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1 Introduction

The Austrian waste management system is based on the waste framework directive
2008/98/EG, which was transposed into national law through the waste management law
2002.

Priority of the Austrian waste management is the protection of humans and the environment.
The bases for this are low levels of emissions and efficient use of resources. Austria has
recorded great successes in the past 20 years as far as recycling and the energetic use of
waste are concerned. In the field of waste treatment Austria is even toady among the leading
countries on an international scale. Austria is world champion as regards waste separation.
In future special attention will be paid to waste avoidance but also to increased recycling in
order to supply the Austrian economy with raw materials and save natural resources.
[Lebensministerium 2012] Figure 1 shows the already mentioned advanced position of
Austria. Many other countries have still dumped large portions of municipal solid waste on
landfills and therefore caused environmental problems (production of methane).
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Figure 1: Different treatment options for municipal waste in Europe in 2010
(Source: Rutz et. al, 2012)

The main targets of the Austrian waste management sector are:

e Avoidance of harmful effects on humans and on the environment

e As low as possible emissions of air pollutants or gases with an impact on the climate

e Conservation of resources (raw materials, water, energy, landscape, surfaces, landfill
volumes)

e Waste undergoing recovery or the materials obtained from the same shall not present
any greater hazard potential than comparable primary raw materials or products from
primary raw materials

e Only such materials should remain as waste, which can be deposited without
presenting any hazards for future generations

The goal-reaching shall be oriented according to the following hierarchy:
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1. Waste avoidance

2. Preparation for re-use

3. Recycling

4. Other types of recovery (eg. Energetic use)
5. Disposal

On the one hand the Austrian waste management sector fulfils an ecological protection
function and on the other hand it provides secondary raw materials and fuels for the
economy. Because of resource scarcity increasing importance is attached to secondary
resources and appropriate treatment technologies as well as to re-use. The main target is to
implement a sustainable material flow and waste management. [Lebensministerium 2012]
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2 Overview of the waste management system

2.1 Municipal waste management in Styria

2.1.1 Total waste accumulation in Styria

In total, in Styria approximately 523.000 tons of waste per year arise, consisting of 166.000 t
secondary waste and packaging, 151.000 t residual waste, 98.000 t organic waste, 48.000 t
bulky waste, 48.000 t secondary materials and 12.000 t others. Figure 2 shows this. The
amount of waste per inhabitant accounts for 433 kg per year (2009). [Kommunale
Abfallerhebung 2010]
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Figure 2: Total waste accumulation in Styria in 2009
(Source: Kommunale Abfallerhebung 2010)

2.1.2 Organic waste accumulation in Styria

The amount of 98,000 t organic waste consists of kitchen waste and garden rubbish (71%),
communal garden and park waste (25%) and cemetery waste 4%).

Styria implemented, as the first Austrian federal region, in the year 1990 the separate
collection of organic waste through the Styrian waste management act. Now, approximately
51% of the organic waste is collected by using organic waste containers (mostly 120l). The
rest, especially green waste, is collected by municipal services. [Kommunale Abfallerhebung
2010]

Unfortunately the residual waste of the inhabitants of Styria contains a huge amount of
organic waste (~38%). The analyses of the residual waste provide a basis to evaluate the
efficiency of waste management measures and identify necessities for further information
campaigns. Figure 3 shows the average analysis of residual waste in Styria.
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Figure 3: Analysis of residual waste in Styria
(Source: Regionaler Abfallwirtschaftsplan der Landeshauptstadt Graz, 2007)

2.1.3 Utilization of organic waste in Styria

Organic waste in rural areas in Styria is partly composted by the inhabitants their selves. In
general, organic waste in Styria is treated both — aerobic and anaerobic. The aerobic
treatment of organic waste is carried out in Styria mostly by composting. Impurities, which
make the organic waste non-compostable, have to be removed with high technical and
personnel efforts. In Styria there are in total 24 municipal or rather commercial and 46
agricultural composting plants operating. The total processing capacity accounts for 117.000
t/a. Furthermore in Styria there are operating 44 biogas plants with a total processing
capacity of 500.000 t/a. Most of the biogas plants use energy crops, farm fertilizer,
agricultural waste material and commercial waste. The utilization of organic waste in biogas
plants plays a subordinate role, although in principle, it is possible to use kitchen waste and
green waste in biogas plants. [Land Steiermark 2010]

2.2 Municipal waste management in Graz

2.2.1 Total waste accumulation in Graz

In Graz approximately 130.000 tons of waste are collected per year, consisting of 44.000 t/a
non-recyclable waste, 26.200 t/a paper, 20.400 t/a recyclable waste (metal, plastic), 18.200
t/a biowaste, 8.400 t/a glass, 6.700 t/a green waste, 400 t/a hazardous waste and 7.000 t/a
others. In the year 1990 the annual amount of waste accounted for 118.170 tons and steadily
increased up to the year 2005 (131.515 t). Only 17.500 t/a are land filled, others are used
energetically or material. Figure 4 and figure 5 show the development of the amount of waste
in Graz from 1990 to 2005. While figure 4 represents absolute numbers, figure 5 represents
the amount of waste per inhabitant.
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Abfallaufkommen in Graz 1990 - 2005
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Figure 4: Development of the amount of waste in Graz from 1990-2005
(Source: Stadt Graz - Umweltamt, 2007)
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Figure 5: Development of the amount of waste in Graz from 1990-2005 per inhabitant
(Source: Stadt Graz - Umweltamt, 2007)

2.2.2 Organic waste accumulation in Graz
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Figure 6: Amount of organic waste from separated municipal solid waste collection in
Graz
(Source: Stadt Graz - Umweltamt, 2007)

Figure 6 shows the amount of organic waste from separated municipal solid waste collection
in Graz per inhabitant per year. It contains compostable municipal solid waste, like kitchen
waste, garden rubbish, market waste and cemetery waste. Organic waste, which is
composted by inhabitants by themselves, is not included in that figure, which amounts for
approximately 12% of the population of Graz. [Stadt Graz — Umweltamt 2007]

There are additional quantities of organic waste from the industry, like restaurants, super
markets, and caterings etc, which are not quantifiable.

2.2.3 Collection of organic waste from municipal solid waste

The Holding Graz, a company of the city of Graz, is in charge for the waste collection and
waste treatment for the area of Graz. At approximately 34.000 sites in Graz are located bins
for non-recycleable waste, organic waste, paper, glass, metal and plastic. In general, organic
waste in Graz is separately collected from households by brown bins. Larger amounts of
green waste can be deposited at the Recycling Centre Sturzgasse. Furthermore there is a
chaff service for eg. tree-cut material for treatment directly in the garden. Cooking oil and fat
is collected separately by yellow buckets or bins. [Stadt Graz — Umweltamt 2007]

2.2.4 Utilization of organic waste

Organic and green waste is mixed and pretreated (release from metals and plastic) in Graz
(organic waste treatment plant Sturzgasse) and then/moreover treated in the composting
plant in Frohnleiten. The bio-mechanical organic waste treatment plant in Frohnleiten is
owned by the SERVUS ABFALL, which cooperates with the city of Graz through a public-
private partnership. Furthermore organic waste is composted and used in agriculture.

Cooking oil is recycled to biodiesel, soaps, cleaning agents and machine oils. The city of
Graz serves as an exemplary model, because of their use of biodiesel for the public bus
transfer.

Unfortunately, the energy from organic waste cannot be used at the moment, but the landfill
gas at the site in Frohnleiten is used in two CHP plants for electricity and heat generation.

2.2.5 Actors involved
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Figure 7: Public-private partnership
(Source: SERVUS ABFALL Online)

In the year 2002 the SERVUS ABFALL Dienstleistungs GmbH & CO KG was founded as a
public-private partnership between the Holding Graz and the EBG (Entsorgungsbeteiligung
Graz GmbH NFG & CO KG). Through the public-private partnership, the strengths of all
partners are bundled and they focus on clean solutions.

The public part of the partnership is represented by the Holding Graz GmbH, which is
together with SERVUS ABFALL responsible for the realization of the separated collection of
recovered paper, glass, municipal solid waste and organic waste. Furthermore the Holding
Graz runs the above mentioned biological waste treatment plant for municipal solid waste at
Sturzgasse. The Holding Graz GmbH is a company owned by the city of Graz.

The private part of the partnership is represented by the EBH (Entsorgungsbeteiligung Graz
GmbH NFG & CO KG), that consists of the “Gemeindebetriebe Frohnleiten”, the
“Saubermacher AG”, the “Hans Hutter GmbH” and “entsorgt”.

Commercial waste in Graz is collected by Saubermacher, ASA, Millex or others.
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3 Waste treatment technologies

3.1 Biowaste treatment technologies

As above already mentioned, organic waste from households in Graz is separately collected
by brown bins. At approximately 34.000 sites in Graz are located bins for organic waste.
Larger amounts of green waste can be deposited at the Recycling Centre Sturzgasse.
Furthermore there is a chaff service for eg. tree-cut material for treatment directly in the
garden. Cooking oil and fat is collected separately by yellow buckets or bins.

Organic and green waste is mixed and pretreated (release from metals and plastic) in Graz
(organic waste treatment plant Sturzgasse) and then treated in a composting plant in
Frohnleiten or in agricultural composting plants. Afterwards one part is used in agriculture
and the other part is land filled.

3.2 Municipal solid waste treatment technologies

The bio-mechanical waste treatment plant in Frohnleiten, which is owned by the SERVUS
ABFALL, is one of the most advanced mechanical-biological waste pretreatment facilities in
Austria. The input material for the plant consists of domestic/residual waste and sewage
sludge with a grit size from 0-80mm. The quantity accounts for 65.000 t per year. Moreover
the plant consists of 13 tunnels (32 m x 6,5 m x 5.5 m) with a fully automated tunnel entry.
The installed electrical output accounts for 1100kW.

GEA, July 2012 11



UrbanBiogas Biomethane use for cities: grid injection & transport in Graz

4 Economic and legal considerations

4.1 Current and future costs of disposal

Since 1990 Styria consequently expanded the infrastructure for the separate collection of
waste and disposes now of a very convenient collection system (more than 400 waste
collection centres and problem material collection centres). The federal region Styria
subsidised the municipalities with 21,2 million €. The widespread services concerning waste
management are cost intensive and are passed down to the responsible municipalities.
Figure 8 shows the costs of disposal in Austria from 1995 to 2006. The annual costs of
disposal in Austria (2006) per person amount to 66,4 € and per household 154 €.

Miillgebiihrenaufkommen in Osterreich
1995 - 2006 in Mio €

Mio €

D,
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

1995 bis 2006 2006
+ 147 % 66,4 € [ Person
+ 13 % p.a. 154,0 € [ Haushalt

Figure 8: Costs of disposal in Austria
(Source: Land Steiermark — FA 19D, 2008)

In contrast to that, the costs of disposal in the federal region Styria are much lower and
accounted in 2006 to 115 € per household. The costs of disposal consist of a base fee and a
variable fee. The base fee is independent from the amount of waste and covers 2/3 of the
waste management costs. It is calculated per accommodation unit, household or person. The
variable fee is dependent on the amount of waste and covers 1/3 of the waste management
costs.

The tariffs of disposal for the city Graz are constituted by the Holding Graz GmbH. For
municipal solid waste the tariffs consist of a base and a performance fee, whereas the
performance fee includes a collecting and disposal fee. As a basis for calculating the fee,
serve the collected amount of waste per removal (depending on the size of the bins) and the
number of removals. For the collection of organic waste there is an additional fee
(“Biozuschlag” — table 1).

Table 1 shows the tariff system in Graz for 120 | bins.

Tarif A
2ur Grazer AbFO 2006
(Gebihr in Euro pro Jahr excl. gesstzicher Umeatzatever)
Behaélter- Entiasninaen Grund- Leistungs- Gesamtgeblhr Bio- Gesamigebiihr
grofe g gebiihr gebiihr mit Kempostbonus | zuschlag | ohne Kompostbonus
1 % pro Woche 112,20 24540 357,60 58,80 416,40
2 % pro Woche 224 40 490,80 715,20 117,60 232,80
120 Liter
14-tagig 56,10 122,70 178,80 30,00 208,80
vierwachig 23,40 60,40 83,80 16,80 105,60
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Table 1: Tariff system for costs of disposal in Graz
(Source: Holding Graz Online)

4.2 Legal requirements

All member states of the European Union have to fulfil the Landfill Directive 1999/31/EC,
which implemented to prohibit land filing untreated waste, and the Waste Directive
2006/12/EC to reduce land filling of biodegradable part of MSW to 35% within the next five to
ten years. Austria implemented on this basis the so-called Abfallwirtschaftsgesetz 2002
(AWG 2002) to fulfil the European directives. The federal region of Styria implemented the
StAWG 2004, the so called Styrian Waste Management Law, to regulate all belongings in the
competence of the region. The StAWG aims to reduce emissions of air pollutants and
greenhouse gases and to preserve the environment from damage. Furthermore it says that
just non-hazardous waste, that doesn’t harm future generations, is allowed to be left.
According to that, the following principles apply:

e Waste avoidance
e Waste recovery
e Waste disposal
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5 Strategy proposal for a biowaste use in production of
biomethane in Graz

5.1 Superordinate targets influencing Graz

The climate and energy targets of Graz are derived from superordinate targets, like the 20-
20-20 targets for the year 2020 of the European Union:

e reduction in greenhouse gas emissions by 20%
e 20% renewable energies
e increase in energy efficiency by 20%

Due to the superordinate targets of the European Union, Austria developed a climate and
energy strategy. Especially Styria aims to reduce greenhouse gas emissions, to increase the
amount of renewable energies and to strengthen the competitive capacity through a
consequent climate policy. To achieve these targets, Styria determined 26 packages of
measures. For example, to reach the goal of an increase in renewable energies, the regional
climate protection plan suggests amongst others the energetic use of waste. Further goals of
the waste management plan of Styria, the energy strategy 2025 and the regional climate
protection plan are the energy use of organic waste before the material use, the use of low-
emission vehicles and the use of renewable energies in the sectors traffic, industry and
buildings. [Land Steiermark 2010a]

5.2 Targets of Graz

The city Graz derived its special targets from the above mentioned superordinate goals and
developed the municipal energy strategy 2020 (Kommunales Energiekonzept “KEK 2020”).
This strategy is a further development of the municipal energy strategy 1996 and constitutes
the future energy and climate policy of Graz. The main targets of the municipal energy
strategy are:

Sustainability principle

Increase in energy efficiency

Use of renewable energies

Conservation of resources

Use of energy and environmental technologies of local producers to stimulate the

economy and to provide new jobs

e Availability of resources and quality of the environment should be preserved for future
generations

e Promotion of alternative fuels

e Education, information and consulting

With respect to those targets, the next chapter provides strategy proposals for the city Graz.
[Stadt Graz — Umweltamt 2008]

5.3 Strategy proposals

5.3.1 Implementation of a biogas plant

We propose to utilize organic waste in a biogas plant near Graz, because of the above
mentioned targets. The municipal organic waste mainly from Graz (partly from surroundings)
as well as to some extent commercial organic waste should be collected and fermented in
that biogas plant. A local company should operate the plant to reach the goal of providing
new jobs and to stimulate the economy. Figure 9 shows the closed biogas cycle.
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Figure 9: Biogas cycle
(Source: IBAarau Online)

The produced biogas should be fed in the natural gas grid and moreover used in the traffic
sector, to reach the target of an increase in low-emission vehicles. The public sector should
serve as a reference example, meaning that for example the public transport sector uses
gas-powered vehicles. The digestate could be used as fertilizer in agriculture and makes
sure that a closed cycle arises. Organic waste is going to be used as a resource for the
energy generation, meaning that it is firstly used energetically and afterwards as a fertilizer
for agriculture. A sustainable waste management and material flow emerges. Biogas is
clean, renewable, permanently available and doesn’t need any additional resources and
surfaces. Table 2 represents the main advantages of the use of a biogas plant in Graz.

Advantages of a biogas plant in Graz

Use of waste as a resource

Sustainable waste management — closed material cycle

Decrease in fossil energy imports

Decrease in green house gas emissions

Step 1: energetically utilization of organic waste
Step 2: use of the material

Creation of jobs

Table 2: Advantages of the use of a biogas plant in Graz

Further chances for Graz are to replace diesel by biomethane and therefore decrease green
house gas emissions by 60-70% and to decrease particle emissions and reduce noise.

5.3.2 Potential organic waste amounts

The estimated potential of organic waste, which could be utilized in the biogas plant,
accounts for approximately 48.000 t/a and consists of 33.000 t/a organic waste from the
brown organic waste bins, food waste from restaurants, caterings and the food industry,
expired food from supermarkets and logistics and old bread from bakeries. About
50% of the organic waste arise directly in Graz; the rest comes from its surroundings
One of the most important targets is to have as short as possible transport routes from the
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waste collection points to the biogas plant. Because of that the biogas plant has to be
situated near Graz. The definite site is not yet determined.

Further information concerning potential waste amounts, additional potential amounts and
the biogas plant site will follow in a 2™ step.

5.3.3 Information campaign

As shown in chapter 3.1.2 municipal solid waste in Styria contains a huge amount of organic
waste. If the city of Graz utilizes organic waste in a biogas plant, the amount of organic waste
comprehended in the residual waste, seems to be a lost resource. An information campaign,
that shows the inhabitants how to separate waste and to raise awareness, should be
prepared.

The main target of the information campaign is, that the inhabitants of Graz correctly
separate waste and therefore increase the amount of organic waste for the biogas plant by
the amount of organic waste previously thrown into the municipal solid waste bin.
Furthermore the inhabitants should be educated to throw just organic waste into the organic
waste bin to facilitate the pre-treatment of organic waste before utilizing it in the biogas plant.
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