEEEREEEEREEEEREEEEEEEER

ENEEEEEEEEEHEEEEEEER

N EEERENENEEEEEE B EER

0

[}

8616

8l

l

[}

uo} ‘av
wol yHO

uoj ‘uo

nesaurou| uoj ‘ypuel

wolj z0J| wol yHI|

0

l

~is

av o3 1IN

Pa309110 %

uidu| pajohkoay

4793 A

[Sjuswiwo)

00} _mmmv 001 PaxXIN
651 0.6 8.2 S9|xaL
002 0 0 ainjuing
0V 0 0 pieoqpied Jadeq
252 0 0 POOM PaxIiN|
[4°14 0 0 poom pajuied
(414 0 0 pajuredun poom|
074 0 0 judsmaN
7'66 0 0 asnoyJsjybne|g
7'66 0 0 obpni|s abemag
66 0 0 aINUEW [eWIuY|
V' 66 0 0 s|qejabap
7'66 0 0 uspieg

0 96€ 1 001
0 0 0 3)SEM UOIJONIJSU0D
0 6.2 008 salk]]
0 0 0 Sieloi
0 0 0 uojaq
‘sse|b ‘Ypes ‘spau|
ryiL 1°82% lelysnpuj
ryLL 1'82v pioyasnoH

B9JSEM
6%/2006
B6%/6 ‘SUOISSIW?I)| a)sem|
¥HO 1ejoL 209 I1sso4(6%/06 ‘O |1sso4 suonoeyy ajsep|
lypue uopeIaudU|
9l 0801 11y 9ee 2121 lejoL]
MH| Bi0 sayi0|iqepesbep Aseq ojuebiou)|%001

0 %0 0 XeM|
4 %0 4 EEEI
8 %0 8 sjedieg
Lly %91 08¢ pooy|
902 Yl l 902 49yj0]
3 %0 3 110S ‘auo}g|
vl %l 142 MH
S0L %9 S0) siadeiq
€l %l €l M uapieg
0 %0 0 Besanag m
[44 %l 144 poom
14 %€ 14 28]
S %0 Is ued |y|
8 %0 8 J 309 diiseld
6¥¢C %S (€144 D ON 31309 duse|d
69 %€ 65 syjo1
0C %l 02 J sse|9
89 %€ 89 Q ou sse|9
0 %0 0 PieH dise|d
92 %l 92 3d duseld
1€ %2C (745 dsmaN
08 %S 08 11°2M
6EL %8 6EL pleogpied
s|qepeibap)| jybram |elysnpuj
MH| 610 J3y30 Ase3| oiuebiou] ‘abejuasiad| 3jusU0) uUsjuod MSIN

[ryiL 00'L 1°82¥ 00°}
00 000 7'66 0 00 000 0 0
00 000 0 0 00 000 0 0
10 000 61 0 6€l 000 ¥86C 668
€9l 910 766 0 00 910 0 0
00 Z10 0 0 00 Z10 0 0
00 000 0 0 00 000 0 0
00 100 0 0 00 100 0 0
9g 900 126 0 00 900 0 0
80 100 766 0 00 100 0 0
00 000 €12 0 00 000 9EY gzl
ze 100 252 0 00 100 0 0
00 €00 0 0 00 €00 0 0
00 000 0 0 00 000 0 0
00 000 70 0 70l 000 (344 0¥9
10 S0 v'0 0 612€ G510 344 0v9
S'g €00 651 0 7'EE €00 046 8.2
00 100 €€ 0 00 100 0 0
10 €00 €€ 0 00 €00 0 0
00 000 ¥0 0 00 000 959
00 200 70 0 ¥'Sy 200 1862 968
025 220 0¥z 0 00 220 0 0
AT 500 0¥z 0 00 500 0 0
G'6l 800 orZ 0 00 800 0 0
3)SEM|
6%/2006
a)sem MSI ybBram 6y/6 a)sem MSIN B ISSI a)sem bBy/ob
BY/yHO B| ‘ebejussiad|yHD 1ejoL| B3/ 20D 6%/200 B| ‘ebejusdsad| z0OD IIssod ‘D I1ssod
lypue uoneJaudU|

olLIeUdIS || @V uonenojen



dse'xapuljas e wiummm//:dpy

uoy L] UuB[uol 000 01 3 L10 [1qsuonnqrysicy [19ise]
ders
uol Ly UB[uol 000 001 3 L1700 pow [1qisey Suny, [IqQISeT
P 000 8 <
uo} 0Z1 Uyuol 000 000 01 5 2100 SAuepse] ed
prxoIpjoy 9joqrenodsueny | (JALN) unjuos 1od | dKysuopioy pugAuy
Ae ddgsin eSippy | ae Sutupeysddn | zoD ae ddgsin
bx[ove 0Ll 0 suoissiwe Z09J
wxjo00e 000} 0 asuejsig
w
000¢ 000} 0
0
r 0G
- 001
200—| [0Sk &
- 00C
- 0S¢
00€
[40}0)

20D B 08Z 130} Ul suoISSIWd ZOD |ISSO) S8dNPaJ S3|21YaA uj josyad Buioejdal aueyjawolq By ‘66

*s9]91YaA ul |os3ad Bujoejdas uaym B) £8‘Z Aq suoissiwa QD saanpaa aueyjawoiq 6y |

'ssao0.d gy ue ul aysem uo} Jad yHI BY ‘66 unwixew saonpoud [eusjew ajgepesbap Asea jo uoy |

oLIeudds qy podsueu |




|eldjew e se BuioAoaa sueaw ,Bulohoal, yum (v

%GZ lenuajod a|qepesbap Ase3 (L

GGE ve 19 [4% VS 861 G6 18 9€1 GGE 4147 €8 9Ll |ejol

&.é¢ Buljohoal L S € 6 9 € PaxI

3 0 L 3 sa|ixaL

} l I 4 4 ainjiuang

cl 4" cl Zl pieogp.ed Jaded

14 ¥ 14 PooMm paxin

J8A00 iypue|s 0 L L poom pajuted ajiym

jueid isa4 wax 3|21 0 Ll Ll pajuredun poom
8y} }& 80IN0SUO0QJED S pas(

S 0 S S S judsmaN

‘|8s8IpoIq 0 |8ny o} pasn S %08 l 9 9 9 9 asnoyajybne|s
jueld woyy je4 ‘yueld |eaw
yeaw ul passaoold /pa||iypue]

4 %08 0 4 [4 4 z abpn|s abemag

Kem a|dwis e u ,pajokoal, 9z %08 / ce e ce ) ainuew [ewluy

¥ %08 ! S S S S a|qejebap

(1 cl 0 Zl 13 cl cl uap.ien

8 4 8 Z 9 ded jou abejjequig

3 60 c c JSEM UOo1}2N1jSuo0)

‘sojuedwoo € < € ¢ salk]
a)sem ajeaud ybnouyy
pajokoal aie saih} 8y} Jo }sop

1z 0 yx4 yx4 yx4 S

aiseM| 1S 1S 1S sse|b ‘ypea ‘spau|
uofoNJIsuU09 Ajjsow si syl

(1 8l %08 14 6 19 %4 [%4 [4°] 6 Zs (%4 9l lerysnpuj

(1 0 %08 A 9 (%4 4 53 9S [45 14" o] PloyasnoH

sjuswwog| Yo |dwod o3 [ [P8308[|10d %[ udul  [paoAday | 47 03 1IN ] | 10} zeH |woo 1ayjojibap Aseq Mau|
| dwo) a|gejsnquiod
dwo9 o0} ndui Jod (¥ @a1qej94A2a1 Jod jusjuon

(3ndui y97) Junowe ajsem pajeal ]

oLieuass | y3sodwod jndu|




AV1OL/dMO

L6006

4039e} dMO

88CY

10308) dMO

Sv8le-

WPa15 20D

SUOISSIW?

61LL

13ny
se pa}99||0)

vSLLL

olo|o|o|o|o|o|o|o|o|o|o|o|o]o|o|o

0

8616

uo}|
‘uonesauidul
woJt 200

uo} ‘jiypue|
woy yHO

§S¢

~
©

&é¢ Buiphoal

0

|} }e @21n0SuU0qJed se pasn

[o

Aem ojdwis e ur ,pajohoal,

N

0

Q4

0

0

0A08. aue salA) 8y Jo 1SO

[o

uoONISUOD ARSOW Si SIYL

ol|lolo|lolo|a|F||N|vo|o|lo|o|o|o|o|o

Q4

13

[}

lo

dwod o} N

Sjuswwo)

pyLL 00°)
00 000 766 0
00 000 0 0
10 000 6l 0
€9l 910 766 0
00 210 0 0
00 000 0 0
00 100 0 0
96 90°0 126 0
80 100 766 0
00 000 €12 0
ze 100 252 0
00 €00 0 0
00 000 0 0
00 000 ¥0 0
10 510 70 0
S'S €00 651 0
00 100 €€ 0
10 €00 €€ 0
00 000 70 0
00 200 ¥0 0
0zs 220 orZ 0
AT G500 ore 0
G'6l 80°0 14 0
ajsem MSIW jybrom 6y/6
B3/yHO 6| ‘ebejuadiad|yHO IejoL| bx/6 20D
lypue]

0 [} ¥S 861
0 3 S € 00} loseL oot PaXI
0 0 | 0 651 046 8/Z sa|xaL
0 0 | 1 002 0 0 ainjiuiny
0 0 0 [ orZ 0 0 pieoqpJed Jaded
0 0 0 2 [2°13 0 0 POOM paxiN
0 0 0 0 213 0 0 PoOM pajuied
0 0 0 0 213 0 0 pajuiedun poom
0 0 S 0 orZ 0 0 JundsmaN
] 0 0 1 766 0 0 asnoytajybne|s
] 0 0 0 v 0 0 abpn|s abemag
1 0 0 L v 0 0 ainuew [ewiuy
3 0 0 3 v 0 0 ECEELRN
0 0 0 0 v'66 0 0 uspJeg
0 0 0 8 0 96€lL 00y Jaded jou abejequ3
0 0 0 [ 0 0 0 9)SeMm uoljoniysuod
0 0 0 € 0 2612 008 saIk|]
0 0 Iz 0 0 0 0 sIejaN
0 0 0 3 0 0 0 uojaq
.wwm_m ‘yyea ‘suau|

4 19 Lad1l [ X:144 [elysnpu|

L [34 ryLL 1°82v PIoyasnoH

P9399]|09 %, pojahoay djsem
B3/2006
6%/6 ‘suolssiwe a)sem
¥HO lejol 209 lissod|B¥/96 ‘O lissod suonoeyy 9)seM
liypue uogesauidU|
4701 N
9l 0801} Ly 9g¢ 2121 | 1ejo1]
1°82F 00°L MH| B10 soyiofepeibap Ase3 d1uebloul| %001
00 000 0 0 0 %0 lo Xem
00 000 0 0 Z %0 Iz 333IM
6€l 000 7862 658 8 %0 8 sjedied
00 910 0 0 Ly %91 08z pooy]
00 Z10 0 0 90z %2l 90z Jay30
00 000 0 0 1 %0 [ 110s “auo}g
00 100 0 0 vl %l L MH
00 900 0 0 Sob %9 | siadeig
00 100 0 0 €l %l €} M uspieg
00 000 9ty szl 0 %0 0 Betanaq YN
00 100 0 0 44 % 44 poom
00 €00 0 0 9 %€ 9 1e3oN
00 000 0 0 S %0 S ued |y
70l 000 [i344 0%9 8 %0 9 @moq dyseld
612 G510 (344 0%9 67Z %G1 6vC 3 ON @1)309 duseld
7'EE €00 0.6 8/Z 65 %€ 6s sui01
00 100 0 0 0z % oz J sse|l9
00 €00 0 0 85 %€ 8s J ou sse|9
00 000 [6822 " [9s9 0 %0 lo PIEH dNseld
v’y 200 1862 958 9z %2 loz 3d duseld
00 220 0 0 1.6 %22 1€ dsmaN
00 G0'0 0 0 08 %S 08 113M
00 800 0 0 6El %8 6cl pieoqpied
9)Ssem
63%/2006
a)sem MSIN ybram| ‘suoissiwa| aysem 63/06 a|qepelbap Jybrom
mv_\NOO B .0mﬂu:00._0m 209 lisso4 .O |iIsso4 MH Bio Byl >mmw u_:mm._o:_ .wmm«:wo._w& juajuon| |eulysnpuj Juajuod MSIN
uojnjeiauldu]

oleuads | yjsodwod uonenaje)



|eldjew e se BuljoAoaa sueaw ,Buljohoal, yum (¢

Aem ad

%S lenuajod ajqepeibap Ase3 (1

gGe 4 8. (43 vS 181 S6 18 9€l 41 141 €8 9Ll |ejo

4é.¢ buljohoal 3 S € 6 9 € PaxIN

] 0 3 3 Sa|pxaL

I 3 3 4 4 ainjluing

Zl cl cl cl pJeogpued taded

4 ¥ 4 PooMm paxiiN

18A00 |Iypuef, 0 L L poom pajuied a)lym

e[z} 0 Ll Ll pajuredun poom
1S84 way|3 8y}
Je 92JnosuogJed
se pas

S 0 S S S juidsmaN

‘[esalpolq S %08 3 9 9 9 9 asnoyiayybne|s
10 [3n} Jo}
pasn jue|d wouy
yed jueld [eaw
Jeaw ul passasold
/pajlypue]

4 %08 0 z 4 Z Z abpn|s abemag

wis e ur,pajokoal, 92 %08 L €g 1% €g €e ainuew jewiuy

14 %08 3 S S S S a|qejabap

[ zl 0 [ 4 [ zl uapien

8 ¥ 8 Z 9 1aded jou abejjequzy

€ 60 € [ 9)SEeM UOI}ONIISU0D

"sajuedwod a)sem| € c € € salf]
ajeand ybnouyy
pa[ohoal ale
salA} 8y} Jo JSO

yx4 0 x4 Jx4 yx4 Siel2N

a)sem 1S 1S 1S uojaq ‘sse|b ‘ypues ‘spau|
uoloNJISUo
Apsow st siyL

(1 8l %08 4 6 19 €2 124 [4°] 26 [4°] [ %4 9l lerysnpuj

(1 1 %08 L 9 [43 vl L 99 [45 i o]} PloyasnoH

sjuswwo)| J8yio dwod o} 3N | pe129]109 %, upu]  [paohdey | 47 03 1IN M] | 10} ZeH|3snquwoo Jayjolpeibap Aseq Mau|
11 dwo) a]qeysnquo)
dwo) o3 3ndui Jod ¥ 9|qe|oAoaa Jod juajuon

(3ndui y97) Junowe aysem pajeas

oLieuass || 3sodwod jnduj




AVLIOL/dMO|LSYES Jojoey dMO
V.,6€ YHO
se papiw3|
Jojoey dMO (€202 Hpaid z0d
€SLL |1any se
suoissiwa yHY pa3o3]109
SS0L 156851 |ss€ 8L 0 z 1< 181
|96€L 00¢ ,é,¢, BulloAoal 0 0 ] S c 001 —wlmmv Toor |
0 0 0 0 0 0 3 0 651 0.6 8.2 SojxaL
0 002 0 0 0 3 3 002 0 0 ainjuing
0 0882 0 0 0 0 cl (0144 0 0 pieoqpied Jaded
0 8001 0 0 0 0 2 25z 0 o POOM PaXIN|
0 0 0 0 0 0 414 0 0 POOM pajuled
0 le ©2INOSUOQJED SE pasn 0 0 0 0 0 252 0 0 pajuredun poom
0 [o 0 0 0 S 0 0V 0 0 juidsmaN
0 ul passaooud /pa||pue] S l 0 0 3 7'66 0 0 asnoyJajybne|g|
0 0 4 3 0 0 0 7'66 0 0 obpn|s abemag
0 em ajdwis e ul ,pajokoal, o¢ } 0 0 7 166 0 0 aJNuewW [ewiuy
0 0 14 l 0 0 3 766 0 0 s|qejaban
0 (3 4 0 0 0 0 7'66 0 0 uspleg
0 0 0 0 0 0 8 0 001
0 0 0 0 0 0 £ 0
0 001 a1 sa14) BY} JO JSON 0 0 0 0 € 0 008
0 [o 0 0 0 12 0 0
0 1jonJjsuoo Ajsow si sy 0 0 0 0 5] 0
0 Q 8L | 2 6 19 ryiL
8516 ( Ll | L 9 23 Ll PIOYaSnoH
dwo) 03 || Pa329]109 %, upou| pajohoay
uoj
uo} ‘dwod|  ‘uonesauldul| uoj ‘ypue] BB/ I ajsem By/0b
wod} yHD woi z09| woy yHD YHO IejoL 209 lisso4 ‘0 issod suonoely 3)Sep|
llypueq uoljesaulou|
1| dwod] [ 19 1w
[SjusWWwo)
9L [osoL 11y 9e€ 2121 | lejoL]
Lad1] 00°} | 2%:1474 00" L MH| bi0 sayjo|epesboep Ase3 o1ueBiou| %001
00 000 66 0 00 000 0 0 0 %0 lo Xem
00 000 0 0 00 000 0 0 Z %0 Iz 333IM
[50) 000 6l 0 6l 000 86¢C GG8 8 %0 8 sjedien
€91 910 66 0 00 910 0 0 L1y %91 082 pooy
00 424 0 0 00 Lo 0 0 902 %2l 902 19430
00 000 0 0 00 000 0 0 3 %0 l 110s ‘auojg|
00 10°0 0 0 00 100 0 0 vl %l 142 MH
9§ 900 126 0 00 900 0 0 S0 %9 S0l s1adeiq
80 100 66 0 00 100 0 0 €l %L €L M uapieg
00 000 €le 0 00 000 9EY gcl 0 %0 0 Besanaq ¥
A8 100 [4°14 0 00 100 0 0 [44 %l [44 poom
00 €00 0 0 00 €00 0 0 614 %€ 9 [ZE|
00 000 0 0 00 000 0 0 S %0 IS ue |y|
00 000 7’0 0 0l 000 14344 09 8 %0 8 J 309 di3seid
10 SL0 0 0 6'v2e S0 14344 0¥9 (€144 %S 6172 O ON 3309 duse|d
Sg €00 651 0 V'Ee €00 0.6 8.2 65 %€ 65 syjo1
00 100 €€ 0 00 100 0 0 0C %L (4 J sse|9
1’0 €00 €€ 0 00 €00 0 0 89 %€ 85 Q ou sse|9
00 000 ¥0 0 00 000 [682e T[99 0 %0 0 PJeH douseld
00 200 0 0 'Sy 200 1862 938 92 %2 9¢
0'¢s 20 (944 0 00 220 0 0 743 %22 1€ dsmaN
(41 S0°0 944 0 00 S0°0 0 0 08 %S 08 112M
g6l 800 (074 0 00 800 0 0 6€l %8 |6elL pieoqpied
9)Sem
6%/z006 a)sem
a)sem MSIN ybBram B6/6 a)sem MSI ybram| ‘suoissiwad Bx/06 a|qepeibap ybBram |euysnpuj
B3/pHO B|‘aBejuasiad|yHO [e3oL| B/6 20D 6Y/200 b| ‘ebejusdiad| 20D lissod| ‘O |issoq MH| B0 Jay30| Ase3z ojuebiou)| ‘abejussiad| jusju0n AUsju0d MSIN
ligpue] uopeJauIdU|

olIieuads || }Jsodwod uonenoje)



	LCA Screening of waste treatment options for south western iceland
	LCA Screening of waste-attachement

