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TURKIYE'NIN BATISINDAKI JEOTERMAL SAHALAR IGiN
JEOTERMAL GUG SANTRALLARININ KARSILASTIRILMASI

Dan BATSCHA

OzZET

Bu makalede, Tukiye'nin batisinda kurulmus olan jeotermal guc¢ santrallarinin ve sahalarin verileri
kullanilarak, c¢ozimler tartisilacaktir. Analizde, tek buharlastirmali, ¢ift buharlastirmali, basit cift
cevrimli ORC, iki kademeli cift cevrim ve iki fazli ¢ift cevrim santrallar karsilastirilacaktir. Entalpi
derecesinin yanisira, kondanse olmayan gazlarin (NCG) ve kabuklagsma sorunlarinin santral tipi
secimi ve performansi lizerine etkisi tartisilacaktir.

Anahtar Kelimeler: Jeotermal, Turkiye, Organik Rankin Cevrimi, Ormat

ABSTRACT

In this paper, solutions to utilize the geothermal energy of geothermal fields in Western Turkey using
data of these fields and the installed power generation facilities will be discussed. The analysis will
compare between the single flash technology, double flash, simple binary ORC, two-level binary and
two-phase binary plants. Beside the degree of enthalpy, the paper will also investigate how non-
condensable gases (NCG) and scaling problems affect the selection of the power plant type and its
performances.

Keywords: Geothermal, Turkey, Organic Rankine Cycle, Ormat

1. GIRIS
1.1 Jeotermal Sahalar

Jeotermal enerji potansiyeline goére jeotermal sahalar dislk, orta ve yiksek enltalpili olarak
siniflandirilabilir:

Dusuk entalpili sahalarda (600-700 kJ/kg) sicak su rezrevuardan yilizeye kadar pompa ile veya
artezyen (kendiliginden akig) cikar. Akigskan tek fazda su olarak olarak kalabilir veya iki faza
buharlastirilarak sicak su ve buhar olarak ayristirilabilir. Orta ( 600-1,100 kj/kg) veya ylksek entalpili
(1,000 -1,100 kj/kg) rezervuarlar, genellikle iki fazli ve artezyen olarak ylizeye ¢ikarlar ve sonra buhar
ve sicak su olarak ayristirilir. Genellikle tim jeotermal rezervuar bir miktar kondanse olmayan gazlara
sahiptir.

1.2 Jeotermal Gii¢ Santralleri

Cift cevrimli bir santralde butiin enerji donisimi direkt olarak ana is1 kaynagi ile dedgil, ikincil bir sivi
ile gercgeklestirilir. Genel olarak gift ¢cevrimli santraller iki déngliden olusan Organik Rankin Cevrim
(ORC) sistemleri olarak kurulurlar — biri isiy1 ileten jeotermal akigkan, digeri de 1siy1 alip kullanilabilir
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enerjiye doénustiren araci akigkandir ve kapali ¢evrimde bulunmaktadir. ORC' nin hareketlendirici
akiskani genellikle hidrokarbondur. Cift cevrim, disik ve orta entalpili veya yiiksek kondanse olmayan
gazlarin bulundugu kaynaklarda veya jeotermal kaynagin sogutulmasinin herhangi bir sinirlamaya
maruz kaldi§i ortamlarda oldukga popdlerdir. Gig ¢ikisi onlarca kW ile yiizlerce MW arasinda olabilir.

71

Uretim Kuyusy  Enjausiyon Kupusy

Sekil 1. Basit Cift Cevrim ORC Santrali

Flas tipi buhar c¢evrimlerinde, basinci disurllerek buhara dondstirilen jeotermal akiskan
hareketlendirici akigkan goérevini gorur. Flas tipi buhar ¢evrimleri orta ve ylksek entalpili jeotermal
kaynaklarda ¢ok popdilerdirler ve diinya ¢apinda 15 MW’ tan baglayan glg¢ santrallerinde bulunabilirler.
Bu gibi santraller her zaman kendiliginden su sogutmalidir ve buhar ejektdrleri, mekanik kompressoér
veya her ikisinin kombinasyonundan olusan NCG tahliye Uniteli dugtik basing kondenserler ile
donatilmiglardir. NCG igerigi buhar igeriginin %2 ‘sini gegcmedigi surece, NCG tahliye etmek igin
harcanan gug¢ ve/veya buhar miktari Uretilen gicin %5’ ini gegmeyecek makul bir dederdedir. Daha
yuksek NCG seviyelerinde NCG tahliyesi igin gereken gii¢ ve/veya buhar miktari gok yiiksektir ve bu
durumda buhar cgevrimi kullanimi tekrar dusiniimelidir. Ornek olarak, Kizildere santralinde NCG
gazlarini pompalamak icin gereken glig, Uretilen giiciin %15’ inden fazladir.
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Sekil 2. Flag Buhar Santrali.
1.3 Jeotermal Gii¢ Santrali Tasarim Faktorleri

Bir jeotermal glc¢ santrali tasarlamak, jeotermal akiskan karakteristiklerini en uygun gic cevrimi ile
eslestirmek olarak dusunulebilir. Yiksek verimli bir donisim c¢evrimi, eder santrali isletmek ve
bakimini saglamak fazla karmasik, fazla pahali veya gevreye zararli ise gérevini yapamayabilir. igili
basin¢ destegi ile batlun jeotermal akigkanin enjeksiyonuna izin vermeyen bir gu¢ santrali rezervuar
surdurulebilirligini olumsuz etkileyebilir. En uygun gi¢c dénusum ¢evrimi, santralin sadeligini ve yuksek
glvenilirligini korurken kullanilabilir bir jeotermal kaynaktan maksimum Gretim saglar.
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2. GUG SANTRALI TASARIMINI ETKILEYEN JEOTERMAL KAYNAK KARAKTERISTIKLERI

Tarkiye’ nin batisindaki jeotermal kaynaklar, 600 ile 1,060 kJ/kg arasi degisen disik ve orta entalpi
seviyeleri ve toplam ¢6zliinmuis kati miktari 1500-4500 mg/L olan “sodali” (bikarbonat) sulari olmalari
ile karakterize edilirler [1,2]. Ayni zamanda akiskan agirhgi cinsinden %1 ile %2.5 arasi degisen,
yiuksek miktarda kondense olmayan gaz (NCG) icerikleri ile de karakterize edilirler [3]. Bu gazlar flas
buhar glg¢ Uretim teknolojisinde sorunlar yaratip, kuyu ¢eperleri ve yluzeydeki tesislerde kabuklasma
olustururken, jeotermal rezervuar igindeki isletme mekanizmasini sagladiklari igin kullaniglidirlar. Ek
olarak, bikarbonat tipi jeotermal akiskanlar yuksek CaCO3; kabuklagmasi egilimine sahiplerdir ve sonug
olarak kuyu ¢apini daraltip énemli bir gli¢ Uretimi kaybina sebep olurlar. Bu sorun periyodik mekanik
temizlik veya inhibitdr kullanimi ile agilir.

Cift cevrim santraller bu problemleri ¢gozmektedir. Karbondioksit, maksimum basingta (atmosferik
basing Ustu) kaldigindan kolayca kontrol altinda tutulur ve sistemin higbir yerinde birikmez. Cift
cevrimli santrallerde, kuyudan uretilen akiskan 1si1 esanjorlerinde dolagip minimum kayip ile yeniden
rezervuara enjekte edilir. Bu islemin ikinci bir faydasi daha vardir, eger CO2 'de rezervuara basilirsa
rezervuari CO, ile besleyerek, pH degerini disurlr ve dolayisi kabuklagsma egilimini azaltir [4]. CO,,
sivi CO, Ureticilerine de satilabilir.

3. JEOTERMAL SAHALARIN iGCiN SEGENEKLER
3.1 Dusuk Entalpili Rezervuarlar

Tipik bir duslik entalpili bir rezervuar Aydin’in 30 km dogusunda bulunan Salavatli sahasidir.
Rezervuarin entalpisi 640 ile 730 kJ/kg’ dir ve toplam akiskaninin %1'i civarinda NCG igerir. Jeotermal
akigkan kuyu basinda 12 bar basing ile kendiliginden akish ve ¢ok dusuk bir oranda(%2.2) buhar
icermektedir. Buhar NCG ile karisim halinde akar. Bu kadar disik entalpi ve yliksek NCG igerigi ile
tek veya cift flag buhar ¢evrimi verimsiz ve hesapsiz olacaktir. Bir flag opsiyonu igin en uygun kuyu
basl basinci ve ayirma basinci buhar oranini arttirmak igin ¢ok disuk olacaktir, fakat 4 barlik bir
ayirma basincinda bile buhar orani sadece %4 ve NCG orani toplam gazin (NCG+buhar) %25’ i
kadardir.

Salavatli sahasi (Dora | ve Il santralleri) i¢in segilen ¢ézim entegre edilmis iki seviyeli (ITLU) bir gift
cevrim santralidir. ITLU, araci akiskanin kaynamasinin iki basing seviyesinde gercgeklestigi bir ORC'dir
ve sonucunda daha iyi bir kullanim verimi saglar ve jeotermal akigkanin daha dusuk sicakliklara
sogutulmasina imkan vererek daha ¢ok isi ¢ikartir.

NCG gl
Buhar + NCG girigi o

Bkrglan gi
shen s #{ |Buhariasting| } { E-uharh.',-tlncl_.l
Enjelsiyon Kuryusu

Sekil 3. Dora II' nin ITLU islemi Akis Diyagrami.
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Sekil 3’ te goéruldigu gibi, 1s1 kaynaginin gaz oraninin isisi, kaynama derecesine daha uygun olan 2.
seviye buharlastiriciya gonderilir. NCG, kondense olmamis buhar izleri ile beraber buharlastiricinin
arka tarafindan tahliye edilir. NCG atmosfer basincinin Ustliinde oldugundan kompressor /vakum
pompasi gerekmez.

Flas tipi bir santral ile kiyaslandiginda, kuyubasi basinci kismen daha ylksek tutulmaktdir. Bunun
sonucunda kuyu igcinde daha yuksek bir flag noktasi olusur ve kalsit kabuklasmasi daha ylksek bir
seviyede baslar ve daha az énem teskil eder. Bu, formasyon iginde flaglanma riskini ve temizlenmesi
veya Onlenmesi ¢ok daha zor olan kabuklagsma sorununu onler. Daha ylksek flas noktasi ile,
inhibitdrlerin enjeksiyonu i¢in kuyu igine daha kisa bir kapiler boru yerlestirilebilir.

Salavatl sahasindaki 3 yillik ¢ift cevrim santrali isletiminden sonra, ne ORC’ nin is1 esanjorlerinde ne
de sogutulmus suyun reenjeksiyonunun yapildigi rezervuar icinde kabuklagma gbézlemlenmemigtir [5].
Jeotermal kuyulara yapilan inhibitér enjeksiyonu da kabuklagmayi 6nlemektedir.

3.2 Orta Entalpili Rezervuarlar

Tarkiye’nin batisinda Kizildere ve Germencik gibi orta entalpi rezervuarlar da bulunmaktadir. Bu
sahalardaki entalpi 950 ile 1050 kJ/kg arasindadir. Cogunlukla CO,’den olusan NCG igerigi toplam
akisin %2.5 ine ulasabilir. Tuzlu suyun kimyasal bilesimi yliksek derecede bikarbonat(HCO3) derigimi
ve kismen diusik miktarda silis(SiO;) icermektedir. Orta entalpiden yuksek durumlarda, yiksek NCG
icerikli sivilar flas tipi buhar ¢evrimi veya cift-fazli ¢ift cevrim santraller ile kullanilir. Cift-fazh ¢ift cevrim
santalleri ayristiricidan gelen buhar ve tuzlu suyu ORC tipi gii¢ Unitesinin i1s1 kaynagi olarak kullanir.
Buhar buharlastiriciya girer, yogusurken organik siviylr kaynatir ve ardindan oOn-isiticidaki araci
akiskani 6nceden isitmak icin sicak su ile karistirilir.
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Sekil 4. Cift Faz Cift Cevrim.

Dusuk ile orta entalpili kaynaklarda, 6n isitma ve organik siviyl kaynatmak i¢in gereken isi ile buhar ve
tuzlu suyun yarattigi 1s1 arasinda ¢ok iyi bir uyum vardir. Buhardaki yiksek NCG igeriginin etkisi flag
buhar ¢evrimi durumunda oldugu kadar 6nem teskil etmemektedir. Asagidaki hesaplama 6rneginde
goruldugu gibi, %10 civarinda NCG igeridinin bir sonucu olarak ortaya ¢ikan gug¢ kaybi, ayni NCG
miktarinin buhar ¢evrimlerinde olusturdugu daha blyk etkinin aksine %5 civarindadir.

4. TEKNOLOJi KIYASLAMA

Kizildere sahasina benzer bir orta entalpili 1s1 kaynaginin kullanimi i¢in iki konsept arasinda kiyaslama
yapiimistir. Cift flag buhar ¢evrimi ve ¢ift-fazli ¢ift cevrim dustk miktarda(%0) ve yuksek miktarda(%10)
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NCG igerigi ile kiyaslanmigtir. Tablo 1'deki 1s1 kaynagdi parametreleri kullanilarak kuramsal bir gug
santralinin performansi hesaplanmistir.

Tablo 1. Karsilastirma icin Secilen Parametreler.

Toplam Akiskan Debisi, t/h 1000
Akigjkanin Entalpisi, kd/kg 950, 1000ve 1050
Enjeksiyon Sicakligi, °C 105

( Cift cevrim opsiyonu ve flag opsiyonu igin en
uygun 2. flag sicakligr)

Dis Ortam Sicakhig, °C 15

Flas opsiyonu igin 0.1
Yogusma basinci, bar a

Cift flas opsiyonu igin; verilen kaynak parametrelerinden maksimum gug¢ uretimini bulmak agisindan
her entalpi seviyesi i¢cin 1. ve 2. flag basinglarina optimizasyon yapilmistir. Cift-faz ¢ift gcevrim igin
hesaplamada; sicak suyun (brine-tuzlu su) karigsiminin sogutuldugu ve 105°C’ ye yogusturuldugu farz
edilmistir. Sonuglar Tablo 2 ve Tablo 3'de sunulmustur.

Tablo 2. NCG, %0 i¢in Elde Edilen Degerler.

Sivi Entalpisi (kJ/kg) 950 1000 | 1050
Briit Cift Flag (kW) 25,700 | 28,900 | 33,800
Net Cift Flas (kW) 23,100 | 26,000 | 30,400

Brat Cift Faz Cift Cevrim (kW) | 26,900 | 29,600 | 31,600

Net Cift Faz Cift Cevrim (kW) 23,900 | 26,300 | 28,100

ik Flag Ayristirma (bara) 6 7.5 8.5
ikinci Flas Ayristirma (bara) 1.1 1.2 1.3
Cift Ayrnistirma (bara) 11 11 11

Tablo 3. NCG %10 icin Elde Edilen Degerler.

Sivi Entalpisi (kJ/kg) 950 1000 1050
Brit Cift Flas (kW) 23,100 | 26,000 | 30,400
Net Cift Flas (kW) 17,900 | 20,200 | 23,600

Brit Cift Faz Cift Gevrim (kW) | 25,500 | 28,100 | 30,000

Net Cift Faz Cift Cevrim (kW) | 22,700 | 25,000 | 26,700
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Yukaridaki tablolarda %0 NCG miktar ile, ¢ift flag g¢evriminin sadece ylksek entalpi seviyelerinde
avantajli oldugu gorilirken, disik entalpi seviyelerinde daha ylksek sicak su (brine) iceriginden
dolay ¢ift-faz ¢ift cevrimin daha iyi oldugu gorilmustar.

Yiksek miktarda NCG igerigi olmasi durumunda, buhar c¢evriminin NCG ejektorleri ve vakum
pompalari (kompressorler) tarafindan tiketilen ylksek yedek gig¢ ve/veya buhar miktarindan dolayi,
gift-fazh ¢ift gevrimin bitln entalpi seviyeleri igin belirgin bir avantaji oldugu gortlmektedir. Hatta ift-
faz ¢ift cevrimin flas gevrim lizerindeki avantaji gok daha distik NCG seviyelerinde baslamaktadir.

Cift gevrim ile Uretilen gug daha bile fazla olabilir. Buhar santrallerinde, akigin bir kisminin atmosfere
kaybi (buharlagsmasi) s6z konusudur ve bu da enjeksiyon akisinin silika igerigini arttirir. Cift cevrim
santralinde sifir veya ¢ok az bir kaynak akigkan kaybi s6z konusu oldugundan, enjeksiyon sivisinda
silika igerigi daha dusuktir ve bu durum dislk sicakliklarda enjeksiyonu miimkiin kilip daha fazla isi
cikisl saglar.

Tablo 2 ve 3'de gorildiga gibi, cift cevrimin en uygun ayrisma basinci flag ¢evriminkinden daha
yuksektir. Yiiksek ayrisma basinci ve sonucunda olusan yiksek kuyubasi basinci yukarida agiklanan
bltln avantajlara ek olarak kuyu igindeki flas noktasinin daha yiksek seviyelerde olmasini saglar.

SONUG

Tarkiye’nin batisindaki jeotermal akigkanlarin tortulasma egilimi ve yiiksek CO, icerigi jeotermal gii¢
santrali cevrimi secimini blylk Olgide etkileyecektir. Orta veya yiiksek entalpilerde kullanilan flag
cevrimler(cift veya tek), disik ayrisma basinglarindaki kabuklagsma egilimi ve NCG pompalamasi igin
harcanan yiiksek giic yiziinden bu tip jeotermal akiskanlar icin uygun gézilkmemektedir. inhibitor
kullanilsa bile diistik ayrisma basinglarinda silis ve kalsit ¢gokelmesini kontrol etmek zor olacaktir. Cift
cevrim santralleri ile NCG tahliyesi kolayca halledilmistir ve ekstra gug¢ Uretilmektedir. Moduler tip gift
gevrim santraller Tlrkiye’ nin batisindaki jeotermal rezervuar kosullar igin ekonomik ve verimli bir
¢6zim sunmaktadir. Bu Uniteler jeotermal akiskanin hem tuzlu su hem de buhar kismini kullanirlar ve
yuksek NCG icerigi etkisi flag tipi ¢cevrimlere gére ¢cok daha az énem teskil eder. Modiler ORC
Uniteleri disik entalpi aralidi icin, entegre edilmis iki seviyeli Unite(ITLU) ve orta entalpi seviyesi igin
Gift faz tipinden olusmaktadir.
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COMPARISON OF GEOTHERMAL POWER PLANT
TECHNOLOGIES FOR USE IN THE GEOTHERMAL FIELDS
OF WESTERN TURKEY

Dan BATSCHA

ABSTRACT

In this paper, solutions to utilize the geothermal energy of geothermal fields in Western Turkey using
data of these fields and the installed power generation facilities will be discussed. The analysis will
compare between the single flash technology, double flash, simple binary ORC, two-level binary and
two-phase binary plants. Beside the degree of enthalpy, the paper will also investigate how non-
condensable gases (NCG) and scaling problems affect the selection of the power plant type and its
performances.

Keywords: Geothermal, Turkey, Organic Rankine Cycle, Ormat

OZET

Bu makalede, Tlkiye'nin batisinda kurulmus olan jeotermal glg¢ santrallarinin ve sahalarin verileri
kullanilarak, ¢ozumler tartisilacaktir. Analizde, tek buharlastirmali, c¢ift buharlastirmali, basit cift
cevrimli ORC, iki kademeli cift cevrim ve iki fazli ¢ift cevrim santrallar karsilastirilacaktir. Entalpi
derecesinin yanisira, kondanse olmayan gazlarin (NCG) ve kabuklagsma sorunlarinin santral tipi
secimi ve performansi lzerine etkisi tartisilacaktir.

Anahtar Kelimeler: Jeotermal, Tirkiye, Organik Rankin Cevrimi, Ormat

1. INTRODUCTION
1.1 Geothermal Fields

In respect to energy potential, geothermal fields can be categorized into low, medium and high
enthalpies:

At low enthalpy fields (up to 600—700 kJ/kg), water is brought up to the ground surface from the
reservoir either by pumping or in artesian (self flowing) way. The water can either be remained as a
single phase water or flashed into two-phase and then separated into steam and brine streams.

At medium (600 to 1,100 kJ/kg) or high enthalpy (above 1,000-1,100 kJ/kg) reservoirs, a two-phase
flow is naturally (artesian) brought up to the surface and then separated into steam and brine streams.

In general, every geothermal reservoir has non-condensable gases (NCG) to some extent.

Jeotermal Enerji Semineri




7 X. ULUSAL TESISAT MUHENDISLIGI KONGRESI — 13-16 NiISAN 2011/iZMIR 70
1.2 Geothermal Power Plants

In a binary plant, all the energy conversion is done by a secondary (Binary) fluid and not directly by the
heat source (primary) stream. Generally, binary power plants are built as organic Renkine cycle (ORC)
systems with two loops — one is the geothermal fluid which delivers the heat and the other is the
working fluid which gets the heat and converts it into useful energy (power) and is contained in closed
loop. The motive fluid of the Organic Rankine Cycle is generally hydrocarbon. The binary cycle is very
popular at low and medium range enthalpy resources or where high non-condensable gases are
present or, if any limitation of cooling the geothermal resource exists. Power output can be from tens
of kW to hundreds of MW’s.

_l Organic Fluid Turbine

>

Vaporizer |'
_Ib

Q

|1

Production well Injection well
Figure 1. Basic Binary ORC Plant

In flash type steam cycles, the geothermal fluid serves as the motive fluid after flashing into steam.
Flash type steam cycles are very popular in medium and high enthalpy geothermal resources and can
be found worldwide at power plants starting from 15 MW. Such plants, always self water cooled, are
equipped with low pressure (vacuum) condensers with NCG evacuating unit consisting of steam
ejectors, mechanical compressor or a combination of the two. As long as the NCG content is no more
than about 2% of the steam content, the power and/or steam quantity spent for evacuating the NCG is
at a reasonable level of no more than 5% of the generated power. With higher NCG levels, the
required power and/or steam for NCG evacuation is too high which puts the use of the steam cycle in
question. As an example, the power required for pumping NCG gases in the Kizildere plant is more
than 15% of the generated power.
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Figure 2. Flash steam plant
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1.3 Geothermal Power Plants Design Considerations

Designing a geothermal power plant can be considered as matching the characteristics of the
geothermal fluid with the optimal power cycle. A high efficiency conversion cycle may not do its job if
the plant is too complicated to operate & maintain, too expensive or harmful to the environment. A
power plant that does not allow injection of all the geothermal fluid with related pressure support may
negatively impacts reservoir sustainability. The optimal power conversion cycle provides for the
maximum output from an available geothermal resource while maintaining the simplicity and high
reliability of the power plant.

2. GEOTHERMAL RESOURCE CHARACTERISTICS AFFECTING POWER PLANT DESIGN

Geothermal resources in Western Turkey are characterized by low to medium enthalpy levels, ranging
from 600 to 1060 kJ/kg and being like a “soda” (bicarbonate) water with a typical 1500-4500 mg/L of
total dissolved solids [1,2]. They are also characterized by high amount of non-condensable gases
(NCG), ranging between 1% to 2.5% by weight of fluid [3]. While these gases create problems in flash
steam power generation technology and scaling within wellbores and surface facilities, they are useful
for providing the driving mechanism within the geothermal reservoirs. In addition, bi-carbonate type
geothermal fluids have high CaCO; scaling tendency which will finally throttle the well diameter
causing a substantial loss of power generation. This problem can be handled by periodic mechanical
cleaning.

Binary plants solve these issues. The carbon dioxide is easily handled since it remains at (almost) full
(above atmospheric) pressure and does not accumulate anywhere in the system. With binary cycles,
the fluid produced from the well travels through the heat exchangers and is reinjected with minimal
fluid loss. This operation has a second benefit since it might feed the reservoir with CO,, increasing
the reservoir pH level and therefore, reducing scaling tendency [4]. The CO, may even be sold to
liquid CO, producers.

3. OPTIONS FOR GEOTHERMAL FIELDS UTILIZATION
3.1 Low Enthalpy Reservoir

A typical example of a low enthalpy reservoir is the Salavatli field located 30 km east of Aydin. The
enthalpy of the reservoir is between 640 to 730 kJ/kg and contains around 1% of NCG (weight of total
flow). The geothermal fluid is self flowing at well head pressure of 12 bara and it consists a very small
fraction (2.2%) of steam mixed with NCG (more than 50% of the gas content). At this very low
enthalpy and high content of NCG, the option of single flash or double flash steam cycles would be
inefficient and uneconomical choice. The optimal well head pressure and the separation pressure for a
flash option will be very low in order to increase the steam portion, but even at a separation pressure
of 4 bara the steam fraction is only 4% and the NCG content is 25% of total gases.

The selected solution for the Salavatli field (plants Dora 1 and Dora 2) was to use the integrated two
level (ITLU) type of binary plant [9]. The ITLU is an organic Rankine cycle (ORC) where boiling of the
working fluid is done at two pressure levels, resulting in a better utilization efficiency and allowing for
cooling of the geothermal fluid to a lower temperature and thus extracting more heat [6,7].

As can be seen in Figure 3, the heat of the gas portion of the heat source is introduced into the level 2
vaporizer where it fits better to the boiling temperature. The NCG is released from the rear end of the
vaporizer with some traces of the non condensed steam. No compressor/vacuum pump is required
since the NCG is above atmospheric.
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Figure 3. ITLU Process Flow Diagram (PFD) Of Dora 2.

In comparison with flash type plant, the well-head pressure shall be maintained relatively higher. This
results in a much higher flash point within the wellbore and the calcite scaling starts at higher elevation
and is less significant. This eliminates the risk of flashing and scaling inside the formation which is
much more difficult to clean or prevent. With the higher flash point a shorter capillary tube can be
installed in the well for injection of inhibitors.

After 3 years of binary power plant operation in the Salavatli geothermal field, no scaling has been
observed either in the heat exchangers of the ORC or in the reservoir where the cooled water is
reinjected. Inhibitor injection applied in the geothermal wells also helps to prevent scaling [9].

3.2 Medium Enthalpy Reservoir

The West Turkey fields also include medium enthalpy reservoirs such as the fields of Kizildere and
Germenchik. The average enthalpy in those fields is between 950 to 1050 kJ/kg. The NCG content,
consisting mainly of CO, may reach 2.5% of the total flow. The chemical composition of the brine
contains high concentrations of bicarbonates (HCO3) and relatively low content of silica (S;0,) [9].

Utilization of the above medium enthalpy, high NCG fluid can be done both by a flash type steam
cycle or by a two-phase type binary plant. The latter uses both the steam and the brine coming from
the separator as the heating source of an ORC type power unit. The steam enters the vaporizer,
boiling the organic fluid while being condensed and then mixed with the brine to preheat the working
fluid in the pre-heater [8].

Organic Fluid Turbine

Separator

Recuperator

. Vaporizer
Brine

Injection well

Figure 4. Two Phase Binary Cycle
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In the low to medium enthalpy resources, there is a very good match between the heat required for
preheating and boiling the organic fluid and the heat available by the steam and brine. The influence
of the high NCG content in the steam is not significant as in the flash steam cycle case. As can be
seen in the calculation examples below, the power loss as a result of 10% NCG content is about 5%
as opposed to much higher influence of same NCG amount in steam cycles.

4. TECHNOLOGY COMPARISON

A comparison between two concepts for utilization of a medium enthalpy heat source similar to the
Kizildere field was performed. The double flash steam cycle and two-phase binary cycle were
compared with a low level NCG content (zero percent) and a high level (10%) NCG content. The
performance of a theoretical power plant was calculated, using the heat source parameters of Table 1.

For the double flash option, optimization on the 1% and 2" flash pressures was done for each enthalpy
level to find the maximum power generation from the given resource parameters (Tables 1-3). For the
two-phase binary cycle, calculation assumed cooling the mixture of the brine and condensate to
105°C.

Table 1. Heat Source Parameters For Comparision

Total fluid flow 1000 t/h

Fluid enthalpy 950, 1000 and 1050 kJ/kg

Injection temp. 105°C for the binary option and the optimal 2™ flash
temperature for the flash option

Ambient air temp. 15°C

Condensing pressure for | 0.1 bar a

the flash option

Table 2. Analysis Results With Zero Percent Of NCG

Fluid Enthalpy (kJ/kg) 950 1000 1050
Double Flash gross (kW) 25,700 | 28,900 | 33,800
Double Flash net (kW) 23,100 | 26,000 | 30,400
Two Phase Binary gross (kW) 26,900 | 29,600 | 31,600
Two Phase Binary net (kW) 23,900 | 26,300 | 28,100
First Flash Separation (bara) 6 7.5 8.5
Second Flash pressure (bara) 1.1 1.2 1.3
Binary Separation pressure (bara) 11 11 11

Table 3. Analysis Results With 10% NCG

Fluid Enthalpy (kJ/kg) 950 1000 1050

Double Flash gross (kW) 23,100 | 26,000 | 30,400
Double Flash net (kW) 17,900 | 20,200 | 23,600
Two Phase Binary gross (kW) 25,500 | 28,100 | 30,000
Two Phase Binary net (kW) 22,700 | 25,000 | 26,700

The above tables show that with zero percent of NCG, the double flash cycle has an advantage only
at the higher enthalpy level, while at the lower enthalpy levels the two-phase binary is better due to the
higher content of brine.
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In the case of high NCG content, the two-phase binary has a significant advantage over the whole
range of enthalpy levels due to the high auxiliary power and/or steam consumed by the NCG ejectors
and vacuum pumps (compressors) of the steam cycle. The advantage of the two-phase binary cycle
over the flash cycle starts in fact at much lower NCG percentage levels.

The power generated by the binary cycle may even be higher. In steam plants, part of the stream is
lost (evaporated) to the atmosphere, increasing the silica content of the injection stream. Since zero or
minimal loss of resource fluid exist in binary plant, the silica content at the injection fluid is lower which
may permit injection at lower temperature thus extracting more heat.

As can be seen in the tables above, the optimum separation pressure of the binary cycle is higher
than that for the flash cycle. The high separation pressure and the resulting higher well head pressure
cause the flash point in the wellbore to be at higher elevation with all advantages described above.

5. DISCUSSION AND RESULTS

Scaling tendency and high CO, content of Western Turkey geothermal fluids will largely influence
geothermal power plant cycle selection. Flash cycles (single and double) used in medium and high
enthalpy fields do not seem suitable for this type of geothermal fluid because of the large scaling
tendency at low separation pressures and very high auxiliary power consumed for NCG pumping. It
would be difficult to control precipitation of silica and calcite at low separation pressures even if
inhibitor is used. With binary plants, the NCG extraction is easily solved and extra power is generated.

Modular type binary plants provide an efficient and economical solution for the Western Turkey
geothermal reservoir conditions. The units utilize both the brine and the steam portions of the
geothermal fluid and the influence of the high NCG content is much less significant compared to flash
type steam cycles. The modular ORC units are of the integrated two level unit (ITLU) for low enthalpy
range and of the two phase type for the medium enthalpy level.
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