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A-1. Some Problems of the Waste Management in Istanbul 

Details of some waste management problems in Istanbul are explained below. At the beginning of 90’s, while the municipality had started implementation of the recommended activities in the waste management plan, a strike of workers occurred most probably because of management failure. Therefore, wastes had not been collected for weeks until the strike ended.  Besides the bad odor, huge waste piles on the streets were also considered to be a hygiene threat. The mayor of the time, who was a doctor, provided a solution as covering lime powder over the waste piles in order to prevent the hygiene threat. However, civil reaction occurred due to the bad odor, especially in commercial and tourist areas of the city, such as Eminonu. The waste collecting process was alienated to private firms after this problem had occurred while the process was handled by the employees who were on the permanent staff at Municipal Corporation. Although it maybe said that the employee rights were worsened due to privatization, problems occurring during the collection were resolved and there has been no important problem since then.  
The waste problem also affected the municipality elections. The governing party lost some votes because of the indisposed wastes since waste collection is one of the basic needs of the society. At 1980’s, privatization was began for some public services in Turkey but the mayor who was elected at the beginning of 90’s was against it because of his party policy. However, the governing left party lost a number of votes because of the prolonged strike on the waste collecting process, and also water scarcity problem due to drought in that years. As a result, new mayor was elected from another party in Istanbul. During this period, maybe as a big chance, an environmental engineering professor who had participated in the earlier waste management studies became the general secretary of the municipality. Thanks to this factor, facilities like transfer stations, sanitary landfills and compost plants, which had taken place at the management plans, were constructed and commissioned rapidly. Thus, waste management problems were mainly resolved.

Another problem can be mentioned for landfill. Looking for the right place for a sanitary landfill and the Environmental Impact Assessment (EIA) study had taken lots of time and it was a hard term. There were some forest areas which could be used as landfill areas and they had been used as mining fields, and left behind as terrible mining industry areas. It was not possible to rearrange these areas as forest since the cost of necessary arrangements was high. However, related government agencies accepted these areas as forest and extended the period for looking the right place for landfill and EIA processes. 

Other than some government agencies, some of the environmentalist groups had also mounted campaigns against the landfill and other waste management facilities. These groups had taken the advantage of the new initiatives and, properly, they emphasized the importance of recycling and the production of less harmful products in the industry. However, those environmentalist groups, which were standing for a righteous cause over a long term, could not introduce short-term solution alternatives for the open-unsanitary dumping which was harmful to the environment, therefore, contradicting their own ideas. This situation could often be seen in Turkey for some new plants. While the environmentalists emphasize the importance of the production of clean and less harmful products, they do not counter the current inappropriate environmental applications enough and could refuse some helpful short-term mid-solutions for the conditions of a developing country. 

During the construction of landfill and compost facility, another problem was “not in my backyard” (NIMBY) syndrome. The construction process was blocked by the villagers living near the facility who were supported by adversary parties and groups. Although police support was even needed at first, situation could be resolved after explaining the project to the villagers, ensuring them regarding the safety of the environment (and maybe most importantly adding a new bus-line needed for the village).

Today, none of the groups dispute the current situation (in spite of unsatisfactory recycling and problems of other waste management alternatives) and no one says that there is a crucial environmental problem. All the hazards and dangers of open dumps are over since January 1995, when the Metropolitan Municipality opened up two modern sanitary landfills. This situation proves that those problems have been resolved appropriately. 

However, after Odayeri sanitary landfill in European side of the city was put in the service in 1995, the biggest problem occurred as what should to be done with leachate which was revealed as a problem and this problem had continued for 10 years until the treatment plant was commissioned with financial support in 2007.

As another point, the leachate output was much higher when compared to the results acquired by modeling calculations within the waste management plans. During the first couple of the months after the commissioning of landfill, leachate recycle trials over the waste at landfill area had to be stopped due to operational problems. Again, after the first couple of months, there was another problem; unexpected volume of leachate. Lots of trees died because of the toxicity of the overflowing wastewater of leachate collection tank.

After these problems occurred, the municipality authority agreed that the wastewater should be transported to the sewer system with tankers. However, the cost of transportation was too high. Although Municipal Constructive Works Department tendered for each treatment plant for 200 billion Turkish Liras (TL), the deficiency of the plants had not been completed. The cost of completion of each plant was calculated to be 2 trillion TL in 2000 (including inflation rate). When it is considered that the cost of transportation of wastewater for two landfills in 1999 was 624 billion TL, it was clear that the cost of completion of the treatment plants would have amortized itself in six and a half years. Thus, the treatment plants were planned to be commissioned as soon as possible.

A-2. Data of the Solid Waste Quantity Studies
Results of the first intensive solid waste characterization studies in Istanbul are summarized below. Sampling districts of the first four studies were same, including different socio-economic areas of the city. Data of the waste quantity is given below and waste composition is presented in the following section. 

Data of the First Study 

In fact, the first solid waste characterization study in Istanbul was begun in 1978 (Basturk, 1979). It was the first waste composition study both for Turkey and Istanbul that is based on scientific information. As in the past and today, physical and chemical properties of the solid waste of Istanbul change from region to region and also from season to season. Therefore, in this study, the composition of the solid waste generated in Istanbul had been determined by dividing the city into five regions, according to the socio-economic level of the inhabitants and type of the fuel used for heating. The properties of the regions are explained below:
Region 1 – Eminonu-Suleymaniye and Fatih districts: This region characterize old part of Istanbul, moderate socio-economic level, coal or wood used for heating in the house stove and a few houses with central heating (which usually consume more fuel). The region represents 30.5% of the city’s population. 

Region 2 – Gaziosmanpasa-Yenidogan district: Characterize low socio-economic level, slum area of the district, using solid fuel, no central heating. The region represents 20.9% of the city’s population.

Region 3 – Sisli-Tesvikiye district: Characterize high socio-economic level, almost completely central heating using coal. The region represents 17.5% of the city’s population.

Region 4 – Bakırkoy-Atakoy district: Characterize high socio-economic level, almost completely central heating using liquid fuel. The region represents 20.8% of the city’s population.

Region 5 – The average was taken for the areas which are not included in those four regions. For instance, some of the houses use coal and the other use liquid fuel in the same district. In this case, only for the material group analyses, the average of the data of Atakoy and Sisli were taken. The region represents 10.3% of the city’s population.
Samples were collected from all of these districts during winter season and analyzed on site and in the laboratory. During this study, it was observed that the density of those wastes varied between 323 and 690 kg/m3.

TUBITAK Project

This is the continuation of the previous study and it was made between 1979 and 1980 (Basturk, 1980). The same methodology was used but samples were collected monthly throughout the year from four different sampling areas including all of the variables.

In this study, through the information acquired from Municipality archives, it was calculated that 2800-3000 tons of waste were collected daily and the average waste amount per month varied between 80-89 000 tons in Istanbul except the Princess Islands. Furthermore, in Istanbul, the waste amount per capita was almost 246 kg per year and the waste density varied between 220 and 690 kg/m3 depending on seasonal and territorially changes.

Project of WHO/UNDP 

This project which was supported by WHO/UNDP was launched in 1979 (WHO, 1981). With this project, a Solid Waste Office was constituted, which was managed by a foreign specialist assigned by UNDP. The methodology and the sampling areas, which were used almost two years for the feasibility studies by native and foreign specialists, were the same as in TUBITAK study. Within this study, both commercial waste and market place residue were inspected as well as the rural area waste. The criterion which was used in order to zone the residential area was the same and the samples were collected from the same areas.

In this study, some estimations and plans were made for Istanbul for the coming 15 years. Some recommendations for the solid waste management plan were:

· Incineration plant is an inappropriate alternative,

· Sanitary landfill construction both in European and Asian side is appropriate method,

· Construction of local transfer stations are needed,

· Construction of composting facilities is appropriate and Istanbul has the necessary potential (Windrow method was suggested for the recommended composting facility) 

· Implementation of the recycling process is crucial and beneficial.

Project of CH2M Hill-Antel

This study which was supported by the US Ministry of Commerce, Trade Development Programme was implemented by CH2M Hill-Antel consortium between 1991 and 1993 (CH2M Hill-Antel, 1992). The same methodology and the sampling areas of the previous studies were used for this study as well. Within the study, population was forecasted for until 2020 and the amount of solid waste was estimated.

Estimates of present and future annual waste generation in Istanbul are given in Table A-1. During the study period, there was no weighing for the waste. The per capita estimations for the designated periods were based on the service frequency and the waste capacity of the collection trucks. In Istanbul, the weighing process of the solid waste was partially put in action in 1995 and has continued to be done completely for all waste since the open dump landfills were closed in 1997. 

Table A-1. Population and MSW generation estimates for Istanbul.

Annual waste generation in Istanbul was expected to be 4.75 million ton/year by the year 2020. It was estimated that solid waste generation from residential and commercial activities increase at least 25% as a result of improving living standards. Master plan study of CH2M Hill-Antel (1992) assumed a waste generation per capita by the years 2010 and 2020 as 0.78 and 0.80 kg/day, respectively. It was also reported that more than 50% of the municipal solid waste in Istanbul consisted of organic materials.

A-3. Solid Waste Composition in Istanbul

Data of the first study 

In this study, average material group analyses were made for the winter of 1979. Istanbul was divided into five areas according to the fuel type used and socio-economic structure. The results of the average material group analyses are given in the Table A-2. Some of the results of this study were:
· Water content was between 17% and 58% depending on the organic material content. This value varied between 30% - 40% in low-income regions and 50% - 60% in upper-income regions.

· The pH value varied between 6.5 and 12.6 depending on the ash content in the solid waste.

· The organic material content varied between 17% and 95% depending on the socio-economic structure of the districts and this value was 30% on average in areas where solid fuel was used and 75% on average in areas where liquid fuel was used. 

· The C (carbon) content that is important for the composting facility varied between 15.5% and 25% and the ratio of C/N varied between 17% and 60%.

· According to the water content and the ratio of C/N, it was determined that only solid wastes coming from wealthier districts that are using liquid/gas heating fuel can be used for composting.

· The calorific value varied between 650 and 1600 kcal/kg and when it is compared with the Tanner’s triangle, the solid waste in Istanbul was not combustible.

TUBITAK Project

The results of the material group analyses in this study are given as seasonably and yearly in Table A-2 and Table A-3. In this study:

· Water content varied between 16% and 71% depending on the fuel type and the socio-economic structure of the inhabitants.

· Organic material content varied between 17% and 78% depending on the seasons and districts. 

· Nitrogen content varied between 0.26% and 1.48% and the C/N ratio varied between 17% and 98%.

· The calorific value varied between 465 and 500 kcal/kg.

· In terms of certain criterion, almost every kind of solid waste in Istanbul was not appropriate for combustion and wastes which were not coming from rich districts, where liquid fuel was used, could not be composted technically.

Table A-2. The results of the material groups analyses in 1980.

Table A-3. Results of the waste material analysis in the regions.

Another important result of this study was that in the areas where solid fuel was used, the content of the average annual MSW was 50% ash. As a result of the study, like in other studies, it was stated that solid waste of Istanbul was rich in terms of organic materials which were appropriate to be composted.

WHO/UNDP Project

The results of the material groups’ analyses which were made by WHO/UNDP team during 1980 are given in Table A-4. Results of the sieve analyses can be seen in Table A-5 and the calorific value and water content of the solid waste is given in the Table A-6. Density of the solid waste in this MSW management and feasibility project, which accomplished in two years, is shown in Table A-7.

Table A-4. Results of the material groups analysis of WHO/UNDP project.
Table A-5. The results of the sieve analyses.

Table A-6. Calorific value (colomn I) and water content (colomn II) of the waste.

Table A-7. Unit weight (density) of the solid waste (as kg/m3).

Within this study, some forecasting and plans were made for Istanbul. The earnings of the suggested facilities are given in Table A-8, together with the investment and operating costs.

Table A-8. The investment and operating costs of the suggested facilities.

CH2M Hill-Antel Project

In this study, samples were collected in April for the winter term and in September for the summer term. All the results obtained from different areas in Istanbul are given in Table A-9. 
Recycling became the most important solution offer of this study. The amount of material which could be recycled in the European side landfill facility is given in Table A-10. The cost and benefits of the recycling facility which has a capacity of 5000 tons per day are given in Table A-11. The unit cost of the facility was estimated to be 2.19 US$ per ton. 
In this study, which was made by CH2M Hill, another suggestion was the construction of a composting facility. It was advised that the facility should have a capacity of 500 tons per day. For this facility, the cost of waste elimination per ton was estimated to be 10.49 US$. During the study between 1991 and 1993, the calorific value of the waste was very low due to high ash content in the waste. The capital cost of a facility constructed for the combustion of the wastes collected from specific areas in Istanbul, which had a capacity of 1000 tons per day, is estimated to be 133 million US$ with a unit cost of 80 US$ per ton. Therefore, this method was not suggested for that time.

Waste Composition Study of YTU

As a part of a master thesis, this research was made in 1994 for seven months, to find the quantity of recyclable materials in household waste (Gonullu et al., 1996). Material groups’ ratios were determined by weighing the waste after the collection in plastic bags in various districts of Istanbul. Organic and wet wastes, recyclable materials and ash were put in different bags in the houses. According to percentage of ash producing, it was determined that 54 percent of the houses did not produce ash (30% central heating systems (CHS), 8.7% natural gas, 10.7% catalytic portable gas heaters, 4% electricity) and  46 percent of the houses produced ash (27% low quality coal, 18% high quality coal, 0.01% wood). According to the findings, the ash ratio varied between 40% and 70% in winter. The ash amount of the houses with central heating had also been estimated and waste amount per capita had been determined. The results of the study are given in Table A-12. 

Ash producing households were also considered and the results in Table A-13 were obtained. These ash ratios in the table could be considered to be valid for the households that have CHS. Those central heating systems in the apartments can be liquid or solid (coal).
Table A-9. Material groups’ analyses of the CH2M Hill-Antel Project (% weight). 

Table A-10. The amount of recyclable materials in the CH2M Hill-Antel Project.

Table A-11. The cost and benefits of the recycling facility.

Table A-12. Results of the material groups’ analyses of YTU study.

At the study periods, throughout Istanbul, there were lots of households (with or without central heating system) where ash producible fuel was used. The ash ratios in the table were used for revising the dispersion of the material groups and the dispersion of the average material groups was represented in Table A-13. During this step, it was assumed that coal was used throughout Istanbul in 70 percent of the households.
Table A-13. Corrected domestic waste material groups by considering ash amount.

In this study, it was determined that within the recyclable waste separated from its ash, there was 2.8% glass, 8.8% paper, 1% metal and 4.8% plastic. It was observed that the production of waste without ash was 400 gram per capita per day.

The sale price of the recyclable materials in May 1995 was also obtained in this study. The prices were 8000 TL/kg for plastic, 1600-1700 for glass, 5000-8000 for aluminum, 15000-25000 for iron and 6000-9000 for paper, respectively. It was also determined that, with the assumption of recycling fifty percent of the waste, it could have been yielded one billion TL profit and better quality compost could be obtained. 

Study for Zeytinburnu District

In another study, solid waste management project was designed for Zeytinburnu district where generally middle or low income level people live and textile ateliers are gathered (DEPD, 1996).  The results obtained during this study in 1995 are given in Table A-14. The waste samples weighing about three tons each, were collected from the three different areas according to the income levels (low, middle, high), mixed completely and a sample weighing 330 kg was taken. Sample represented the fall season waste characteristics of the district. 

The paper amount was lower than the expected due to the street collectors collecting the most part of the paper waste. However, it was not given in the report, how much paper waste could be collected within the district. Moreover, it is mentioned that most of the paper waste in the samples was not recyclable. The big part of the glass waste was white and the amount of green or brown glass was notably low in the samples.   

Study of TBU

Another characterization study was conducted during planning phase for the composting and recycling plant (TBU, 2000). In this study, waste samples were collected from the collection trucks, which enter to the transfer stations. The areas where samples were collected and the sample characteristics are given in Table A-15 and A-16.
Table A-14. Average material composition of the samples in Zeytinburnu District.

Table A-15. The result of analyses for the winter term.
Table A-16. The result of analyses for the spring term.
Also in the same study, material size group analyses (80-100 mm, >80 mm, >100 mm) were made. The results of the material group analyses made at the facility, which has a 80 mm pore sized sieve, for winter and summer term are given in Table A-17. In the same study, some chemical characteristics were inspected and the results in Table A-18 were acquired. The most important characteristics of municipal solid waste in Istanbul (during the study) were very high moisture content and low calorific values, especially in summers.
Table A-17. Material groups analyses of waste passing through the sieve (80 mm)
Table A-18. Some chemical characteristics of the MSW of Istanbul in 2000.
The results of last studies show that the textile waste content of MSW is higher, especially in some districts, compared to the average values of the past studies, because of the growth of the textile sector in recent decades. On the other hand, food packaging practices have changed and waste of plastics and tetra-pak materials has increased in the last decades (Kanat et al., 2006).

A-4. Solid Waste Management in Istanbul

Transfer Stations

The collection is a high priority in the management of solid wastes in a modern city. Municipalities of Istanbul should pay a huge amount of money for solid waste collection and transportation. As the city expands to an area as large as 5700 km2, transport of the solid waste to the landfill was not economical with small trucks. Therefore, 8 transfer stations (5 of them in the European Side and 3 of them in the Asian Side) have initially been planned. Five of these stations have been operated since 1995 (3 of them in the European Side and 2 of them in the Asian Side), and the sixth transfer station (in the Asian Side) is a new one. The studies on the construction of 3 new stations are going on.   Solid waste collected by smaller collection trucks of the district municipalities, have been transferred to silos with a capacity of 32 m3 each at the transfer stations. Waste is emptied into vertical silos and compacted by a pressurized piston to reduce the volume about 30% and then they have been transported to the landfills by trailers. Vertical type pressing systems have been used for the volume reduction in all stations. Among various systems, the vertical garbage compacting was considered to be the best for Istanbul’s garbage transfer stations regarding its speed, the simplicity of mechanical equipment and the consequent ease of large quantity garbage transfer (Basturk et al., 2002). Distances of the transfer stations to the sanitary landfill sites are in the range of 26 to 53 kilometers. 

Wastes were transported by more than 1400 return truck trips of district municipalities in 2004, and after compacted in the transfer stations they were transferred to the landfill by silos with 600 return trips. Then, total trip was lowered to 40 000 km, but it still means a trip around the world to reach the landfill every day. If there was no transfer station, it would have been 150 000 km. After January 2005, ISTAC began to use 72 m3 trucks for transportation. In 2006, 800 trucks were used to transfer waste of 20 000 ton per day by 80 000 km (ISTAC, 2007).

In the past years, one of the main problems in the transfer step was leaching problem from the trucks during transportation, due to operational failures. Recently, this problem has been solved by strict control of the sealing of trucks.

Biogas Energy 

It is evident in the literature that biogas energy has a high potential to use if required engineering facilities can be implemented. A system treating the waste equivalent to a population of one million may power 12 400 cars, provide electricity for 30 900 houses and heat 15 100 houses. Energy value of the MSW is about 13 GJ/t in Ireland, 13.5 GJ/t in Netherlands, 11 GJ/t in Denmark and 12.6 GJ/t in Japan (Murphy and McKeogh, 2004; 2006). By considering that it is possible to understand huge energy production capacity from the municipal waste in Istanbul city

In current application, biogas is used to produce electricity in Istanbul. Kemerburgaz-Hasdal MSW landfill site, which had been in use between 1980 and 1997, has a 58 hectar area and it was the biggest MSW site in the city. There was no weight system in this open dumping site, then, total amount of solid waste stored in the site were calculated as 6 000 000 m3. Height of the waste is between 8.5 and 20 meters. The use of the Hasdal dumping site was terminated at the end of 1998 and a rehabilitation project was performed in 1999. 

The project included the following system components; surface water control channels, low permeable final cover (about 80 cm compacted earth) and two rock barriers to protect dumping site slides. As well as, gas to energy project performed on the site. To collect the biogas, 180 wells were dug to collect the biogas afterward. The gas pumping trials showed that Hasdal was a viable site to generate 6 MW of electricity. However, operators reported that it was not possible to reach the planned values, because of gas leakage. 

For biogas conversion plant, 6.5 million US$ was invested. After June 2001, the plant started to produce energy. Capacity of the plant is 50 400 000 kWh electricity energy production per year. In this system, two 1034 kW natural gas engines (Jenbacher 20 cylinder, 4 stroke, spark ignition, turbocharger, 1500 rpm, and shaft power) are used. Each system is able to produce 1006 kW power and has 39% thermal efficiency. 

According to the last measurements, the site produces 900-1200 m3/h of biogas which consists of approximately 27% CH4, and the engines gives 650 kW electric powers. However, due to overestimated gas amount and transfer plans of the gas from new landfill, which is close to the old one, there are 4 incinerators in total but only one of them in operation, and 3 of them are idle. In 2002, the energy plant began to produce electricity and the total production at the end of 2005 was 20 million kWh electricity. 

Problems in Composting 

Istanbul Composting and Recycling Plant was in operation in 2001. Design criteria of the plant can be seen in Table A-19. 

Table 19. Design criteria of the Istanbul Composting and Recycling Plant.
	Parameters
	Design criteria

	Average water content 
	% 55

	Organic matter
	% 45

(% 90 is between 10-80mm)

	Ash (in winter)
	% 15 a

	Total waste quantity
	300 000 ton/year ( % 20

(1000 ton/day)

	Fermentation unit waste quantity
	150 000 ton/year

	Composting time
	56 days

	Compost quality
	4 M-10 b
(compost temperature, 30-40 oC)


a  Considerably changed in 2000s because of common natural gas consumption mainly in rich districts of the city 
(but there is no certain researched value of decreased ash content).

b LAGA (Landerarbeitsgemeinschaft Abfall) Merkblatt M10 (German compost quality standart, 1997)

During the first months of the plant operation, it has been decided by the administration that transfer of the waste of open market areas would be suitable due to their high organic content. However, plant operation was not efficient and the following problems were observed at the transfer stations and the plant:

•
Waste of market areas contain big-scale materials, such as sponge bed, waste tyre, bags of textile parts, long wood parts or branches. People discard their all waste with market waste,

•
There are slum areas or small workshops nearby the market areas, giving similar big-scale materials,

•
In transfer stations, during rush hours, some trucks from unselected waste collection areas can dump their waste into the transfer containers and, thus, inappropriate waste was directed to the plant, 

•
Workers, collecting wastes in the streets, are unaware of composting. They load any type of wastes into the collection trucks, 

Big materials and inappropriate waste, such as long textile parts caused operational problems in the plant, such as rolling around or broken machine parts. For that reason, those wastes were initially tried to be separated with front-end loaders in the waste receiving area before conveyor loading (Kanat et al., 2004; 2006).

According to the design parameters and feasibility studies of the plant, waste recycling rate should have been about 10% of the plant's capacity. It means, around 8000 tons waste can be recovered in the plant. However, during the first 5 months operation, the amount of recyclables was only 376 tons per day. This means, even %1 of the capacity could not be reached in the operation.

Therefore, a project, targeting optimization of the operation, was done to improve the efficiency of the plant (Kanat et al., 2002; 2006). In the first phase, operation of the plant and waste transfer stations was observed and waste analysis were carried out to describe the situation and to develop future alternatives. Waste collection was re-organized and the project's results were evaluated. Appropriate waste collection districts, namely wealthy areas not including workshops, such as Bakirkoy and Besiktas districts and high-income settlement areas of Bahcelievler, Sisli and Sariyer districts were included in the new plan. Market waste of poorer areas was not accepted into the plant. After this change of the collection plan, unprocessed waste amount (transferred into landfill) impressively decreased.

The district municipalities of Istanbul generally do not collect big-size waste. People should remove their waste by themselves but generally they left the waste in the street, due to financial reason and transportation difficulties. Therefore, all the waste in the street is collected by the waste collection trucks (except big volumes of demolition-decoration waste, extra large bags, etc). Furthermore, after the district's open market days, trucks often collect waste of nearby areas, mainly including small scale workshops in the basement floor of the buildings. For that reason, there were big scale and inappropriate waste in the composting plant.

Another problem was the transfer of unplanned waste during rush hours. It was difficult to separate trucks of the districts in the transfer stations because they sometimes change their collection areas. Moreover, unskilled and low-payment workers in the transfer stations do not care about compost plant. They only try to reduce the truck's waiting time, thus resulting the transfer of unsuitable waste to the plant.

Management of Construction and Demolition Waste 

In the past, excavation, construction and demolition waste, which may contain some hazardous waste were used as filling material, unfortunately, including some areas near to water basins. After the Regulation of Excavation, Construction and Demolition Debris Management came in force, which was published in 25406 numbered Official Gazette on March 2004, studies for source reduction, collection, temporary saving, transporting, recycling, estimation and elimination of construction and demolition debris are continuing countrywide in order to prevent them to harm the environment. In Istanbul, after May 2002, excavation, construction and demolition debris has disposed to an area, which has 10 million m3 capacity in Kemerburgaz. Until April 2005, ten percent of this area was used. Daily waste amount was 2200 tons and constituted 70% excavation waste and 30% construction and demolition debris in that year.

The transportation trucks are controlled by several preventive measures against illegal dump of excavation waste, including satellite tracking. Today, six thousands trucks transport a huge amount of excavation debris, which is almost equal to a small mountain, through fifteen thousands journeys per day.

Medical wastes 

Until 1995, medical and municipal waste in Istanbul City was not collected separately. Metropolitan Municipality is responsible for all management activities of medical wastes according to Medical Wastes Regulation. The Ministry of Environment made hospitals and sanitary institutions liable for the spot collection and temporary storage of medical garbage whereas removal and final elimination have to be done by the municipalities. These operations are supervised and controlled by the Ministry of Environment.

Medical wastes are separated at source. Infectious wastes are collected in red plastic bags, recyclable glasses in black and domestic wastes in blue bags. ISTAC collects the waste from almost 197 hospitals (131 in Europe and 66 in Asian side), which have more than 20 beds. In the regulation, characteristics of the collection trucks are mentioned to have safe and hygienic transportation. A medical waste incinerator with 24-tons/day capacity was constructed at the landfill site on the European side and it has been under operation since 1995.

About 50 tons medical wastes per day are disposed in the incineration plant, which runs 24 hours on 3 shifts.. This waste is produced by the hospitals with a total of 36 180 beds, so that each bed produces almost 600 grams of medical wastes per day. Yearly collected amount of the medical waste in Istanbul can be seen in Figure 4 for the last decade. In the incineration plant, after the incinerating at 1000-1200 °C, the volume of the waste is decreased by about 95 percent, while weight loss is 75 percent and 428 kWh electricity is produced from the flue gases of the incineration plant, and this is used within the plant. All units are controlled and supervised by two operators via computers and a four-camera surveillance system.

However, there are still some problems for medical waste, as mentioned by the Director of Environment and Forestry Directorate of Istanbul City; 25% of the hospitals still use inappropriate containers for medical waste collection and almost 77% of the hospitals use appropriate equipment for the medical waste collection personnel. The percentage of the hospitals that have temporary storage depots is 63%. The amount of medical waste from the hospitals in Istanbul is quite low as a result of the mixing of medical waste with municipal wastes, which decreases the weight of medical waste and thus the payments made by hospitals (Birpinar et al., 2008).
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