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Abstract

Most of the IAEA planning methodologies for energy and electricity planning have been
transferred to Turkey as part of Technical Co-operation projects on the subject matter. The
transfer has been supplemented by adequate training to national experts through their
participation in the above projects and in the training courses on these models organized by the
IAEA. The experience gathered in the use of these models in Turkey is described in this paper,
highlighting how the models are imbedded in the country's planning procedure for energy and
electricity matters.

1. BACKGROUND INFORMATION

The continental setting of Turkey is described in Asia and the regional setting in Asia
Minor. Turkey is a strategically located bridge between Asia and Europe. Occupying the
whole of classical Asia Minor (Anatolia) and a small portion of Eastern Thrace in Europe,
Turkey has a total area of about 780,000 square km. It is bounded on the north by the Black
Sea; on the east by Georgia, by Armenia, by Nahcevan and by Iran; on the south by Iraq, Syria
and the Mediterranean sea; and on the west by the Aegean Sea and the Sea of Marmara. In
Europe it has frontiers with Greece and Bulgaria.

European Turkey, which comprises 3% of the land area, is separated from Asian Turkey
by the Bosphorus, the Sea of Marmara, and The Dardanellas.

According to the last census, which was carried out in 1990, the population of Turkey
was determined as 57 million in 1990 and it is estimated to be around 62 million in 1995,
further increasing to 67 million in 2000 and 78 million in 2010. During the past decade the
population growth averaged about 2.2 percent per year. An annual average growth rate of 1.6
percent is expected during the next 15 years.

Despite a slow migration to urban areas, about 38 percent of the population still live in
rural areas. It is assumed that this percentage will be around 27% in 2010. The population
density is 79 person per square kilometer. The population is concentrated in the west and
along coastal areas. Istanbul, located on the Bosphorus, with a population of 7.3 million
inhabitants is the largest city and the center of industry and commerce. Ankara, the capital city
situated in the center of Anatolia, has a population of 3.3 million. The other large cities, Izmir,
Adana, Bursa have populations of 2.7, 1.9 and 1.6 million respectively. Since the population
growth is considered as too high for a developing country, now the Government's policy of
encouraging population increase has been superseded by a policy favoring family planning.

Tables 1 to 4 present some statistical information on the principal economic indicators
for Turkey, with special reference to the evolution of the Gross Domestic Product and its
structure.
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Table 1
Gross National Product/ At 1987 Prices (Billion Turkish Lira)

AGRICULTURE

INDUSTRY
Mining
Manufacturing
Energy

SERVICES
Construction
Trade
Transport&Com.
Public Services
Other Services

GDP AT FACTOR COST

NET FACTOR INCOME
FROM ABROAD

INDIRECT TAXES-SUB.

GNP AT MARKET PRICES

1988

13627

17094
1353

14191
1550

39807
4907

14315
8616
3859
8110

70528

-198

5778

76108

1989

12562

17928
1468

14660
1800

40381
5205

14053
8959
3906
8258

70871

849

5627

77347

1990

13452

19552
1443

16186
1923

43545
5141

15850
9981
4019
8554

76549

1013

7030

84592

1991

13420

20204
1493

16685
2026

43774
5187

15743
10034
4117
8693

77398

534

6955

84887

1992

13942

21581
1500

17815
2266

46795
5494

17323
10832
4259
8888

82319

922

7082

90323

1993

14112

25622
1484

21628
2510

51567
6119

19489
11787
4336
9836

91301

1086

5290

97677

1994

14057

24159
1601

19964
2594

49752
5992

18014
11541
4371
9834

87968

412

3429

91809

Table 2
Gross National Product Sectoral Growth Rates (%)

AGRICULTURE

INDUSTRY
Mining
Manufacturing
Energy

SERVICES
Construction
Trade
Transport&Com.
Public Services
Other Services

GDP AT FACTOR COST

NET FACTOR INCOME
FROM ABROAD

INDIRECT TAXES-SUBS.

GNP AT MARKET PRICES

1988

8.0

2.7
-0.8
2.1

11.7

0.0
-5.4
3.2
0.6
1.9
1.2

2.7

0.0

-4.2

1.5

1989

-7.8

4.9
8.5
3.3

16.2

1.4
6.1

-1.8
4.0
1.2
1.8

0.5

0.0

-2.6

1.6

1990

7.1

9.1
-1.7
10.4
6.8

7.8
-1.2
12.8
11.4
2.9
3.6

8.0

19.3

24.9

9.4

1991

-0.2

3.3
3.5
3.1
5.3

0.5
0.9

-0.7
0.5
2.4
1.6

1.1

-47.3

-1.1

0.4

1992

3.9

6.8
0.5
6.8

11.8

6.9
5.9

10.0
8.0
3.4
2.2

6.4

72.7

1.8

6.4

1993

1.2

18.7
-1.1
21.4
10.8

10.2
11.4
12.5
8.8
1.8

10.7

10.9

17.8

-25.3

8.1

1994

-0.4

-5.7
7.8

-7.7
3.3

-3.5
-2.1
-7.6
-2.1
0.8
0.0

-3.7

-62.0

-35.2

-6.0
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Table 3
Composition of GDP by Sectors/At Current Prices (%)

AGRICULTURE

INDUSTRY
Mining
Manufacturing
Energy

SERVICES
Construction
Trade
Transport&Com.
Public Services
Other Services

GDP AT FACTOR COST

1988

19.3

24.3
1.9

20.2
2.2

56.4
7.0

20.3
12.2
5.5

11.4

100.0

1989

17.7

25.3
2.1

20.7
2.5

57.0
7.3

19.8
12.6
5.5

11.8

100.0

1990

17.6

25.5
1.9

21.1
2.5

56.9
6.7

20.7
13.0
5.3

11.2

100.0

1991

17.3

26.1
1.9

21.6
2.6

56.6
6.7

20.3
13.0
5.3

11.3

100.0

1992

16.9

26.2
1.8

21.6
2.8

56.9
6.7

21.0
13.2
5.2

10.8

100.0

1993

15.5

28.1
1.6

23.7
2.8

56.4
6.7

21.3
12.9
4.8

10.7

100.0

1994

16.0

27.5
1.8

22.7
3.0

56.5
6.8

20.5
13.1
5.0

11.1

100.0

Table 4
Average Annual Exchange Rates of Turkish Lira

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

US$

164.16

228.47

368.66

524.97

680.50

859.97

1425.87

2125.02

2612.95

4181.93

6882.59

11007.99

37481.65

DM

67.56

89.25

129.33

180.84

315.94

480.24

810.54

1132.14

1623.89

2516.52

4428.89

6648.83

23817.23

As can be seen in Table 3, the share of the Agriculture sector in GDP fell constantly
from 19% in 1988 to 16% in 1994, although the agricultural value added steadily increased.
The fall, however, is not due to the agricultural sector being neglected but primarily due to the
increase in the services sector. The share of the industrial sector in the total GDP which was
24% in 1988 increased to 28% in 1994.

Foreign trade has made great progress in the last decade as a result of increased
investment and export incentives, as well as intensified efforts for outward orientation. The
level of foreign trade with Middle East and Islamic Countries in particular, reached
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considerable heights. In addition, during this period, the share of Turkey's foreign trade in
world trade increased.

The export which was US$ 11.6 billion in 1989 increased to US$ 17.5 billion in 1994.
About 60% of the exports goes to OECD countries, 20% to Islamic countries, 5% to Eastern
European countries. Of the total exports, 92% correspond to manufacturing industries, 6% to
agriculture and 2% to mining products. The major exporting industrial sub-sectors are textiles,
iron and steel industries.

On the other hand the imports grew with much higher growth rates in the same period
(1989-1994), from US$ 15.8 billion in 1989 to US$ 23 billion in 1994. About 65% of the
imports come from OECD countries, 15% from Islamic countries, 6% from Eastern European
countries. Of the imports, 83% are for manufacturing industries, 15% mining and 2%
agricultural products. The major imported products are machinery, crude oil, chemicals,
petrochemicals, iron and steel products.

2. CURRENT ENERGY SITUATION IN THE COUNTRY

Turkey is not a rich country in regard to primary energy endowments. The primary
energy demand of the country has been met through imports of crude oil, oil products, natural
gas and hard coal.

Turkey's energy consumption has increased faster than production, so self-sufficiency in
the energy supply has also declined. The primary energy production was 26.9 MTOE (million
tons of oil equivalent) in 1994, i.e., 45% of the total primary energy supply (TPES) was met
by indigenous production. The components of primary production in 1994 were: 45% coal,
15% oil and natural gas, 10% hydro, 30% non commercial and other renewable energy sources.

The total primary energy supplied was 59.5 MTOE in 1994. Although the dependence
on oil has been reduced since 1980's, oil is still the major energy source with the biggest share
of TPES (46%). Oil represented 73% of the total energy imports (Table 5). Natural gas started
penetrating the energy market in the late 1980's and its consumption is increasing rapidly since.
Natural gas consumption increased from 68 mem (million cubic meters) in 1985 to 5400 mem
in 1994, of which 5300 mem were imported, representing 8.3% of TPES. Oil and gas
contributed by 53% to the Total Final Consumption (TCF), while the share of other fuels was
18% for coal and coal products, 11% for electricity and the rest for non commercial and
renewable sources.

The primary energy production is expected to increase to 60 MTOE in 2010 with an
average annual growth rate of 5.1% between the years 1994-2010. In the same period the total
primary energy supply is expected to increase to 156 MTOE in 2010 with an average annual
growth rate of 6.2%. Domestic energy production will represent only 38% of the total in the
year 2010. As in the past, the difference between local production and the energy requirement
would be met by imports.

Electricity demand will increase from 78 TWh in 1994 to 272 TWh in 2010. The total
installed capacity has reached 21 GW at the end of 1994. The plants which have been
operating or were under construction in 1994 will cover the demand for electricity up to the
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year 1997. In order to meet demand after this year, a long term programme was prepared by
using the WASP model. According to the outcome of this model, the installed capacity will
reach about 60 GW in 2010. Of the total generation, 36% would be produced by coal fired
power plants, 18% by gas fired power plants and 39% by hydro plants in 1994. The shares
in the total production are expected to be 43%, 23%, 29% in 2010 respectively. Because of
its low calorific value most of the lignite production will be used hi power plants. In order to
protect the environment, all new lignite plants will be installed with FGD (flue gas
desulphurization) units and there is a programme to install FGD units in existing plants which
are polluting their surroundings.

Table 5
Energy Production and Consumption in 1994

Total Primary Energy Supply 59.5 MTOE
Primary Energy Production 26.9 MTOE
PEP % 45%

Structure of the Primary Production

Coal 45%
Oil and gas 15%
Hydro 10%
Non Commercial & Other 30%

Structure of Total Final Consumption

Oil and gas 53%
Coal & Coal Prod. 18%
Electricity 11%
Non Commercial & Other 18%

2.1 PLANNING PROCEDURE AND ORGANIZATION

2.1.1 Principal Organizations for Economic and Energy Planning and Their Interactions

The Ministry of Energy and Natural Resources (ETKB) is the main body of the Turkish
energy sector, which directly reports to the Prime Ministry and was originally established in
1963 with the following objectives;

to determine and implement national energy policy goals,
to provide coordination between the Ministry's dependent and related institutions and
other public and private entities,
to prepare and/or control plans and programmes within the framework of a defined
energy policy and
to ensure the implementation of the plans and programmes.
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All exploration, development, production and distribution activities for energy and natural
resources are supervised and controlled by the Ministry.

The dependent and related institutions of the ETKB can be classified into three groups;
the petroleum, solid fuels and electricity related entities. The "dependent units", the Mineral
Exploration and Research Directorate, Electrical Power Resources Survey and Development
Administration, and Petroleum Affairs are essentially research/survey oriented. General
Managers of these bodies report to the Assistant Under Secretaries. The "related units" are
State Economic Enterprises (KIT) a part of the public sector which are producers in the energy
sector. The dependent and related units are briefly described below.

Dependent Units

1) General Directorate of Petroleum Affairs (PI): Within the framework of the
Turkish petroleum law, the main activities of this organization are to give permission to
Turkish and foreign companies for exploration, production and refining of oil; setting of
product pricing; organization of Liquified Petroleum Gas (LPG) marketing; preparation of
accounts related to the Fuel Price Stabilization Fund, Exploration Fund, etc.

2) Mineral Exploration and Research Directorate (MTA):MTA, established in 1935,
is the oldest and the most important organization responsible for systematic investigation and
research on all kinds of mineral resources.

3) Electrical Power Resources Survey and Development Administration (EIE): EIE
supports and supplements activities of the State Hydraulic Works (DSI), concentrating
especially on research for small hydro plants implementation. The EIE is also involved in
foundation and map investigation and surveys with the aim of identifying the power potential
of water resources and of preparing dam and hydropower projects. All kinds of studies related
to research, development programme, etc., on new and renewable energies, and studies on
energy conservation, are being carried out by this administration.

Related Units and Other Entities

1) Turkish Electricity Generation Transmission Corporation (TEAS): TEAS is
responsible for preparing and implementing the general electricity expansion plans and
programmes for the national grid and power stations of the country; for construction of thermal
power plants, and for establishing and operating electricity generation, and transmission
facilities. On the other hand there exists relatively small private power utilities and
auto-producers belonging to both private and state utilities which contribute by only 8% to the
total electricity generation.

2) Turkish Electricity Distribution corporation (TED AS): TED AS is responsible for
distribution planning activities, electricity distribution and trade.

3) Turkish Coal Enterprises (TKI): TKI, established in 1957, is responsible for
mining, marketing and trading lignite and asphaltite in the country. Private companies also
produce about 4 million tons of lignite per year and make their own distribution.
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4) Turkish Hard Coal Authority (TTK): TTK carries out exploration, exploitation
and marketing of domestic hard coal. It operates the coal mines of the country which produce
4 million tons of bituminous coal every year.

5) Turkish Petroleum Corporation (TPAO): TPAO is responsible for exploiting,
drilling, producing and refining petroleum in the country. TPAO owns more than three quarters
of the refinery capacity. The Turkish Petroleum Office Inc. (Petrol Ofisi) was delegated with
the responsibility of distributing petroleum and petroleum products.

6) Petroleum Pipeline Corporation (BOTAS): BOTAS is the main agency for
installation and operation of oil and gas pipelines throughout the country. It is also authorized
to sign and execute the contracts for natural gas imports, prepare plans and programmes for
utilization of this gas in various sectors and distribution of the gas to various cities and
consumer sectors.

7) Turkish Petroleum Refineries Corporation (TUPRAS): TUPRAS's main field of
activity is processing crude oil for the purpose of meeting country's requirement for petroleum
products, importing petroleum products required to cover country's domestic needs. There is
also one private (foreign) refinery active in the energy sector, AT AS, which holds 13% of the
total refinery capacity.

8) State Hydraulic Works (DSI): DSI was established in 1953 to plan, design and
construct works for flood protection, irrigation, drainage water supply and waste water disposal
purposes. It is also responsible for determination of the hydraulic potential, preparing
feasibility studies, making decisions for ranking dams and hydroelectric projects, constructions
of dams and hydroelectric stations. Upon completion of the construction of hydroelectric
stations, they are handed over to TEAS for the operation.

9) Turkish Atomic Energy Authority (TAEK): TAEK, a research organization, is
responsible for preparing and implementing the nuclear energy plans and programs for the
country. TAEK, in co-operation with several universities, concentrates on uranium and thorium
exploration, extraction refinement and conversion and nuclear fuel cycle and safety.

The Ministry of Environment has the sole responsibility for planning, implementing and
coordinating all environmental issues in the energy field to ensure sound environment in close
cooperation with the other Ministries and all related institutions.

General energy policy is the responsibility of the Ministry of Energy and Natural
Resources (ETKB). The State Planning Organization (DPT) is responsible for overall economic
planning and thus there is a close linkage between the two organizations. Recommendations
for budget and policy priorities are made by ETKB but the DPT has the final authority. The
DPT works closely with the Office of the Prime Ministry.

2.1.2 Planning Procedure. Analytical Tools Used and Frequency of Planning Exercise:

The analysis of future energy needs corresponding to the sets of socioeconomic
development scenarios for Turkey is carried out by using a simulation model called MAED
(Model for Analysis of Energy Demand) and the investigation of the optimal electric generation
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system expansion program with a model called WASP (Wien Automatic System Planning
Package). Both models were developed by the IAEA and transferred to Turkey in 1985 within
the framework of the co-operation effort between the Agency and the Government of Turkey.

•
The Ministry of Energy and Natural Resources is responsible for preparing and

implementing the analysis of future energy and electricity demand and TEAS (Turkish
Electricity Generation and Transmission Corporation) is responsible for preparing and
implementing the studies related to determination of the electric power demand and of the
optimal electric system expansion programs. Since 1989, another model named VALORAGUA
(A Model for the Optimal Management of a Hydro Thermal Electric Power System) has been
used for electricity generation planning studies in conjunction with WASP Model.

MAED - Model for Analysis of the Energy Demand

The computer model MAED is a simulation model for evaluation of the medium and
long-term demand for energy in a country. The model includes modules to convert annual
electricity demand to hourly consumption, i.e., to the power demand on the grid. In this way,
the MAED results can be used to study the optimization of the electric generation system.

MAED is designed to reflect structural changes affecting energy demand by means of
a detailed analysis of the social, economic and technical system. This approach takes account
of: - demographic development (population growth, human settlements, etc.); - changing
social needs of the individuals; - industrial policy of the country; - policy with regard to
transport and other matters as well as technical progress.

The model is also designed to reflect trends in the potential market for each final energy
form, electricity, coal, gas, oil, solar energy, etc.

The following sequence of operations is undertaken: Analysis of the structure of the
country's final energy consumption, identification of the social, economic and technical factors
influencing final demand, specification of the functional links between energy consumption and
resulting factors, construction of scenarios of socioeconomic and technical development, and
finally evaluation of the energy consumption corresponding to each scenario.

WASP - Model for Electricity Generation System Expansion Analysis:

The optimization analysis of the expansion of the electricity generation system is carried
out using the WASP model.

The WASP model is designed to find the optimal expansion plan for a power generating
system which will meet the forecasted electricity demand over the planning horizon while
satisfying certain user-specified constraints. The economic criteria for comparing alternative
expansion plans of the system is represented by the total costs of the plan, including investment
costs of the power plants added by the plan, total operating costs (fuel and operation and
maintenance costs) of the resulting system, plus the cost of the energy not served. All costs
are expressed in present worth value at a reference data chosen by the user and based on a
discount rate also specified by the user. The constraints that can be taken into consideration
are the reliability of the system, in terms of the reliability index called Loss-of-Load-Probability
(LOLP) and the reserve margins (% of the demand), and the schedule of plant addition.

256



The basic input data for the WASP model includes the following items:

System load characteristics (annual peak demand, seasonal peak demands and the
load duration curves for each period into which the year is subdivided).

Characteristics of all generating plants considered in the study (i.e. operating levels,
heat rates, plant unavailability, etc., for thermal plants and the seasonal
characteristics of hydroelectric power stations).

Operating costs (fuel and operation and maintenance costs) for all generating units.

Loading order of the plants.

Investment costs (construction cost including interest during construction and fuel
inventory cost) for the generating plants used as expansion candidates.

Other economic information such as discount rate and escalation rate and the unit
cost of each kWh of unserved energy.

Constraints to be used in the exercise including the required limit of LOLP, reserve
margins and schedule of plant additions.

VALORAGUA - A Model for the Optimal Management of Hydro Thermal Electric
Power System:

The objective of the VALORAGUA model, which was developed by the Electricidade
de Portugal (EDP), is to take into consideration the technical, physical and operational
constraints that affect the generation of the system and the random conditions (water inflows
of hydroelectric power plants, power demand, availability of the generation system) to
determine the most economic operational policies of a system.

The VALORAGUA model was conceived to minimize the operation cost for a given
configuration of an electric power system. These costs are the sum of the operation costs of
thermal power plants, the cost of imported energy and the cost of energy not served, minus the
benefits from exports and sales to special consumers.

Basic inputs of the VALORAGUA model are the following:

power demand, load duration curve,
thermal power plants: installed capacity, availability at each load step, average
operating cost, maintenance duration,
hydroelectric power plants: from the standpoint of reservoir parameters, the
maximum and minimum reservoir volume, storage capacities, volume level curves
from the stand point of the hydroelectric power plants, the definition of cascades,
the minimum tail water level, the volume of turbine water, maximum flow capacity,
head loss, turbine/generator efficiency,
monthly tributary inflows (maximum 30 years),
the capacities of the transmission lines, lines operating voltages, etc.

The results provided by the model include the following:

the generation of the thermal and hydroelectric generation sub-systems together with
the marginal operating costs, and the total generation;
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the operation of the reservoirs of hydroelectric power plants: the volume of water
that spills and that is used in turbines, the water levels of the reservoirs,
the operation of hydroelectric power plants: the amount of power that can be drawn
from the power plants at each step of the load curve, the benefits derived from the
electrical energy generated during each time period,
the operational results of thermal power plants: the amount of power that can be
drawn from the power plants at each load step of the load curve, the benefits of the
electrical energy that was generated during the time period.

BALANCE Model:

The purpose of the BALANCE module of the ENPEP package is to project energy
supply and demand balances for any study period.

The BALANCE module processes a representative network of all energy production,
conversion, transport, distribution, and utilization activities in a country or region, as well as
the flows of energy and fuels among those activities. Nodes of the network represent energy
activities or processes such as refining, while the links of the network represent energy fuel
flows and associated costs among those specific activities.

The balances are constructed based on the relative economics of the alternative sources
of supply and technology needed to meet the final demand, subject to the constraints that may
exist on processing capacity and government regulations affecting energy uses and prices.

The following information is necessary to describe the energy sector for BALANCE:

Energy network,
Base-year supply and demand balance,
Reserves, capacities, and costs of productions,
Energy processing efficiencies, capacities, and capital and operating costs,
Electric sector data, such as load duration curves,
Demand projections for the study period,
Import fuel price projections.

BALANCE uses this description of the energy sector and the demand projections to
balance energy supply and demand using the equilibrium approach. BALANCE computes
annual energy flows and energy prices for all energy activities (each link of the energy
network). BALANCE is not an optimization model, but instead simulates and describes energy
market choices that are made by producers and consumers.

This module was introduced in Turkey by IAEA in 1993 and since then, studies have
been carried out to develop the efficient use of the module. However many problems have
been faced both in collecting data and application of the module.

The equivalent unit used in BALANCE does not match Turkey's practice of using TOE
(Ton of Oil Equivalent) in all energy statistics and planning studies. The MAED model also
uses TOE units. BALANCE uses BOE (Barrel of Oil Equivalent) as the energy unit for
calculating purposes. This implies that it is necessary to convert all the input data of
BALANCE to BOE and all the outcome of the module to the equivalent unit used in Turkey
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(TOE) manually every time. This is time consuming and increases the work load of Turkey's
planners'. Consequently, it is suggested to modify the BALANCE module in order to allow
the use of the TOE as unit instead of BOE.

Turkey case study (BALANCE) has been run by selecting a 18 year-period (1993-2010)
and taking 1993 as a base year. But some difficulties are faced in the interpretation of the
outcome of the module because Turkey users are not familiar with BOE.

The Turkish energy network is dimensioned as follows (see Figs. 1 and 2):

• depletable resources nodes 17
• renewable resources nodes 3

decision/allocation nodes 23
• conversion nodes 5
• multiple output nodes 1
• stockpile nodes 6

demand nodes 42
• price regulation nodes 6

Some of the assumptions used in the study include the following:

the reserves of the resources are unlimited,

transportation of the resources and products, except for electricity, is neglected,

the distance factor is neglected in the cost calculation (the spatial distribution effect
of resources is neglected),

the prices of resources do not change overtime,

total and individual capacities of the conversion process facilities are unlimited,

the efficiency of nuclear, coke and natural gas conversion process facilities is 100%,

all refineries (5 refineries) of the country are represented as one refinery with
approximately 235 million BOE per year capacity,

the refinery profit factor is taken as 4%,

different demand projections (taken from output of the MAED module) are used for
describing the sectors' demand growth rate,

in the case of refinery products (diesel, gasoline, LPG, kerosene, residual oil,
heating oil), excess production will be either exported or stockpiled,

the planning period was selected 18 years (1993-2010) and 1993 was taken as the
base year in all calculation.

For example, the amount of domestic natural gas is 182 TOE in 1993. It is then necessary to
multiply this value by 7 (conversion factor between BOE and TOE) in order to prepare the data for
use in the BALANCE module. Viceversa, in order to incorporate the BALANCE results into the
reports normally prepared in Turkey, it would be necessary to divide these results by 7. Obviously,
this is time consuming. On the other hand, while these values are being converted (from TOE to
BOE or vice versa) the probability of error is very high.
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Depletable Resource and Import Fuel Process Data:

The supply curve data was taken from the country data and statistics from the
International Energy Agency (IEA). The base year quantities for the resources and oil products
were taken from ETKB Statistics (Ministry of Energy and Natural Resources). The annual
capacities of resources were considered to be limited. No price change was considered in the
study.

Renewable Resource Process Data:

Wood, solar and geothermal resources were described as renewable resources. Waste and
wood were described by the same step function whereby waste, without any price, was
represented in the first step, while wood was represented with some price in the second step.
The base year quantities were taken from ETKB's reports.

Decision/allocation Node Data:

Base-year split were obtained from the reports prepared by ETKB. The premium
multiplier, price sensitivity and lag parameters were selected with a heuristic approach. In the
supply of refinery products such as oil, LPG, kerosene, residual oil and gas provided from
domestic resources have priority. Natural gas and hard coal have priority in space heating.

Conversion Process Data:

No data on total capacity investment and O&M costs were available. Therefore, the total
capital investment and O&M costs were taken as 0. The capacity of individual plants was
assumed to be unlimited.

Demand Process Data and Energy Demand Growth Data:

Five demand growth rate projection sets were used for the study, one set being used for
one or more sectors (0, 1%, 10%, 6%, 8%). These growth rates were taken from the MAED
results.

Multiple Output (Refinery) Process Data:

Output ratios of refinery products (gasoline, LPG, heating oil, diesel, residual oil and
kerosene) were obtained from the reports prepared by ETKB. Capacities of individual units
were taken from the Turkish Petroleum Activities report.

Stockpile Data:

The following energy resources were assumed to have stockpiles:

gasoline,
- LPG,

heating oil,
diesel,
residual,
kerosene
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Price Regulation Process Data:

Since the refinery products have different selling price in the country, the price multiplier
was calculated using Turkey's reference prices. No price addition was considered.

Electric Sector Data:

Base year production values were taken from the last WASP run performed by TEAS.
Reserve margin was accepted as 15%. The Snyder Method was selected as the load duration
curve approximation method. The value of the interest rate was selected as 10%. Other
information was imported from the ELECTRIC module of ENPEP.

Results and Discussion:

Energy production using various domestic fuels during the planning period increases from
165 BOE/year to 360 BOE/year. Lignite resources have a major role in the Turkish energy
production and there is a significant increase in the quantity used for energy production.

The most important energy resource for electricity generation will be hydro. Based on
the latest long term generation expansion study carried out by means of the WASP-III model,
lignite will have an important share in electricity generation. Since new hard coal units (both
domestic and imported) will be commissioned after year 2005 there will be a sharp increase
in consumption of this fuel type after that year. The first nuclear power plant would be on line
in 2005. Consumption of oil in the electric sector will decrease during the planning period.

In the year 1995, energy demand will be expected to be around 445 million BOE/year
(see Fig. 3). Approximately a 100% increase will be expected in the total energy demand by
2010. The industry sector will have the biggest share of this total.

The share of the residential sector in the total energy demand is around 22%, which
means approximately 86 million BOE/year, 92 million BOE/year and 111 million BOE/year
in the years 1995,2000,2010 respectively (Table 6). In 1994, oil consumption in the residential
sector had the highest share. Although this consumption will increase very slowly as compared
to other energy types, its share will still be the highest in this sector in the year 2010.

Table 6

SECTORAL ENERGY DEMAND FROM BALANCE

(Million BOE)

Sector

Agriculture

Industry

Residential

Commercial

Trasportation

TOTAL

1995

18

US

86

44

72

338

2000

24

157

92

50

87

410

2010

44

296

111

62

134

647
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Regarding fuel imports for energy production, the quantity of the imported resources such
as crude oil, residual oil, natural gas and coal tend to increase during the planning period with
crude oil representing the major imported energy resource. The quantity of other imported
resources, that are used to produce energy, are constant and insignificant during the period.

The results obtained from the application of the BALANCE Module to Turkish energy
system are summarized in some graphs. Energy production using various domestic fuels during
the planning period is shown in Figure 4. As can be seen in the figure, lignite has a major role
in the Turkish energy production and there is a significant increase in the quantity to be used
in the future. Wood and waste is the second major domestic resource although the amount
concerned is constant over the study period. Although oil has a significant market share at the
beginning of the period, it can be noted from the figure that oil share will notably decrease
until the end of the period. Also, a slight increase in domestic hard coal consumption can be
seen from the figure.

Electricity generation by the various primary resources during the planning period is
shown in Figure 6, which indicates that the most important energy resource for electricity
generation during the planning period will be hydroelectricity. Based on the model results, it
can be expected that lignite will have an important share in the total electricity generation.

On the other hand, the results of the model indicate that the first nuclear power plant can
be commissioned in the Turkish interconnected system after year 2005. Based on the model
predictions, it is expected that the share of nuclear plants in electricity generation will increase.
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THOUSAND BOE

1,000,000

800,000 -

600,000 -

400,000 ~

200,000 -

IMPORTED ENERGY g

DOMESTIC ENERGY |

1995

277,402

167,977

2000

350,202

221,511

2005

432,813

267,331

2010

569,370

360,416

FIGURE 3

IMPORTED ENERGY AND DOMESTIC
ENERGY PRODUCTION
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THOUSAND BOE

400,000

300,000 -

200,000 -

100,000

0

1995 2000 2005 2010

WOOD 55,615 55,615 55,615 55,615

N.GAS 1,500 1,500 1,500 1,500

GEO 745 745 745 745

NUCLEAR 6,708 13,416

H.COAL 10,872 13,449 17,692 25,608

LIGNITE 70,184 131,444 172,696 255,009

OIL 28,753 18,300 11,675 7,435

SOLAR 308 458 700 1,088

FIGURE 4

DOMESTIC ENERGY PRODUCTION
BY FUEL
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THOUSAND BOE
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1995 2000 2005 2010

GEO 535 535 535 535

N.GAS 16,020 23,355 33,012 67,449

RESIDUAL 5,025 1,583 1,163 947

H.COAL 2,155 554 1,610 12,146

LIGNITE 33,323 78,364 101,984 157,990

NUCLEAR 13,416 26,833

FIGURE 5

THERMAL ENERGY REQUIREMENT
BY FUELTYPE
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THOUSAND BOE

140,000

120,000

100,000

80,000

60,000
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0

1995 2000 2005 2010

HYDRO 19,757 24,388 38,318 46,164

GEO 51 51 51 51

N.GAS 6,133 8,942 12,639 25,825

RESIDUAL 1,466 462 340 276

H.COAL 491 126 367 2,768

LIGNITE 9,760 22,951 29,869 46,273

NUCLEAR 4,402 8,804

FIGURE 6

•CTRICITY GENERATION
BY FUEL FUEL TYPE
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SECTORAL ENERGY DEMAND

1995

INDUSTRY 35%

RESIDENT. 25%

COMMERCIAL 13%

AGRtCUL 5%

TRANSPORT21%

SECTORAL ENERGY

2010

INDUSTRY 46%

RESIDENT. 17%

COMMERCIAL 10%

AGRICUL. 7%

TRANSPORT. 21%

FIGURE 7


