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Abstract: In Turkey, the types and quantities of waste that produced by people is increasing
rapidly as a result of increasing population, urbanization, rising living standards and technological
developments. The methods that are used to solve the problem of household solid waste
elimination are: irregular storage, landfill, composting, reuse, recycling, retrieval and incineration.
In our country, domestic waste disposal methods are irregular and regular storage. While sanitary
landfill method implementations are on the processing in our country, the EU countries have
already been abolishing this method and its applications areas gradually. In this study, instead of
landfill, installation of a modern solid waste retrieval, disposal and energy production facility
installation has been analyzed in technical and economic point of view. To make a technical and
economic analysis of such an integrated recycling, disposal and energy generation facility, the
average composition and the amount of waste, household waste, recyclable (paper, plastic, glass,
metal) and organic matter contents that belong to a municipality have been determined. Based on
this information; investment cost of the facility, annual revenue, annual expenditure and repayment
period have been calculated.
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Evsel Kati Atik Geri Kazanim ve Enerji Uretim Tesisi
Kurulumunun Teknik ve Ekonomik Yapilabilirlik Analizi

Ozet: Tirkiye'de nifus artisi, kentlesme, hayat standartlarinin yiikselmesi ve teknolojideki
gelismeler sonucu insanlarin Grettigi atik miktarlari ve atik gesitleri hizli bir sekilde artis
gbstermektedir. Insan faaliyetleri sonucu olusan kati atik sorununun giderilmesinde kullanilan
yontemler; dlizensiz depolama, diizenli depolama, kompostlama, tekrar kullanim, geri dénisim,
geri kazanim ve yakmadir. Ulkemizde evsel nitelikli atiklarin bertarafinda diizensiz ve diizenli
depolama yontemleri kullaniimaktadir. Diizenli depolama ydnteminin hayata gegirilme galismalari
Ulkemizde halen surdurilmekte iken AB Ulkelerinde diizenli ¢ép depolama ve uygulama alanlari
kademeli olarak kaldirnimaktadir. Bu calismada, diizenli depolama yerine modern bir kati atik geri
kazanim, bertaraf ve enerji iretim tesisi kurulumunun teknik ve ekonomik analizi yapilmigtir. Bdyle
bir entegre geri kazanim, bertaraf ve enerji Uretim tesisinin teknik ve ekonomik analizi yapmak igin
bir belediyeye ait ortalama evsel atik kompozisyonu, geri kazanilabilir (kadit, plastik, cam, metal)
atik miktar ve organik madde miktarlari belirlenmistir. Bu bilgiler dogrultusunda; tesisin yatirim
maliyeti, yillk geliri, yillik gideri ve geri 6deme siiresi hesaplanmistir.

Anahtar Kelimeler: Evsel kati atik, biyogaz, atiktan enerji, geri kazanim

INTRODUCTION cases as rapid population growth, industrial

The environmental problems that we are facing
today are very different, as their resource and
developments. Generally, the main reasons for these
ongoing environmental problems are; migration from
rural areas to cities, unplanned urbanization and
irregular industrialization (Erdem et al., 2010). Such

development and urbanization, have brought about
solid waste problems in cities. Today, one of the most
important  environmental problems is waste
management that produced by the people’s various
activities. The issue of waste problems should be fully
resolved and managed (Kaya et al., 2009).
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The methods that used in eliminating the problem
of solid waste, obtained as a result of human activities
are; irregular storage, landfill, composting, reuse,
recycling, recovery and incineration. One of the EU
Landfill Directives is Well-ordered Storage Directive
(1999/31/EC), which specifies technical requirements
for storage of waste regularly, and aims to eliminate
or reduce the effects of waste storage activities on
the environment as much as possible.

The first priority solid waste management system
is to reduce the amount of produced waste by the
separation in its source. The second priority is the
production of bio energy from waste, including
composting methods such as recycling and recovery.
Although disposal methods such as incineration and
landfill waste management are applicable to solid
waste and acceptable technologies, they are in the
lower ranks in the priority list. Bio energy production
from waste and composting are the highest forms of
recycling and re-use of resources (Erdem et al., 2010).

In this study, feasibility analysis of a solid waste
recycling, disposal and energy production facility
installation has been carried out in technical and
economic point of view. For this purpose, average
household waste compositions, the recoverable
amount of waste and organic matter content that
belong to a municipality have been determined. Based
on this information; investment cost of the facility,
annual revenues, annual expenditures and repayment
period is calculated.

RECOMMENDED TECHNOLOGY

The solid waste is brought from its sources to the
separation and refining facilities. This follows the process
that solid waste is reduced in size and separated as
organic and recyclable parts. The organic parts are
sent for the fermentation (wet or dry fermentation)
units to produce biogas and manure. The produced
biogas is combusted in gas engine and generator
group to generate electricity and heat, a part of the
produced electricity is used for their own needs in the
facility the rest is given to the city network. Also, the
part of the generated heat is used for the heating of
the fermenters and the rest is used for the heating of
nearly located residential areas like housing, schools,
hospitals, etc., or in greenhouses. The flow scheme of
a solid waste recycling, disposal and energy
production facility is given in Figure 1.

In the recycling part, first of all the metals are
separated by taken magnetically, the rest of waste
like the plastic, paper, glass, etc., each group is also
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separated. As for plastics, according to their types,
they are separated and converted to the burr, then
developed into a granular form, so they can be
brought into the economy as secondary raw materials.
On the other hand, one of the methods that glass
producers are using to save energy is recovering of
the used glass bottles. The broken glass materials are
melted with the other raw materials together for the
recovery. The more amount of glass is used in the
hearth, the less heat is required for the process. It is
possible to provide 25% reduction in energy
consumption, when wholly used glass products are
melted in the melting furnace. To make recycled
paper, the paper fibers are separated in water for the
preparation of paper sludge. If it is necessary, foreign
substances that lack of fibers are cleaned from the
mix, then the paper fibers which are ready for the
process, are used in the production of recycled paper.

1. Solid Waste (Garbage) Quantities and
Composition of Waste

The recyclable waste amounts that belong to a
municipality have been calculated by using the amount of
domestic solid waste and waste composition. When
calculating the amount of waste, "Solid Waste Action
Plan of the Ministry of Environment in 2008-2012" has
been taken into consideration as a reference (Ministry
of Environment and Forest, 2008-2012). According to
"Solid Waste Action Plan of the Ministry of
Environment in 2008-2012" the population of this
municipality is 210,304 and the amount of waste that
produced by a person per day is 0.9 kg and the
annual amount of waste has been calculated as
69,085 tons. The waste composition and quantities of
recyclable waste that have been taken as a basis for
calculations are given in Table 1.

Table 1. The waste composition and quantities of
recyclable waste that have been taken as a basis for

calculations
The Amount Quantity of
The Waste Recyclable
Composition of v:aSte Waste (a Ton/a
(%) Year)
Paper 2,5 1.727
Plastic 3,75 2.590
Glass 1,9 1.312
Metal 1,6 1.105
Textile 0,5 345
Organic Waste 47 32.469
Other 42,75 =
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Figure 1: The flow scheme of a solid waste recycling, disposal and energy production facility.

3. The Revenues
a. Paper Revenues:

1,727 tons of paper type waste will be produced
annually at the facility. If a tone of the paper can be
taken into account as the price of Euro 30:

Annual Earnings=1727 tons of paper/a year * 30
Euro/ a ton of paper=51810 Euro
b. Plastic Revenues

2,590 tons of plastic type waste will be produced
annually at the facility. If a ton of the plastic can be
taken into account as the price of Euro 100:

Annual Earnings=2590 tons of plastic/a year *100
Euro/a ton of plastic=259000 Euro
c. Glass Revenues

1,312 tons of glass type waste will be produced
annually at the facility. If a ton of the glass can be
taken into account as the price of Euro 17.5:

Annual Earnings= 1312 tons of glass/a year* 17.5
Euro/a ton of glass=22960 Euro

d. Metal Revenues

1,105 tons of metal type waste will be produced
annually at the facility. If a ton of the metal can be
taken into account as the price of Euro 125:

Annual Earnings=1105 tons of metal/a year*125
Euro/a ton of metal=138125 Euro
e. The Electrical Energy Revenues

The annual amount of organic waste is to use is
32430 tons. For a daily amount of this is about 90
tons. 140 m? biogas can be produced from a ton of
organic waste.

The annual amount of produced biogas=
32430%140= 4540200 m?

The annual production of electric= 10215450 kWh

Electric power of the facility =10215450/8000=
1276,93 kWe

If a kWh of electricity can be taken into account as
the price of 10 Euro cents and the annual working
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hours of the event is 8000, the calculations can be
carried out as follows:

Electrical Earnings = 10215450 kWh * 0.10
Euro/kWh= 1021545 Euro
f. Thermal Energy Revenues

Annual thermal energy can be equal to the
amount of electricity.

Thermal energy earnings = 10215450 kWh*0.01
Euro/kWh= 102154 Euro.
g. Carbon Trading

Carbon trading income = Built-in capacity (kW)*
Working hours * Green certificate fee

= 1276.93 kw * 8000 h *

0.01 Euro/kWh = 102154 Euro
h. Compost Revenues

About 20,000 tons of compost products are to be
obtained annually. The annual economic value of this,
5 Euro/a ton can be taken:

20000 a ton/a year * 5 Euro/a ton = 100 000Euro

Total revenues: 1 797 748 Euro/a year

The Expenses
a. Facility Maintenance Expenses

It has been understood that 2 % of the total
investment expense can be considered as
maintenance costs in the discussions with the ongoing
operation of the facilities. Therefore,

The annual facility maintenance
6384500*2/100

Annual maintenance costs=127690 Euro
b. Insurance and Taxes

For the insurance and taxes 0.5% of the total
investment amount can be envisaged as an expense.
In this case, the annual expenditure is € 31922.5.
c. Labor Force

It is envisaged that 20 people can work at the
facility. For each staff, including tax and insurance
expenses are foreseen in the Euro 1500, total
expenditure is € 360000.
d. Transportation Expenses

For transportation costs, 1.5 Euro per ton is
foreseen at the facility; therefore, the total annual
expenditure is € 103627.
e. Domestic Consumption of Electricity

30% of total produced electricity is foreseen for
the consumption at the facility for its own use;

expense=
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accordingly, the amount of annual consumption cost
is 306 456 Euro.

Installation Cost

It has been foreseen that the cost of such a facility
for the power of 1 kWe is 5 000 Euro and 6384500
Euro can be calculated as total account. The income
and expense summary of the facility are given above
and listed below in Table 2.

CONCLUSIONS

In this study, the technical and economic etude of
a municipality’s domestic waste landfill project, which
is transformed into recycling and disposal project has
been carried out. The results of the study can be
summarized as follows;

* Instead of landfill, with the establishment of a
disposal and recycling facility, the household waste of
a municipality will be separated at its own source as
much as possible, and then materials that have the
economic value like glass, metal, paper and plastics
will be recycled. The production of biogas and
fermented manure will be realized from organic
waste. After these processes there will be electricity
and heat production from biogas. Therefore, the need
to store the municipality’s waste regularly will not be
required to a large extent.

* With the proposed technology, separation of
waste, the selling of recyclable ones, biogas and
compost production from organic waste, electric and
hot water production from produced biogas will be
realized. Approximately 30% of the total production of
electricity and heat that have been produced inside of
the facility is used for its own internal energy, and the
other 70% part of total energy has the opportunity to
be sold.

* The initial investment cost of the facility is
calculated as 6,384,500 Euro. The annual revenue of
the facility is 1,797,748 Euro and the expenditure of
the facility is 929,696 Euro, the net income of the
facility is estimated as 868,052 Euro. In this case, a
simple payback period of this investment has been
calculated as 7.35 years (= 88 months).
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Table 2. The income and expense summary of the facility

Facility Calculation Method Example Cost Unit
Component
Installation Cost Built-in capacity (kW) * 1.276,9 kWhx5.000€ 6.384.500 Euro
investment expenses ©
(€/kwW)
Expenses
Facility (Total investment expenses) 6.384.500 € 2% €/a
maintenance * % 2 127.690
expenses year
Insurance and Total investment expenses 6.384.500 € x 0,5% 31.9225 €/a
taxes x % 0,5 e year
Labor force Personx 12 Months x 1.500 € 20 x12x1500 € 360.000 €/a
year
Onsite Transportation expenses 1,5 €/ton/a year x 69.085 ton €/a
transportation 103.627
costs year
Domestic Production powerx%30x 1.276,9x0,30x8.000x0,10 €/a
consumption of Annual working hours x 306.456
L year
electricity cost
Annual total 029.696 | €
costs
Revenues
Electricity for sale Built-in capacity (kW) x 1.276 kW x (8.000 h x 0,10 € a
(%80) Working hours x The €/kWh 1.021.545
. e year
price of electricity
Carbon trading Built-in capacity (kW) x 1.276 kW x 8.000 h x x 0,01 € a
Working hours x Green €/kWh 102.154
i, year
certificate fee
Heat usage Heat of cogeneration (kW) x 1.276 kW x 8.000 0,01 102.154 €/ a
Working hours x 0,01€/kWh €/kWh ’ year
Organic fertilizer €/ a
for sale 20.000 (t/a year) x 5 €/t 20.000 t/a year x 5 €/t 100.000 year
Paper revenues Annual amount x 30 €/t 1.727 t/a year x 30 €/t 51.810 % 2
Plastic revenues Annual amount x 100 €/t 2.590 t x 100 €/t 259.000 % 2
Glass revenues Annual amount x 17,5 €/t 1.312 tonx 17,5 €/ton 22.960 % 2
Metal revenues Annual amount x 125 €/t 1.105 tonx 125 €/ton 138.125 % 2
The annual total 1.797.748 | €
revenues
The annual profit (Revenues-Expenses) /a year 5.;;{97.748-92.9.6.96) €/a 868.052 | €
Rep_ayment Total investment cost / 6.384.500 / 868.052 7,35 (%88 months) ayear
period (a year) Annual profit
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