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OzZET

Yogusturucu, organik Rankin ¢evirimini kullanan jeotermal enerji santrallerinin temel parcalarindandir.
Hava sogutmali yogusturucu sogutma suyunun mevcut olmadigi veya su kalitesinin uygun olmadigi
durumlarda en uygun segenektir. Sicakligin sifirn altinda bulundugu soguk mevsimlerden
yararlanmak da hava sogutmali yogusturucu secimi icin diger bir kistastir. Cifti cevirimli bir jeotermal
enerji santralinde hava sogutmali yodusturucunun tasarim optimizasyonu krittk 6nem tagir.
Yogusturucunun bagimsiz bir bilesen gibi ele alinmak yerine genel organik Rankin c¢evirimli sistem
optimizasyonu ile birlikte uygulanmasi gerekir.

Yazarlar bu makalede hava sogutmali yogusturucu optimizasyonu icin bir metodoloji sunmaktadirlar.
Bu metodoloji, hava sogutmali yodusturucu tasarim parametrelerini degistirerek jeotermal enerji
santralinin performansini degerlendirmek igin tescilli bir similasyon yazilimi kullaniimaktadir. Bu
simulasyondan alinan sonuglar ile ekonomik faktérler, hava sogutmali yodusturucunun en optimal
tasarim parametrelerini tespit etmek Gzere, mali bir model iginde bir araya getiriimektedir.

Anahtar Kelimeler: Organik Rankin Cevrimi, Hava sogutmali yogusturucu

ABSTRACT

Condenser is an essential part of geothermal power plants utilizing organic Rankine cycle. Air cooled
condenser is an obvious choice when cooling water is not available or water quality is not suitable.
Taking advantage of sub zero cold seasons is another criterion for choosing air cooled condensers.
Design optimization of an air cooled condenser in a binary cycle geothermal power plant is critical. It
should be carried out in combination with overall organic Rankine cycle system optimization rather
than treated as an independent component.

In this paper the authors report a methodology for air cooled condenser optimization. The
methodology utilizes proprietary simulation software to evaluate geothermal power plant performance
with changing the air cooled condenser design parameters. The outputs of the latter simulation and
economics factors are combined in a financial model to determine the most optimal air cooled
condenser design parameters.

Key Words: Organic Rankine Cycle, Air cooled condenser.
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1. GIRIS

Jeotermal enerji santrali projelerinin sayisi ve 6nemi her gegen giin artmaktadir [1]. Sayi olarak
artmaktadirlar; ¢lnki yatirnmin geri dénust oldukga cazipti. Onem kazanmalarinin nedeni ise,
jeotermal elektrik enerjisinin elektrik Gretim sirketleri igin yenilenebilir enerji portféylinin daha verimli
bir bolimu olmasidir.

Birgok Ulkede jeotermal kaynaklardan elektrik enerjisi Gretimi i¢in mali tegvikler verilmektedir. Parasal
tesvik almasi ve baz yuk olarak siniflandiriimasi, jeotermal elektrik enerjisi tGretimi projelerini bagimsiz
yatirnmcilar, elektrik tretimi sirketleri ve bagdimsiz elektrik dreticileri icin cazip hale getirmigtir.

Orta dereceli kaynak sicaklikli jeotermal enerji santralleri, disik entalpi degerinden dolay! dogrudan
buhar Rankine ¢evrimi ile birlikte kullanilamaz ve bu yizden, bir Organik Rankine Cevirim (ORC)
sistemi ile galisan ikili ¢cevirimden yararlanmaktadir [2]. Calisma sivisinin, kritik Ustld ve kritik alti
kosullarda ¢evrimin termodinamik tasariminin ve ¢alisma sivisindan enerji 6zutlemek igin turbin tipinin
secimi konusunda gesitli calismalar yapilmis ve ¢ok sayida makale yazilmistir.

ORC sistemli ¢odu jeotermal santral, hava sogutmali yoJusturucularla (ACC) tasarlanmistir. Hava
sogutmali yogusturucular, kislarin soguk oldugu ve soguk mevsimin uzun oldugu bélgelerde g¢ok
yaygindir. Yazarlara goére, bir jeotermal enerji santralinin optimal performansi igin hava sogutmali
yogusturucularin termodinamik tasarimini degerlendirmek tGizere herhangi bir galisma veya similasyon
bulunmamaktadir.

Yazarlar bu makalede, ORC sistemi ve hava sogutmali yodusturucularla tasarlanmis bir jeotermal
enerji santralini g6z énunde bulundurmaktadir. Tium kaynak verileri sabit tutulacaktir. Tek bagimsiz
degisken, hava sogutmali yogusturucudaki yogusma sicakligi olacaktir. Similasyon sonuglari,
santralin mali modelini ilk sermaye yatirrmi ve elektrik enerjisinin satisindan elde edilen gelir
bakimindan ele alan optimal bir santral performansi igin optimal bir yogusma sicakhgini ve ilgili
yogusturucu tasarimini verir.

2. ORC SISTEMLI JEOTERMAL ENERJi SANTRALI

Bu calisma icin bir farazi jeotermal enerji santrali oldugunu varsayiyoruz. Santral, ORC sistemi ile
tasarlanmigtir ve sicak kaynak verileri Tablo 1. Jeotermal Kaynak Verileri.

‘de verilmigtir.

Tablo 1. Jeotermal Kaynak Verileri.

Sicak Su Girig Sicakligi 160 °C
Sicak Suyun Kutle Akigi 135 kg/s
Agirlikgca Tuzluluk 12 %
Sicak Su Basinci 8 bar
Reenjeksiyon Sicakligi 63 °C
Min. Reenjeksiyon Sicakligi 60 °C

Farazi sahanin ortam kosullari Tablo 2. Jeotermal Eneriji Santralinin Sahaya iligkin Ortam Verileri.
‘de gOsterilmistir.
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Tablo 2. Jeotermal Eneriji Santralinin Sahaya iligkin Ortam Verileri.

Ortam Sicakligi 10 °C

Ortam Nem Orani 76 %

Ortam Basinci 0,999 bar (125 m)
[Min/Maks. Sicakhk -5/40 °C
[Min/Maks. Bagil Nem 30/95 %
Min/Maks. Ortam Basinci 0,950/ 1,020 bar

ORC sisteminin calisma sivisi olarak ticari dereceli izobltan kullandigini varsayiyoruz. Segcilen

¢alisma sivisi, jeotermal kaynak verileri ve ortam kosullari géz 6ninde bulundurularak, bu santral igin
Sekil 1’deki T-S diyagrami gelistirilmistir [3].
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Sekil 1. ORC Sistemli Farazi Jeotermal Enerji Santrali icin T-S Diyagrami.
ORC sistemi, igeri akigh radyal tirbin ve turbo genlestirici ile birlikte tasarlanmistir[4]. Ayrica,

genlestiricinin degisken girigli kilavuz vanalarla donatildidi varsayilir. Tablo 3, ORC sisteminin
detaylarini géstermektedir.
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Tablo 3. ORC Sistemi Tasarim Verileri.

ORC Sivisi izobiitan
[izobiitan Kritik Sicakligi 136 °C
lizobitan Kritik Basinci 36,85 bar a
ORC Kiitle Akigi 110 kg/s

|lsi Esanjorlerinin Sicak Su Tarafi Basinci  [Min. 15 bar a
'Yogusma Sicakligi 30 °C

Tarbin Giris Basinci 31 bar a
Tirbin izantropik Verimi 86 %
Sogutucu  Akiskan Pompasi izantropik].q,

\Verimi 68%

Santralin 6n ¢evrim tasarimi bazl brit ve net enerji Uretimi asagida gosterilmistir:

2.1. Enerji Santrali Performansi

Tasarim:

Jeneratdr terminallerinde brit eneriji 7,400 KW
Yardimci donanimin enerji tiketimi 1,550 KW
Kis Mevsimi:

Jeneratér terminallerinde brit ener;ji 8,100 KW
Yaz Mevsimi:

Jeneratdr terminallerinde brit ener;ji 4,650 KW

Yukaridaki performans deg@erlendirmesinde, hava sogutmali yogusturucuda 30 °C’lik yogusma
sicakligi varsayiimistir.

2.2. ORC Gevrimi Simiilasyonu

Bu bélimde, 20°C ila 35°C arasindaki yogusma sicaklk araligi igin ORC sisteminin performansini ve
Ozellikle santralin net elektrik Gretimini degerlendirmek Uzere tescilli bir ORC sistemini kullandik. Bu
simulasyonu gerceklestirmek igin santralin 20 yillik bir hizmet sdresinin oldugunu, ilave yik elektrik
satin alim fiyatinin 70 €/ MWh oldugunu ve Uretilen elektrigin satis fiyatinin 200 €/ MWh oldugunu
varsaydik.

Hava sogutmali yogusturucularin tasarimi, benzer alan moddlleriyle aynidir. Sogutma kapasitesini
artirmak icin daha fazla modil eklenmistir. Ayrica, fanlar icin degisken frekansli suriciler takilarak
sogutma kapasitesinde ilave bir esneklik saglanmistir.

Yukaridaki tasarim ozellikleri, ORC sisteminin bir yoJusma sicakligi araligini géz Onlnde
bulundurmasini saglar. Sekil 2 secilen hava sogutmali yodusturucu ile olasi tahliye sicakhidi arahgini
ve santral tarafindan Uretilen enerji Gzerindeki etkisini gostermektedir. En biyik degisimin, yogusma
sicakhginin farazi ilk tasarimi civarindaki dar bir sicaklik araliginda olmasi dikkate degerdir.

Radyal iceri akigli turbo genlestirici, tahliye hacimsel debisine duyarlidir. Limit, radyal carkin
cikisindaki tahliye debisinin hizi ses hizina yaklastigi noktadir.
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Sekil 2. Ortam Sicakligina Karsi Turbo Genlestirici Gli¢ Farki.

Sekil 3 tahliye basincina gére genlestirici gliciinii gosterir. Yogusturucu basinci distikge genlestirici
glclnun tasarim degerinin yaklasik %125'ine kadar artabilecedi goriimektedir: Bu etki, Sekil 2'deki
egrinin sol Ust késesinde gorulebilir; burada brit glg artisinin, yogusma sicakhigiyla gittikce daha az
dogrusal oldugu kanitlanmaktadir. Yogusturucu sicakliginda ve basincinda (6rn; genlestirici tahliye
basinci) daha fazla dusus oldugunda verim disecektir. Bu ikinci 6zellik, genlestirici tasarimiyla
baglantili birbirini etkileyen birkag ¢alisma faktdrinden kaynaklanir.
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Sekil 3. Geri Basinca Kargl Turbo Genlestirici.

Diger yandan genlestiricinin verimi, tasarim akisiyla kiyaslandijinda bir hacimsel akis islevidir. O
halde genlestiricinin hacimsel akigi, ortam sicakligina (ACC’nin belli bir tasariminda); dolayisiyla da
yogusma basincina bagl olan tahliye basincinin bir iglevidir. Degerlendirilen ortam sicakligi aralgi
g6z o6ninde bulunduruldugunda ortam sicakligina (dolalayisiyla da, yogusma sicakhdina ve

basincina) kargi genlestiricinin izoentropik verimini gosterir (Sekil 4).
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Sekil 4. Ortam Sicakligina Karsi Turbo Genlestirici izoentropik Verimi.

ORC sistemli bir jeotermal enerji santralindeki bir hava sogutmali yogusturucunun maliyeti, tim
sistemin toplam maliyetinin énemli bir yizdesini olusturur. Bu deger, toplam yatirnmin %20-30’udur.
Bu ylzden, daha fazla 6zen gerektirir ve dolayisiyla da, tek bir bilesenin optimizasyonu yerine tim
sistemde optimizasyon yapilmalidir. Bu ¢alismada, 10°C’'de hava sogutmali yogusturucu igin temel
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tasarim o6zelliklerini secilmistir: Daha yUksek ortam sicakliklari daha buyuk boyutlu turbo genlestirici
gerektirir; daha fazla tiiketim ve dolayisiyla da, daha disik toplam performans ve yiksek maliyet ile
sonuglanir. Sekil 5, ortam sicakhginin ORC santralinin yatirrmi Uzerindeki etkisini ve 20 yillik sire
icinde toplam geri donlist gosterir. Sekil 5, NPV'deki tim mali degerleriyle birlikte bu simulasyonun
sonuglarini géstermektedir.
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Sekil 5. Ortam Sicakliginin islevi Olarak Farazi ORC Santraline Yapilan Yatirim (Alttaki Egeri ilave
Yatirim, Usteki Egeri Ek Kazag Degerleridir)
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Sekil 6. Ortam Sicakligina Gére Ek Maliyet ve Ek Fayda.
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Bu similasyonun sonraki adimi, hava sogutmali yogusturucunun yetersiz kapasitesinden dolayi firsat
kaybini ve bir kez tasarlanan ortam sicakligi icin hava sogutmali yodusturucu kapasitesini artirmak
Uzere yapilacak ek yatirrm maliyetini g6z 6ntunde bulundurmak olacaktir.

10°C’lik bir ortam sicakhdinda, santralin en ekonomik performansini elde etmek igin, elektrik enerjisi
Uretimi Uzerindeki etkilerine goére yodusma sicakliginin optimizasyonu (yogusturucu boyutu ve
maliyeti) gerceklestiriimistir.

Bu degerlendirme optimum bir aralik sunar. Bu aralik, blylk oranda Sekil 6'da gosterilen elektrik
fiyatina/maliyetine baghdir. 200 € /MWh’lik tegvik ile, yaklagik 22-23°C (ortam sicakhginin 12-13°C
Ustiinde) olan optimum bir noktanin var oldugu acik¢a gorilmektedir. Yluksek elektrik fiyatl nedeniyle,
egrinin tepe noktasi ¢ok keskin bir sekilde firlamistir ve mimkin oldugunca fazla miktarda elektrik
uretmek ¢cok daha ekonomiktir. Dlsuk elektrik fiyati durumunda, optimum bir noktanin (ve, bdylece
ACC konfigiirasyonunun) belirlenmesi, imkansiz degilse de zordur. ikinci durumda, 23-28°C’lik
optimal bir aralik belirlenebilir.

SONUGLAR

Jeotermal enerji geri kazanimi her gegen gin daha fazla yayginlasmakta ve ekonomik hale
gelmektedir. Jeotermal enerji santrali projelerinde artis olmaktadir. Neredeyse tim elektrik enerjisi
hizmeti sunan sirketlerin yenilenebilir enerji portfdylerinin biyik bir kisminda jeotermal enerji
bulunmaktadir.

Organik Rankine Cevriminden yararlanan jeotermal enerji projeleri dinyanin dort bir yaninda
faaliyettedir. Calisma sivisini, tlrbin tiplerini ve ORC sisteminin termodinamiklerini degerlendirmek igin
¢ok sayida galisma ve proje bulunmaktadir. Mevcut ¢alisma, hava sogutmali yogusturucu tasariminin
enerji santralinin elektrik Uretimi UGzerindeki etkilerini gdéstermekte ve hava sogutmali yogusturucunun
tasarim kosullarini optimize etmek igin bir yéntem sunmaktadir. Onerilen yéntem, projenin mali
boyutunu igerir ve dolayisiyla sonug, maliyet-fayda analizi bakimindan optimal bir ¢6zimdyir.
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OPTiMUM AIR COOLED CONDENSER SIZING FOR AN
ORGANIC RANKINE CYCLE GEOTHERMAL POWER PLANT

Reza AGAHI
Claudio SPADACINI
Marco FRASSINETTI
Luca XODO

ABSTRACT

Condenser is an essential part of geothermal power plants utilizing organic Rankine cycle. Air cooled
condenser is an obvious choice when cooling water is not available or water quality is not suitable.
Taking advantage of sub zero cold seasons is another criterion for choosing air cooled condensers.
Design optimization of an air cooled condenser in a binary cycle geothermal power plant is critical. It
should be carried out in combination with overall organic Rankine cycle system optimization rather
than treated as an independent component.

In this paper the authors report a methodology for air cooled condenser optimization. The
methodology utilizes proprietary simulation software to evaluate geothermal power plant performance
with changing the air cooled condenser design parameters. The outputs of the latter simulation and
economics factors are combined in a financial model to determine the most optimal air cooled
condenser design parameters.

Key Words: Organic Rankine Cycle, Air cooled condenser.

OzZET

Yogusturucu, organik Rankin ¢evirimini kullanan jeotermal enerji santrallerinin temel parcalarindandir.
Hava sogutmali yogusturucu sodutma suyunun mevcut olmadigi veya su kalitesinin uygun olmadigi
durumlarda en uygun secenektir. Sicakligin sifirn altinda bulundugu soguk mevsimlerden
yararlanmak da hava sodutmali yodusturucu secimi igin diger bir kistastir. Cifti ¢evirimli bir jeotermal
enerji santralinde hava sogutmali yodusturucunun tasarim optimizasyonu kritk 6nem tasir.
Yogusturucunun bagimsiz bir bilesen gibi ele alinmak yerine genel organik Rankin gevirimli sistem
optimizasyonu ile birlikte uygulanmasi gerekir.

Yazarlar bu makalede hava sogutmali yogusturucu optimizasyonu igin bir metodoloji sunmaktadirlar.
Bu metodoloji, hava sogutmali yodusturucu tasarim parametrelerini degistirerek jeotermal ener;i
santralinin performansini degerlendirmek igin tescilli bir simulasyon yazihmi kullaniimaktadir. Bu
similasyondan alinan sonuglar ile ekonomik faktorler, hava sogutmali yodusturucunun en optimal
tasarim parametrelerini tespit etmek Uzere, mali bir model iginde bir araya getiriimektedir.

Anahtar Kelimeler: Organik Rankin Cevrimi, Hava sogutmali yogusturucu
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1. INTRODUCTION

Geothermal power plant projects are growing in number and importance [1]. They grow in number
because return on investment is attractive and gain importance because geothermal electrical energy
is a more productive portion of renewable portfolio for electric power utility companies.

There are financial incentives for electrical energy production from geothermal resource in several
countries. Monetary incentives and being categorized as base load have made geothermal electrical
power production projects attractive to independent investors, electric power utility companies and
independent power producers.

Geothermal power plants with medium resource temperature cannot be exploited with direct steam
Rankine cycle, because of its low enthalpy value, thus are utilizing binary cycle operating with an
Organic Rankine Cycle (ORC) system [2]. There have been numerous studies and a large number of
papers discussing selection of working fluid, thermodynamic design of the cycle in super critical or sub
critical conditions and type of turbine to extract energy from working fluid.

Many geothermal plants with ORC system are designed with air cooled condensers (ACC). Air cooled
condensers are popular in the locations where winters are cold and cold season is long. To the
authors’ knowledge there have been no studies or simulation to evaluate thermodynamic design of air
cooled condensers for an optimal performance of a geothermal power plant.

In this paper, the authors consider a geothermal power plant that is designed with ORC system and air
cooled condenser. All resource data will be kept constant. The only independent variable will be
condensing temperature in the air cooled condenser. The simulation results provide an optimal
condensing temperature and associated condenser design for an optimal performance of the plant
considering financial model of the plant in terms of initial capital investment and revenue from selling
electrical power.

2. GEOTHERMAL POWER PLANT WITH ORC SYSTEM

We assume a hypothetical geothermal power plant for this study. The plant is designed with ORC
system and hot resource data are given in Table 1.

Table 1. Geothermal Resource Data.

Brine Inlet Temperature 160 °C
Brine Mass Flow 135 kg/s
\Weight Percentage Salt 12 %
Brine Pressure 8 bar
Re-injection Temperature 63 °C
Min. Re-injection Temperature 60 °C

The ambient conditions for the hypothetical site are shown in Table 2.
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Table 2. Ambient Data For The Site Of The Geothermal Power Plant.

Ambient Temperature 10°C

IAmbient Humidity 76 %

IAmbient Pressure 0,999 bar (125 m)
[IMin/Max Temperature -5/40 °C
IMin/Max Relative Humidity 30/95 %
Min/Max Ambient Pressure 0.950/1.020 bar

We assume the ORC system use commercial grade iso-butane as the working fluid. Considering the
selected working fluid, geothermal resource data and ambient conditions the T-s diagram in
Figure 1 is developed for this plant [3].
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Figure 1. T-s Diagram for a Hypothetical Geothermal Power Plant with ORC System.

The ORC system is designed with inflow radial turbine, turbo expander [4]. Furthermore the expander
is assumed to be equipped with variable inlet guide vanes. Table 3 depicts the ORC system details.
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Table 3. ORC System Design Data.

ORC Fluid Iso-butane
|Iso-butane Critical Temperature 136 °C
[iso-butane Critical Pressure 36.85 bar a
ORC Mass Flow 110 kg/s
Heat Exchangers Brine side Pressure [Min. 15 bar a
Condensing Temperature 30 °C
Turbine Inlet Pressure 31 bar a
Turbine Isentropic Efficiency 86 %
Refrigerant Pump Isentropic Efficiency 68%

The plant gross and net power production based on the preliminary cycle design is shown below:

2.1. Power Plant Performance

Design:
Gross power at generator terminals 7,400 KW
Auxiliaries equipment power consumption 1,550 KW

Winter Season:

Gross power at generator terminals 8,100 KW
Summer Season:

Gross power at generator terminals 4,650 KW

In the above performance evaluation we assumed the condensing temperature of 30 °C in air cooled
condenser.

2.2. ORC Cycle Simulation

In this section we utilize a proprietary ORC system simulation to evaluate ORC system performance
and specifically the net electrical output of the plant for a range of condensing temperature from 20 °C
to 35 °C. To perform this simulation we assumed that the plant has useful life of 20 years, auxiliary
load electricity purchase price is 70 €/ MWh and selling price of produced electricity is at 200 €/ MWh.

Air cooled condensers’ design is modular with similar bay modules. To increase cooling capacity more
modules are added. Furthermore there is an additional flexibility in cooling capacity by installing
variable frequency drives for fans.

The above design features enable the ORC system to consider a range of condensing temperature.

Figure 2 shows the possible range of discharge temperature with the chosen air cooled condenser,
together with its impact on power produced by the plant. It is remarkable that the greatest variation is
in a narrow range of temperature around the hypothetical first design of the condensing
temperature.Radial inflow turbo expander is sensitive to the discharge volumetric flow. The limit is
when velocity of discharging flow through outlet of the radial wheel approaches to speed of sound.
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Figure 3 shows expander power with respect to discharge pressure. It is shown that the expander
power could be increased with reducing condenser pressure up to about 125% of the design value:
this effect could be seen on the top left corner of the curve in

Figure 2, where gross power increase proves to be less and less linear with condensing temperature.
There will be diminishing return with further reduction in condenser temperature and pressure, i.e.
expander discharge pressure. The latter characteristic is because of several interacting operational
factors associated with the expander design.
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Figure 2. Turbo Expander Back Pressure vs Ambient Temperature.
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Figure 3. Turbo Expander Power vs Back Pressure.

On the other hand, expander efficiency is a function of volumetric flow compared to the design flow.
Expander volumetric flow is in turn a function of the discharge pressure that is depending on the
ambient temperature (given a certain design of the ACC) and, thus, condensing pressure. Considering
the range of ambient temperature that is evaluated, Figure 4 depicts expander isentropic efficiency
versus ambient temperature (and, thus, condensing temperature and pressure).
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Figure 4. Turbo Expander isentropic Efficiency vs Ambient Temperature.

2.3. Air condenser optimization

Cost of an air cooled condenser in a geothermal power plant with ORC system is a considerable
percentage of the total investment for total system. This value is 20-30% of the total investment.
Therefore it deserves more attention and hence its design optimization in the context of total system
optimization rather than a single component optimization.
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In this study, we chose the base design specification for the air cooled condenser at 10 °C: higher
ambient temperatures lead to the need for larger size turbo expander, higher consumption, and thus
less overall performances and higher costs. Figure 5 shows the impact of the ambient temperature on
ORC plant investment and its cumulative return over 20 years. Figure 5 shows the results of this
simulation with all financial values in NPV.
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Figure 5. Investment in Hypothetical ORC Plant as Function of Ambient Temperature.

The next step of this simulation is to consider opportunity loss due to insufficient capacity of the air
cooled condenser and additional investment cost to include additional air cooled condenser capacity
for a single design ambient temperature.

In order to achieve the best economic performance of the plant, given an ambient temperature equal
to 10 °C, optimization of condensing temperature (i.e. condenser size and cost) according to its effects
on electric power production has been carried out. This evaluation provides and optimum range. This
range is heavily dependent on electricity price/cost that is shown in Figure 6. It is clearly shown that
with incentives of 200 € /MWh an optimum point exists that is about 22—-23 °C (i.e. 12-13 °C above
ambient temperature). Thanks to high electricity price, the curve is very sharp peak, and it is much
more economical to produce electrical power as much as possible. In case of low electricity price, an
optimum point (and, thus, ACC configuration) is difficult, if not impossible, to be identified. In the latter
case an optimal range of 23-28 °C could be identified.
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Figure 6. Differential NPV at Different Condensing Temperature.

CONCLUSIONS

Geothermal energy recovery is becoming more and more popular and economical. Geothermal power
plant projects are on the rise. Almost all electric power utility companies have geothermal power as a
large portion of their renewable energy portfolio.

Geothermal projects utilizing Organic Rankine Cycle are active all around the world. There are many
studies and projects to evaluate working fluid, types of turbine and as thermodynamics of the ORC
system. The present study presented the impact of air cooled condenser design on power plant
electrical output and suggests a method to optimize air cooled condenser design conditions. The
suggested method incorporates financial aspect of the project and hence the outcome is an optimal
solution in terms of cost-benefit analysis.
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