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Executive Summary
Sustainable management of increasing amounts of municipal solid waste has become a major
environmental and social concern, since the improper municipal solid waste management
leads to substantial negative environmental impact in terms of air, soil and water pollution,
health and safety problems (e.g diseases spread by insects and rodents attracted to garbage
heaps).
In the project ‘’LIFE-ISWM-TINOS’’, an integrated system has been applied in Pyrgos and
Panormos town. The concept of this integrated system is based on the source separation of the
recyclable materials (paper/cardboard, plastic, metal and glass) as well as the food waste. The
food waste is collected in brown bin and then it goes to a pilot composting plant. The plant is
installed in Pyrgos town area.
The scope of this study was to evaluate the ISWM TINOS concept from the environmental
perspective by using the life cycle analysis principles. In specific, this study is aiming to find the
environmental footprint by performing quantified environmental indicators. Emphasis is given
to the estimation of the global warming impact assessment, as well as to other impact
assessment categories, such as the acidification, the eutrophication, several types of toxicity
etc. The results are given in equivalent units, in order to be comparable and mainly replicable.
According to the implementation method applied in each case, the relevant profiles are given
(characterization, normalization, weighting, and single score). The implementation methods
used are the IMPACT 2002+, EDIP 2003, as well as the single issues methods of IPCC 2007 and
Greenhouse Protocol focusing on the global warming impact. The approach methodology for
the life cycle analysis is given in this deliverable. The choice of the appropriate life cycle
implementation methodology is considered one of the most crucial parameter. Furthermore
the strategic determination of the system boundaries has significant impact to the estimation
of the environmental footprint. The scenarios given in this deliverable have been built in
function with the indicators related to Tinos Island. Hence, a database was created according
to the data collected during the visit studies in Tinos Island.
The examined scenarios are distinguished in the two concepts. The first corresponds to the
implementation of the pilot project of LIFE ISWM TINOS in Pyrgos and Panormos areas and the
second one corresponds to the full implementation of the concept in Tinos Island. Hence the
examined cases are the following:
A)
➢
➢
•
•

ISWM TINOS concept in Pyrgos-Panormos
ISWM-TINOS concept with composting process
ISWM TINOS concept with anaerobic digestion
Mesophilic digestion and Thermophilic digestion
Sub-scenarios with composting of solid fraction and co-digestion of liquid fraction with
sewage sludge
➢ Dump process
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B)
➢
➢
•
➢

Full scale implementation plan in Tinos
ISWM-TINOS concept with composting process
ISWM TINOS concept with anaerobic digestion
Mesophilic digestion and Thermophilic digestion
Landfill process (without energy recovery)

The results prove that the applied concept in ISWM TINOS is more environmental friendly
compared to the current waste management method applies in Pyrgos Townn (dumping
process). According to the IMPACT 2002+ method, the environmental benefit in global warming
impact terms reaches the value of 184 kg CO2eq/t waste, while according to the IPCC method
(more focusing on the global warming impact) the value reaches the value of 338 kg CO2eq/t
waste. By moving to the full implementation concept, the environmental benefits are
increasing, since higher rate of application of the project is expected to be implemented. In
specific according to the IPCC 2007 method, the saving CO2eq emissions are estimated at 555
kg CO2eq/t waste comparing to a landfill process, while according to the IMPACT 2002+
method the respective saving CO2eq emissions are estimated at 477 kg CO2eq/t waste.
In what concerns the application of the anaerobic digestion, the anaerobic digestion process
performs less global warming impact than the composting process due to the emission saving
from the avoidance of the electricity generation. Higher biogas yield achieved in thermophilic
digestion process in comparison with the mesophilic process, leading to increase of emission
savings. In pilot scale, the difference between the composting and mesophilic digestion is
estimated at 7.78 kg CO2/t waste, while the respective environmental benefit for the
thermophilic digestion is estimated at 9.38 kg CO2eq/t waste. Moving to the full
implementation scale in Tinos Island, the environmental benefit of the anaerobic digestion
comparing to the compost process is 21.76 kg CO2eq/t waste and 26.23 kg CO2eq/t waste for
the examined cases of mesophilic and thermophilic anaerobic digestion respectively.
The results prove that the anaerobic digestion is clearly more effective in the reduction of the
environmental footprint in highly populated cities/towns. More specifically, considering the
quantities for Greece, the waste produced in a town of 1000 residents is about 506tn annually
while the waste produced in a city of 100,000 is about 50,600 tn annually. Hence, the
environmental benefit of the anaerobic digestion comparing to composting process is
considered quite low in the town case, while it increases, as it is obvious, in the city case (high
populated case). In parallel, taking also consideration the higher investment cost for the
anaerobic digestion plant, as well as that the technology is not technical feasible at very low
capacities, the composting process is presented as the most sustainable solution for remote
and low populated areas. Hence the proposed waste management concept is appropriate for
application in other Greek islands, as well as in remote/mountainous areas by giving valuable
score to the overall environmental footprint.

11

Deliverable 5-2: Report on Life Cycle Analysis a) Composting process and b) Anaerobic Digestion
ISWM-TINOS LIFE 10/ENV/GR/000610

1. Introduction
Sustainable management of increasing amounts of municipal solid waste has become a major
environmental and social concern, since the improper municipal solid waste management
leads to substantial negative environmental impact in terms of air, soil and water pollution,
health and safety problems (e.g diseases spread by insects and rodents attracted to garbage
heaps). The municipalities should follow the waste management treatment method according
to the priorities in waste management hierarchy pyramid, as they are defined in the European
waste management legislative framework (EC/2008/98). More details were given in previous
deliverables of the project.
The achievement of the goal set in the aforementioned European regulations involves different
and complex social, technical, economic and environmental aspects greatly influenced by local
factors. This has stimulated an important debate on what the most sustainable waste
management configuration could be in order to fulfill this mandate. For this reason, Integrated
Solid Waste Management (ISWM) systems are applied in the area of the municipalities, in order
to treat the produced waste in effective way and in line with the European legislation
framework.
In the project ‘’LIFE-ISWM-TINOS’’, an integrated system has been applied in Pyrgos and
Panormos town. The concept of this integrated system is based on the source separation of the
recyclable materials (paper/cardboard, plastic, metal and glass) as well as the food waste. The
food waste is collected in brown bin and then it goes to a pilot composting plant. The plant is
installed in Pyrgos town area and it has been developed in the frame of the activities of the
‘LIFE ISWM TINOS’.
In general, an ISWM system combines a wide variety of appropriate and applicable methods,
technologies and management approaches in relation to the achievement of specific goals. The
goal of the ISWM TINOS is to apply the source separation system for the maximization of the
collected recyclable materials and to produce high quality compost for further land use. Hence
the targets that are set in the European legislative framework (2008/98/EC) regarding the
avoidance of the landfill disposal for the aforementioned waste streams are achieved by an
effective way.
Apart from the alignment with the European legislative frameworks, the application of the
source separated system has positive environmental impact. More specifically, the aim of the
deliverable is to present the environmental benefits of the proposed system in terms of the life
cycle analysis, by comparing with the present situation that it refers to the landfill disposal of
the produced waste without any pre-treatment process. Hence the environmental impacts of
the system are presented through an extended life cycle analysis modelling. In addition, since
the organic fraction can be used in the anaerobic digestion process, the perspective of this

12

Deliverable 5-2: Report on Life Cycle Analysis a) Composting process and b) Anaerobic Digestion
ISWM-TINOS LIFE 10/ENV/GR/000610

technology applied in Pyrgos case study is examined. The used indicators are in line with the
results from the anaerobic digestion tests implemented by Verona University.
The location of the pilot composting plant is near to the waste water treatment facilities of the
Pyrgos area. Hence, an additional scenario was examined. The concept of this scenario is based
on the utilization of the existing sewage sludge in the anaerobic digestion process. The aim of
this case study is to estimate in first stage, the overall environmental footprint for this
integrated scenario, in order to combine the two units according to the industrial symbiosis
principles.
Therefore, the approach methodology for the life cycle analysis is given in this deliverable. The
choice of the appropriate life cycle implementation methodology is considered one of the most
crucial parameter. Furthermore the strategic determination of the system boundaries has
significant impact to the estimation of the environmental footprint. The scenarios given in this
deliverable have been built in function with the indicators related to Tinos Island. Hence, a
database was created according to the data collected during the visit studies in Tinos Island.

2. Life Cycle Analysis
2.1 Life Cycle Analysis tool
Life Cycle Assessment (LCA) examines the environmental impact of a system throughout its
lifetime that is from the time the resources are removed from the ground to the time when
they are returned to the ground at the end of the system's life.
LCA is a technique for assessing the environmental aspects and potential impacts associated
with a product, by:
• Compiling an inventory of relevant inputs and outputs of a product system;
• Evaluating the potential environmental impacts associated with those inputs and
outputs;
• Interpreting the results of the inventory analysis and impact assessment phases in
relation to the objectives of the study.
LCA studies the environmental aspects and potential impacts over the whole product life from
raw material acquisition to production, use and disposal phases. The main damage categories
of environmental impacts under consideration include use of resources, human health and
ecosystems quality [1]. The LCA process operates by considering that any product or process
can be regarded as a system of inputs (raw materials, energy, etc.) and outputs (wastes,
emissions to air, emissions to water, etc).
The typical stages of LCA are firstly presented in the standards ISO 14041–14043. These
standards have been replaced by the ISO 14044:2006, [2]. ISO 14044:2006 specifies
requirements and provides guidelines for life cycle assessment (LCA) including: definition of the
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goal and scope of the LCA, the life cycle inventory analysis (LCI) phase, the life cycle impact
assessment (LCIA) phase, the life cycle interpretation phase, reporting and critical review of the
LCA, limitations of the LCA, relationship between the LCA phases, and conditions for use of
value choices and optional elements.
The main technique used in LCA is modelling. In the inventory phase, a model is made of a
complex technical system that includes production, transport phase, use phase and disposal of
a product. This results in a flow sheet or process tree that evidences all the relevant processes.
For each process, all the relevant inflows and outflows are shown. The result is usually a very
long list of inflows and outflows whose analysis is often difficult.
The most demanding task in performing LCAs is data collection. However, most of the data are
available in the databases and usually only a few processes or materials are not available or the
available data is not representative. It is useful to distinguish two types of data [3]
• Foreground data
• Background data.
Foreground data refer to very specific data needed to model the system. It is typically data that
describe a particular product system and particular specialized production systems.
Background data deal with generic materials, energy, transport and waste management
systems. They are typically data that can be found in databases and literature. The distinction
between these data types is not sharp and depends on the LCA topic [3]
The life cycle impact assessment (LCIA) then translates the emissions from a given product or
process into impacts on human and terrestrial ecosystems. To start these, the effects of
resources use and emissions generated are grouped and quantified into a limited number of
impact categories, which may then be weighted according to their importance.
The results from this step can either be obtained for other impact categories or a single value
result can be obtained by applying weights (a unit without dimensions is then used, expressed
in points, Pt, or its submultiples, mPt or µPt). Impact assessments differ according to the LCA
tools used and there is no one dominant impact framework. In the following paragraph, we
discuss the impact methods that are investigated during the activities of the action 5.1, in order
to select the most appropriate according to the Tinos Island case study.
The SIMAPRO software (v. 7.3.3) has been selected to perform LCA analysis, updated to its last
database version.

2.2. Life Cycle Analysis focusing on waste management-ISWM TINOS concept
Municipal solid waste (MSW) management can be separated into three main activities:
collection, treatment and disposal. Waste management configuration means how these
activities are performed and combined for treating a single tonne of MSW. In the LIFE ISWM
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TINOS system, source segregation (SS) collection system has been installed in Pyrgos and
Panormos area.
In general, a source segregation system can contribute significantly to maximize waste material
recycling, but can represent up to 70% of the entire cost of MSW management [4]. The main
parameters for a source segregation system that influences to the environmental impacts are
the SS intensity, which translates to the purity of the selected materials, the fuel consumptions
during the transportation and the disposal waste treatment method for the non-separated
materials. As it is obvious, the high SS intensity, together with door-to-door collection is
expensive and it requires the largest consumption of fuel and material [5]. More specifically,
an increase in SS intensity leads to an increase in recycling operations, but also to possible
different options to recover and dispose of the organic fraction and residual waste.
In the ‘’LIFE ISWM Tinos’’ system, the method applied for the treatment of the organic fraction
of MSW is the composting process. The composting process takes place in a pilot composting
unit installed at the Pyrgos area. In parallel, the anaerobic digestion of the organic fraction was
investigated during the activities in Action 4.
As it was referred in the deliverable 1.4, the environmental impacts of aerobic composting are
very sensitive to compost facility management practices for maintaining aerobic conditions.
Variations from aerobic conditions can result in releases of methane and/or nitrous oxide, both
of which are greenhouse gases. Results for an aerobic composting LCA depend on offsets. For
example, when peat is the product which compost replaces, the carbon offset is much larger
than for replacing synthetic fertilizer. In addition the offset changes depending on the type of
fertilizer (N,P,K). In the Table 1, the Life Cycles Burdens and Benefits of LCA for Composting
treatment are presented.
Table 1: Determination of the life cycle burdens and the life cycle benefits

Life Cycle Burdens

Life Cycle Benefits

Energy and emissions associated with
separate collection

Diversion of organics/MSW from landfills

Energy and emissions associated with
compost operation

Potential beneficial offsets of other
products (fertilizer, etc.)

Energy and emissions associated with
transportation of compost product and
residuals

Potential soil carbon sequestration
associated with application of compost
product

Similarly, LCA data for anaerobic digestion are sensitive to the amount of methane which is
produced for use as energy offset. This can depend on both the actual composition of the
organic waste inputs and the specific digestion technology. The magnitude of the benefit from
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energy offsets also depends on the energy fuel displaced. For example, if the displaced fuel is
coal, the climate benefit is much larger than if the displaced fuel is natural gas. If the displaced
energy is one that is close to carbon neutral such as renewable energy, then the energy offset
will be small no matter how much methane is generated during the digestion process. For this
case, it is mentioned that the total energy offset depends on the respective boundaries of life
cycle analysis of the displaced energy. Finally, since the anaerobic digestion specifically
attempts to maximize methane production, any system deficiencies with respect to best
practices may result in fugitive emission releases that will substantially degrade this
technology‘s environmental performance.
It is important that the purity of the waste stream should be defined with respect to the
purpose of the AD plants. If the plant is intended to maximize the output of methane, mixed
collection is suitable. If the purpose is to produce a high quality digestate, then the purity of
the waste is very important. Thus, the final product of anaerobic digestion is a significant
parameter [6].
The GHG emissions are classified into two categories [7]. The first one refers to the direct
emissions, which are the emissions directly linked to activities at the anaerobic digestion facility
including combustion of fuel, fugitive gas losses from the reactor, emissions from utilization of
biogas in a gas-engine at the AD facility, emissions from the post-treatment of digestate and
transportation of materials. The second category refers to the indirect emissions, which are the
emissions or avoided emissions associated with the anaerobic digestion facility, but actually
taking place outside the facility. More specifically this category includes the emissions
associated with the provision of energy in the form of fuel, electricity and heat and production
of materials used on the facility and for its infrastructure, applying the respective Life Cycle
Analysis processes (upstream emissions), as well as, the avoided emissions derive from the offset of energy production (substitution) by the energy recovered at the facility, the land
transformation emissions, the carbon sequestration in the soil and fertilizer substitution saving
emissions (downstream emissions). The functional unit used in this study is 1 m3 biogas.
More specifically, the anaerobic digestion of municipal solid waste is, technically, perfectly
feasible.
There are two options for collecting organic waste: By source separately and by mechanical
segregation of the mixed waste. Source segregation does not mean that the waste does not
contain any unwanted materials. The source separation, which is implemented, involves new
containers and vehicles for the collection, thus, the costs are always higher than the traditional
single collection vehicle methods, except if it is part of an integrated source segregated
collection system. It is important that the purity of the waste stream should be defined with
respect to the purpose of the AD plants. If the plant is intended to maximize the output of
methane, mixed collection is suitable. If the purpose is to produce a high quality digestate, then
the purity of the waste is very important. Thus, the final product of anaerobic digestion is a
significant parameter [6]
Apart from the source segregation system and the treatment process of the organic fraction,
the dumping process is investigated in this report, since it corresponds to the present situation
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in Tinos Island. The dumping process corresponds also to the rest waste, which are not
separated at source. It is mentioned that for the case of the full implementation concept in
Tinos Island the landfill process has been taken into consideration. The landfill is considered
sanitary, as it will be discussed below in the next paragraphs.
The Life cycle approach adopted in this study is presented in the Figure 1. As it was referred
before, the Life Cycle steps given in ISO 14044 have been applied.
More specific the first step is the definition of the scope of the study. In this stage, the main
examined cases are described. For the scope of this study, the cases are distinguished in two
main concepts. The first one corresponds to the activities taken place in the pilot project, as it
has already implemented in Pyrgos and Panormos Town. The second concept corresponds to
the full implementation case, by examining the activities described in the deliverable about the
suggestions for the full implementation activities in Tinos Island.
The second step corresponds to the building of the appropriate databases. The databases are
created by the use of primary data and secondary data. The primary data corresponds to the
experimental and measurements data that have been taken during the relevant activities in
the Action 4. The secondary data corresponds to those referred to the additional life cycles of
the examined materials/processes, that can be found in recognized databases (e.g Ecoinvent
Database) or/and in relevant published research works, papers etc.
The third step corresponds to the implementation of the appropriate calculation method, in
order to proceed to the impact assessment of the examined scenario in environmental terms.
The LCA modelling of the investigated scenarios is carried out within the platform of SimaPro
tool. Hence, the calculation methods are taken from a number of methods, which are available
in the SimaPro Software 7.3.3 version.
The fourth step corresponds to the evaluation of the results and the discussion around those.
The target of an LCA model is to give clearly some quantified environmental indicators, in order
to be used as a ‘’taking decision tool”. Hence, in this step, useful results are extracted through
the use of the environmental indicators. The results have a replicable character, in order to be
useful for other studies implemented within the same scope of the present study.
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Figure 1: Life cycle approach for the ISWM TINOS concept

3. Scope of the study
A schematic description of the project “LIFE ISWM TINOS” is given in the Figure 2 . More
specifically, the different stages of the overall concept are clearly depicted.
The life cycle modelling for the applied ISWM TINOS concept is based on two main processes:
the source segregation system for the collection of the recyclables materials, as well as the
source separation system for the collection of the MSW organic fraction in order to be led to
the pilot composting plant.
In what concerns the recyclable materials, the complete map route of the recovered materials
is shown in the Figure 2. The streams of recyclable materials: paper/cardboard, glass, plastics
and metals are separated at source and then they are led to be collected in three respective
containers, in order to be transferred in WATT’s facilities at Koropi for their further separation
and purification, in order to get a marketable price. As it is presented, there are two crucial
stages for the process. The first refers to the separation rates of the recyclable materials in
Pyrgos town. The separation rates depend on the residents’ culture behavior. The stage of the
collection of recyclable materials in the containers does not correspond to another rate, since
it works as an intermediate stage for optimization of the logistics of the LIFE ISWM TINOS
concept. The second crucial stage refers to the recycling rate at the WATT’s facilities in Koropi.
In general, the recycling rate at this stage depends on the technology applied in the plant.
Hence, it is characterized as a technological factor. It is mentioned that the plastic and the
metal waste streams are collected in the same bin and as consequence in the same container.
This happens for reasons that have been analysed in detail in the deliverable relevant to the
planning of the waste management methods in Pyrgos and Panormos and are relevant to the
simplification of the application for the proposed concept.
In what concerns the organic fraction of MSW, this is selected in a different bin: the brown bin.
Then it is transferred to the composting plant to be treated. In addition the ISWM TINOS project
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includes the investigation of the anaerobic digestion method for the treatment of the organic
fraction of MSW. Also sub-scenarios with the combination of the treatment of the sewage
sludge are taken place.
The scope of the study is to find the environmental footprint by performing quantified
environmental indicators. Emphasis is given to the estimation of the global warming impact
assessment, as well as to other impact assessment categories, such as the acidification, the
eutrophication, several types of toxicity etc. The results will be given in equivalent units, in
order to be comparable. According to the implementation method applied in each case, the
relevant profiles are given (characterization, normalization, weighting, and single score). In the
case that the information extracted by the implementation of a calculation method does not
cover the needs of the study, another implementation method is applied, in order to get more
representative results.

Figure 2: Description of the LIFE ISWM TINOS concept

Hence the following cases are investigated in this study, distinguished in the two following
concepts:
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C)
➢
➢
•
•

ISWM TINOS concept in Pyrgos-Panormos
ISWM-TINOS concept with composting process
ISWM TINOS concept with anaerobic digestion
Mesophilic digestion and Thermophilic digestion
Sub-scenarios with composting of solid fraction and co-digestion of liquid fraction with
sewage sludge
➢ Dump process

D)
➢
➢
•
➢

Full scale implementation plan in Tinos
ISWM-TINOS concept with composting process
ISWM TINOS concept with anaerobic digestion
Mesophilic digestion and Thermophilic digestion
Landfill process (without energy recovery)

It is mentioned that the full scale implementation concept has been carried out in line with the
data provided by the full implementation plan in Tinos given in the activity 5.2 of the project.

4. Life Cycle Inventory
The Life Cycle Inventory involves the activities related to the creation of the database that it is
appropriate for the cases that investigated within this study.
The database is created by the use of primary and secondary data. The primary data correspond
to the data taken by measurements and experimental procedures during the activities of the
project. The secondary data correspond to the data related to environmental indicators for the
secondary life cycles of materials/processes.
The several components for the building of the database are presented in the diagram in the
Figure 3 are:
•
•
•
•
•

Composting process
Transportation
Recycling process
Anaerobic Digestion
Landfill process
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Figure 3: Creation of the database for the LIFE ISWM TINOS project

The data for the composting process is in relevance with the biogenic fraction, the decarbonization rate and the energy consumptions.
The database for anaerobic digestion was created in line with the tests accomplished in the
facilities of Verona. Hence, the biogas yields and the mass balances are taken into consideration
As referred in the scope of the study, the recovery rates in the different stages contribute
significantly to the overall process of the recycling. More specifically, the recovery rate at the
stage of source separation was taken by measurements in Pyrgos and Panormos town, while
the data for the recycling process at the stage of the MRF plant, was taken by measurements
carried out at WATT facilities.
In what concerns the transportation process, a database was created by using truck and ship
as means of transportation. In addition the distances for the transportation of the waste in the
Pyrgos and Panormos area, the distance from Rafina to Koropi, as well the distance from Tinos
Port to Rafina were received, in order to get the contribution of the transportation process to
the overall examined concept.
In what concerns the dumping and landfill process, there are no measurements given by the
project. Hence, the environmental indicators were found in published works, as well as in
Ecoinvent Database. Furthermore, the composition of waste was used, since each component
(organic, paper, plastic etc) has different impact score to the environment by its disposal to
dump or landfill.
It is mentioned that in order to cover the gaps in the database that resulting by measurements
and experiments, the recognized database of Ecoinvent was used. All the processes are
described in detail in the section of the Life Cycle modelling of the processes.
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5. Life Cycle Analysis Methodology
5.1 Stages in the methodology
This section is dedicated to the presentation of the basic methodologies for the life cycle
analysis by comparing them. A brief introduction was made for each one, in order to present
their strength and weak.
More specifically, the implementation methodologies are distinguished to the single (focus on
a single impact) and the multiple (estimation of several impact categories and using weighting
factors in order to estimate an overall impact without dimensions).
SimaPro contains a number of impact assessment methods, which are used to calculate impact
assessment results.
A description of each process includes the evaluation of the infrastructure needed, such as
buildings, asphalt surfaces, machines, infrastructure for pre- and post-treatment etc.
(investment of materials and energy). The materials needed to provide the treating
infrastructure were divided by the span of their life time in order to obtain the yearly amounts
of cement, metals, asphalt etc. necessary to treat a defined amount of waste. In an LCA all
processes, such as raw material extraction, distribution and manufacturing could be included
up to the moment of building, running and breaking down the plants. The ecological running
costs of the plant included energetic and material parameters such as energy fluxes, parts
replaced because of attrition, transports, commodities etc. as well as the emissions into air and
into water caused by the process itself. Generally the emissions can be categorized in three
distinct categories: savings, avoided and direct emissions. A positive number shows emissions
to the atmosphere, while a negative number indicates avoidance of emissions. This usually
takes place in the evaluation of CO2eq emissions. CO2 savings refer to the GHG emissions
avoided by not having to reproduce the recovered materials (recycling method)[8]. CO2 avoided
emissions refer to avoided GHG emissions that, otherwise would be emitted, if an another
treatment method has been realized [9]. CO2 direct emissions are GHG emissions, emitted
directly in the environment from the processes that take place.
Materials and energy consumption cause indirect environmental impacts: The emissions to
produce materials and energy for constructing, running and breaking down the plants were
quantified by taking data from the respective data base tool used. These impact factors show
effects on the impact categories. All impacts caused by the different activities of a waste
treating process are first sorted and attributed to the relevant categories. For each damage
category, a reference substance has been defined. The impacts are brought to a comparable
size by multiplying with a factor corresponding to their relative damage potential. The damages
caused by the reference substances of each impact category are weighted for causing
mortality, damage to health and ecosystem impairment. For damage weighting factors,
subjective weighting is possible. The steps are presented in the Figure 4.
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Figure 4: Basic steps for LCA methodology

It is worth mentioning that the Life Cycle Analysis can be applied in different
processes/materials according to the provided data (primary and secondary). By selecting the
appropriate implementation method, an overall life cycle model can be executed (Figure 5)

Figure 5: The overall Life analysis model includes a number of LCA models for the processed
included in the examined scenario

The basic structure of methods in SimaPro is given in the following steps:
a) Characterization
b) Damage assessment
c) Normalization
d) Weighting

The last three steps are optional according to the ISO standards. However for comparative
reasons, in the following sections, the results will be presented also in the three last steps.
More details for each step are given below
Characterization:
The substances that contribute to an impact category are multiplied by a characterization
factor that expresses the relative contribution of the substance. For example, the
characterization factor for CO2 in the Climate change impact category can be equal to 1, while
the characterization factor of methane can be 25. This means the release of 1 kg methane
causes the same amount of climate change as 25 kg CO2. The total result is expressed as impact
category indicators (formerly characterization results).
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Damage assessment:
Damage assessment is a relatively new step in impact assessment. It is added to make use of
'endpoint methods', such as the Eco-indicator 99 and the EPS2000 method. The purpose of
damage assessment is to combine a number of impact category indicators into a damage
category (also called area of protection). In the damage assessment step, impact category
indicators with a common unit can be added. For example, in the Eco-indicator 99 method, all
impact categories that refer to human health are expressed in DALY (disability adjusted life
years). In this method DALYs caused by carcinogenic substances can be added to DALYs caused
by climate change.
Normalization:
Many methods allow the impact category indicator results to be compared by a reference (or
normal) value. This means that the impact category is divided by the reference. A commonly
used reference is the average yearly environmental load in a country or continent, divided by
the number of inhabitants. However, the reference may be chosen freely. After normalization
the impact category indicators all have the same unit, which makes it easier to compare them.
Normalization can be applied on both characterization and damage assessment results.
Weighting:
Some methods allow weighting across impact categories. This means the impact (or damage)
category indicator results are multiplied by weighting factors, and are added to create a total
or single score. Weighting can be applied on normalized or non normalized scores, as some
methods like EPS do not have a normalization step. In the SimaPro tool, there are often
alternative weighting sets available, always in combination with a normalization set.

5.2 Methodologies applied
The examined scenarios are relevant to waste management scenarios. Hence, the most
significant impact assessment categories are the global warming impact, the acidification, the
eutrophication, the toxicity and the non-renewable energy. Hence, the IMPACT 2002+ method
was selected, in order to execute the model for the project of Tinos Island.
The overall waste stream has a polymorphic character depending on the composition. More
specific there are different categories of waste streams, such as the organic fraction, the paper,
the plastic, the metals etc.
The most crucial impact assessment category is the global warming impact, since the
equivalent CO2 is performed in several categories of processes, such as the collection, the
transportation, the production of the materials, the treatment process. Hence, the single issues
methods of the Greenhouse protocol and the IPCC 2007 were selected, in order to focus on the
global warming potential impact. The difference of the two methods is mainly on the
consideration or not of the biogenic emissions. More details for each method are given below.
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Finally, as referred above, the consideration or not of the biogenic fraction of MSW is
considered one of the most crucial
The methodologies applied in the case study of Tinos are the following:
•
•
•
•

Greenhouse protocol (single issue)
IPCC 2007 method (single issue)
Impact 2002+
EDIP 2003

In the following paragraphs, a brief presentation of each methodology as well as short
summary of the reasons that led to take the decision to use these methods are given.
Greenhouse protocol
The Greenhouse Gas Protocol (GHG Protocol), developed by the World Resources Institute
(WRI) and the World Business Council for Sustainable Development (WBCSD), is an accounting
standard of greenhouse gas emissions. Greenhouse protocol is a single issue method. This
means that it focus on a single impact and specifically on the estimation of the greenhouse
impact.
The CO2 emissions are considered one of the most significant environmental pollutants. During
the implementation of the ISWM-TINOS system, direct and indirect emissions are considered.
The boundaries of the system depend on how far we want to reach in the overall life cycle
analysis model. The global warming emissions are performed during the three phases of the
waste management: the collection phase, the treatment phase and the disposal phase. The
emissions of CO2 are categorized in two categories: the direct, which are those refer to the
transportation stage (produced by the fuel consumptions in the transportation trucks) and the
indirect, which are those refer to the saving emissions corresponding to the source separated
materials
Hence, it is obvious the use of a specific methodology focusing on the estimation of the carbon
footprint, in order to calculate this type of impact
Characterization
To calculate carbon dioxide equivalents (CO2eq) of all non-CO2 gases (CH4, N2O, SF6, HFCs,
CFCs) the methodology of Greenhouse protocol shall use and report the most recent 100-year
IPCC global warming potentials (GWP). The 100–year GWP is a metric used to describe the
time-integrated radiative characteristics of well mixed greenhouse gases over a 100-year time
horizon. The total GHG emissions for a product inventory shall be calculated as the sum of GHG
emissions, in CO2eq, of all foreground processes and significant background processes within
the system boundary. A distinction is made between:
•
•
•
•

GHG emissions from fossil sources
Biogenic carbon emissions
Carbon storage
Emissions from land transformation
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Normalisation and weighting
Since Greenhouse Protocol is a single issue method, there are not normalization and weighting
factors using in this method.

IPCC 2007

IPCC 2007 is an update of the method IPCC 2001 developed by the International Panel on
Climate Change. This method lists the climate change factors of IPCC with a timeframe of 20,
100 and 500 years. IPCC characterization factors for the direct (except CH4) global warming
potential of air emissions. They are:
•
•
•
•
•
•
•

not including indirect formation of dinitrogen monoxide from nitrogen emissions.
not accounting for radiative forcing due to emissions of NOx, water, sulphate, etc. in
the lower stratosphere + upper troposphere.
not considering the range of indirect effects given by IPCC.
not including CO2 formation from CO emissions.
If only a minimum or maximum value of a substance is reported this minimum or
maximum value is used.
The substances that do not have a common name but only a formula are not included
in the method.
NOT considering biogenic CO2 uptake and emission, but only considering the biogenic
methane release.

Normalisation and weighting
Normalization and weighting are not a part of this method.

IMPACT 2002+
IMPACT 2002+, acronym of IMPact Assessment of Chemical Toxics, is an impact assessment
methodology originally developed at the Swiss Federal Institute of Technology - Lausanne
(EPFL).In contrast to the Greenhouse protocol methodology, the Impact 2002+ method
calculates fourteen (14) environmental impact categories. In specific, the methodology
proposes a feasible implementation of a combined midpoint/damage approach, linking all
types of life cycle inventory results (elementary flows and other interventions) via 14 midpoint
categories to four damage categories (Figure 6).
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Figure 6: Structure of the calculation method of the IMPACT 2002+

Characterization
The characterization factors for human toxicity and aquatic and terrestrial ecotoxicity are taken
from the present methodology. The characterization factors for other categories are adapted
from existing characterizing methods, i.e. Eco-indicator 99, CML 2001, IPCC and the Cumulative
Energy Demand. The IMPACT 2002+ method (version 2.1) presently provides characterization
factors for almost 1500 different LCI-results.
Normalization
The damage factor reported in ecoinvent are normalized by dividing the impact per unit of
emission by the total impact of all substances of the specific category for which characterization
factors exist, per person per year (for Europe). The unit of all normalized midpoint/damage
factors is therefore [pers*year/unitemission], i.e. the number of equivalent persons affected
during one year per unit of emission.
Weighting
The authors of IMPACT2002+ suggest to analyze normalized scores at damage level considering
the four-damage oriented impact categories human health, ecosystem quality, climate change,
and resources or, alternatively, the 14 midpoint indicators separately for the interpretation
phase of LCA. However, if aggregation is needed, one could use self-determined weighting
factors or a default weighting factor of one, unless other social weighting values are available.
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EDIP 2003
EDIP 2003 is a Danish LCA methodology that is presented as an update of the EDIP 97
methodology. The main innovation of EDIP2003 lies in the consistent attempt to include
exposure in the characterization modelling of the main non-global impact categories. EDIP2003
can originally be used both with and without spatial differentiation. Only characterisation
factor for site-generic effects, which does not take spatial variation into account, are
implemented in SimaPro 7. The EDIP 2003 methodology represents 19 different impact
categories. Some of them are updated versions of EDIP 97, whereas others are modelled totally
different.
In the EDIP 2003 method, characterisation factors for aquatic eutrophication are developed for
two impact categories: aquatic eutrophication (N-eq) and aquatic eutrophication (P-eq).
Hence, this method considered significant to be included in the calculations, in order to get
results about these two impact categories. More specific, in each impact category,
characterization factors for emissions effecting inland waters and emissions effecting
marine waters are developed. This double set of characterisation factors reflects the fact that,
in general, eutrophication is limited by nitrate in fresh waters, and phosphate in marine
waters. In order to avoid double counting, that would occur if both emission types are
implemented simultaneously, only the characterisation factors for inland water are
implemented in SimaPro 7.
The EDIP 2007 method was used for the comparison of the ISWM pilot concept with
composting, mesophilic anaerobic digestion and thermophilic digestion

6. Life Cycle Analysis modelling in Tinos Island
6.1 Basic data
6.1.1 Data for ISWM-TINOS concept
The composition of the Municipal solid waste is presented in the Table 2. As it is shown, the
MSW in Pyrgos Town is characterized as a rich waste in biowaste. Hence, the establishment of
the source separated systems in Pyrgos is considered necessary for the collection of the
biowaste, as well as the application of the biological treatment for this waste stream.
Table 2: Composition analysis of MSW

Fraction
Paper/paperboard
Glass
Plastic& metal
Biowaste
Rest Waste
MSW

Percentage (%)
16.16
3.46
13.85
51.50
15.01
100
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Based on the above the source separation rates at the source for each fraction are given
below:
•
•
•
•

For the paper/paperboard, the source separation rate is equal to 90.5%
For the glass, the source separation rate is equal to 78.4%
For the plastic & metal, the source separation rate is equal to 57.4% (for the mixed
stream)
For the organic fraction, the collection rate corresponding to the compositing process
is about 7%. In parallel the organic fraction rate for the stream led to be a substitute
of animal feed is about 30%.

The average recovery rate at the MRF facilities is about 90%. The remaining fraction of about
10% corresponds to the impurities and to the fraction that the equipment of the WATT’s
facilities cannot separate effectively (technological parameter. The different recycling rates for
each packaging material are given below:
•
•
•

94% for paper/paperboard
79% for plastic & metals
98% for glass

The composition of the packaging materials according to the weighting process taken place in
WATT facilities is given in the Table 3. As it is shown, in what concerns the plastic fraction, the
plastic PET is the main component in plastics, while the plastic PP/PS is the minor component
in this fraction. This means that the use of plastic bags has been significantly reduced by the
residents of Pyrgos area.
Table 3: Composition analysis of the packaging materials

Component

Percentage

Plastic PET

13.2

Plastic FILM PE

11.4

Plastic HDPE

3.4

Plastic PP/PS

2.1

Metal Ferrous metals

0.4

Metal Aluminum

0.3

Paper/Paperboard Tetra Pak

0.7

Paper/Paperboard Paperboard

37.6

Paper/Paperboard Mixed paper

17.8

Glass Mixed glass

13.1
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6.1.2 Data for the full implementation of ISWM TINOS concept
According to the data given in the deliverable of the action 5.2, the estimation of the
composition analysis of the waste in Tinos Island is given in the Table 4:
Table 4 Composition analysis of municipal waste in Tinos Island (year:2020)

Composition Analysis (2020)
Organic waste

42%

Paper/Paperboard

21%

Metals

6%

Glass

10%

Plastic

11%

Leather Wood Textile

5%

Other

6%

Two systems are distinguished for the recovering of the materials. As described in the
deliverable of the action 5.2, the first system corresponds to the pick-up system and the second
one to the bring system. In what concerns the pick-up system, the main data are presented in
the Table 5. The bring system corresponds to the collection of 439.32 tn of recyclable materials.
Table 5: Capture materials in pick up system (tn/year)

Capture materials in pick up system (tn/year)
Paper & paperboard

408.78

Mixed paper
Glass

352.2

Plastic

229.7

Metal

176.3

The biowaste corresponds to the 40% of the total produced quantity of the waste. This means
that the produced quantity of biowaste is 848t/year. The following treatment methods for
the biowaste fraction of MSW are considered
• Home composting : 1% (21tn/y)
• Feed materials to animal 15% (318tn/y)
• Composting process 24% (509 tn/y)
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6.2 Classification of processes
The LCA modelling was carried out within the platform of SimaPro, v.7.3.3. The concept was
distinguished in different processes. The main processes are the following:
•
•
•
•

Recycling process
Transportation process
Treatment of organic fraction
Landfill process

The main processes are distinguished in sub-processes, in order to take into account the most
crucial of the concept’s parameters.

The recycling process is distinguished in the following sub-processes
•
•
•
•
•

Recycling of the non-ferrous (aluminum) metals
Recycling of the ferrous metals
Recycling of the paper/paperboard
Recycling of the plastic metals
Recycling of glass metals

The transportation process is distinguished in the following sub-processes
•

•
•

Transportation at the stage of the collection, including the transportation of the
recyclable materials from the source separation stage to the container and then to
the port of Tinos, as well as the transportation of the selected of the organic fraction
to the composting plant
Transportation of the recyclable materials from Tinos port to Rafina port
Transportation of the recyclable materials from the Rafina port to Koropi facilities

The treatment of the organic fraction is distinguished in the following two processes
•
•
•

Treatment of the organic fraction through composting process
Treatment of the organic fraction of MSW through anaerobic digestion process
Using of organic fraction of MSW instead of animal feed
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6.3 Recycling processes
6.3.1 Recycling of aluminum
The network of the aluminum recycling process is presented in the Figure 7. The indicators
were based on the Ecoinvent database indicators, with some modifications in order to adapt
the results to the ISWM-TINOS activities. The results of the environmental impact are depicted
in the Figure 8 and Figure 9. The Table 6 presents the basic indicators regarding the different
impact categories. The functional unit of this sub-process is the 1 kg of Aluminum (Al). In
specific, the climate saving emissions is performed to be one of the major benefits in this
process. The environmental benefit is equal to 11,335 kg CO2eq/tonne of Al metals. One other
significant contributor is the non-renewable energy indicator. As it is shown, the Al recycling
process contributes to the avoidance of the use of the non-renewable energy. In specific an
amount of 139,561 MJ/ t Al metal is avoided by following this process instead of the
conventional process for Al production by primary materials. The main mass balance for the
process corresponds to the production of Al is 1 kg by the use of 1.053 kg scrap input.
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Figure 7: Network for recycling process of aluminum
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Figure 8: Weighting profile of Aluminum recycling according to IMPACT 2002+ (by considering
impact categories)

Figure 9: Weighting profile of Aluminum recycling according to IMPACT 2002+ (without
considering impact categories)
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Table 6: Results for Al recycling processes for each impact categories

Impact category
Carcinogens
Non-carcinogens
Respiratory inorganics
Ionizing radiation
Ozone layer depletion
Respiratory organics
Aquatic ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutri
Land occupation
Aquatic acidification
Aquatic eutrophication
Global warming
Non-renewable energy
Mineral extraction

Unit
kg C2H3Cl eq
kg C2H3Cl eq
kg PM2.5 eq
Bq C-14 eq
kg CFC-11 eq
kg C2H4 eq
kg TEG water
kg TEG soil
kg SO2 eq
m2org.arable
kg SO2 eq
kg PO4 P-lim
kg CO2 eq
MJ primary
MJ surplus

Secondary Alu ingots
replacing primary AL
ingots_it
-0.454
-0.447
-0.0094
-314.316
-6.987E-07
-0.00168
-962.338
-261.468
-0.136
-0.0355
-0.0460
-0.00208
-11.336
-139.561
-2.676

The aluminium production is a time-consuming and energy-intensive process. The production
of aluminum starts with the raw material bauxite. The aluminium oxide (alumina) is extracted
from bauxite in a refinery. Alumina is then used to produce primary aluminium. The Aluminum
it can be recycled over and over without losing its superb qualities. Hence, it a material that
should be collected in high rates in order to get credible benefits from its recovering. The high
value of aluminium scrap is a key incentive and major economic impetus for recycling. The
aluminium recycling benefits present and future generations by conserving energy and other
natural resources. It saves up to 95% of the energy required for primary aluminium production,
thereby avoiding corresponding emissions, including greenhouse gases. This is depicted in the
results about global warming and non-renewable energy impacts.
More specifically, the Al recycling includes remelting in a reverbatory furnace and casting into
an ingot. The benefits credited to the waste management system derive from the comparison
of the traditional way of producing Al ingots through bauxite with the Bayer process and the
electrolysis of alumina, as opposed to the indicated recycling path.
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6.3.2 Recycling of Ferrous metals

The network of the ferrous metals recycling process is presented in the Figure 10. The
indicators were based on the Ecoinvent database indicators, with some modifications in order
to adapt the results to the ISWM-TINOS activities. The results of the environmental impact are
depicted in the Figure 11 and Figure 12. The Table 7Table 8 presents the basic indicators
regarding the different impact categories. The functional unit is the 1 kg of Ferrous metals. The
environmental benefit is equal to 1183 kg CO2eq/tn ferrous metals. The non-renewable energy
avoidance is also a main avoidance contributor, since the environmental benefit is estimated
at 15,440 MJ/ t of Ferrous metals. The main mass balance is depicted to the need of 1.13 kg
scrap for the production of 1 kg ferrous metals, through its production by primary materials.
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Figure 10: Network for recycling process of ferrous metals
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Figure 11: Weighting profile of ferrous metals recycling according to IMPACT 2002+ method
(by considering of impact categories)

Figure 12: Weighting profile of ferrous metals recycling according to IMPACT 2002+ method
(without considering of impact categories)

Table 7: Results for ferrous metals recycling for each impact category

Impact category
Carcinogens
Non-carcinogens
Respiratory inorganics
Ionizing radiation
Ozone layer depletion
Respiratory organics

Unit
kg C2H3Cl eq
kg C2H3Cl eq
kg PM2.5 eq
Bq C-14 eq
kg CFC-11 eq
kg C2H4 eq
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0.237
0.0032
-0.0012
-9.648
-3.487E-09
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Aquatic ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutri
Land occupation
Aquatic acidification
Aquatic eutrophication
Global warming
Non-renewable energy
Mineral extraction

kg TEG water
kg TEG soil
kg SO2 eq
m2org.arable
kg SO2 eq
kg PO4 P-lim
kg CO2 eq
MJ primary
MJ surplus

-69.293
-3.0418
-0.0165
-0.00826
-0.00371
2.069E-05
-1.184
-15.441
-0.218

The Fe recycling works similarly with Al recycling, where rather than production of steel ingot
through ore processing in a blast furnace, the EAF process capable of treating 100% scrap
ferrous metal was applied. The ferrous metal recycling includes remelting in an electric arc
furnace (EAF) and subsequent ingot casting.

6.3.3. Recycling of paper
The network of the paper recycling process is presented in the Figure 13. The indicators were
based on the Ecoinvent database indicators, with some modifications in order to adapt the
results to the ISWM-TINOS activities. The results of the environmental impact are depicted in
the Figure 14 and Figure 15. The Table 8 presents the basic indicators regarding the different
impact categories. The functional unit is the 1 kg of paper/paperboard. The paper/paperboard
fraction includes the following streams: the paper/paperboard TetraPak, the
Paper/Paperboard and the mixed paper. The high quality of paper/paperboard stream is
estimated at 67.02% of the overall fraction. Hence this contributes by the most effective way
in the results about the recycling paper process. Hence the environmental benefit for the global
warming potential impact is about 810.85 kg CO2eq/t of waste paper. Comparing to the
recycling process of the metals and the recycling process of the glass, in this process we can
mention the significant contribution of the resources impact categories, since the primary
materials for the production of the paper is considered too effective in the overall process. The
mass balance of the paper corresponds to the production of 1 kg recycling paper/paperboard
by the use of 1.1 kg of waste paper.
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Figure 13: Network for paper recycling
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Figure 14: Weighting profile of paper recycling according to IMPACT 2002+ method (by
considering impact categories)

Figure 15: Weighting profile of paper recycling according to IMPACT 2002+ method (without
considering impact categories)
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Table 8: Results for paper recycling for each impact category

Impact category
Carcinogens
Non-carcinogens
Respiratory inorganics
Ionizing radiation
Ozone layer depletion
Respiratory organics
Aquatic ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutri
Land occupation
Aquatic acidification
Aquatic eutrophication
Global warming
Non-renewable energy
Mineral extraction

Unit
kg C2H3Cl eq
kg C2H3Cl eq
kg PM2.5 eq
Bq C-14 eq
kg CFC-11 eq
kg C2H4 eq
kg TEG water
kg TEG soil
kg SO2 eq
m2org.arable
kg SO2 eq
kg PO4 P-lim
kg CO2 eq
MJ primary
MJ surplus

1 kg of Corrugated board
single wall (recycled vs
new)_it
-0.00513
-0.0131
-0.000999
-24.531
-6.0699E-08
-0.000298
-68.703
-24.399
-0.0184
-0.672
-0.00467
-0.000520
-0.811
-12.753
-0.00188

The life cycle analysis modeling of the paper/cardboard recovery process was carried out
according to a database adopted through a literature review [10, 11] and the Ecoinvent
database. In specific, the paper/cardboard recovery in the examined scenarios was considered
at a mixed paper grade level. Subsequently it was sent to a recovered fiber paper mill where it
was turned into corrugated cardboard. The recycled materials were turned into testliner and
corrugating medium (wellenstoff) without a de-inking step. This process was contradicted to
the virgin production of cardboard components, i.e. kraftliner and semi-chemical medium in an
integrated pulp and paper mill.

6.3.4 Recycling of plastic

The network of the plastic recycling process is presented in the Figure 16. The indicators were
based on the Ecoinvent database indicators, with some modifications in order to adapt the
results to the ISWM-TINOS activities. The results of the environmental impact are depicted in
the Figure 17 and Figure 18. The Table 10 presents the basic indicators regarding the different
impact categories. The functional unit is the 1 kg of mixed plastic. The mixed plastics includes
the following fractions: PET, FILM PE, the HDPE and the PP/PS. The fractionmental analysis of
the plastics mix fraction is presented in the Table 9.
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Table 9: Fractionmental analysis of the plastics mix stream
Plastic component

Percentage

Plastic PET

43.85

Plastic FILM PE

37.87

Plastic HDPE

11.30

Plastic PP/PS

6.98

As it is shown in the aforementioned table, the plastic PET is the main fraction in the plastic
mix stream. Hence the avoided emissions in terms of global warming potential impact is
considered that be affected mainly by the PET fraction. For this reason, the benefits in global
warming potential impact is estimated at 1280 kg CO2eq/t of mixed plastic, which is
characterized quite high in comparison with other streams of plastic that include mainly PP or
PE plastic materials. Furthermore, this process includes the sub-process of Plastic MRF_it. This
process corresponds to the activities related to the separation of the different plastic streams.
The mass balance of this process corresponds to the production of 1 kg recycling plastic by the
use of 1.206 waste recycling plastic.
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Figure 16: Networks for plastics recycling
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Figure 17: Weighting profile of mix plastics recycling according to IMPACT 2002+ method (by
considering impact categories)

Figure 18: Weighting profile of mixed plastics according to IMPACT 2002+ method (without
considering impact categories)

45

Deliverable 5-2: Report on Life Cycle Analysis a) Composting process and b) Anaerobic Digestion
ISWM-TINOS LIFE 10/ENV/GR/000610

Table 10: Results for mixed plastics for each impact category

Impact category
Carcinogens
Non-carcinogens
Respiratory inorganics
Ionizing radiation
Ozone layer depletion
Respiratory organics
Aquatic ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutri
Land occupation
Aquatic acidification
Aquatic eutrophication
Global warming
Non-renewable energy
Mineral extraction

Unit
kg C2H3Cl eq
kg C2H3Cl eq
kg PM2.5 eq
Bq C-14 eq
kg CFC-11 eq
kg C2H4 eq
kg TEG water
kg TEG soil
kg SO2 eq
m2org.arable
kg SO2 eq
kg PO4 P-lim
kg CO2 eq
MJ primary
MJ surplus

Total
-0.0938
-0.0477
-0.000796
0.647
1.53386E-08
-0.000734
-69.312
-0.734
-0.0176
8.0895E-05
-0.00470
4.31669E-05
-1.284
-55.845
0.000136

SSS Recycled
Plastics_it
-0.0948
-0.0481
-0.000972
0
-1.44417E-10
-0.000756337
-71.47185436
-1.487412844
-0.019823516
0
-0.00559
-9.737E-05
-1.513
-59.747
-0.000264

Plastic MRF_it
0.0010
0.000394
0.000176
0.647
1.548E-08
2.223E-05
2.159
0.753
0.00218
8.089E-05
0.000889
0.000141
0.229
3.902
0.000399

The life cycle analysis modeling of the plastic recycling was based on the Ecoinvent database,
and more specifically on the work of Boustead and on datasets (eco-profiles) from
plasticseurope.org. The recycling effort of the plastic polymers HDPE, LDPE, PP, PET, PVC and
film included recovery at the examined scenario levels, granulation and refinement at a plastic
MRF [12] and subsequent forming into semi-final product at a plastics manufacturer.
Moreover, HDPE resin and LDPE resin, suspension PVC, and amorphous PET and bottle-grade
PET and LLDPE as film for simplification were the cases, in which the production from virgin
raw materials and from secondary were compared. The benefits of the downward utilization
of the plastic polymers were credited to the original waste management scenarios.

6.3.5 Recycling of glass
The network of the glass recycling process is presented in the Figure 19. The indicators were
based on the Ecoinvent database indicators, with some modifications in order to adapt the
results to the ISWM-TINOS activities. The results of the environmental impact are depicted in
the Figure 20 and Figure 21. The Table 11 presents the basic indicators regarding the different
impact categories. The functional unit is the 1 kg of glass. The environmental benefit in global
warming impact terms is estimated at 396 kg CO2 eq/ t of glass. In comparison with the other
recycling processes, the glass recycling has the less environmental avoided contribution.
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Figure 19: Network tree of the Recycling of glass

47

Deliverable 5-2: Report on Life Cycle Analysis a) Composting process and b) Anaerobic Digestion
ISWM-TINOS LIFE 10/ENV/GR/000610

Figure 20: Weighting profile of glass recycling according to IMPACT 2002+ method (by
considering impact categories)

Figure 21: Weighting profile of glass recycling according to IMPACT 2002+ method (without
considering impact categories)
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Table 11: Results for glass recycling for each impact category
Impact category
Carcinogens
Non-carcinogens
Respiratory inorganics
Ionizing radiation
Ozone layer depletion
Respiratory organics
Aquatic ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutri
Land occupation
Aquatic acidification
Aquatic eutrophication
Global warming
Non-renewable energy
Mineral extraction

Unit
kg C2H3Cl eq
kg C2H3Cl eq
kg PM2.5 eq
Bq C-14 eq
kg CFC-11 eq
kg C2H4 eq
kg TEG water
kg TEG soil
kg SO2 eq
m2org.arable
kg SO2 eq
kg PO4 P-lim
kg CO2 eq
MJ primary
MJ surplus

40% cullets recycled SSS_it
-0.000116
0.00246
-5.978E-05
-1.660
-1.821E-08
-1.962E-05
-14.603
-3.069
-0.00234
-0.000881
-0.000649
-2.814E-05
-0.396
-2.753
-0.00277

The life cycle analysis modeling of the glass recycling was studied only for the source
segregation scenario, since investing in glass sorting equipment (glass breaker screen, optical
sorter and/or air knife) is not very common in MBT plants in function with economic
perspectives. Based on the report of [13] and on the work of [14], the collected glass was sent
for cullet recycling, which requires the operation on a pre-sorted glass MRF with the
afovementioned equipment. After the glass cullets have been sorted into green, brown and
clear they were recycled into bottle containers of the appropriate color. The main
environmental benefits of glass recycling derive from the energy savings in the furnace.

6.4 Transportation process
In general, the transportation process is characterized as a minor contributor to the overall
environmental footprint. However, this type of processes is taken into account in the life cycle
calculations, in order to get a complete life cycle analysis results for the LIFE ISWM-TINOS
concept.
Transportation at the collection stage
The transportation at the collection stage includes the two stages of the transportation from
the point of the collection till to the loading to the freight ship at Tinos port. The first stage
corresponds to the transportation of the collected and separated streams from the collection
point to the containers. The average distance considered is about 15 km for the recyclable
materials and 10 km for the organic fraction. The second stage corresponds to the
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transportation of the waste streams collected into the containers from the containers point to
the Tinos port. An average distance is estimated at 25 km. According to the data taken from
the Municipality of Tinos, the trucks are lorries with consumptions in line with EURO 5 category.
In what concerns the full implementation scheme the distance have been increased in order to
simulate the full implementation scheme in a more effective way. More specifically, taking into
consideration the full implementation plan given in Action 5.2, the average transfer distance
from the collection point to the port has been taken consideration equal to 60 km, in order to
cover the areas with long distances from the port, while the average distance for the organic
fraction to the composting plans has been considered at 25 km.
Transportation of the recyclable materials from Tinos port to Rafina port
The process refers to the transportation of the recyclable materials from Tinos port to Rafina
port. The distance is about 76 marine miles. A freight ship has been modelled according to the
present status of the sea transportation, in order to include its environmental footprint to the
overall life cycle analysis modelling. In what concerns the full implementation scheme, the
distances remain the same.
Transportation of the recyclable materials from Rafina port to Koropi facilities
This process refers to the transportation of the recyclable materials from Rafina port to Koropi
facilities. The distance is estimated at 25 km. The trucks used lorries, 3.5-7 t, EURO5. In what
concerns the full implementation scheme, the distances remain the same.

6.5 Treatment of the organic fraction
6.5.1 Composting process
The composting process in the pilot plant in Tinos area was modelled within the platform of
SimaPro 7.3.3v. In specific, the modelling of the compost process includes the direct emissions
from composting which can be divided into two main categories: emissions from energy
consumptions and gaseous emissions due to degradation/mineralization of the organic
material.
The main gaseous emissions from the composting process are biogenic CO2 which is accounted
for as part of the natural carbon cycle with land- use change. The main GHGs that contribute
to global warming are CH4 and N2O. The amounts of carbon and nitrogen that are emitted to
the atmosphere during composting can be estimated with a mass balance.
According to the calculations from previous deliverables, the carbon degradation is given in
the following equation.
VS loss=VS loss(o) *(1-exp(-kt)),
where VS loss (o) = 69,56 % and
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k =0.1304 d-1

The equations for the release of carbon and nitrogen are given below:
Crelease=Cinput* Closs%
Nrelease=Ninput* Nloss%
Methane (CH4) is formed in anaerobic pockets of the compost material. The total loss of CH4
(CH4release, kg of CH4) is estimated from the total loss of carbon (Crelease, kg of C), the
percentage of carbon lost as CH4 (CH4emitted, %) and the efficiency of the biofilter (n%)
CH4release=Crelease* CH4emitted* (1-n)*16/12
Nitrous oxide (N2O) is primarily formed in anaerobic pockets where an oxygen gradient occurs
as a by-products of both nitrification and denitrification. Nitrous oxide is mainly produced in
the later stage of the composting process, when the readily available C has been consumed.
The release of N2O can be calculated in the same way as CH4, where N2O emitted is the
fraction of input nitrogen lost as N2O during the composting process.
N2Orelease=Nrelease*N2Oemitted*(1-n)*44/28

In what concerns the emissions from the energy consumptions, these emissions are related to
the electrical power motor, which means that these emissions are estimated according to the
Greek electricity mix, since Tinos Island is in the interconnected grid. The operation hours of
the motor is estimated from time period of the basic operation in the composting plant:
aeration, humidification and deodorization. The estimated required electrical demands are
estimated 0.0020 kWh/org. waste. The ‘’Electricity, medium voltage, production GR, at
grid/GR’’ was used, after an update by the most recent data for the Greek electricity mix.
The Greenhouse protocol method has been applied for the organic process of the composting
process, in order to perform the fossil CO2eq and the biogenic CO2eq separately, since the
process is characterized mainly as biogenic method. The results are presented in Figure 22 and
Table 12.
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Figure 22: Global warming potential impact of the composting process (Greenhouse Protocol)

Table 12: Global warming potential impact of the composting process (Fossil and Biogenic
Emissions) (Greenhouse Protocol, Weighting)
Electricity,
(no-CS)
medium voltage,
compost
production GR,
ssOFMSW_it at grid/GR U_it

Impact category

Unit

Total

Total

kg

0.502

0.501

0.00158

Fossil CO2 eq

kg

0.0256

0.0240

0.00158

Biogenic CO2 eq

kg

0.477

0.477

3.552E-06

CO2 eq from land
transformation

kg

4.64E-09

0

4.639E-09

CO2 uptake

kg

-1.8E-06

0

-1.848E-06

The method of Greenhouse Protocol was selected, in order to focus on the estimation of the
biogenic emissions, since the method corresponds to the evaluation of the biogenic methods.
More specifically, the biogenic CO2 eq are estimated at 0.477 kg CO2eq/kg organic waste

Production of conventional fertilizers
During the composting process, the organic fraction converts to compost, which is a soil
improvement product that can substitute inorganic fertilizer.
Hence, in order to get a complete view of the Life Cycle Analysis of the composting processes,
the avoided emissions from the non-production of the inorganic fertilizers are estimated. The
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estimation is based on the calculation of the environmental footprint regarding the production
of the inorganic (conventional fertilizers).
Three types of conventional fertilizers are examined: Fertilizer (K), Fertilizer (P) and Fertilizer
(N).
The results are presented in the Figure 23. As it is shown, the fertilizer of (N) required higher
energy demands than the other types of fertilizers. Hence the environmental footprint is higher
compared to the others. As a consequence, in the case that the produced compost is going to
substitute (N) Fertilizer the benefits are the highest.

Figure 23: Production of 1 kg of fertilizer-Global warming potential impact. T (Greenhouse
Protocol)

Table 13: Production of 1 kg of fertilizer- Energy demands and global warming potential
impact (Greenhouse Protocol)
Fertilizer K

Fertilizer P

Fertilizer N

Kg Fossil CO2eq/ kg Fertilizer

0.803

2.69

9.11

Energy demand (MJ/kg)

12.65

40.25

44.6

6.5.2 Anaerobic digestion
The concept of the application of the anaerobic digestion in Tinos Island was examined. For this
reason, different scenarios are investigated in order to find the environmental benefits and
burdens by comparing to the proposed composting process and the present status that applied
at the full scale of the Island.
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In specific these scenarios are summarized below:
a) Application of the anaerobic digestion instead of the composting process
b) AD process being combined with composting of the solid fraction coming out of the
press
c) the semi-liquid fraction of the press being co-digested with the sludge from the WWTP
of the project area.

During the anaerobic tests in UNIVR, three types of tests were carried out: at mesophilic
temperature, at thermophilic temperature and at psychrophilic temperature. Due to the fact
that the results at psychrophilic temperature prove that the biogas yield is very low, this
scenario is not included in the next LCA models. Hence the scenarios of mesophilic digestion
and the thermophilic digestion were investigated.
The main indicators that used are presented in the following tables (average values according
to the deliverable 4.3)
Table 14: Main indicators used in the LCA modelling
Measurements
OLR kg VS/m3d
SGP (m3/kgVS)
GPR m3/m3d
GP, m3/ton biowaste
CH4 %
VS removal, %
Electricity generation (kWel/tn
waste)

Mesophilic
3.5 up to 4.5
0.76
3.1
160
66
80
350

Thermophilic
3.5 up to 4.5
0.85
3.4
190
66
90
400

Table 15: Mesophilic and Thermophilic digestates on heavy metals concentrations
EU Reg. organic
agriculture
Cu (mg/kg d.m.)
Zn (mg/kg d.m.)
Pb (mg/kg d.m.)
Ni (mg/kg d.m.)
Cr (mg/kg d.m.)
Cd (mg/kg d.m.)
Hg (mg/kg d.m.)
As (mg/kg d.m.)

MESOPHILIC
DIGESTATE
68.1
155
17.3
42.1
85.9
0.23
0.24
0.25

THERMOPHILIC
DIGESTATE
52.5
129
7.81
27
51.5
0.26
0.08
0.19

Furthermore the following calculation of the mass balances are used in order to incorporate
the emissions and the sub-processes of the model appropriately and dimensionless.
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Mesophilic
➢
➢
➢
➢

Biowaste-Biogas-Digestate: 790gTVS/d-512gTVS/d-184gTVS/d
Nitrogen balance: 28mgN/gTS- percentage reduction: 85.5%
Phoshorous: 3.2 mgP/gTS –percentage excess 5%
COD: 915 mg/gTS percentage reduction 13.8%

Thermophilic
➢
➢
➢
➢

Biowaste-Biogas-Digestate: 790gTVS/d-578gTVS/d-141gTVS/d
Nitrogen balance: 28mgN/gTS- percentage reduction: 87.5%
Phoshorous: 3.2 mgP/gTS –percentage excess 4%
COD: 915 mg/gTS percentage reduction 11.4%

Based on the above indicators, the sub-processes in the LCA modelling were accomplished
Avoided product-Electricity generation: This process is based on the indicator of the electricity
generation. More specifically, by this process the avoided emissions by the Greek electricity
mix was calculated.
Digestate disposal: The digestate disposal is based on the characteristics of the digestates given
in the aforementioned Table. Even the heavy metal values of the produced digestate are lower
that the limits according to EoW 2014 (see deliverable 4.3), the digestate are not used for
agricultural purposes in this phase. Hence, no benefits from the avoidance of the conventional
fertilizers have been received.
Emissions:
The emissions during the anaerobic digestion have been taken according to the primary data
by Verona and the secondary data by the Econinvent database. Hence, the indicators given
below per tonne biowaste.
For the mesophilic anaerobic digestion:
Methane: 0.00421 kg
Dintrogen monoxide: 0.0000493kg
Hydrogen sulfide: 0.000121kg
Carbon dioxide biogenic: 0.201kg
Ammonia: 0.000113 kg

55

Deliverable 5-2: Report on Life Cycle Analysis a) Composting process and b) Anaerobic Digestion
ISWM-TINOS LIFE 10/ENV/GR/000610

For the thermophilic anaerobic digestion
Methane: 0.005 kg
Dintrogen monoxide: 0.0000585kg
Hydrogen sulfide: 0.000144kg
Carbon dioxide biogenic: 0.239kg
Ammonia: 0.000134 kg

Co-digestion process
For the co-digestion process, the main indicators used are the mix ratio, the biogas yield, as
well as the composition of the co-digestate.
In what concerns the mix ratio, it is equal to 40g sewage sludge per 100 g biowaste. This
translates to a ratio of 2.5:1. In the case of the mesophilic conditions, the biogas yield is about
0.56 m3/kg TVSfed for the case of the mesophilic co-digestion, while it is quite higher. The
analysis of the produced digestate is given in the Table 16 below.

Table 16: Mesophilic and thermophilic co-digestates on heavy metal concentrations
EU Reg. organic
agriculture
Cu (mg/kg d.m.)
Zn (mg/kg d.m.)
Pb (mg/kg d.m.)
Ni (mg/kg d.m.)
Cr (mg/kg d.m.)
Cd (mg/kg d.m.)
Hg (mg/kg d.m.)
As (mg/kg d.m.)

CO-DIGESTATE
MESOPHILIC
138
452
0.2
17.4
34.8
0.1
0.1
0.2

CO-DIGESTATE
THERMOPHILIC
105.8
352
0.1
23.5
29.4
0.1
0.1
0.1

The comparison of the anaerobic digestion process (mesophilic and thermophilic) is presented
in the following figures. As it is shown, since the anaerobic digestion is an energy producer
method and the composting process is an energy consumer method, the anaerobic digestion
process performs avoided emissions, while the composting process performs low emitted
emissions.
The functional unit of the comparison is the 1 tn of organic waste, while the IMPACT 2002+ is
the calculation that has been used for the accomplishment of the referred comparison
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Figure 24: Weighting profile without the consideration of impact categories for the
comparison of composting process with the anaerobic digestion process (mesophilic,
thermophilic) according to IMPACT 2002+ method

Figure 25: Weighting profile with the consideration of the impact categories for the
comparison of composting process with the anaerobic digestion process (mesophilic,
thermophilic) according to IMPACT 2002+ method
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Table 17: Results for the comparison of composting process with the anaerobic digestion
process (mesophilic, therophilic) according to IMPACT 2002_ method (Characterization
profile)
Impact category

Unit

Carcinogens
Noncarcinogens
Respiratory
inorganics
Ionizing
radiation
Ozone layer
depletion
Respiratory
organics
Aquatic
ecotoxicity
Terrestrial
ecotoxicity
Terrestrial
acid/nutri
Land occupation
Aquatic
acidification
Aquatic
eutrophication
Global warming
Non-renewable
energy
Mineral
extraction

kg C2H3Cl eq
kg C2H3Cl eq

Composting Mesophilic Thermophilic
process
digestion
digestion
3.18E-06
-0.00048
-0.0006
6.45E-06
-0.0003
-0.00038

kg PM2.5 eq

1.13E-05

-0.00023

-0.00028

Bq C-14 eq

0.005347

-0.692

-0.8740

kg CFC-11 eq

4.88E-11

-7.3E-09

-9.1E-09

kg C2H4 eq

7.69E-08

-1.1E-05

-1.3E-05

kg TEG water

0.00311

-0.38558

-0.48517

kg TEG soil

0.00213

-0.2013

-0.25211

kg SO2 eq

0.00122

-0.0006

-0.00086

m2org.arable
kg SO2 eq

4.33E-08
0.000159

-6.5E-06
-0.00071

-8.1E-06
-0.00092

kg PO4 P-lim

1.38E-06

0.00368

0.00345

kg CO2 eq
MJ primary

0.0558
0.0254

-0.198
-3.918

-0.250
-4.901

MJ surplus

1.06E-08

-1.4E-06

-1.7E-06

6.5.3 The use of the organic waste as animal feed
As it was mentioned in the previous paragraph, the 30% of the organic fraction is used as animal
feed. In Tinos Island, the residues from barley and straw are used as animal feed. The avoidance
ratio is estimated by empirical methods, since it is difficult to calculate by a mathematical
model the specific substitution factor by precise. Hence the substitution factor used for the
straw and the barley is equal to be 20%.
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In addition an average mix of the conventional types of animal feed is taken into consideration.
In specific, the composition of this mix includes 45% barley (35% spring barley and 10 % winter
barley), 35% straw and 10% other (e.g grass silage organic). Based on the calculations, it is
mentioned that the change of the composition of the animal feed conventional types does not
affect by an effective way the final contribution to the overall life cycle analysis.
The network of the process is shown in the Figure 26. The weighting profile of the using of
organic fraction instead of animal feed according to IMPACT 2002+ method is presented in the
Figure 27. As it is shown the wheat has the major avoidance in the contribution for the global
warming potential impact, while the avoidance of the spring barley use affects mainly to the
saving of the land occupation. The overall results, as well as the results per impact category are
presented in the
Table 18.
Comparing to the recycling processes, the process of using organic fraction instead of animal
feed has less contribution to the environmental footprint.
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Figure 26: Organic waste used as animal feed
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Figure 27: Weighting profile of the using organic waste instead of animal feed according to
IMPACT 2002+ method

Table 18: Results for the using of the organic fraction instead of animal feed according to
IMPACT 2002+ method (Characterization profile)
Impact category

Unit

Total

Live stock
feed ( spring
barley,
organic)

Live
stock
feed
(wheat)

Carcinogens
Non-carcinogens
Respiratory inorganics
Ionizing radiation
Ozone layer depletion
Respiratory organics
Aquatic ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutri
Land occupation
Aquatic acidification
Aquatic eutrophication
Global warming
Non-renewable energy
Mineral extraction

kg C2H3Cl eq
kg C2H3Cl eq
kg PM2.5 eq
Bq C-14 eq
kg CFC-11 eq
kg C2H4 eq
kg TEG water
kg TEG soil
kg SO2 eq
m2org.arable
kg SO2 eq
kg PO4 P-lim
kg CO2 eq
MJ primary
MJ surplus

-0.00014
-0.00028
-0.00011
-0.13066
-2.7E-08
-4.9E-05
-2.94233
-0.48789
-0.00927
-0.4365
-0.00124
-2.4E-05
-0.0736
-0.632
-0.0002

-2.490E-05
-7.127E-05
-4.178E-05
-0.0439
-1.348E-08
-2.345E-05
-1.414
-0.186
-0.00334
-0.238
-0.000451
-1.360E-05
-0.0247
-0.257
-2.870E-05

-2.2E-05
-6.8E-05
-3.6E-05
-0.03553
-9.7E-09
-1.7E-05
-1.097
-0.142
-0.00282
-0.107
-0.00038
-3.1E-06
-0.0350
-0.247
-2.5E-05
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Grass
silage
organic,
at
farm/CH S
-9.1E-05
-0.00012
-2.3E-05
-0.04034
-3.2E-10
-3E-06
-0.09217
-0.11529
-0.00229
-0.05481
-0.00029
-5.6E-06
-0.00481
-0.05758
-0.00013

Live stock feed
(winter barley)

-6.480E-06
-1.972E-05
-1.039E-05
-0.0109
-3.084E-09
-5.386E-06
-0.339
-0.044
-0.000819
-0.0364
-0.00011
-1.734E-06
-0.00910
-0.0707
-7.497E-06
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6.6 Landfill process

6.6.1 Dumping process
According to the study by Manfredi et al. [15] a dump is characterized by the lack of controls
of landfill gas emissions and of leachate emissions. Regarding global warming potential, it is
assumed that all generated methane escapes to the atmosphere and that no oxidation occurs.
The dump is today not considered good landfilling technology, but has, however, been included
in this study as a worst-case reference, since it finds application in Tinos Island.
Hence the following estimations have been taken into consideration in this study according to
the Manfredi study. The functional unit is the 1 tn of mixed waste.
GCH4 = CH4Emitted = 38.5–53.9 m3 CH4 tonne–1 ww
(at STP equal to 27.5–38.5 kg CH4 tonne–1 ww)
GCO2 = CO2Emitted = 31.5–44.1 m3 CO2 tonne–1 ww
(at STP 61.9–86.6 kg CO2 tonne–1 ww)
Cleft = 34.5–48.3 kg of biogenic C tonne–1 ww
or about 46% of the original biogenic

C content in the waste
GWF(Cleft) = –126.5 to –177.1 kg CO2-eq. tonne–1 ww
GWF(LFG) = 687.5–962.5 kg CO2-eq. tonne–1 ww

By using these indicators the following results are extracted:
CH4 emission: 688 to 963 CO2 eq (GWP 25)
CO2 emission: 0 (GWP=0)
Cleft: -127 to -177 (GWP: 44/12)
Hence the final environmental footprint accounts for 561-786 CO2 eq. A typical model of
dumping process has been created by using values closed to the average value of the
aforementioned ranges.
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6.6.2 Landfill process
Based on an extensive literature review [15-18], a conventional landfilling has been taken into
consideration for the treatment of 1 tonne of MSW to be considered as the baseline scenario.
Therefore based on the report of [18] a sanitary landfill is modeled within the SimaPro 7
platform. The landfill has the following characteristics: base and flank watertight sealing, top
gravel layer and soil layer, leachate collection system and treatment facility. The
construction/restoration operations of the model, as well as the on-site operations of the
landfill were taken directly from the report by [18]. The landfill serves as the disposal
treatmentof the rest waste in the full implementation concept in Tinos Island. The LCI is
presented in Table 19. In what concerns the biogenic CO2 emissions, although they are
characterized as neutral towards GW, in the case that biogenic carbon is stored in landfilling
body they are considered as savings in the final balance [15].

Table 19: LCI of the landfilling process normalized to 1 tonne of MSW
Conventional
landfill with
flare
MSW

Description
Inputs
Construction
operations

On-site
operations

Waste specific
emissions for
LFG

Waste specific
emissions for
leachate

Excavation, sealing, leachate
collection system, etc.
Materials transportation
from and to the landfill
Distribution & compacting of
waste
Heating demands
Electrical demands
Elemental and substance flows of
LFG
LFG
(CH4 and CO2 in 55%-45% v/v)
Methane conversion efficiency η
Methane oxidation efficiency β
Elemental and substance flows of
leachate
Leachate produced
Collection efficiency
Pretreatment step:
Addition of Ca(OH)2
Treatment efficiency
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Documentation

✓
✓
1.3 L diesel

[18]

0.45 L light fuel
oil
0.015 kWh el
✓

assessed

157 Nm3
97%
50%
✓

assessed

2 L*
40%

[18]
[17]

12 g

[19]

90% for BOD,
COD, TKN

[20]
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Electricity consumption
Initial C-bio
content of waste
C-bio storage

99% for heavy
metals
0.01 kWh
188.0 kg

[21]

98.5 kg

*Based on the landfill height (20m), waste density (1000 kg m3 -1), annual rainwater infiltration rate (0.4 m3 m2*a -1) 
0.4/(20*1000) = 2E-5 m3 (kg*a) -1 = 2 L in 100a

6.7 Integrated scenario-ISWM TINOS

6.7.1 ISWM TINOS scenario
The integrated scenarios ISWM TINOS includes all the aforementioned processes by the
weighting factors for the respective composition, as they given In the paragraph regarding the
basic data of the concept. The full network is given in the Figure 28. The weighting profile of
the concept is given in Figure 29 and Figure 30 according to IMPACT 2002+. As it is shown, the
recycling processes are considered the major processes for the estimation of the saving
emissions in the concept. In specific, the high fractionmental content of the paper in the MSW
composition in combination with the high rate of the paper collection achieved in Pyrgos and
Panormos area results to the paper recycling to be the highest contributor to the
environmental benefits of the process. The plastic recycling is ranked as the second efficient
process in environmental benefits. In what concerns the Al recycling process, it is mentioned
that despite its low percentage in the MSW composition, the saving emissions are significant
in the global warming impact, since the respective indicator that calculated in previous sections
is the highest comparing to the others.
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Figure 28: Full network of ISWM Tinos concept
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Figure 29: Weighting profile of full concept of LIFE ISWM TINOS according to IMPACT 2002+
method (by considering the impact categories)

Figure 30: Weighting profile of full concept of LIFE ISWM TINOS according to IMPACT 2002+
method (without considering the impact categories)
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Table 20: Results of the environmental impacts for the full concept of LIFE ISWM TINOS
(IMPACT 2002+, Characterization profile)
Impact category

Unit

Total

Carcinogens

kg C2H3Cl eq

-2.254

Non-carcinogens

kg C2H3Cl eq

-2.363

Respiratory inorganics

kg PM2.5 eq

-0.111

Ionizing radiation

Bq C-14 eq

-2222.37

Ozone layer depletion

kg CFC-11 eq

-8.015E-06

Respiratory organics

kg C2H4 eq

0.0265

Aquatic ecotoxicity

kg TEG water

-7539.27

Terrestrial ecotoxicity

kg TEG soil

-1845.779534

Terrestrial acid/nutri

kg SO2 eq

-2.906

Land occupation

m2org.arable

-102.679

Aquatic acidification

kg SO2 eq

-0.631

Aquatic eutrophication

kg PO4 P-lim

-0.0399

Global warming

kg CO2 eq

-23.471

Non-renewable energy

MJ primary

-2245.80

Mineral extraction

MJ surplus

-4.369

6.7.2 ISWM TINOS concept vs Dumping Process
In this paragraph, a comparison between the applied ISWM TINOS concept and the dumping
process was carried out. The main boundaries considered are depicted in the following figure.
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In what concerns the ISWM TINOS concept, the recycling process, as well as the biogenic
process of the composting are taken into consideration, while regarding the dumping process,
the uncontrolled emissions of methane (CH4) are taken into consideration (Figure 31)
The functional unit used is the 1 tn of mixed waste. The calculation methods used for the
implementation of the LCA model are the IMPACT 2002+ and the IPCC 2007 method. The
results based on the IPCC 2007 method are given in the ANNEX
As shown in the following figure, the environmental footprint of the dumping process is
significantly higher compared to that referred to the ISWM TINOS pilot project.
The IMPACT 2002+ has been taken into consideration. Focusing on the global warming
potential, the difference between the dumping process and the ISWM TINOS concept is
estimated at 184.07 CO2eq

Figure 31: Comparison of source separation with the dumping process

Figure 32: Comparison of ISWM TINOS concept with dumping process in global warming
potential terms according to IPCC 2007 method
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Figure 33: Comparison of ISWM TINOS source segregation system with dumping process
according to IMPACT 2002+ method (weighting profile, without considering different
impact categories)

Table 21: Comparison of ISWM TINOS source segregation system with dumping process in
global warming potential terms according to IMPACT 2002+ method (Characterization
profile)

Impact category

Unit

ISWM TINOS Source
Segregation

IMPACT 2002

kg CO2 eq

-23.47
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160.69
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6.7.3 ISWM TINOS concept vs mesophilic and thermophilic digestion

In this paragraph, a comparison between the applied ISWM TINOS concept and the anaerobic
digestion (mesophilic and thermophilic) was carried out. The results referred to the overall
concept of the ISWM TINOS in the case that instead of the composting process, the anaerobic
digestion is applied. The functional unit is the 1 tonne of waste, while the calculation method
is the IMPACT 2002+ method.
As it is shown, in the following diagrams, the cases of the anaerobic digestion perform higher
avoided emissions in comparison with the respective integrated case of the composting
process, especially on the global warming potential impact and the non-renewable energy. This
happens, since the anaerobic digestion process is an energy producer method. Hence it
contributes to the substitution of the electrical energy produced by the electricity mix of
Greece. Furthermore, the thermophilic digestion performs higher avoided emissions than the
mesophilic, since the produced energy yield from biogas is higher in the case of the
thermophilic digestion.

Figure 34: Weighting profile for the comparison of the ISWM TINOS concept and the
anaerobic digestion cases (mesophilic and thermophilic) (IMPACT 2002+)
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Figure 35: Weighting profile for the comparison of the ISWM TINOS concept and the
anaerobic digestion cases (mesophilic and thermophilic) (IMPACT 2002+)

The results are summarized in the Table 22. More specifically, in what concerns the global
warming potential, the difference between the mesophilic digestion and the composting
process is estimated at 7.78 kg CO2/t waste, while the difference between the thermophilic
digestion and composting is estimated at 9.38 kg CO2eq/t waste. Similarly, in what concerns
the non-renewable energy impact, the difference between the mesophilic digestion and the
composting process is estimated at 120.83 MJ primary/t waste, while the difference between
the thermophilic digestion and the composting process is estimated at 150.95 MJ primary/t
waste.

Table 22: Results for the comparison between the applied ISWM TINOS and the case of the
anaerobic digestion (Mesophilic and Thermophilic) (Characterization, IMPACT 2002+)
Impact
category

IT-Composting

IT-Mesophilic

ITThermophilic

Carcinogens kg C2H3Cl eq

-2.254

-2.269

-2.272

Noncarcinogens kg C2H3Cl eq

-2.363

-2.372

-2.375

Respiratory
inorganics

kg PM2.5 eq

-0.111

-0.119

-0.120

Ionizing
radiation

Bq C-14 eq

-2222.37

-2243.74

-2249.31

-0.00001

-0.00001

-0.00001

0.0265

0.0262

0.0261

Unit

Ozone layer
depletion kg CFC-11 eq
Respiratory
organics

kg C2H4 eq
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Aquatic
ecotoxicity kg TEG water

-7539.27

-7551.18

-7554.23

Terrestrial
ecotoxicity

kg TEG soil

-1845.780

-1852.013

-1853.57

Terrestrial
acid/nutri

kg SO2 eq

-2.906

-2.962

-2.970

-102.679

-102.680

-102.680

-0.631

-0.657

-0.664

-0.0399

0.0727

0.0657

Land
occupation m2org.arable
Aquatic
acidification

kg SO2 eq

Aquatic
eutrophication kg PO4 P-lim
Global
warming

kg CO2 eq

-23.471

-31.250

-32.851

Nonrenewable
energy

MJ primary

-2245.80

-2366.63

-2396.76

Mineral
extraction

MJ surplus

-4.369

-4.369

-4.369

The results of the comparison of the aforementioned cases are also performed in EDIP 2003
method, in order to focus on the acidification and eutrophication impacts. The results are given
in the ANNEX.

6.7.4 Alternative scenario: Composting of the solid fraction and co-digestion of
liquid fraction with the sludge
In this paragraph, an alternative scenario, which is taken into consideration the treatment of
the sludge produced by the nearby waste-water treatment plant, is investigated.
According to the data given previous in the inventory corresponds to this concept, two cases
are investigated: the co-digestion in mesophilic and the co-digestion in thermophilic, while the
composting of the solid fraction is considered both of them.
The results are shown in the following figures and tables by comparing them with the cases of
the mesophilic digestion and the thermophilic digestion. The scenario of the co-digestion
performs higher avoided emissions than the composting process and lower avoided emissions
than the scenario with anaerobic digestion of the waste. It is mentioned that the environmental
benefit from the avoidance of the disposal of sludge is not taken into consideration. This
happens, since the study focus mainly on the composting process and anaerobic digestion
process with the produced energy yields and not to the peripheral procedures of the treatment
of the residues for these waste treatment methods.
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Figure 36: Environmental impact comparing three cases of the ISWM TINOS Concept: a)
Composting, b) Mesophilic anaerobic digestion and c) Mesophilic co-digestion with sludge
(IMPACT 2002+, Weighting profile, without considering impact categories

Table 23: Results on global warming impact for three cases of the ISWM TINOS Concept: a)
Composting, b) Mesophilic anaerobic digestion and c)mesophilic co-digestion with sludge
(IMPACT 2002+, Weighting profile, without considering impact categories
Impact
category

Unit

Global
warming kg CO2 eq

IT-alternarive_meso

IT-compost

IT-co-digestion_meso

-36.20

-23.47

-31.25
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Figure 37: Environmental impact comparing three cases of the ISWM TINOS Concept: a)
Composting, b) thermophilic anaerobic digestion and c) thermophilic co-digestion with
sludge (IMPACT 2002+, Weighting profile, without considering impact categories

Table 24: Results on global warming impact for three cases of the ISWM TINOS Concept: a)
Composting, b) thermophilic anaerobic digestion and c) thermophilic co-digestion with
sludge (IMPACT 2002+, weighting profile, without considering impact categories
Impact
category
Global
warming

Unit

ITalternative

IT-compost

IT-co-digestion_thermo

kg CO2 eq

-38.52

-23.47

-32.85

6.8 Full implementation scheme in TINOS Island
6.8.1 Full implementation scheme of the ISWM TINOS concept
In this paragraph, the estimation of the environmental footprint of the full implementation
scheme of the ISWM TINOS concept is carried out. More specifically, the data given in previous
paragraph for the full implementation scheme in Tinos Island are used.
The functional unit is the 1 tonne of mixed waste, while the IMPACT 2002+ method is applied
for the calculation of the environmental impacts.
In what concerns the global warming impact, the impact is estimated at -317.43 kg CO2eq/kg
waste. This means that in the case that the concept of the ISWM TINOS is going to be
implemented in the full scale, for each one tonne of waste treated, there are avoided emissions
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about 317 kg CO2eq. In addition, the avoidance of the non-renewable energy is considered
significant, since it is equal to 6156.3 MJ primary/ tn waste

Figure 38: Weighting profile of the full implementation scheme of the ISWM TINOS concept
(IMPACT 2002+, by considering the impact categories)

Figure 39: Weighting profile of the full implementation scheme of the ISWM TINOS concept
(IMPACT 2002+)
Table 25: Results of the full implementation scheme of the ISWM TINOS concept (IMPACT
2002+, Characterization profile)
Impact category

Unit

Total

Carcinogens

kg C2H3Cl eq

-4.963

Non-carcinogens

kg C2H3Cl eq

-8.472

Respiratory inorganics

kg PM2.5 eq

-0.262

Ionizing radiation

Bq C-14 eq

-6579.04
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Impact category

Unit

Total

Ozone layer depletion

kg CFC-11 eq

-1.4E-05

Respiratory organics

kg C2H4 eq

-0.0731

Aquatic ecotoxicity

kg TEG water

-18811.7

Terrestrial ecotoxicity

kg TEG soil

-3337.59

Terrestrial acid/nutri

kg SO2 eq

-4.376

Land occupation

m2org.arable

-98.2882

Aquatic acidification

kg SO2 eq

-1.274

Aquatic eutrophication

kg PO4 P-lim

0.0239

Global warming

kg CO2 eq

-313.848

Non-renewable energy

MJ primary

-6156.3

Mineral extraction

MJ surplus

-36.987

6.8.2 Full implementation scheme of the ISWM TINOS concept (Use of compost as
fertilizer)
In this paragraph, an additional component in the model of the LCA for the full implementation
scheme of the ISWM TINOS concept has been added. This corresponds to the use of compost
as fertilizer. Since it is not known the ratio of the substitution of the conventional fertilizers,
the following ratio has been considered in order to evaluate the final impact. By using as
functional the 1 tn of organic waste
• In what concerns the fertilizer N, the substitution rate is 15% comparing to the
conventional fertilizer (Calcium Ammonium nitrate)
• In what concerns the fertilizer P, the substitution rate is 30% comparing to the
conventional fertilizer (Diammonium phosphate)
• In what concerns the fertilizer K, the substitution rate is 15% comparing to the
conventional fertilizer ( Potassium chloride)

The results are shown in the following figures. As it is shown, the use of compost as fertilizer
contributes to the environmental benefits at 55.32 kg CO2eq/t waste
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Figure 40: Weighting profile of the full implementation scheme of the ISWM TINOS conceptUse of compost as fertilizer (IMPACT 2002+, by considering the impact categories)

Figure 41: Weighting profile of the full implementation scheme of the ISWM TINOS
concept-Use of compost as fertilizer (IMPACT 2002+, by considering the impact categories)

Table 26: Results of the full implementation scheme of the ISWM TINOS concept-Use of
compost as fertilizer (IMPACT 2002+, Characterization profile)
Impact Category

Unit

IT_compost_fertilizer

Carcinogens

kg C2H3Cl eq

-5.228

Non-carcinogens

kg C2H3Cl eq

-8.591

Respiratory inorganics

kg PM2.5 eq

-0.304

Ionizing radiation

Bq C-14 eq

-6767.30

Ozone layer depletion

kg CFC-11 eq

-0.00002

Respiratory organics

kg C2H4 eq

-0.08001

Aquatic ecotoxicity

kg TEG water

-19784
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Impact Category

Unit

IT_compost_fertilizer

Terrestrial ecotoxicity

kg TEG soil

-3473.54

Terrestrial acid/nutri

kg SO2 eq

-6.522

Land occupation

m2org.arable

-98.290

Aquatic acidification

kg SO2 eq

-1.616

Aquatic eutrophication

kg PO4 P-lim

-0.0384

Global warming

kg CO2 eq

-369.174

Non-renewable energy

MJ primary

-6721.95

Mineral extraction

MJ surplus

-36.988

6.8.3 Comparison between the full implementation scheme of the ISWM TINOS and
the concept of the anaerobic digestion

In this paragraph, the full implementation scheme of the ISWM TINOS is compared with the
respective scenario that instead of composting process, the anaerobic digestion process is
considered.
The functional unit used is the 1 tonne of waste, while the implementation method is the
IMPACT 2002+.
The results are shown in the following figures. In what concerns the global warming potential,
the difference between the composting process and the mesophilic anaerobic digestion is
about 21.76 kg CO2eq/ t waste, while the difference between the composting process and
thermophilic anaerobic digestion is about 26.23 kg CO2 eq/t waste.
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Figure 42: Weighting profile of the comparison between the full implementation scheme of
the ISWM TINOS with the concept of the anaerobic digestion (mesophilic and thermophilic)
(IMPACT 2002+, considering impact categories)

Figure 43 Weighting profile of the comparison between the full implementation scheme of
the ISWM TINOS with the concept of the anaerobic digestion (mesophilic and thermophilic)
(IMPACT 2002+)
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Table 27: Results of the the comparison between the full implementation scheme of the
ISWM TINOS with the concept of the anerobic digestion (mesophilic and thermophilic)
(IMPACT 2002+, Characterization)

Impact
category

Unit

Carcinogens

kg C2H3Cl eq

-4.964

-5.005

-5.015

Noncarcinogens

kg C2H3Cl eq

-8.472

-8.498

-8.505

Respiratory
inorganics

kg PM2.5 eq

-0.262

-0.282

-0.287

Ionizing
radiation

Bq C-14 eq

-6579.04

-6638.79

-6654.38

Ozone layer
depletion

kg CFC-11 eq

-0.00001

-0.00001

-0.00001

Respiratory
organics

kg C2H4 eq

-0.0731

-0.0734

-0.0742

Aquatic
ecotoxicity

kg TEG water

-18811.68

-18844.98

-18853.51

Terrestrial
ecotoxicity

kg TEG soil

-3337.59

-3355.02

-3359.37

Terrestrial
acid/nutri

kg SO2 eq

-4.376

-4.532

-4.555

Land
occupation

m2org.arable

-98.288

-98.289

-98.289

Aquatic
acidification

kg SO2 eq

-1.274

-1.349

-1.367

0.0239

0.339

0.319

Aquatic
eutrophication kg PO4 P-lim

IT_full_compo

IT_full_meso IT_full_thermo

Global
warming

kg CO2 eq

-313.848

-335.599

-340.077

Nonrenewable
energy

MJ primary

-6156.3

-6494.2

-6578.4

Mineral
extraction

MJ surplus

-36.987

-36.987

-36.987

The results of the comparison of the aforementioned cases are also performed in EDIP
2003method, in order to focus on the acidification and eutrophication impacts. The results are
given in the following figures and table. As it is shown the composting process is slightly more
environmentally friendly than anaerobic digestion in aquatic eutrophication terms because of
the existence of the digestate in the second method.
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Figure 44: Weighting profile for the comparison of the ISWM TINOS full implementation
concept and the full implementation anaerobic digestion cases (mesophilic and thermophilic)
(EDIP 2003)

Figure 45: Single score profile for the comparison of the ISWM TINOS full implementation
concept and the full implementation anaerobic digestion cases (mesophilic and thermophilic)
(EDIP 2003)
Table 28: Results of the comparison of the ISWM TINOS full implementation concept and the
full implementation anaerobic digestion cases (mesophilic and thermophilic) (EDIP 2003)

Impact
category
Global
warming 100a
Ozone
depletion
Ozone
formation
(Vegetation)

Unit

IT_full_composting IT_full_mesophilic IT_full_thermophilic

kg CO2 eq

-295.07

-318.57

-322.11

kg CFC11 eq

0.00

0.00

0.00

m2.ppm.h

-878.39

-960.25

-946.91
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Ozone
person.ppm.h
formation
(Human)
Acidification
m2
Terrestrial
m2
eutrophication
Aquatic
kg N
eutrophication
EP(N)
Aquatic
kg P
eutrophication
EP(P)
Human
person
toxicity air
Human
m3
toxicity water
Human
m3
toxicity soil
Ecotoxicity
m3
water chronic
Ecotoxicity
m3
water acute
Ecotoxicity soil
m3
chronic
Hazardous
kg
waste
Slags/ashes
kg
Bulk waste
kg
Radioactive
kg
waste
Resources (all)
PR2004

-0.06

-0.06

-0.06

-21.91
-17.95

-23.50
-18.21

-23.90
-18.16

-0.14

0.22

0.22

-0.05

-0.03

-0.04

7016465.00

6932711.00

6880192.00

-2178.74

-3373.10

-4353.10

-25.54

-26.84

-27.55

9675.96

-9087.96

-27630.30

24052.82

18625.27

15881.37

-725.01

-725.98

-726.23

-0.38

-0.38

-0.38

0.28
-23.45
-0.01

0.28
-23.46
-0.01

0.28
-23.46
-0.01

-0.05

-0.05

-0.05

6.8.4 Comparison of the full implementation scheme of the ISWM TINOS with the
concept of the landfill
In this paragraph, a comparison between the full implementation scheme of the ISWM TINOS
with the concept of a conventional landfill is considered. More specifically, in this case a
conventional landfill is considered with the characteristics described in previous paragraph.
Hence, this is a crucial difference with the comparison accomplished in the pilot scheme, since
in that case the comparison was carried out with a reference to the dumping process.
It is obvious that the environmental impact of the landfill process is lower than the dumping
process. However, the overall environmental benefit in comparison with the proposed concept
of the ISWM TINOS in full scale remains very high and credible, due to the increase of the
quantity of biowaste that it is treated by the proposed method.
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The functional unit is the 1 tonne of waste, while the implementation methods used are the
IMPACT 2002+ and the single issue of the IPCC 2007.
The results are shown in the following figures. More specifically, the environmental benefit is
estimated at 554.9 kgCO2/t waste according to IPCC 2007 method and 476.8 kg CO2 eq/t waste
according to the IMPACT 2002+ method

Figure 46: Global warming potential impact for the comparison between the full
implementation schemes of the ISWM TINOS with the disposal in a conventional landfill (IPCC
2007)

Figure 47: Weighting profile of the comparison between the full implementation scheme of
the ISWM TINOS with the disposal in a conventional landfill (IMPACT 2002+)
Table 29: Results of the comparison between the full implementation scheme of the ISWM
TINOS with the disposal in a conventional landfill (IMPACT 2002+, Characterization profile)

Impact category

Unit

ISWM TINOS Source
Segregation_full
implementation

IPCC GWP 100a

kg CO2 eq

-292.86

262.03

IMPACT 2002+

Kg CO2 eq

-313.84

109.69
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7. Evaluation of the results

7.1 ISWM pilot concept in Pyrgos and Panormos
The ISWM pilot concept was applied in Pyrgos and Panormos area. As it was referred
above, the main activities are distinguished in two categories: those referred to the
recycling activities and those referred to the composting activities. The duration of the
recycling activities was 24 months, while the duration of the composting process was 12
months. For comparative reasons, the duration of the anaerobic digestion has been
considered to be 12 months.
The flow rates, as well as well as the quantities of the captured/recycling materials are
summarized in the Table 30. The quantities have been calculated with reference of 400
inhabitants.

Table 30: Captured recycling material in Pyrgos and Panormos: flow rate and quantities
-1

-1

Captured material

Kg in h yr

Kg in yr-1

Packaging Paper/paperboard and mixed paper

33.4

13,360

Packaging Glass

11.4

4,560

Packaging Plastic & metal

21.1

8,440

Based on the integrated concepts created, the overall environmental footprint in global
warming impact terms is given in the Figure 48.
The environmental benefits are considered significant by comparing the ISWM TINOS
concepts with the dumping process. The comparison was carried out in global warming
terms, since the CO2eq is the one of the most significant pollutant. In specific:
•

The difference between the ISWM TINOS pilot concept with composting and the
dumping process is about 62,000 kg CO2eq

•

The difference between the ISWM TINOS pilot concept with mesophilic anaerobic
digestion and the dumping process is about 63,365 kg CO2eq

•

The difference between the ISWM TINOS pilot concept with thermophilic
anaerobic digestion and the dumping process is about 63,522 kg CO2eq
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Figure 48: Global warming impact for four (4) cases: a) ISWM concept with composting
process, b) ISWM concept with mesophilic digestion, c) ISWM concept with thermophilic
digestion and d) Dumping process

7.2 Full implementation of the ISWM concept in Tinos Island
The concepts for the full implementation of the ISWM concept in Tinos Island are investigated
in this section. More specifically, the global warming impact was found for the four examined
cases, as shown in Figure 49. The duration of the concepts is considered 24 months, since the
same duration is taken into consideration in the pilot scheme (reference case). As it is shown,
the environmental benefit by the application of the ISWM concept is considered credible for
the Tinos Island. More specifically:
•

The difference between the full implementation scheme with composting in Tinos
Island and the landfilling process is about 2,152,482 kg CO2eq

•

The difference between the full implementation scheme with mesophilic anaerobic
digestion in Tinos Island and the landfilling process is about 2,262,934 kg CO2 eq

•

The difference between the full implementation scheme with thermophilic anaerobic
digestion in Tinos Island and the landfilling process is about 2,285,670 kg CO2eq

Following the indicators found in previous sections, the results in full scale scheme prove that
the composting process is the most appropriate method in this scale, since the anaerobic
digestion process does not make sense in area with low population. It is obvious that for areas
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with higher population, the anaerobic digestion process performs higher environmental
benefit, so it considered more credible solution than the composting process.

Figure 49: Global warming impact for four (4) full implementation cases in Tinos Island: a)
ISWM concept with composting process, b) ISWM concept with mesophilic digestion, c)
ISWM concept with thermophilic digestion and d) Landfill process.

7.3 Comparison between pilot and full implementation scheme for the
ISWM-TINOS concept
In this paragraph, a comparison between the pilot and the full implementation scheme was
carried out. It is mentioned that the full implementation scheme corresponds to the case
without considering the use of the compost as fertilizer.
The impact of each process in the global warming is given in the following table and figure.
More specific, the differences between the two scenarios are caused by the different waste
composition for the two cases, as well as the different recovery rates used in two cases. It is
mentioned that in the case of the full implementation scheme a green point system is also
foreseen, resulting to the increase of the separated recyclable materials. Hence, the saving
emissions in the case of ISWM full implementation scheme are higher than the case of the
ISWM TINOS pilot system. The highest differences are mentioned for the recovering of metals
(Ferrous and Aluminum), where the respective fraction of metals in the waste composition is
too higher than the pilot application.
Regarding the transportation processes, as it is obvious, the distances and the transferred
wastes in the case of the full implementation scheme are higher than the pilot, resulting to
higher emissions. Moreover, the organic fraction led to the composting process is increasing in
the case of the full implementation scheme. As consequence, the respective fraction of the
organic fraction used as animal feed is decreasing. Finally, a major difference is mentioned in
the case of the disposal of the rest waste. In the case of the pilot system, the current method
of dumping process is used, while for the case of the full implementation scheme, the method
of landfilling process is used. Taking also into consideration the fact that in the case of the pilot
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system, a higher proportional fraction is led to the disposal, the respective CO2eq emissions
are higher comparing to the full implementation scheme.

Table 31: Comparison between pilot and full implementation scheme for the ISWM-TINOS
concept (Impact 2002+, Characterization profile)
Global Warming Potential
(kg CO2eq/tn waste)
Paper recovering
Fe recovering
Al recovering
Glass recovering
Plastic recovering
Transportation_collection
Transportation from Tinos
to Rafina
Transportation from Rafina
to Koropi
Composting Process
Animal feed from organic
waste
Landfilling

ISWM TINOS Source
Segregation
-58.80
-2.54
-15.67
-10.39
-24.42
1.72

ISWM TINOS Full
Implementation Scheme
-90.28
-27.74
-132.32
-33.45
-65.95
6.80

0.59

1.40

1.52
1.71

3.62
4.78

-9.10
91.91

-3.94
23.22

150
Landfilling

100

Animal feed from organic waste

kg CO2eq/tn waste

50

Composting Process

0
-50

ISWM TINOS Source Segregation

ISWM TINOS Full Implementation Scheme

Transportation from Rafina to Koropi
Transportation from Tinos to Rafina

-100

Transportation_collection

-150

Plastic recovering

-200

Glass recovering

-250

Al recovering

-300

Fe recovering

-350

Paper recovering

-400

Figure 50: Comparison between ISWM TINOS Source Segregation and ISWM TINOS Full
Implementation Scheme (Impact 2002+, Characterization profile)
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7.4 Replication of Activities. The Example of the Western Macedonia
The environmental indicators found in this study for the application of the LIFE ISWM TINOS
pilot and the full implementation schemes of ISWM TINOS concept in Tinos Island are
summarized in Figure 51 and Figure 52 respectively.

Figure 51: Comparison of the different cases for the application of the ISWM TINOS concept
in Pyrgos-Panormos area in global warming impact terms

Figure 52: Comparison of the different cases for the application of the ISWM TINOS in full
implementation in Tinos Island in global warming impact terms

88

Deliverable 5-2: Report on Life Cycle Analysis a) Composting process and b) Anaerobic Digestion
ISWM-TINOS LIFE 10/ENV/GR/000610

The indicators found in this study correspond to the case of the Tinos Island, and especially for
the case of Pyrgos and Parormos town for the implementation of the ISWM TINOS pilot project.
This happens, since the crucial parameters as the composition of the waste, the recovering
rates, the operation of the composting process and the biogas yields for the anaerobic
digestion process have been taken into consideration according to the data by Tinos case.
However, the proposed waste management concept is appropriate for application in other
Greek islands, as well as in remote/mountainous areas that perform similarities in the
population and the waste composition.
This occurs because a source separated system for the waste collection can be applied in those
areas with similar results to ISWM-TINOS concept. In contrast with this, in high populated city,
the results concerning the waste collection are foreseen to have deviations, because of the noteasily monitor with awareness activities of all the residents in the area.
However, in case that the indicators concerning the ISWM TINOS concept and Full
implementation of ISWM TINOS concepts taking into consideration for the estimation of the
environmental footprint in the small towns and high population cities respectively, the results
should be performed in absolute values.
According to the EC statistics, the average Greek produces about 506 kg waste annually, while
the respective European resident produces 481 kg waste annually. Considering the produced
waste in Greece, the waste produced in a town of 1000 residents is about 506tn annually while
the waste produced in a city of 100,000 is about 50,600 tn annually. For the small town, the
environmental benefit by the application of anaerobic digestion is about 3940 kgCO2, while for
the city, the respective environmental benefit is about 1100000 kg CO2. Hence, the
environmental benefit of the anaerobic digestion comparing to the composting process is
considered quite low in the town case, while it increases in the city case (high populated case).
Moreover, taking also consideration the higher investment cost for the anaerobic digestion
plant, as well as that the technology is not technical feasible at very low capacities, the
composting process is presented as the most sustainable solution for remote and low
populated areas.

CERTH/CPERI is very active in the area of the Region of the Western Macedonia. The ISWM
TINOS concept is considered appropriate to be applied in remote areas or small towns in the
region for the treatment of the waste in line with the directions given in EC/2008/98. In parallel,
it is worth mentioning that the construction of a MRF plant for recovering materials from the
waste is foreseen in the waste management plan of the Region. Hence the application of a
similar concept in towns of the Region of the Western Macedonia can contribute to a complete
waste management scheme with credible impacts to the environment.
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8. Main Conclusions
The scope of this study was to evaluate the ISWM TINOS concept from the environmental
perspective. The source separated system for the organic fraction and the recyclables
materials results to the avoidance of their disposal at landfills. As a consequence,
environmental benefits can be achieved.
More specifically, the organic farming avoids the use of artificial fertilizers and pesticides in
production, applying compost and recycled farmyard manures in their place, and by doing so
this can increase soil fertility. As a result, organic farming has positive effects on soil biodiversity
and organic carbon content, and soil contamination and water pollution are decreased. In
addition, compost could act as a suppressor agent against different diseases occurred in the
crop or plantation. It is mentioned that although the compost performs lower composition in
NPK comparing to the synthetic fertilizer, the duration of its application in the plantation is
higher than the synthetic fertilizer, resulting to its smooth growth.
Hence several cases are taken into consideration, in order to find the most environmental
friendly. The main conclusions are the following:
•

•
•
•
•
•
•
•

The applied concept in ISWM TINOS is more environmental friendly compared to the
current waste management method followed in Pyrgos town (dumping process). This
occurs, since the following processes have been taken into consideration: a) the
composting of the organic fraction and b) the recovery of the recyclables materials.
The avoidance of the using artificial fertilizer by the use of compost results to the lower
global warming impact
The diverse of the organic fraction from the landfills impacts to the lower global
warming impact, since less methane emissions released in the atmosphere.
The recovery of the recyclables materials results to the avoidance of the production of
the recyclables materials by using primary feedstock.
Anaerobic digestion has less global warming impact than the composting process due
to the emission saving from the avoidance of electricity generation
Higher biogas yield achieved in thermophilic digestion process in comparison with the
mesophilic process, leading to increase of emission savings
Anaerobic digestion is clearly more effective in the reduction of the environmental
footprint in highly populated cities/towns
The proposed waste management concept is appropriate for application in other
Greek islands, as well as in remote/mountainous areas
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ANNEX

Comparison between ISWM TINOS concept and dumping process: IPCC 2007
method
The IPCC 2007 method focuses on the estimation of the global warming impact in horizon of
100 years. The difference between the dumping process and the ISWM TINOS is estimated at
337.95 kg CO2eq/t waste

Figure 53: Comparison of ISWM TINOS concept with dumping process in global warming
potential terms according to IPCC 2007 method
The comparison of the results by applying the two different methods (IMPACT 2002+ and
IPCC 2007) is given in the following table

Table 32: Summary of the results for the comparison of the ISWM TINOS source segregation
system with the dumping process according two calculation methods: a) IPCC GWP 100a and
IMPACT 2002

Impact category

Unit

ISWM TINOS Source
Segregation

IPCC GWP 100a

kg CO2
eq

170.80

508.75

IMPACT 2002

kg CO2
eq

-23.47

160.69
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ISWM TINOS concept vs mesophilic and thermophilic digestion: EDIP 2003
method
The EDIP 2003 method was applied, in order to focus on the acidification and the
eutrophication impact categories. The results are given in the following figures and table. As it
is shown the composting process is slightly more environmentally friendly than anaerobic
digestion in aquatic eutrophication terms because of the existence of the digestate in the
second method.

Figure 54 Weighting profile for the comparison of the ISWM TINOS concept and the anaerobic
digestion cases (mesophilic and thermophilic) (EDIP 2003)
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Figure 55 Single score profile for the comparison of the ISWM TINOS concept and the
anaerobic digestion cases (mesophilic and thermophilic) (EDIP 2003)
Table 33: Results of the comparison of the ISWM TINOS concept and the anaerobic
digestion cases (mesophilic and thermophilic) (EDIP 2003, Characterization profile)
Impact category

Unit

Global warming 100a
Ozone depletion
Ozone formation
(Vegetation)
Ozone formation
(Human)
Acidification
Terrestrial
eutrophication
Aquatic
eutrophication EP(N)
Aquatic
eutrophication EP(P)
Human toxicity air
Human toxicity water
Human toxicity soil
Ecotoxicity water
chronic
Ecotoxicity water
acute
Ecotoxicity soil chronic
Hazardous waste
Slags/ashes
Bulk waste
Radioactive waste
Resources (all)

kg CO2 eq
kg CFC11 eq
m2.ppm.h

IT_compostin
g
147.470
0.000
3457.85

IT_mesophili
c
139.068
0.000
3428.579

IT_thermophili
c
137.800
0.000
3433.349

person.ppm.
h
m2
m2

0.286

0.284

0.284

-9.597
-14.380

-10.168
-14.472

-10.309
-14.456

kg N

-0.119

0.007

0.009

kg P

-0.026

-0.017

-0.022

person
m3
m3
m3

-2088950
-2355.564
-18.294
-32119.905

-2118903.852
-2782.716
-18.759
-38830.612

-2137686
-3133.201
-19.013
-45462.075

m3

-9116.423

-11057.527

-12038.852

m3
kg
kg
kg
kg
PR2004

-487.947
-0.140
0.026
-4.372
-0.003
-0.008

-488.294
-0.140
0.028
-4.375
-0.003
-0.008

-488.384
-0.140
0.028
-4.376
-0.003
-0.008
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