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TURKISH CEMENT INDUSTRY
- Integrated Cement Plants 41
- Cement Grnading Plants 17
- Clinker Preduction Capacity (2004) > 39 million| tens/year

- Cement Productionr Capacity (2004).  : 66 millien tens/year
- Clinker Preduction (2004) > 32.8 millien tens/year

- Cement Production (2004) > 38.8 million tens/year:



Production
(million ton-cement/year)

Production at the Existing
Plants
(million ton-cement/year)

Production at New Plants
(million ton-cement/year)
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PROJECTIONS OF CLINKER PRODUCTION
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Production

(million ton-clinker/year)

Production at the Existing

Plants 48.8
(million ton- clinker/year)

Production at New Plants
(million ton- clinker/year)
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The Savings Resulting from Voluntary Measures Taken Between
the Years 1990 and 2004

Reduction in 2004 as Compared to
1990

Absolute Reduction Perce|_1t
Reduction
Total Primary Energy 15.27 P3/year 8.7%
Consumption - :

Specific Heat Consumption 99.3 keal/kg- 10.6%
clinker

Specific Electricity 11.0 kWh_/ton- 9.1%

Consumption cement :

Total Cost of Energy 62.53 10° $/year
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Clinker Fuel Calcination
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The Aggregated Energy Efficiency and
CO, Emission Model

- Capacities used in the model are the total

capacities of the existing installations in
Turkey.

- Properties are the capacity weighted
averages of the respective properties of the
existing installations.
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ENERGY SAVING MEASURES FOR RAW MEAL PREPARATION

Code
Number
of
Measure

Measure

Specific
Heat
Saving
(Gl/ton)

Specific
Electricity
Saving
(kWh/ton)

Specific
Investment
Cost ($/ton-

capacity)

1994 | 2004

Ratio of
Applica-
bility
(%)

Using Efficient Transport
Systems

0

2.25

5.36 | 6.61

31

Using Efficient Raw Meal
Homogenization

1.79

6.61 | 8.16

40

Using Continuous
Homogenization

0.5

3

53

Using Roller Press and
Roller Mill

52

Using High Efficiency
Classifiers

46




ENERGY SAVING MEASURES FOR CLINKER PRODUCTION

Specific
cod SI:_IeCi:iC Elsp?:c'iﬁ'(t:y Investment Ratio of
ode ea ectrici Cost ($/ton- s
Number of I Saving Saving capacity) Appl('ocfl)’"'ty
Measure (Gl/ton) | (kwh/ton) °
1994 2004
6 Kiln Combustion System Improvements 0.052 (1} 0.98 1.21 30
7 Reduction of Kiln Shell Heat Losses 0.15 0 0.25 0.31 25
8a (%3) 0.10 0 1 1.23 50
8b (%6) Use of Waste Fuels 0.21 (1} 1 1.23 50
8c (%12) 0.42 0 1 1.23 50
9 Conversion to Modern Grate Coolers 0.3 -3 0.6 0.74 19
10 !-Ieat Recovery for Power Generation (Only for long kilns 0 20 3.25
in wet process)
11 Conversion from Wet Process to Dry Process with Pre- 2.8 -10 75 92.59 1.36
heater, Pre-calciner Kiln
12 Conversion to Multi-stage Cyclone Type Pre-heaters in 0.9 0 20 24.69 0
Dry Process
13 Conver5|_on to Low Press_ure Drop, Multi-stage Cyclone, 0 4 3 3.70 100
Suspension Pre-heaters in Dry Process.
14 Optimize Heat Recovery in Grate Coolers 0.08 0 0.2 0.25 40
Conversion of Long Dry Kiln to Multi-stage Pre-heater,
15 Pre-calciner 1.3 (1} 28 34.57 0
Kiln (Dry process)
16 Adding Pre-calciner to Pre-heater Kiln 0.4 (1} 4.79 5.92 24




.,
i b A
4 e

TOBB ETU

ENERGY SAVING MEASURES FOR CEMENT GRINDING
Specific Ratio

Code Specific Specific Investment of

Number | Measure Heat | Electricity | cogt ($/ton- Appli-
Saving Saving it .
of (GJ/ton) | (kWh/ton) capacity) | cability
Measure 1994 | 2004 | (%)
Using Efficient Transport
Systems

17 0 2 3 3.70 47

Using Roller Press Pre-

e grinder before Ball Mills

8 2.5 | 3.09 41

Conversion from Ball Mill

19 | to Horomill

4 4.94 50

Using High Efficiency
20 :
Classifiers

2.78 13

21 Improving Mill Internals . 0.86 91
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GENERAL ENERGY SAVING MEASURES

S Specifi Specific Ratio
Code II)-Ieeca:tlc Elepci:ilcli:y Investment of
Number Cost ($/ton- | Appli-

Saving - -
of capacity) | cability
Measure (G3/ton) | (kWh/ton)

Preventive Maintenance

(Insulation, reduction of
pressurized air losses,
preventive maintenance, etc.)

Process Control and Energy
Management
Using High Efficiency Motors

Using Variable Speed Drives
with Fans
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CITERION FOR APPLICATION OF A MEASURE:

COST OF SAVED ENERGY < PRICE OF PURCHASED ENERGY

CO, TRADING IS OMITTED IN THE COST CALCULATIONS




The Energy Saving Supply Curve of the Turkish
Cement Industry (12% interest rate, waste fuel used) N
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Energy Saving Specific Primary

Energy Consumption
CSE A PEP [GJ/t-cement] A
[$/Glese] | [$/Glpep] [GJ/t-cement]
2004 Specific Primary Energy Consumption = 4.12 (GJ/t-cement)
100

2010 Specific Primary Energy Consumption = 3.35 (GJ/t-cement)

Specific Primary
Energy

. 2015 Specific Primary Energy Consumption = 3,13 (GJ/t-cement)
Consumption Curve

2020 Specific Primary Energy Consumption = 2,84 (GJ/t-cement)

Implementation Criterion
of Energy Saving Measures
CSE<PEP

Cumulative Speciﬁc 2020 Specific Energy Reduction = 1.28 (GJ/t-cement)
Primary Energy
PEP's Reduction Curve 2015 Specific Energy Reduction = 0,99 (GJ/t-cement)

2010 Specific Energy Reduction = 0,77 (GJ/t-cement)
2020 : 17.1 [$/GJ]

2015 : 10.6 [$/GJ]

2010 : 6.59 [$/GJ]
2005 : 4.09 [$/GJ]

 _
Order of Priority Energy Saving Measures

Code of Measures

Cost of Saved Energy|
15/GJ] :
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Cost of Saved Energy (CSE) T088 ETO

Code
Number of
Measure

22 0.198 0.479
7 0.255 0.618
9 0.337 0.815

14 0.367 0.886

25 0.409 0.989

23 0.972 2.351

8a 1.602 3.873

16 1.836 4.439

19 2.494 6.030

10 2.736 6.614
6 2.875 6.949

15 3.301 7.980

24 3.367 8.140

Priority of
Implementation

CSE ($/GJ) CSE ($/G3J)
(12%b interest rate) (30% interest rate)




Cost of Saved Energy (CSE) Y
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Code
Number of
Measure

14 12 3.406 8.234
15 11 4.243 10.258
8b 0.815 1.970
17 18 5.261 12.719
18 21 5.893 14.245
8c 0.407 0.985

Priority of
Implementation

CSE ($/GJ)
(12% interest rate)

CSE ($/G3J)
(30% interest rate)

20

13

12.627

30.526

21

20

15.165

36.660

22

4

21.105

51.020

23

17

25.254

61.051

24

34.359

83.063

25

40.086

96.906

26 62.293 150.593
27 81.823 197.805
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SCENARIO STUDIES:

- Scenario 1: Using the Technology ofi 1990
for'Production

- Scenario 2: Using the Technology of 2004
for'Production

= Senaryo 3: Implementing Energy Saving
Measures After the Year 2004



Total Primary Energy

The Total Primary Energy Consumptions

Consumption (PJ/year)

¢ Scenario 1

—A— Scenario 3 (12% interest rate)

—m— Scenario 2

—3¢— Scenario 3 (30% interest rate)
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The Specific Heat Consumptions TOBB ETU

(kcal/kg-clinker)
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—A— Scenario 3 (12% interest rate) —— Scenario 3 (30% interest rate)
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Specific Primary Energy Consumptions of S
Cement with Additives and the Investments

319.9 million $
113.3 million $
\_ ]

-
—
-

S\

2010

Specific Primary Energy
Consumption (GJ/ton-cement)

Years

—A— Scenario 3 (12% interest rate) —x— Scenario 3 (30% interest rate)



Total CO, Emissions

The Total CO, Emissions

(million ton-CO,/year)

—e— Scenario 1
— 4 Scenario 3 (12% interest rate)

—m— Scenario 2

—>¢— Scenario 3 (30% interest rate)
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CONCLUSIONS (CEMENT)
Reductions; in 2020 (12% interest rate)

Scenario 1 - Scenario 3

Scenario 2 - Scenario 3

| Total Primary Energy
Consumption (PJ/year)

7.7 (25.2%)
(288.5-215.7)

45.3 (17.3%)
(261.0-215.7)

Specific Primary Energy
Consumption (GJ/ton-cement)

0.95 (25.2%)
(3.79-2.84)

0.59 (17.3%)
(3.43-2.84)

Total Energy Cost
(106 $/year)

1243.7 (25.2%)
4934.0-3690.3

774.8 (17.3%)
4465.1-3690.3

Specific Heat Consumption
(kcal/kg-clinker)

230.8 (24.7%)
(935.9-705.1)

131.5 (15.7%)
(836.6-705.1)

Specific Electricity Consumption
(kWh_/ton-cement)

31.8 (30.3%)
(104.9-73.1)

22.9 (23.9%)
(96.0-73.1)

Total CO, Emission
(106 ton-CO,/year)

7.4 (13.7%)
(53.8-46.4)

3.8 (7.5%)
(50.2-46.4)

Specific CO, Emission
(kg-CO,/ton-cement)

93.3 (13.7%)
(708.2-610.9)

49.2 (7.5%)
(660.1-610.9)

Total Investment (10° $)

Note: Investments are paid back by enegy savings. No CO, trading

assumed.




Turkiye'deki ¢elik uiretimi tlimlesik ¢elik tesislerindeki
bazik oksijen firinlarda ve elektrik ark firinlarinda
yapilmaktadir.

Bu sirketlerden iicii Erdemir, Isdemir ve Kardemir
tumlesik celik tesislerinde bazik oksijen firin ile ¢elik
uretimi, diger 181 1se elektrik ark firmlarinda celik
uretim1 yapmaktadir.
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Sekil 3. Turkiye’deki demir-celik tireticisi isletmeler




Turkiye ham celik Gretimi:
1990 yilinda 9,31 Mt
(%53"1 EAF, %47's1 tiimlesik tesislerde)

2004 yilinda 20,5 Mt
(%71,51 EAF, %28,5'1 tlimlesik tesislerde)



Celik tiretim miktar1 (1000 ton)

1995 2000

Sekil 5. Yillara gore Turkiye ¢elik tiretimi



Tirkiye timlesik demir-celik tesislerinde 1990
yilinda;

toplam 4,36 Mt c¢elik uretilmistir ve buna karsilik
gelen tahmini CO, salim degeri 11,28 Mt'dur.

2004 yilinda ise;

uretilen ham c¢elik miktart 1990 yilina kiyasla
%36,5 artarak 5,95 Mt olmustur ve buna karsilik
gelen CO, salimi ise %17 oraninda daha fazladir.



Sekil 6. Tiimlesik demir-¢elik tesisi
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1990 yilinda turetilen ham ¢eligin
ozgul CO, salim deger1 2,59 ton
CO,/th¢ seklindedir.

2004 ozgul CO, salim degeri 1se 2,22
CO,/thg olarak tahmin edilmistir.




Yapilan ongortilere gore, tumlesik celik tesislerinde
uretilen ham c¢elik miktar1 2010 yilinda 10,62 Mt,

2015 yilinda 13,41 Mt, 2020 yilinda 1se 14,16 Mt
olarak gerceklesecektir.

Bu yillara gore tahmini CO, miktarlar1 sirasiyla,
20,27 Mt, 25,06 Mt ve 26,54 Mt olarak verilmistir.



Erdemir'de 1990 yilindan bu yana yapilan enerji
verimliligini arttirici ¢alismalar 1ki ana baslikta
incelenebilir.

1. Enerj1  tasarrufu alaninda yapilan calisma ve
yatirimlar,

2.Yan 1trun gazlarimin kullanmminin  artirilmasina
yonelik yapilan ¢alisma ve yatirrmlardir.



Enerji tasarrufu alaninda yapilan
baslica calismalar:

1. KOomiir piiskiirtme tesisinin
kurulmasi

2. Yiiksek firin sobalarinda yiiksek
firin baca gazi atik 1s1sinin
kullanilmasi,

3. Yassi urtin firinlarinda kok gazi
kullaniminin artirilmasi,

4. Yakit yagi yerine dogal gaz
kullanima.



Yan iiriin gazlarinin kullaniminin artirilmasina
yonelik yapilan yatirimlar ise:

1. buhar kazanlariin (iki adet) daha fazla yan
tirtin gazlarim yakacak sekilde
degistirilmesi,

2. yan Urlin gaz yakith yeni bir buhar kazani
yapilmasi,

3. celikhane gazi toplama sistemi ve deposu,
celikhane gazi + yiiksek firin gazi
karistirma sistemi,

4. yeni yuksek firin gazi1 ve kok gazi depolari,
turbo jenerator/motor lifleme tesisi
(25MW),

5. ¢elikhane gazinin yiiksek firin sobalarinda
kullanilmasidir.



1990 yilinda Erdemir i¢in ozgul CO, salim degeri 2,16 ton
CO2/ton ham g¢elik olarak verilmistir. Bu deger Avrupa iilkeleri
ve A.B.D’den (2,00 ton CO,/th¢) daha buiyiik olmakla birlikte,

Japonya’dan (2,50 ton CO,/th¢) daha kiiguktiir.

1990'h yillar boyunca yapilan c¢alismalar ve yatirimlar
neticesinde, 2004 senesinde Erdemir'de ulasilan salim degeri

2,08 ton CO,/ton ham celik olarak tahmin edilmistir.



Isdemir'de 1990 yilindan bu yana yapilan enerji verimliligini artirici
calismalari:

1. Kok kuru sondiirme sistemi 1yilestirmelert,

turbo tifleyicilerde kok kuru sondiirme buharinin kullanilmasi,
sinter firinlarinda yapilan iyilestirmeler,

yuksek firin iifleme havasi hatt1 yalitimi, y

tiksek firin sobalarinda yapilan 1yilestirmeler,

ZAL e TR TR T

stirekli dokiimde kiitiik makinalariin kapatilarak dogrudan kiitiik
tiretilmesi, tel cubuk firminin modernlestirilmesi,

7. kuvvet santrali kazanlarinda yapilan 1yilestirmeler ile yakit-yagi
kullaniminin azaltilmasi

8. yan iiriin gazlar1 kullaniminin arttirilmasi, sogutma kuleleri ve buhar
kapanlarinda yapilan iyilestirmelerdir.



Yapilan bu ¢alismalar neticesinde 2004 senesinde
ozgul enerj tuketim degerlerinde %23, 6zgul CO,
salim degerlerinde 1se %7 civarinda bir tasarruf
saglanmistir.

[sdemir'de iiretim kapasitesini arttirmaya yonelik
calismalar devam etmektedir. Bu yatirimlarin
tamamlanmasi 1le birlikte 2010 yilindan sonra,
enerji tiketimi ve CO, salim degerlerinde onemli
bir azalma beklenmektedir.



1990 senesinde Kardemir'deki yiiksek ozgiil enerji
tiketim ve yuksek CO, salim degerlerinin nedent,
celik tiretiminde kullanilan ve eski bir teknoloj1 olan
Siemens Martin firinlaridir.  Kardemir, 1999
senesinde celik uretim teknolojisini yenilemis ve
celik tretimini bazik oksijen firmnlarinda stirekli
dokiim  teknigi  kullanarak  ger¢eklestirmeye
baslamistir. Kardemir'de celik tretiminde
gerceklestirilen her i1ki teknolojik yenilikte, 2000l
yillarda ton ham celik basina daha diisik o0zgiil
enerj1 tuketim ve ozgul CO, salim degerlerine
ulasilmasini saglamastir.



Bazik oksiyen firin gaz geri kazanim unitesinin 2007
senesinde devreye girmesi ile, Kardemir'de 2010-2020
yillar1 arasinda gerek celik iiretiminde kullanilan enerjide
gerekse de CO, salim degerlerinde uretim maliyetler1 ve
cevre acisindan daha 1y1 bir kosullar beklenmektedir.



Tablo 1. Tumlesik Demir-Celik tesislerinde yillara gore ¢elik uretimi ve CO, salimi

Ham Celik iiretimi

(Mt ham c¢elik)
Tiimlesik Demir Celik Tesisi
1990 2004 2010 2015 2020
Erdemir 1,94 3,03 3,15 5,91 5,91
Isdemir 1,82 2,09 6,25 6,25 6,25
Kardemir 0,605 0,828 1,22 1,25 2,00
Toplam celik iiretimi 4,36 5,95 10,62 13,41 14,16

CO, salimx (Mt/y1l)
Tiimlesik Demir Celik Tesisi

1990 2004 2010 2015 2020
Erdemir 4,19 6,33 6,68 12,23 12,29
Isdemir 4,91 5123 11,19 10,37 10,31
Kardemir 2,18 1,63 2,40 2,46 3,94
Toplam CO, Salim (Mt/y1l) 11,28 | R¥] | 20,27 25,06 26,54
Tiimlesik Tesislerdeki CO, Sahm 2,59 222 1,91 1,87 1,87

(ton CO,/thg)



Tumlesik demir ¢elik tesislerinde 2004 ve 2010-2020 yillarina ait 6zgiil CO,
salim degerleri incelendiginde Onlimiizdeki donemde ham c¢elik basina
gergeklesen CO, salim miktarmin 2,22 ton CO,/th¢ degerinden, 1,87 ton
CO,/th¢ degerine diisecegi gorilmektedir. Bunun anlami, onimiizdeki 14
yillik donemde tiimlesik demir ¢elik tesislerinde tiretilecek ham ¢eligin 6zgiil
enerji tikketim degerlerinin daha diistik olacagi ve buna bagli olarak ton ham
celik bagina CO, salim miktarinin daha az olacagidir. Ancak, bu donemde
timlesik celik tesislerinde iiretilen ¢eligin miktarindaki artisa bagh olarak,
toplam CO, salim degerlerinde de bir artis olacaktir.



Fhank you fior
Vour attention!
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RATIOS OF ADDITIVES IN CEMENT
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Turkey jeined the United Natiens
Eramework Convention; onl Climate
Change en 24-Viay: 2004, and stalted
the EU aceession negoetiations; in the

Vel (720)0)5):



UNDP-GEF Project:

ENABLING ACTIVITIES FOR THE
PREPARATION OF TURKEY'S INITIAL
NATIONAL COMMUNCIATION TO THE

UNFCCC
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Specific Heat Usage in Clinker Production
(kcal/kg-clinker)

Specific Electricity Usage in Clinker Production
(kWh_/ton-clinker)

Specific Electricity Usage in Cement Grinding
(kWh_/ton-cement)




	Economical Analysis of Measures for Improving Energy Efficiency and Reducing Greenhouse Gas Emissions of the Turkish
	THE TEAMProject LeadersYücel ERCANSüleyman SARITAŞCement Group:Y. ERCANA. DURMAZM. ÇÜRÜKSULU        Ş. DALOĞLU

