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FORSKNINGSCENTER RISOE
1. LIGNITE FUEL CYCLE

1.1. Definition of the Fuel Cycle, Technology and Site

1.1.1. Technology Description

Coal, particularly lignite, is Turkey’s most important domestic energy source. The country produces hard coal and lignite. 24% of the country’s total energy consumption, used primarily for power generation, steel manufacturing and cement production. Turkey is a large producer of lignite; proven reserves of lignite in the order of 8075, of which 7339 million tons is economically feasible, which comes predominantly from deposits in the southwest and the southeastern Afsin-Elbistan basin. The biggest lignite deposits, 40% of the total, are in Elbistan. The government expects coal supply to rise from 20.1 Mtoe in 1999 to 118.4 Mtoe in 2020, more than five times current figures. It believes that domestic lignite production will almost triple. The amount of hard coal and lignite sources of Turkey is given in Table 1. In figure 1 major lignite fields in Turkey are shown.
Table 1. The amount of hard coal and lignite sources of Turkey
	Source
	Apparent
	Probable
	Possible
	Total

	Hard Coal 

(million tones)
	428
	449
	249
	1126

	Lignite

(million tones)
	7339
	626
	110
	8075


Policy makers in the early 1970s had targeted lignite as the most abundant domestic source of hydrocarbons, and production grew rapidly from an average of about 7.9 million tons for the 1970-75 period to more than 31 million tons in 1985. Mines operated by the state-owned Turkish Lignite Company are responsible for about two-thirds of output; private firms produce the remainder. Production of hard coal is entirely controlled by the government-owned Turkish Coal Company, which suffers from poor management and outmoded technology. Coal production is also hampered by the great depth of the country's deposits. Hard coal output fell from around 6.5 million tons in 1976 to about 3.8 million tons in 1983, and unit costs exceeded those of coal imports. As a result of these trends, Turkey is beginning to import coal for use in power plants. In 1992 Turkey produced about 12 million tons of coal and imported a net of about 4.2 million tons.
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 Figure 1. Major lignite fields in Turkey
Coal, particularly lignite, is Turkey’s most important domestic energy source. The country produces hard coal and lignite. The government is launching a programme to study the country’s coal potential in addition to the current process reserves. Three main companies operating in the coal sector are the state-owned companies Turkish Hard Coal Enterprise (TTK), Turkish Coal Enterprises (TKI) and the Electricity Generation Company (EUAS). TTK has a de facto monopoly in hard coal production, processing and distribution. TKI produces more than half of all lignite (55% in 2003), private companies produce around 10% and the rest is produced by EUAS for its power plants. There are no legal restrictions on operations by the private sector but the operating conditions have been unattractive for private capital. The situation has changed, however, owing to recent changes in the mining law enabling leasing to the private sector. This is expected to increase private-sector participation. Four lignite deposits have already been leased to the private sector and some hard coal sites were to be tendered by the end of 2004.

Hard Coal
Hard coal is found and mined in only one location, the Zonguldak coal basin on the north-west Black Sea coast. The geological reserves of the basin, calculated down to 1 200 meters, are about 1 344 Mt of which 40% (550 Mt) are proven reserves. The Zonguldak coal basin has a very complex geological structure, which makes mechanized coal production impossible requiring labour-intensive conventional production methods. The calorific value of the coal varies between 6 200 and 7 250 kcal/kg. TTK’s production declined in the early 2000s and production in 2004, about 1.9 Mt, will be slightly lower than in 2003 (see Table 9). TTK aims to reach a production level of 4 Mt per year in the mid-term by finalising the ongoing works on level galleries and new service shafts and increase its production to 5.5 Mt by 2010. The hoisting and washing capacities of TTK already facilitate the production of 3 Mt of saleable coal per year.
Lignite
Lignite is found in almost all regions of the country (see Figure 1). The most important reserves are in the Afsin-Elbistan, Muğla, Soma, Tuncbilek, Seyitomer, Beypazarı and Sivas regions. About 90% of the lignite is produced through opencast mining and 10% by underground mining. At the end of 2003, proven lignite reserves totaled about 8.4 billion tones; 68% of Turkish reserves have low calorific value. The largest deposits, around 3.4 billion tones, are in the Afsin-Elbistan region and have an average calorific value of 1 100 kcal/kg; 23.5% of all reserves have a calorific value of 2 000-3 000 kcal/kg, 5.1% of 3 000-4 000 kcal/kg and the remaining 3.4% has 4 000 kcal/kg and over. As shown in Table 11, the overall productivity in TKI, which is the largest lignite company, has decreased from 2 018 tones per person-year in 1999 to 1 978 in 2003. Over the past few years both lignite production and the number of workers have declined.
At the moment EUAS has 15 lignite fired and 1 hard coal fired power plants in Turkey. Only in one power plant fluidized bed technology is being used. All the other plants have Pulverize Coal Combustion systems. 

The implementation of the Turkish lignite fuel cycle refers to a power plant with a total capacity of 630 MW, located in the Yeniköy lignite basin. There 3 operating units in the plant. First and second units started to operate in 1994 and the third unit started to operate in 1995. The fuel cycle for the reference power plant includes the following stages which are presented in Figure 2. 
· Lignite Extraction
· Transportation of the lignite to the power plant

· Operation of the power plant

· Construction and dismantling of the power plant

· Waste disposal
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Figure 2. Stages of lignite fuel cycle

1.1.1.1. Lignite Extraction:

Yeniköy lignite basin, lignite which has a low heating value is extracted to be used in Kemerköy and Yeniköy power plants to produce energy
Yeniköy lignite basin is located in Muğla which is located in south west of Turkey. In Yeniköy lignite basin, lignite is extracted from the open-cast mine. Sekköy and İkizköy mines have different height of lignite overlayers. In Sekköy mine, the height of overlayer is 50m and in Ikızköy mine it is 84 m. The average lignite layer height is 15,80 m in Sekköy mine, 14,46 m in İkizköy mine and 18,00 m in Hüsamlar mine.

Lignite extracted in this basin is used in Yeniköy and Kemerköt thermal plants. An average amount of 17,000 tones/day lignite is sent to  Kemerköy power plant and  13,000 tones/day is sent to Yeniköy power plant. The size of this lignite is  0 – 1000 mm 
There are three mines (Ikizköy mine, Hüsamlar mine and Sekköy mine) currently operating in Yeniköy basin. Total lignite reserves in this basin is  286 million tones. 

The major characteristics of the Yeniköy Basin lignite are given in Table 2. 
Table 2: The major characteristics of the Yeniköy Basin lignite

	
	Humidity
(%)
	Ash
(%)
	Volatile matter 
(%)
	sulphur 
(%)
	Calorific value 
(kcal/kg)

	SEKKÖY
	31,60
	25,48
	29,9
	1,2
	1.970

	İKİZKÖY
	29,04
	25,63
	28,4
	2,0
	2.303

	HÜSAMLAR
	30,17
	34,25
	22,4
	1,2
	1.607


The major components of electrical and mechanical equipment used are;

· 4 excavators each with a capacity of 15 Yd³

· 2 draglines each with a capacity of 32 Yd³

· 2 excavators each with a capacity of 10 Yd³

· Conveyor belts with a total length of 40 km, for the transportation of the lignite
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Figure 3. Lignite extraction
1.1.1.2. Transportation activities

Transportation activities include all the transport work, from the early stage of lignite extraction and power plant construction to the disposal power plant wastes and lignite extraction overburdens. 
- After extracted lignite is transported to the power plant which is 8 km far, by conveyor belts. 
- overburdens from the lignite extraction are to dumpsite by conveyor belts and mostly by trucks. It is estimated that 70 % of the overburdens are transported by trucks. The distance between extraction site and dumpsite is approximately 4 km.

- solid wastes from power plant are transported to the dumpsite by trucks. The dumpsite is 6 km

[image: image11.png]








Figure 4. Transportation activities
1.1.1.3. Power Generation

Reference power plant is in the same region with Yeniköy lignite basin. There are three operating units in the plant with a total capacity of 630 MW. Annual generation capacity of the reference power plant is 4095 GWh. The main operation parameters of the power plant are given in Table 3 . the net efficiency of the plant is 37 %. 

Table 3. Capacity and operation parameters of the reference power plant
	Location
	Milas-MUĞLA

	Number of Units
	3

	Installed Capacity
	630 MW

	Annual production capacity (Theoretical)
	5.518.000.000 kWh

	Nominal production capacity
	4.095.000.000 kWh

	Annual main fuel demand
	5.700.000 tones (1750 kcal/kg)

	Net efficiency
	37 %


Table 4. Technical data for the reference power plant

	Stack height
	310 m

	Stack diameter
	5 m

	Lignite requirement
	21.000 tones/day

	Fuel oil No:6 requirement
	10.000 tones/year


Table 5. Emissions of the reference power plant

	CO2 kg/kWh
	0.99929

	SO2 kg/kWh
	0,00608

	NOx kg/kWh
	0,00225

	NMVO kg/kWh
	0.00005

	TPS kg/kWh
	0.00022


Table 6: characteristics of the lignite used in the power plant

	Lower Heating Value (kcal/kg)
	1750 ± 200

	Ash content (%)
	27.56

	Humidity (%)
	35.90

	Total Sulphur (%)
	2.70



Figure 5: Power generation stages
1.1.1.4. Power Plant construction

The emissions produced during the transportation of the construction materials and dismantling of the power plant is not considered to be too high. In Table 7 transportation materials and distance and transportation type is summarized. The numbers are approximate numbers. Especially about the amount of the construction materials there is no sufficient information. 

Table 7. Construction materials and transportation
	Material
	Amount
	Transport-railway
	Transport-truck
	Transport distance
	Transport capacity (t*km)

	Steel
	130000 t
	%80
	%20
	180
	23.4x106

	Concrete
	210000 t
	%100
	-
	70
	14.7x106


1.1.2. Site Description
Muğla is a province of Turkey, as the country's south-western corner, on the Aegean Sea. Its seat is Muğla, about 20 km (12 miles) inland, while some of Turkey's largest holiday resorts, such as Bodrum, Oludeniz, Marmaris and Fethiye, are on the coast in Muğla. It also includes the World Heritage Site of Letoon near Fethiye

At 1,100 km (683 miles), Muğla's coastline is the longest among the Provinces of Turkey and longer than many coutries' coastlines, (even without taking any small islands into account). As well as the sea, Muğla has two large lakes, Lake Bafa in the district of Milas and Lake Köyceğiz. The landscape consists of pot-shaped small plains surrounded by mountains, formed by depressions in the Neogene. These include the plain of the city of Muğla itself, Yeşilyurt, Ula, Gülağzı, Yerkesik, Akkaya, Çamköy and Yenice. Until the recent building of highways, transport from these plains to either the coast or inland was quite arduous, and thus each locality remained an isolated culture of its own. The economy of Muğla relies mainly on tourism (on the coast), and agriculture, forestry and marble quarries inland.

Agriculture in Muğla is rich and varied; the province is one of Turkey's largest producers of honey, pine-forest honey in particular and citrus fruits are grown in Ortaca, Fethiye, Dalaman and Dalyan.

	





   Figure 6. Location of Muğla Province in Turkey
The province is the second center of marble industry in Turkey after Afyonkarahisar in terms of quantity, variety and quality. Other mineral exploitation includes coal-mining in Yatağan and chrome in Fethiye. Other industry in the province includes the SEKA paper mill in Dalaman and the power stations at Yatağan, Yeniköy and Kemerköy. However Muğla is by no means an industrialized province.

Table 8. An overwiev to Muğla Province

	Overview

	Region:
	Aegean Region, Turkey

	Area:
	13,338 (km²)

	Total Population
	793,785 TUIK 2006 (est)

	Population density
	59.51 (pop/km²)

	Urban Population
	268,341 


1.1.2.1. Geography 

The dominant climate of the Muğla Province is the terrestrial climate which is under the effect of the Mediterranean climate. The summer seasons are hot and dry while winter seasons are mild and precipitant. The precipitation is dense generally in months of November and March. The average annual temperature is 14.90 C.

Table 9. Meteorological Data

	
	Mean Humidity (%)
	Rainfall (mm)
	Mean Temperatures (0C)

	January
	78
	259
	20.9

	February
	74
	180
	20.8

	March
	69
	121
	28.8

	April
	64
	62
	31

	May
	59
	46
	35.7

	June
	48
	22
	37.8


1.1.2.2. Land Use

All Muğla province is considered to be in impact range. Currently there are 3 operating power plants in Muğla. After lignite extraction process, afforestation studies are being held for the sites that will not be used in extraction process again. Until now, 374,000 Acacia, 20,000  Pine trees, 6,100 Cypress, 10,000 Red pine, 214 olive trees and 45 Fig trees were planted in Sekköy and İkizköy mine sites after extraction process. 
Table 10. Land Distribution
	Type Of land
	(Ha)
	(%)

	Agricultural
	260,516
	19.67

	Forest
	830,155
	62.67

	Grassland
	34,349
	2.59

	Other Surfaces
	199,680
	15.07


Table 11. Distribution of crop surfaces and yields in Muğla

	Crop
	Surface (Ha)
	Production (t)

	Wheat
	53,371
	165,997

	Barley
	8,201
	13,493

	Corn
	7,147
	38,103

	Tobacco
	7,182
	4,022

	Cotton
	9,795
	28,276

	Sesame
	6,106
	4,440

	
	
	


1.1.2.3. Population 

Muğla has a population of 715,328. 338,651 of this population is female. 
Table 12. Number of people in each risk group

	Age
	0-4
	5-14
	15-29
	30+

	Population
	52,358
	109,350
	195,842
	357,778


2. BIODIESEL FUEL CYCLE

2.1. Description of Biodiesel Market in Turkey

Turkey is strategically positioned at the crossroads of Europe, Asia and the Middle East. Turkey is the 16th largest economy in OECD countries with its 70 million population and over $300 billion GNP. It is estimated that over 8 million vehicles operate on Turkish roads, approximately 30 percent of that are commercial vehicles.

Production of biodiesel in Turkey is a major growing trend as an alternative fuel. Turkey is aligning its regulations with that of EU. One of the EU directives is about encouragement of usage of biofuels. Turkey achieved a major step in production of biodiesel in Europe. While Germany has approximately 1.8 million tons of alternative fuel, Turkey increased its production capacity to 870,000 metric tons in 2005 and became the second largest producer in Europe.

In Turkey, the petroleum products consumption is about 35 million tones.  If 2% of this requirement is met by biodiesel, Turkey requires at least 700,000 tons of vegetable or animal oil.  Ministry of Agriculture is considering providing incentives for the production of canola, which is the best resource for the production of biodiesel.


In Turkey, Energy Market Regulatory Authority (EMRA) has recently enforced a new regulation that each biodiesel producer must obtain a license from EMRA. According to this regulation, biodiesel producers will not be able to deliver biodiesel directly into the market.  Like in the oil products, biodiesel producers will have to sell into the market through those companies, which have distributor license.  
2.1.1. Market Demand

Turkey is a large country with 70 million populations and over $300 billion GNP. Turkey has over 8 million automobiles on Turkish roads, of which nearly 31 percent are commercial vehicles.  Turkey spent over $8.5 billion for the import of crude oil in 2005. Oil prices having doubled during the last three years, alternative fuel resources are becoming extremely important.  Turkish farmers and some transportation companies have started using Biodiesel in Turkey.  In today’s environmental pollution caused by car exhausts, usage of biodiesel will become more and more important.

Biodiesel is a clean burning alternative fuel, produced from domestically grown, renewable resources.  Biodiesel contains no petroleum products, but can be blended at any concentration with diesel from fossil sources to create a biodiesel blend.  It can be used in compression-ignition (diesel) engines with little or no modification.  Biodiesel is simple to use, biodegradable, non-toxic, and basically free of sulphur compounds and aromatics.  Diesel engines would operate on a variety of vegetable oils. Biodiesel should not be confused with straight vegetable oil.  Fuel-grade biodiesel is produced to strict industry specifications in order to ensure proper combustion and engine performance.

With agricultural commodity prices approaching record lows, and petroleum prices reaching ever new record highs, it is clear that more can be done to guide the farmers to grow more oil rich seeds to be used in production of vegetable oil.  As a result, this would be a major resource for biodiesel.  Turkey is an agricultural country and some of the agricultural products that the farmers are producing are hardly meting their costs. If biodiesel is used in the tractors and other farming vehicles, this will also make agricultural production less costly. 

Production of biodiesel in Turkey is a major growing trend.  Turkey is aligning its regulations with that of EU.  One of the EU directives is about encouragement of usage of biofuels.  The EU is supporting biofuels with the aim of reducing greenhouse gas emissions, boosting the decarbonization of transport fuels, diversifying fuel supply sources, offering new income opportunities in rural areas and developing long-term replacements for fossil fuels.  

Currently, there are about 150 biodiesel producers in Turkey.  Most of these are small producers while there are several major producers.  Some of these producers are seeking for foreign technologies and foreign investors to expand their production.  

Depending on the raw materials, the production cost of the biodiesel is 70-85 cents per liter depending on the raw material.  It is sold in the market for approximately one dollar per liter plus 18% VAT in the market.  It is being currently used as fuel for agricultural machinery and central heating as well as construction companies using it for their construction machineries.  When it starts to be sold in gasoline stations, the consumption will considerably increase.  

The major provinces that biodiesel is produced are Gebze, Adana, Izmir, Bursa, Polatli, Sanliurfa, Tarsus, Kirikkale and Ankara.  Turkey has approximately 350,000 tons of animal and vegetable oil waste, which is not being fully utilized for production.  Only 50,000 tons of such waste oil is being collected. 
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Figure 2. Distribution of biodiesel companies 

Turkish Standards Institute (TSE) (www.tse.gov.tr) has setteled the biodiesel standard in Turkey, which is similar to EU standards.

2.2. Biodiesel fuel cycle

In Turkey the installed capacity for biodiesel production is 1.5 million tones. However biodiesel production is not that large due to the lack of oil to be used in the production. Turkey is 60% dependent on import oil only for edible purposes. Current oil/oilseed production is not enough to meet the demand. 

The general trend is to use Canola oil as the raw material among the producers. Since domestic Canola oil production does not meet the demand canola oil, soybean oil and palm oil is being imported. 

In 2004, 2250 ha land was used for the cultivation of Canola oil it is expected to be 15 000 ha in 2007. 
In Turkey 12 million ton fossil diesel fuel is being used each year. If we consider diesel fuel will be blended with 2% biodiesel then 240 000 tones biodiesel/year is required. For this amount of biodiesel 250 000 ha land is needed for canola cultivation. Turkey has 27 million ha arable land which is enough to meet the demand if oilseed cultivation is promoted. 

Developing new fuels can provide a wide range of potential social benefits, such as diversifying fuels that have few current substitutes, reducing dependence of the transportation sector on vulnerable fuel supplies, improving the environmental characteristics of the transportation sector, or improving its energy efficiency. 
Several potential environmental benefits of biodiesel have been cited in the literature, including:

- Reduced (or zero) emissions of SOx at the point of end-use

- More rapid biodegradability in aquatic environments

- Low or negative flows of CO2 to the environment over the full product life cycle (when accounting for the CO2 uptake during the feedstock growing stage)..

Biodiesel Life Cycle assessment has the following stages:

- Produce Rapeseed

- Transport Rapeseed to a crushing facility

- Recover Rapeseed oil at the crusher

- Transport Rapeseed oil to a biodiesel manufacturing facility

- Conversion of Rapeseed oil to biodiesel

- Transport biodiesel fuel to the point of use

- Use the fuel in a diesel engine.

Land: 4 ha for Canola Production

Seed yield of Canola: 2200 kg/ha

Amount of synthetic fertilizer:

N-P-O (20% N, 20%P2O5 )= 120 kg/ha

N (25%): 100 kg/ha

Seed requirement: 60 kg/ha
Previous use of land: agricultural land

Previous agricultural producy: wheat

Average yield of previous product: 2050 kg/ha

Total fuel used for canola cultivation( truck, tractors, threshers etc.)= 54.8 lt/ha
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Figure 2.1. Mass flow diagram of Biodiesel production from Canola oil
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