76. BHT - FREIBERGER UNIVERSITATSFORUM 2025 - KOLLOQUIUM
,,DAS POTENZIAL DES GEOLOGISCHEN UNTERGRUNDES FUR DIE ENERGIESICHERHEIT DEUTSCHLANDS
NACH DEM FOSSILEN ZEITALTER"
5. UND 6. JuNI 2025

Omer inang Tiireyen | Istanbul Technical University

UTILIZATION OF GEOTHERMAL ENERGY IN TURKIYE

Throughout history, geothermal energy in Tirkiye has been used quite often dating back to
Roman times. The geothermal fields of Tlrkiye are spread out throughout the country. However,
the higher enthalpy and larger fields are concentrated in the Aegean region.

Over the past years, the utilization of geothermal energy has increased considerably in Turkiye.
This is mostly due to the auctioning of geothermal licenses by the Mineral Research and Explo-
ration Directorate (MTA) and the incentives taken by the government for using geothermal en-
ergy for power generation. Currently, the installed power capacity has almost reached 1.7 GWe
and the installed capacity for direct use has reached 5 GW:t. Direct use applications include
district heating, greenhouse heating, thermal tourism and etc. All geothermal fields in Turkiye
are liquid dominated fields with temperatures ranging between 30 — 250+ °C. Another com-
mon characteristics of the geothermal fields is that most of them contain some amount of dis-
solved carbon dioxide. The existence of significant levels of carbon dioxide provide unique pro-
duction characteristics.

In this study, we provide an overview of geothermal energy in Tirkiye along with the character-
istics of the major fields. Furthermore, we also provide an update to various aspects of the
utilization of geothermal energy.
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ITU Petroleum and Natural Gas Eng.

The Petroleum and Natural Gas Engineering Department was established in
1961 by Prof. Ekrem Gdksu

Until 1972 the German education system was adapted. Afterwards, 4 BSc +
2 MSc + PhD system was adopted.

In 1992 the name was changed from Petroleum Engineering to Petroleum
and Natural Gas Engineering.

In 2010 the undergraduate program adapted a 100% English curriculum.
ABET accredited.

The department has 8 full-time faculty with PhD’s from ITU, Stanford, CSM,
LSU, Penn State and New Mexico Tech. Also the department currently has 6
research assistants.

One of the main research topic of the department is GEOTHERMAL.

More than 1500 undergraduate, 200 Masters and 18 PhD’s.



Outline

* History.

e Overall utilization.

e Characteristics of geothermal fields.
* Direct use.

* Power generation.

 Multiple license owners.

e Carbon Dioxide aspects.

e Summary.



History of Geothermal in Turkiye

e Geothermal energy has been utilized in Anatolia
during the ancient times. Geothermal energy
was used by almost all Anatolian civilizations
through out the ages. Lydians, Hittites,
Phrygians, Romans, Ottomans and etc. It was
used mostly for public baths and heating
(Picture from Sardes, capital of Lydia).

e MTA (General Directorate of Mineral Research
and Exploration) started the geothermal
exploration around 1962.

e First geothermal well is in Balcova Izmir (1963).

e Kizildere geothermal field is discovered (1968).




Place in the World

in 88 countries

173,303.212
China 100,219.800
USA 20,712.540
Sweden 7,280.000
Germany 5,381.300
Turkey 5,113.350

1,476,312.020
China 828,882.000
USA 152,809.500
Turkey 85,000.000
Sweden 67,680.000
Iceland 35,615.000

in 30 countries

16,211.384
USA 3,889.101
Indonesia 2,334.700
Philippines 1,951.760
Turkey 1,717.290

New Zealand

1,054.800

96,556.324
USA 18,702.200
Indonesia 16,592.407
Philippines 11,670.000
Turkey 10,840.000

New Zealand

(IGA)

7,820.000



i
1

Utilization of Geothermal Energy in Turki

<
(D

36
l

30—

K
SINOP
|42
KIRKLARELT
EDIBNE o BAF}\TIN
e KASTAMONU
) o SAMSUN
KARABUK ° ARTVIN
e aize o ARDAHAN
TEKIRDAG ISTANBUL /'—‘_'__‘\\ ORDU TRABZON 12 2
LA o GIRE___SUN L i
K R il Ay R A
/ [ omm o TS\ = s
& ° - GUMUSHANE
G«NA_mLE 5 BILECIK = = il /
: ‘qu\ = tf}\\ : — e ,f/
\H\ “:‘:h KIRIKKALE YOZGAT ERz:] ,tﬂ'-‘ % 1SR
= \qﬁﬁislemn ° o AR / | slas EL‘CAN T W e T AGRI Q*&‘\\“
z ,}*’J f"’/ —KUTAHYA _ * A:'..: . - ’;_4\\\\“' a'll RN
* T % VLN a ae T o AT
15} 45 — —
—ak ' KIRSEHIR ~ — —~
) = - ~ o s == TUNCEtE-
dar 7 J g Lo =N Ve P s 25 -
X y s _‘_'m\orﬁmamsm S “\ / ;;‘ ' <
e MANISA “\"H f USAK ) N T \\\ \ NEVSEHIR 7 © P T fi ELAZIG B
N o NNy * s \ L / : - '-'gﬁﬂ_" TN
}A’““ 3 @ ' Aesggay A / B / - e ]
e m u 2 =
h S A 2 o AT i / MALATYA
* | ;ﬁ o e el P | el
f‘é * -~ 7 s
/ - i -
k 3 B * N ¢ /(F\ KONYA NI‘T’DE / /— = Lanllus
D e SN =, _— “ =
X =3 b > (2 “
Z ' j // Www/ st oM
AL / 5
S 2 / / B MARDIN e \ et
. SMUGLA / KARAMAN : ( Fa ;‘ SANLIURFA : S \
E ) Os%ﬁwﬁ 7 GazianTep °
PR AN ADANA  J bR o
/ AR A MERSIN ) / ¥~ /
v 1 A 50 0 S0 100 150km
Explanations E — .
e TAY| A Gecthermal Greenhouse Heating Symbols
A= i IlI K/ ¥ Potential Geothermal Greenhouse Heating  Fault Clasification
i I District Heating —— Earthquake Surface Rupture [~
@ Running GPP — Holocene Fault
@ Under Construciton GPP Lakes
;-’ JIU ;i 5'{‘ SI!P :

42

(MTA)



Current Status in Turkiye

* The MTA has held many auctions of geothermal licenses where exploration
work has been done.

* As a result of government incentives, 55 power plants have been put in place.
* Currently the installed power capacity is around 1700+ Mw..

 Geothermal power generation in Turkiye is close to 11000 GWh which
accounts for around 3.5% of generated power.

* The installed direct use capacity is around 5000 MW..



Characteristics of Geothermal Fields in Turkiye

e All geothermal fields in Turkiye are liquid dominated.
e All geothermal fields are hydrothermal fields.

* Most of the fields contain some amount of dissolved carbon dioxide
(could be as high as 9% by mass).

 Temperatures can vary depending on the field. Highest temperatures
are observed in the fields located in the Menderes and Gediz
Grabens. The deeper wells in the Kizildere field have temperatures

ranging between 200 °C-250 °C. A record temperature of 295 °C has
been observed in Aksaray.



Direct Use

Agriculture
24%

Heating
30%

Thermal tourism
12%

* There are few number of heat pumps also.

Balneological
34%




Direct Use

Installed Direct Use Capacity, MW,
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* Between 2000-2023, the direct use

capacity increased by 6 times!
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Power Generation, Geothermal Power Plants
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Common Characteristics of Power Plants

* The plants are usually flash type or binary or a combination.

* Inhibitors are used to avoid scaling. If not used, scaling could
potentially completely block the well.

* Non condensable gasses are produced during operation. The
dominant non condensable gas is carbon dioxide.

e Most of the advancements have been in a modular fashion.
e Reinjection is an important part of sustainability.



Power Generation, Installed Capacity, MW,
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Power Generation, Power Production (MWh)
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10.35% 4826167.63
15.70%
SOLAR
1648396.02
5.36%
INPORTED COAL WIND
7375215.04 2832731.52
23.99% 9.22%
BIOMASS
860392.3
2.80%
GEOTHERMAL
NATURAL GAS 1102084.85
8344952.37 3599

27.15%

* The share of renewables
are close to 37%.

e Geothermal accounts for
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Power Generation. Installed Capacity, MW,

4| * Between 2005-2018, the power

capacity increased by 75 times!
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Multiple License Owners for the Same Reservoir

share the same reservoir.

* This has led to some
unexpected pressure
drops.

(Yamanlar et. al., 2020)
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(Serpen et. al., 2022)



Modelling

Geothermal Area

Lease 1

Production

Recharge

Production Production ¢

/ /

Recharge

Lease 1 Lease 2

(Tureyen et. al., 2015)

 The need to form unit operations in the

exploitation of geothermal resources is
a matter of growing importance in
Turkey.

Modelling shows that the natural
recharge has considerable effect on the
reservoir. Who ever is closer to the
recharge source has the upper
advantage.

Holding constant the characteristics of
reservoirs, unitized production will
result in @ more sustainable total heat
recovery that is greater than that
derived from a non-unitized
(competitive case) reservoir.



Aspects of Carbon Dioxide

* Most geothermal reservoirs contain non-condensable gasses such as H,S, N,,
NH;, CH, and CO.,.

* One of the most common non-condensable gasses is CO,.
* The CO, content could be as high as 10% by mass.
* The CO, content is a function of pressure and temperature.

* The presence of CO, dissolved in water especially in liquid dominated

geothermal reservoirs has a significant affect on the production performance of
the field.
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* The presence of CO, in geothermal
waters creates a phase envelope.

 The envelope becomes especially
important around 150 °C.

* At higher temperatures the effect of
CO, becomes less.

(Tureyen et. al., 2015)



Solubility (kg CO,/100 kg Water)
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* The amount of CO, dissolved in water is
a function of pressure and
temperature.

e With increasing pressure more CO, can
be dissolved in water.

* Hence, it is natural to find more CO,
dissolved in water at deeper depths.



Aspects of Carbon Dioxide

(Pwhi)xcoz-0.008 < (Pwhi)xcoz-0.01 < (Pwne)xcoz2-0.021
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Mass Flow Rate, kg/s

Aspects of Carbon Dioxide

5000 0.045
- | [ \
- * — 0.04 License Area Production¥Well
B KDE1 Reinjection Well
4000 — .o’ — 0.035 savs "o A 20n .5 Observation Well
- 44
ot ; — 0.03 o
- . | c \ SAV-8 T-1(R-4)
L — 0.025
3000 — . i 2 \\K 7
L [
& — 002 =
i o L
. g} @
rll® 0015
2000 —| ——— Reinjection Rate s . - =
Net Production Rate — 0.01 §
co o :rciductnn Rate | 0.005
1000 —| ' B
— 0
i — .0.005
0 N B R S B B B N B B T -0.01
S ) (] o S D ] )
n) ) o VA o \2) %) )
F & £ & H o F & &

owysine o 088 (Satman et. al., 2017)



Tracer Concentration

Aspects of Carbon Dioxide
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Aspects of Carbon Dioxide

| Breakthrough of Water Reinjected
From Eastern Wells (Febr. 2013)
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Aspects of Carbon Dioxide
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SUMMARY

e Since 2005, Turkiye has experienced a rapid expansion in the geothermal
sector.

 Most of the activity is taking place in the Aegean region.

e As a result of this rapid expansion, Turkiye is now one of the top five
countries that utilize geothermal energy for power generation and direct
use.

 The expansion seems to have slowed down for power generation. The
installed capacity has remained nearly constant over the last few years.

* Projects are underway for reinjecting the carbon dioxide.

 As ITU PNGE we are open to any collaboration for research.
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