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Wastes of buildings constitute a considerable amount of these concerns. Thus, management
has to be started in buildings and continue throughout districts and cities level. In this study,
a big scale building was investigated based on its current waste management system via LCA
methodology to assess waste management strategies through the building’s lifetime. Within
the developed methodology, the building’s wastes were categorized into 3 group as municipal
solid waste, wastewater and demolition waste. Firstly, the capacities of all waste types were
calculated which were used as input in the developed LCA model. Additionally, existing
energy performance model and Building Information Model of the building as well as
specifications from Turkish Statistical Institute were utilized. Two indicators were defined to
show impact of wastes; cumulative energy demand (CED) and global warming potential
(GWP). The energy consumption of the building was included in LCA methodology to
compose a comparative scheme between the energy usage of building and energy usage of the
building’s waste management. The results showed that there was an energy recovery potential
from wastes due to recycling processes; nonetheless, this potential was low compared to the
building’s operational energy. In addition to the CED, overall greenhouse gases release from
the waste management strategies affected the environment negatively while there was a

reduction potential by recycling processes.

1. INTRODUCTION

Wastes and waste management policies are a common
dilemma for authorities, municipalities and countries. While
population of cities is increasing, defining a suitable waste
management policy is getting harder and more complicated.
Population of Turkey and Istanbul is still increasing.
According to Turkish Statistical Institute (TUIK), Istanbul
population was approximately 13 million in 2010 that
currently has already reached over 15 million [1]. If wastes are
dumped in unsanitary disposal area uncontrollably, they lead
to environmental and health problems. Thus, they have to be
handled with a management plan. Also, processes that are
applied wastes to treat them cause some environmental
problems and consume energy. For this reason, waste
management policies have to be developed carefully. Life
cycle assessment (LCA) methodology are commonly used to
investigate waste management processes. Sharma et al. [2]
have defined LCA as a tool to investigate product or processes
based on their environmental impact and energy consumption.
There are some approaches to define system boundaries of a
LCA study. The most applied approach is the cradle-to-grave,
which starts from raw material extraction and ends in disposal
step. On the other hand, LCA studies that consider the waste
management, commonly use the gate-to-grave approach.
Hence, they do not consider the production phase of materials
that will turn into wastes. As an example, Di Maria and Micale
[3] had examined waste management system of a region in
ltaly by applying the gate-to-grave approach that the

165

production phase of materials that will turn into wastes had not
considered.

1.1 Standards related with LCA

LCA standards were defined for any kind of products by
International Organization for Standardization (ISO) and
published as ISO 14040 and ISO 14044 [4, 5]. Standards have
defined a methodology to develop an LCA that has 4 major
steps: 1. goal and scope definition, which the main objective
of the LCA should be identified 2. inventory analysis, which
all analyzing technique to develop necessary data for LCA
should be decided and data should be produced 3. life cycle
impact assessment, which the impact assessment of the
developed data based on defined indicators should be
performed and 4. Interpretation which the results should be
evaluated.

Nevertheless, British Standard Institute (BSI) published a
standard that is specialized for a building’s LCA is called EN
15978. The standard divides building’s lifetime into different
stages as Product, construction & installation, use and end of
life to defined the LCA’s boundaries [6].

1.2 Municipal solid waste management

Municipal solid waste (MSW) and their waste management
systems were investigated in literature via LCA methodology.
Banar et al. [7] investigated current solid waste management
system based on city scale in Eskisehir and proposed new



systems via LCA methodology. Their results showed the most
environmental friendly system that included 15% recycling,
77% composting and 8% landfilling. Ozeler et al. [8] also
examined waste management in Ankara within similar scope
like as Banar et al.” study; besides, they suggested additional
source reduction. Yay [9] assessed Sakarya waste
management policy; moreover, their suggested system had
material recovery facility (MRF), composting, incineration
and landfilling. Definition of solid waste management system
is related with fraction of wastes. Fraction can show variety
based on economic situation of investigated districts, habit of
people, culture etc. Ozcan et al. [10] investigated fraction of
solid wastes in Kartal District/Istanbul. List of fraction of
wastes was organic 57.69%, 8,41% plastic, 8.01%
combustibles, 6.13 % glass and 19.76 % the others. Yildiz et
al. [11] worked on city scale in Istanbul to define fraction
distribution of solid wastes; besides, their results also showed
similar distribution. While the highest percentage was organic
with 53.73%, the second is paper/cardboard with 16,75%, the
third one is plastic with 12,88%, and the others is 16,67%.
TUIK reports solid waste generation rate for cities annually.
Because Istanbul is the most crowded city in Turkey, its rate
is always higher than the other cities. MSW generation rate for
Istanbul was 1.3 kg/cap./day in 2016 [1].

1.3 Liquid waste management

Buildings also generate liquid wastes in addition to solid
waste. Based on impact and amount, the most important liquid
waste type from buildings is domestic wastewater. While
domestic wastewater includes various pollutants, the most
important pollutants are biochemical oxygen demand (BOD),
chemical oxygen demand (COD), nitrogen types, phosphorus
and suspended solid [12-14]. Istanbul Water and Sewerage
Administration (ISKI) is aware pollutants that inside of
wastewater; thus, the number of wastewater treatment plant
are increasing year by year. There are 81 wastewater treatment
plants inside of Istanbul Municipality’s borders [15]. In
addition to the wastewater, the other liquid waste from

buildings is rainwater. Rainwater has also high saving capacity.

Rainwater collection systems have used for household or
irrigation purpose for centuries [16]. Using rainwater as
domestic water without treatment can be dangerous for human
health because of pollutant and pathogens. Simmons et al. [17]
investigated on 125 domestic rooftop rainwater systems, and
their samples included Salmonella, Aeromonas and
Cryptosporidium that are pathogens for people. Also, some
surveys showed that rainwater can be used for garden
irrigation, toilet flushing, clothes washing, even for drinking
and cooking [18, 19]. According to ISKI database, generation
rate of municipal wastewater in Istanbul was 226 L/cap./day
in 2016 [1]. This rate also is higher than other cities due to
same reasons in municipal solid wastes.

1.4 Demolition waste management

Municipal solid wastes and liquid wastes are generated
during building in use stage. After buildings life time ends,
their structural materials are tear to pieces to get the demolition
wastes. Fraction of demolition wastes shows differences based
on building type, main purpose of buildings and main structure
materials. A survey was made to analyze demolition waste
fraction in UK; the results showed that the most abundant
material was concrete based on the amount of materials.
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Concrete involved 59.28% of total amount. Also, inert
materials are 20.98% and metals is 9.98% [20]. Andrea [21]
investigated residential demolition waste in Turin; moreover,
the result demonstrated that the most common material was
concrete based on the amount. Ding and Xiao [22] assessed
demolition wastes from residential and non-residential based
on construction time group as before 1980, 1980-1999 and
after 2000 in China. Therefore, they also investigated changes
on China’s building sector. Bri¢re et al. [23] calculated the
characteristic of demolition waste based on their amount as
masonry (52.8%), reinforced concrete (26.4%), mixed inert
waste (9.3%) and other (11.5%).

In Turkey on the other hand, most research about the waste
management were developed to investigate the current waste
management policies and exploit different scenarios on the
city or district scale. The wastes from buildings, districts or
cities were investigated in Turkish literature separately. Also,
MSW, liquid waste and demolition waste of buildings were
investigated separately in existing global literature. MSW and
wastewater were assessed in district or city level while
demolition wastes were examined in building level.
Nonetheless, Sozer and Sézen [24] investigated a building’s
waste capacity that included MSW, wastewater and
demolition wastes. They have suggested a waste management
plan and evaluated its impact. The result showed that there was
an energy recovery potential from recycling processes.

The purpose of this research is to investigate the waste
potential and waste management of a building during its life
time. LCA was developed based on two indicators to show
impact of wastes; cumulative energy demand (CED) and
global warming potential (GWP). The case study building
represents the similar characteristics and conditions with
residential Turkish buildings in terms of construction
materials, technics and operational use. The difference
between this study and the other studies is that all waste types
that can be generated from a building were examined; also, the
current waste management plan was assessed to manage whole
waste processes.

2. METHODOLOGY

Methodology of the study was set based on ISO 14040,
14044 and EN 15978 standards. Accordingly, the
methodology has 4 main steps; goal and scope definition,
inventory analysis, life cycle impact assessment and
interpretation as modified and applied for this study as
represented on Figure 1.
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Figure 1. Applied methodology for the case study



A case building was examined to evaluate the waste
capacity within the current waste management system in the
district via LCA methodology. It is an elderly house located in
the Kartal District of Istanbul, Turkey. Image of the building
is represented on Figure 2.

Figure 2. Image of the case building

2.1 Goal and scope definition of the study

Goal of the study is to give a well-defined description of the
purpose; besides, scope of the study was clarified according to
this goal. The goal of the study is investigating waste potential
of the case study building within current waste management
policy based on global warming potential and energy flow via
LCA methodology. The system boundaries were set based on
gate-to-grave approach; hence, production of materials that
turn into wastes were not included in the model. Only
generated wastes and their end of life scenario according to
current waste management system in the building were
assessed. EN 15978 standard was used during definition of the
system boundaries. As it was mentioned in introduction
section, EN 15978 divides the building life time into product,
construction & installation, use, end of life and beyond the
system boundaries stages [6]. Only use (B) and end of life (C)
stages were added to the model. Consequently, the question
would be the energy recovery from the waste process could
compensate the energy consumption of the building.

The building life time was defined as 50 years. Accordingly,
the amount of MSW and wastewater along with the wastes
from replacement and maintenance processes were calculated
and added in the model. Additionally, demolition wastes,
which will be generated after the building life time finishes
were also considered. The models were developed in 5 steps.
(1) Waste potentials of all MSW, waste water and demolishing
waste were defined. (2) Operational energy demand of the
building was obtained from energy simulation model. (3)
Current waste management systems were defined based on
data of municipality, ISKI and ISTAC. (5) All processes were
added to the models carefully. Thus, energy recovery rate from
the wastes were compared with primary energy demand of the
operational energy consumption of the building during 50
years. System boundaries of the study is shown in Figure 3 in
detail.

B STAGE C STAGE

Electricity and heating demand

| 50 fear !

Demolition
Wastes

D'.

End of life

-MSW
-Wastewater

-Replacement
wastas

Gate Grave

Figure 3. System boundaries based on gate-to-grave
approach
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2.1.1 The case study building description

The case study building is an elderly house that was
designed to service 456 elderly people and100 employees. It
is a big scale building, which has 8 stores with 18,108 m?
conditioned floor area. The building was constructed in 2000s;
nonetheless, it had some damages from past inhabitants.
Because of that, it was retrofitted between 2013 and 2018 with
the aim to improve its energy efficiency according to a
European Union Project’s scope, which is called R2Cities [24].
The building has started its service life after March 2018. The
retrofitted activities included building envelope, Heating,
Ventilation, And Air Conditioning (HVAC), and electrical
systems; thus, the building lifetime was extended
approximately 50 year more after 2018.

Due to elderly services, characteristic of wastes show
variance from organic to electronic wastes. Besides, Building
Information Modeling (BIM) and Energy Performance Model
of the building were developed to get the amount of the
demolition wastes and operational energy consumption.
During inventory list steps, 456 elderly people were defined as
residents; moreover, they live on the building 24 hours in a day.
On the other hand, employees were added to the model based
on their daily shift that is 8 hours in a day.

2.1.2 Current waste management in the case study buildings

The current waste management system of the building was
evaluated in this study. The waste types were defined as MSW,
wastewater and demolition waste. MSW are collected daily in
containers by services trucks of Kartal Municipality to be
transferred to the closest transfer station. There are 4 station in
Anatolian part of Istanbul. The closest transfer station to the
building is Aydmli Transfer Station that is 18 km away to the
building. The process that is applied to the MSW in the station
is pressing to decrease volume of waste. After the transfer
station, MSW are transferred to the closest sanitary landfill
area. There are 2 main landfill area in Istanbul where are
located in European and Anatolian parts. The MSW are sent
to the Anatolian part that its name is K&nircioda Landfill
Area. The landfill is managed by Istanbul Metropolitan
Municipality Environmental Protection and Waste Materials
Valuation Industry and Trade Co. The distance between
Aydinli Transfer Station and Kémiirciioda Landfill Area is
approximately 49 km. The landfill has recycling, composting
and landfill processes for MSW. Mechanical processes are
applied to divide the wastes into two different categories for
composting and recycling. Recycling materials are divided in
terms of their raw material such as glass, metal. Compressed
products are used in cement industry as fuel. The residual
wastes are buried into landfill area. Leachate is collected with
pile line to treatment; besides, biogas comes from wastes is
collected to generate electricity. According to Istanbul
Municipality database, 84% of municipal wastes are send to
landfill area, 6% of them are recycled, and %10 of them are
used for composting or bio-drying [25]

Wastewater treatment management system on the building
is managed by Istanbul Metropolitan Municipality and
Istanbul Water and Sewerage Administration (ISKI).
Wastewater that is generated in the building is collected by
pipes in plumbing system to merge with district sewerage
system. All wastewater come from the district are transferred
to the closest wastewater treatment plant. The closest one’s
name is Tuzla Advanced Biological Wastewater Treatment
Plant. The building does not have a rainwater collection
system.



Due to maintenance and replacement processes during the
building in use time and demolition stage, demolition wastes
occur. Responsibility of the demolition wastes belongs to the
building owner. After demolition wastes are generated, the
building owner has to send them to the facilities of demolition
wastes.

2.2 Inventory analysis

The inventory list of the system was created in this step.
Three different waste types were defined in the study as
municipal solid waste, domestic wastewater and demolition
waste. The capacities of waste types were calculated one by
one. The amount of MSW and domestic wastewater were
calculated by help of TUIK database [1]. Also, fraction of
MSW was obtained from the existing research. BIM of the
case study building was developed by utilizing the Revit
software© [26] and used to define the amount of demolition
wastes. All materials types that were used in the building
construction were defined in the model layer by layer; besides,
material file was created for the building. In addition to the
defined wastes, operational energy consumption of the
building was included into the model. The energy
consumption of the building was obtained from energy
performance model, which was developed and analyzed by
Design Builder software © [27]. Developed BIM and energy
performance models are represented in Figure 4.

Figure 4. A. BIM Model - B. Energy Performance Model of
the building

2.2.1 Capacity of wastes

The amount of defined waste types was calculated based on
the existing research to be used as input in the developed LCA
model. Firstly, total inhabitant in the building was calculated
as 456 elderly people in addition to 100 employees who work
for different purpose such as administrators, nurses, cleaners,
cookers. Employees work only 8 hours in a day depend on
their work shift, which were taken in account in the calculation.
MSW generation rate was obtained from TUIK database as 1.3
kg/cap/day [1]. Capacity of the MSW was calculated as 232.2
ton/year; besides, the calculation that was made to calculate
capacity of the MSW are given in Equation 1.

1.3
Capaciy of the MSW = 456x1.3 + 100x?

k
=636 /44 (1

= 232.2 ton/yea‘r

Municipal solid waste management systems are also related
with fraction of the MSW; hence, requirement recycling,
composting, incineration or disposal processes are added to the
system based on fraction. Literature data were used to define
fraction of the MSW and the amount of sub-waste from the
building [9]. The fractions of MSW and their amount during
50 years from the case study building are shown on Figure 5.
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In LCA model, sub-categories of MSW were classified into 6
groups, as organic (organic and garden waste), paper (paper,
cardboard and bulky cardboard), plastic, glass, metal (metal
and electrical and electronic equipment) and others (hazardous
wastes, other non-combustibles, other combustibles, other
bulky combustibles and ash).

Electrical and... Others 27 tons years; 11.64%

Metal 2 tons/years; 0:8

Glass 14tons/years;
6.03%
Plastic 20 tons/yeafSHSioaye

Paper and Cardboa
10.78%

Organics 141 tons/yes
60.78%

Figure 5. Fraction and amount of the MSW

The other waste type that was defined in this study was
wastewater. The total amount of wastewater was calculated
similar to the MSW calculation. Generation rate for
wastewater in Istanbul is 226 L/cap./day [1]. Capacity of
wastewater from the building is 40,515 m3year; as the
calculation is given in Equation 2.

Capaciy of the wastewaster = 456x226 +

20 = 110,589 L/, = 40515™ /year

100x 2 2

The final waste type was demolition wastes. Capacity of
demolition wastes was calculated via using Building

Information Modeling (BIM) of the building. The fractions of
demolition wastes and their amounts are given on Figure 6.

Plastic 5 tons; 0.03%
Wood 48 tons; 0.27% Others 453 tons; 2.59%

Insulation Material -XRS'37
mon 5,471 tons;
Plaster 103 tons; 059%

Marble 11 tons; 0:06%
Glass 204 tons; 1:17%

Ceiling Tile
13 tons;

Concrete 11,117 tohs; 0.07%

63.66%

Figure 6. Amount of Demolition wastes

2.2.2 Operational energy consumption

Operational energy consumption of the building was also
investigated via LCA methodology to make comparison with
current waste management system. The LCA model results
were included in energy performance analysis to assess the
overall energy consumption of the building to achieve the
nearly zero energy concept with defined waste management
systems. As mentioned above operational energy consumption
of the building was obtained from energy performance model



into 2 groups as heating and electricity demand. The heating
consumption is 138 kWh/m2.year, and electricity consumption
is 81 kwWh/m?2.year as final-energy use.

At the end, the amount of all waste types was calculated for
50 year time period; also, the amounts are shown in Figure 7.

6% recycle

10% compost
84% landfill

100% wastewater
treatment plant

Demolition
waste

Xt 13 26% recycle
SERLLY | 7406 landfill

Operational final
energy demand
198 GWh /50years

Figure 7. Defined processes for the all waste types during 50
year of process

2.3 Life cycle impact assessment

In this step, SimaPro© software version 8.5 and Ecoinvent
database version 3.4 were utilized to develop LCI models [28].
After the inventory list was created, all input was added to the
model. According to the goal of the study, results were showed
based on two indicators; global warning potential (GWP) and
cumulative energy demand (CED).

= GWP: ltis an indicator to show emitted greenhouse
gases emission from a system. The most effective
greenhouse gases are carbon dioxide (CO2) and
methane (CH,) in the atmosphere. Unit of GWP is

defined as kgCO. equivalent. It means that all
greenhouse gases impact is converted to the kgCOzeq.
according to defined constant. Thus, comparison is
made with literature in same unit. Also, GWP was
calculated by IPCC 2013 GWP 100a method.

= CED: CED represents primary energy consumption
of a system instead of final-energy consumption.
Hence, a product, process or system are investigated
based on its primary energy demand. Unit of CED
was defined as kWh in this study. Besides,
Cumulative Energy Demand method was used to
calculate CED.

As mentioned, LCA model that was developed with
SimaPro software [26] for three waste types; MSW,
wastewater and demolition waste for the building life time.
While the overall results were obtained, they were also
explained in detail, based on processes such as transportation,
recycling, sanitary landfill, composting and wastewater
treatment. In addition, CED and GWP of MSW were
investigated according to sub-categories wastes such as
organic, metal. On the other hand, wastewater and demolition
wastes results were given as generally.

2.4 Interpretation

CED results of the current waste management system were
represented based on waste types in Table 1. Waste processes
were categorized as transportation, recycling, sanitary landfill,
compost, wastewater treatment and cumulative; besides,
percentage of applied processes to the wastes were given in
percentage column. Percentage of applied processes were
obtained from Istanbul Municipality Database [29]. As it seen
from the results, there is an energy recovery potential from
recycling process; however, these potentials were
comparatively low when operational energy consumption was
taken in account. Transportation consumed energy due to fuel
demand. Sanitary landfill, compost and wastewater treatment
process also caused energy consumption because of sub-
processes. The most effective waste type was demolition
wastes; besides, only MSW management system had energy
recovery potential on cumulative results.

Table 1. CED results of waste types

Waste Scenario Trans;:lortatlo Recycle Sanitary Landfill Compost "}/?:;izzftr CED
(KWh/50year) (kWh/50year) (kWh/50year) (kWh/50year) (KWh/50year) (kWh/50year)
MSW 1,252,800 9 01; 950 6% | 1,068,050 84% 113,200 | 10% - -6,466,450
Glass 76,800 -791,650 | 22% 60,850 78% - - -654,100
Metal 28,200 -250,000 | 22% 22,200 78% - - -199,700
Paper 137,650 3 84; 250 22% 109,050 78% - - -3,598,500
Plastic 105,400 4 08; 350 22% 83,900 78% - - -3,898,150
Organic 761,100 - 643,050 83% 113,200 | 17% - 1,516,850
Others 145,700 - 147,200 100% - - 293,500
Of;;’;:g’y“al i . - - - 352,940,650
‘;‘/?:;ivn:z:: - Municipal Wastewater Treatment 119,050 119,050
D%‘:}:s‘:zls"“ 363,900 -750,000 | 24% | 1,452,800 | 76% - - 1,068,600
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Model of MSW showed that their current management
systems recovers 6,466,450 kWh/50year energy. On the other
hand, demolition waste management system causes 1,068,600
kWh/50year consumption. Overall result demonstrated that
MSW, wastewater and demolition wastes management
systems can recover 5,324,600 kwWh/50year. The building
conditioned area is 18, 108 m?; hence, the energy recovery rate
from the management system of all waste type is 294
kWh/m?.50year. When the operational energy consumption
was taken in account, this recovery rate can compensate only
1.5% of operational energy during 50 years.

GWP results of the current waste management systems were

given in Table 2 as in Table 1’s format. While there were
reducing potential via recycling processes, cumulative GWP
for whole waste types released greenhouse gases to the
atmosphere. Thus, overall result displays that MSW,
wastewater and demolition wastes management systems
caused 11,777,850 kgCO.eq./50year greenhouse gases
emissions. If the building conditioned area was considered
such as in CED results, 650 kgCO,eq./m2.50year greenhouse
gases released to the atmosphere due to the current waste
management system. The most effected waste sub-group in
GWP is organic and demolition wastes due to their buried
processes into sanitary landfill areas.

Table 2. GWP results of waste types

Wastef Transportation Recycle Sanitary Landfill Compost ‘,}]::;ivn:aet;’tr Cumulative GWP
Scenario (kgCO2eq./50year) | (kgCOzeq./50year) (kgCO2eq./50year) | (kgCO2eq./50year) (kgCOseq./50year) (kgCO2eq./50year)
MSW 302,500 -840,000 6% | 6,100,000 | 84% 241,500 10% - 5,853,400
Glass 18,800 -199,000 | 22% | 350,000 78% - - 169,800
Metal 6,900 -95,500 22% 128,000 78% - - 39.,350
Paper 33,250 -129,250 | 22% | 625,000 78% - - 498,250
Plastic 25,750 -384,500 | 22% | 480,500 78% - - 122,050
Organic 186,000 - 3,685,000 | 83% 241,500 17% - 4,111,800
Others 35,650 - 845,000 100% - - 881,450
Operational ) ) _ } ) 83,572,700
Energy
Wastewater ..
Treatment - Municipal Wastewater Treatment 33,150 33,150
D‘;'V“;’slg‘s"“ 74,200 2501000 | 24% | 8320500 | 76% - - 5,892,800

3. CONCLUSIONS

Capacity of wastes from a case study building were
calculated; also, the current waste management system was
assessed via LCA methodology in this study. The wastes were
categorized into 3 groups as MSW, wastewater and demolition
waste. The system boundary of the study was set gate-to-grave;
thus, production of materials that turned to the wastes did not
investigate based on scope of the study. In addition, functional
unit was defined as 50years.

When the primary energy consumption of operational
energy and the current waste management systems were
investigated, there was an energy recovery potential from
current waste management system. However, this potential
can cover only 1.5% of operational energy consumption.
Recovery rate potential came from paper and plastic wastes
mainly.

The current waste management system was developed to
avoid environmental pollution; nonetheless, the current
system also released greenhouse gases to the atmosphere due
to sub-processing. While there was reduction by helps with
recycling, overall GWP results were positive for all waste
types. The reason for that was sanitary landfill processes. In
current systems, landfill percentage is higher than the other
processes; besides, this situation affects released greenhouse
gases from the whole system. While the reduction rate from
recycling was 3,341,900 kgCO.eq./50 years, cumulative
released greenhouse gases to the system was 11,746,200
kgCO,eq./50 years.

The CED results of investigated waste types and operational
energy consumption are given on Figure 8. The red color
represents the energy consumption while the green color
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represents the energy recovery potential. As it seen there is an
energy recovery potential from MSW; nonetheless, its rate was
comparatively low. Recycling rate is 6% in current MSW
management system. If this rate increase, energy recovery
potential can also increase directly.

Demolition waste:
1.068.600 kWh/50years

B (Use) Wastewater Treatment:
Stage 73.650 kWh/50vears
C (End of Life)
352.940.650 kWh/50years B6 — Operational Energy Stage
¢ ]

o 50 year
DMSW: - 6.466.450 kWh/50years

Figure 8. CED results of all inputs during 1 year
The results of the study showed importance of recycling
processes to increase energy recovery rate and to decreased
released greenhouse gases to the atmosphere; besides, the

results would be valuable for municipalities or authorities to
develop new waste management system.
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