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Geothermal Fields in Turkey
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Heat Flow & Downhole Temperatures In Western Turkey
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Heat Flow & Downhole Temperatures In Eastern Turkey
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Heat Flow & Downhole Temperatures in Central Turkey
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History of Geothermal in Turkey

rkey holds the 7th rank all around
e world for its Geothermal
ential.

t geothermal energy
es were carried out in
va in 1962 by MTA. Still

1€ needs are
al facilities.
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» Worlds annual geothermal energy production is 9700MW and Turkey’s potential part is
31.500MW.

» Much of this potential is of relatively low enthalpy that is not convenient for electricity
production ~ 1500 MW.

» Potential geothermal energy for electricity production is; 1700 M\We and thermal capacity
is accepted as 19 000- 35000 MWt . (Satman A., 2009

Total installed capacity for electricity is 600 Mwe.

Turkey provides heating for about 1200 hectares of greenhouses & heating for 100.000
“sidences in 15 localities.

is on the 5th rank in heating and thermal springs.

ey’s electric production of Geothermal Energy is a total of 20,2

Stations
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® Thermal heating and spa - 52%

Distribution of Geothermal Use in Turkey

Direct usage in houses- 38% <

Electiricity production- 10%

JANUARY 2013

Electricity
production

165

MWe

House
heating

88,000
~ 805 Mwt

House
equivalence

Greenhouse
Heating

2,585,000

( ~506 MWt)

m?2

Thermal spa

325

(~550 MWt)

Pc

Co,
production

160,000




Actual & Future Projection of Geothermal Electric Production, January 2013

INSTALLED

PLANT NAME LOCATION POWER PRPOLCII\IDTER
(MWe) 5686 Numbered
ot et (e
3 480 L/ 1 Kizildere ' Denizli-Saraykoy 15 Ansaldo 2007)

jig 2 Dora-l  Aydin-Salavatli 8 Ormat |
(S) E 420 3 Bereket  Denizli-Saraykody 7 Ormat |
E 400 / 4 Germencik = Aydin-Germencik 47 Mitsubishi ll
|_ 380 / 5 Tuzla Canakkale Tuzla 8 Ormat 345,
e 2 360 ; 6 Dora-2 Aydin-Salavatli 12 Ormat
(o) 340 / 7 Irem Aydin-Germencik 20 Ormat
c B 3(2)8 / 8 Sinem Aydin-Germencik 23 Ormat Al I
() - 250 ,/ 9 Deniz Aydin-Germencik 23 Ormat Ej 1
= =10 VIR UNDER CONSTRUCTION &l 290
(O] IE 240 :: 10 Pamukoren | Aydin-Pamukdren 45 Atlas Copco n
Q (7, 220 / 11 Gumuskoy = Aydin-Germencik 7 TAS —
a Z igg / 12 Dora 3Ul | Aydin-Salavatl 15 Ormat ~
- - 160 13 Alasehir Manisa-Alasehir 24 Ormat :')
&8 140 / 14 Dora 3U2 | Aydin-Salavatl 20 Ormat =)
o) 120 15 Kizildere-2 | Denizli Saraykoy 75 Fuji-TAS N 77.2
= 100 )
L= 80 Approx. 212 MWe under construction
= 60 29.8
a 40 15 15 15 15 15 15 15 |5 21.8521.85

20
0

1984 1988 1992 1996 1998 2000 2002 2004 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Today; regarding the limitations arisen from 5346 and 5686 5686 Numbered Geothermal Laws, institutional investors, are interested with more
than 3500 licenses, in this source of renewable energy risky of its exploraion phase. Currently, capacity of active power stations is 165 Mwe, that is
assumed to increase up to 600 MWe’s. Until 2023, installed capacity is targeted to reach 1000 through ongoing projects.




TPIC IN GEOTHERMAL PROJECTS

p to 2007, there were 10 wells
illed by private companies
er from MTA which were to
sed in the production of

PIC started to work in
field service by
drmat/Glris. 9

ield services
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Data for Geothermal Electricity Production & Drillings

POWER (MWe)

NUMBER OF
DRILLING WELLS

TOTAL NUMBER OF
DRILLING WELLS

NUMBER of D
TPIC

007 — 2009




Drilling Projection of TPIC

GEOTHERMAL FIELD SERVICES

GEOTHERMAL WELL TEST

COMPANY 2011

2012

2013

NUMBER
OF TESTS

Zorlu 2

Santral/Sanko 1

MasPo

Mis/Soyak

Aytemiz

Celikler

Total Test

GEOTHERMAL DRILLING
YEAR| COMPANIES WELLS RIGS
2007 1 2 1
2008 2 6 1
2009 1 3 2
2010 3 13 2
2011 5 20 3
2012 6 17 3
GEOTHERMAL WORK OVER
COMPANY 2010 | 2011 |2012|2013 TOTAL WELL
Giirmat/Giirig 4 4
Zorlu 3
Santral/Sanko 1 1
MasPo 4
Total WO




| # | RIG___| location | _Capasity | _Operator ] Company|

F-320/5 Manisa 6210 m/2000 HP TPIC Maspo
F 200/11 Aydin 4000 m/1350 HP TPIC Giirmat
F200/10 Aydin 4000 m/1350 HP TPIC Giirmat

1
2
3
2 4 MRS8000 Manisa 4300 m/1080 HP MAPEK Turkerler
o 5 MR8000 Manisa 4300 m/1080 HP MAPEK Karadeniz
= 6 Not Specified Manisa 2000 m/1080 HP  MAPEK Turkerler
e 7 MR8000 Aydin 4300 m/1080 HP MAREN Maren
© 8 MRS8000 Aydin 4300 m/1080 HP MAREN Maren
= 9 IDECO H44 Aydin 3000 m / 750 HP POLMAK
-‘g 10 F. Cooper LTO-750 Aydin ~ 2500m/750 HP AME Maren
5 11 Wilson 75 Aydin  2500m/900 HP AME Celikler
Q 12 NAT80B Aydin 3500 m/1000 HP AME Celikler
=) 13 F200 Aydin 4000 m/1350 HP AME Merve
E 14 Nat 32 Aydin  not specified AME Zorlu
17 BD125 Denizli 1600 HP DEGIRMENCi  Degirmeci
? 18 Gefco 185 K Konya 2000m/600 HP GM Mih Hateks
= 19 MR6000 izmir 2000 m/540 HP MTA
= 20 IDECO 202 Agri 3200m/620 HP ARAR
S 21 IDECOH 44 Ankara 2700/912 HP ARAR
22 Not Specified Manisa 2000m/600 HP Merty SIS
23 Not Specified Manisa 2000m/600 HP Petrogaz YDA
24 Not Specified Simav  2000m/600 HP Umran Boru Umran
25 Not Specified Aydin 2500 m/1000 HP Viking Maren
26 Not Specified Aydin 2500 m/1000 HP Viking

N
~

Not Specified Aydin 2500 m/1000 HP  Protek/BM
Domestic manufactued rigs

“
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VVVVVVVVYYVVVYVYVYY

Notes

Old fashioned Drilling equipment

Waste of time due to import procedures,
Procurement procedures,

Budget limitations due to being a state—owned company,
Resource risks

Cost variability of developing geothermal resources
Size and temperature

Average well productivity

Drilling success rate

Long term reservoir behavior

Offset developments (multiple resource users)
Scaling, non-condensable gases and make-up wells
Grid connection adequacy, distance and cost
Schedule risks (delays)

Plant performance



Notes

» Permitting and Environmental Impact Assessment
»Zoning and land use

»Resource ownership and access

» Permits for drilling, construction and operation
»Schedule delay due to permitting and approvals

» Stability of renewable and geothermal policies

» Regulatory approval of rates and PPA tariffs
»Macroeconomic risks (growth rates, inflation, currency risks, power demand)
» Power sector risks

» Creditworthiness of off-taker

» Longevity of favorable feed-in tariffs, tax incentives, etc.
» Attracting equity investment

» Obtaining project finance
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What to do?

sovernment funding for early exploration (MTA)
yvernment undertaking discovery and confirmation dril
hared discovery and confirmation drilling
oling through multiple projects
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