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COVE FORT BINARY (iKiLi) GUC SANTRALI

Ariel SACERDOTI

OzZET

Enel Green Power, Cove Fort jeotermik projesinin haklarini 2007°de edindi. Proje, ge¢cmiste hem
kullanima hazir buhar santralini hem Organik Rankine Cevrimi (ORC) ekipmanini igermis olsa da
buhar kaynagi, zaman iginde azaldi. Enel Green Power, kapsamli sekilde ¢alisarak kuyu sahasini sivi
agirhkli surdarulebilir jeotermik kaynaga ¢evirmeyi basardi. Buna ek olarak degisim halindeki elektrik
pazarinin zorluklari ve ITC nakit ddeneginin yakinda sona erecek olmasi, projenin ekonomik agidan
cazip olmasinin 6nline esi olmayan birtakim engeller getirdi. Bu engeller, Ormat Technologies ile ortak
galisarak asildigi gibi gi¢ santrali tasariminin ve proje yudriatimindn disiplin iginde koordine
edilmesiyle projenin kendisinden beklenilen performansi, teslim tarihlerini ve bitceyi karsilamasi
saglandi. Cove Fort jeotermik glic santrali, buglin beklentilerin Gizerinde c¢alisiyor olup jeotermik giicin
hem gunimdiz icin hem gelecek icin strdurdlebilir ve etkili ¢é6zim oldugunu bir kez daha kanitlamis
bulunuyor.

Anahtar Kelimeler: Gug santrali; ikili; 6zel imalat mihendisligi; Organik Rankine Cevrimi (ORC)

ABSTRACT

Enel Green Power acquired the rights to the Cove Fort geothermal project in 2007. In the past, the
project contained both an operational flash power plant and Organic Rankine Cycle (ORC) equipment,
however, over time, the steam resource diminished. Through extensive work, Enel Green Power was
able to convert the well field into a sustainable, liquid dominated geothermal resource. Additionally, the
challenges of a changing power market and the approaching termination of the ITC cash grant
provided a unique set of hurdles for the project to be economically attractive. These hurdles were
overcome through acollaboration with Ormat Technologies; coordinating a disciplined power plant
design and project execution which resulted in the project meeting its expected performance,
deadlines and budget. Today, the Cove Fort geothermal power plant is operating above expectations
and has proven, once again, that geothermal power is a sustainable and effective solution for today,
and the future.

Key Words: Power plant; binary; custom engineering; ORC.

1. GIRIS

Enel Green Power, yeni bu projeyi gelistirmek icin Organik Rankine Cevrimi (ORC) bazli ener;ji
Uretiminin tim alanlarinda on yillara dayanan pratik deneyimini géz 6nine alarak Ormat’i secti. Bu
ORC uniteleri, algak, orta ve ylksek sicaklik isisini elektrik enerjisine gevirerek belli bir kaynak tirine
uyarlastirilabilen esnek, moduler ¢dzimler sunar. Buna ek olarak gug¢ santralinin tamami igin tam
optimizasyon analizi sunabilme yetenegi, kapsamli ¢6zim saglamak ile yalnizca enerji gevirme trind
saglamak arasindaki farki yaratir. iki kurulug arasindaki ortak galisma, santralin yatirm sahibine
sagladig getirinin maksimuma ¢ikarilmasina olanak verdi.
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2. COVE FORT TARIHGESI

Cove Fort Sulphurdale (CFS) jeotermik kaynak alani, orta giiney Utah’'ta Millard ve Beaver illerini
kapsar. Bu alanda jeotermal enerji Uretme potansiyeli bulundugunun jeolojik etltlerle
kesfedilmesinden sonra 1970’lerin baslarinda degisik sirketlere cesitli isletme haklari verildi ve bunun
Uzerine arama calismalari basladi. Potansiyelini ve sinirlarini belirlemek igin alanda gesitli gradyan
kuyulari agildi. Bunun Uzerine agilan sondaj kuyulari, 5.200 fit derinlikte 350 F° sicaklhkta kaynak
bulundugunu gdsterdi.

3. YENi BiR DONEM, YENi GELISMELER

Buhar Uretim sahalari yeni kalkinma igin kaynak olarak tikeniyor oldugu igin jeotermik gelisme, son
on-yillarda sivi agirlikh kaynaklarin kullaniimasina dogru kaymakta olup gug dretim teknolojileri, daha
dislk sicakliklardaki kaynaklarin gelistirilip isletiimesini ekonomik hale getirdi. Ornegin son 20 yilda
ABD’nin batisinda buhar agirlikli yeni yalnizca 5 jeotermik projesi olusturuldu. Buna kargilik ayni
donemde ABD’nin yine batisinda sivi agirhkli 40’1 askin jeotermik projesi olusturulmus olup bu
yonelimin gortlebilir gelecekte devam etmesi bekleniyor.

Cove Fort projesi, 2007°de Enel Green Power tarafindan edinildi. ilk is emirleri, jeotermik kaynagin
degerlendirilerek isletme parametrelerinin ve surdurulebilirliginin belirlenmesi oldu.

Enel Green Power, gelisme surecini teknik, ticari ve izin agisindan koordine etmisti. Santrali temin isi,
ihale sirecinden sonra 2012’de Ormat’a verildi. Santral, calismaya, planlanan takvimden yaklasik bir
ay 6nce 2013 Kasiminda basladi.

Sekil 1(b). Saha gorunusu, Eylil 2013.
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4. KAYNAK, GUG SANTRALLARI VE ZORLUKLAR

Cove Fort kaynagi, tuzlu su agirlikh olarak tanimlandi ve Enel Green Power tarafindan yurdtilen
arastirmada gug Uretiminin randimanli ve ekonomik olmasi igin en uygun teknolojinin ORC bazli
dizenleme oldugu sonucuna varildi.

Uretilen net giicii maksimuma c¢ikarirken santralin dmir boyu maliyetini minimuma indirmek (izere
kaynagin termik karakteristikleri kimyasal bilesimi ile birlikte distnilerek ORC’li gesitli diizenlemeler
degerlendirildi.

Ancak ortada Ustesinden gelinmesi gereken baska zorluklar vardi. Enel Green Power, projeyi
tamamlamak igin kargl karsiya oldugu program c¢ok sikiydi, bitce ise sabitti. O anda, yani 2012’nin
baslarinda ortaya ¢ikan DOE’nin 1603 programi, proje 31 Aralik 2013’e kadar devreye sokulursa
projenin sermaye yatinminin % 30'unu nakit 6denek olarak sagladi. Buna ek olarak Cove Fort
projesine iliskin maliyet asimlarinin etkisi projenin yatirim getirisini siddetli bicimde etkileyeceginden
kabul edilemez goéraldu.

Bu, Enel'den Cove Fort projesini—zamaninda bitirmeye yonelik en yiliksek kapasite ve maliyet
asimlarina iliskin en disik risk ile—givenilir sekilde tamamlayabilecek teknoloji tiriini ve MiY
(Mihendislik-Alim-Yapim) yuklenicisini se¢gmesinin, ayrica en guvenilir ve kendisini kanitlamig
teknolojiyi saglamasinin istenilecegi anlamina geliyordu. Enel igin blyik 6zen ve titizlik gerektiren bu
sureg, ginumuzdeki ¢gogu projenin tersine ayrintilara sonsuz dikkat yani sira yuklenici ve teknoloji
saglayici ile ¢ok yakin isbirligi de istiyor. Enel, bunlara ek olarak projelerinde en siki givenlik
standartlarinin ve iscilik konusunda en yuksek kalitenin tutturulmasini zorunlu kiliyor.

Jeotermik gelistirme konusunda italya’da éncii olan Enel, zorlu bu proje icin genis capli
degerlendirmeden sonra Ormat’i secti. ORC teknoloji saglayicisi ve MiY yiiklenicisi olan Ormat, tek bir
sorumluluk noktasi sunuyor olup jeotermik gli¢ santrallarinin zamaninda basariyla tamamlanmasi
konusunda gliinimizde bu pazardaki en ¢ok deneyime sahip bulunuyor. Toplami 1750 MW'’yi bulan
jeotermik gi¢ santrallarini otuz yili agkin zamandir tasarlamakta, imal ve inga etmekte olan Ormat,
bunlarin yani sira 600 MW’yi agskin ORC-bazli jeotermik ve Geri Kazanilan Enerji Uretimi projeleriyle
basarili jeotermik yapim iglerini de surdirtyor.

Cove Fort projesi gu¢ santrali ve kuyu sahasi yapimi, 2013 Aralik ayinda isletmeye alinmak Uzere
resmen 2012 Temmuz ayinda serbest birakildi.

4.1 Ormat® Enerji Cevirici (OEC)

Ormat OEC, gug¢ uretim Unitesi olup jeotermik gelistirimcilerine dodal olarak meydana gelen ve butin
dinyada bulunan jeotermik kaynaklarinin—duisik sicakliktaki jeotermik sudan ylksek basingtaki
buhara kadarki—butin yelpazesini randimanli ve ekonomik seklide kullanarak elektrik enerjisi
Uretebilme olanagini saglar. Tek bir OEC, buyuklik olarak 250 kW ile 25 MW arasinda yer alir. Isi
kaynaklarinin ¢ok degisik tirlerinin 6zgll kosullari i¢in tasarlanan OEC’lerin ana bilesenleri arasinda
buharlastirici/on 1sitici, turbo jeneratér, havayla sogutulan veya suyla sogutulan yodusturucu, besleme
pompasi ve kontrol aygitlari yer alir. Tim OEC uniteleri, kendi baslarina bagimsiz ve tam otomatik
olup sebekeyle uyumlu gug Uretirler. Organik Rankine Cevrimine (ORC’ye) dayanan OEC, organik
calisma akigkani kullanir. Bu akiskan, dusik ile orta arasi sicakliklardaki i1si kaynaklarinda isletirken
buhardan daha randimanl olur. Belli bir 1sI kaynagindan, sicakliktan ve debiden alinan gug¢ ciktisini
optimize etmek Uzere segilen galisma akiskani, Uretim kosullarinda buharlastirici ve 6n isitici iginden
gecen akinti tarafindan tasinan 1s1 vasitasiyla buharlastirilir. Buhar, jeneratére mekanik olarak bagl
olan organik buhar tirbininden gegerken genlesir. Egzos buhari, daha sonra havayla sogutulan
yogusturucuda yogusturulur ve geri kazanilmak Uzere hareket ettirici akiskan ¢evrim pompasi
tarafindan buharlastiriciya goénderilir.
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4.2 Ozel imalat Miihendisligi

Cove Fort verilerinin ilk analizinden ikili Gnitenin uygulanmasiyla tahminen 24 MW Uretilebilecegi
sonucuna varildi. Sekil 2'ye bakiniz.

Almasik ORC devreleri kiyaslanarak yapilan ek analiz, iki diizeyli kademeli ORC (iki Diizeyli
Bitiinlesik Unite) - IDBU) uygulanmasi durumunda ayni kaynak karakteristikleriyle aslinda 26,4
MWe'lik veya % 15 daha fazla glg Uretilebilecegini gosterdi. Bu diizenlemede daha yiksek basingtaki
ek bir turbinin kullaniimasiyla toplam randiman, arttirilmis olur. Sekil 3’e bakiniz. Maliyet-fayda analizi,
projenin d&mriu boyuncaki marjinal ekonomik kazancin bu diizenleme igin istenilen gerekli ek ekipmanla
baglantih maliyeti fazlasiyla asiyor oldugunu, dolayisiyla kW basina disen birlestiriimis maliyeti
disurdiguni gosterdi.

Sonuglar umut verici gortiniirken yapilan ek etitler, daha ylksek mutlak Gretim potansiyelinin teknik
acidan mimkiin oldugunu gésterdi. Siiper Kritik (inite, biriit giktinin IDBU ¢dziimiine kiyasla % 8
oraninda (yaklasik 28,5 MW’ye kadar) arttirimasinin mimkin oldugunu kanitladi. Bununla birlikte
besleme pompasinin yiksek yikl, son incelemede bitiin o kazanci silerek net Uretimi aslinda % 4
kadar dusurtyor.

Muhendislik ekibi, tim bu etkenleri g6z onune aldiktan sonra bu proje igin en uygun dizenlemenin
IDBU oldugu sonucuna vardi.

Musteriye uyarlatma suirecinde termodinamik analiz tamamlandiktan sonraki adim, blyik c¢apli tekil
bilesenleri segip tasarlamak olur. Turbin, saft takimi gibi doner bazi bilesenler, Sonlu Eleman Modeli
yardimiyla tek tek analiz edilerek ekipmanin kendisinden beklenilen tasarimlik d6mri boyunca maruz
kalacagl geriimelerin benzeri olusturulur. Ug tiirbin kademesinden her birinin maksimum tasarim
kistaslarindaki davranisinin abartili carpilmasinin Sekil 5’te gosterilmesiyle bunlarin geriime altindaki
ongorilen dogal frekanslarinin bilinen diger sistem uyarmalarindan asama asama uzaklasmasini
saghyor.

Heat source
——— Motive fluid
s Heatlogs - Binary

i
i
e
oty
,
2

Temperature
o
i
fom
i

Heat Input
Sekil 2. Tipik T/Q Diyagrami.
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Sekil 4. Stper kritik ile kademeli IDBU karsilagtirma diyagrami.

5. OMUR BOYU PERFORMANS
5.1 Kaynak Yo6netimi

Gug¢ santrali tasarimi optimize edilirken kaynagin yalnizca o andaki durumu degil zaman igindeki
davranisi da g6z o6nune alinmali; kaynaktaki degisime karsilik kaynak verimliliginin ve ekipman
esnekliginin surdurdlmesi, anahtar 6nem tasir. Bu tirden guvenilirlik, projenin yatirim getirisini
maksimuma ¢ikarmak icin yasamsal nitelikte olur.

Kuyularin tim( esit olusmaz. Sahanin gelistiriimesi, ylksek gaz, yiksek entalpi, disik gaz, diusik
entalpili kuyular, degisken buhar/tuzlu su yizdesi ve kimyasal bilesim gibi herhangi kombinasyonla
sonugclanabilir.

Santral tasarimi, kuyularin gelecekteki Uretimini etkiler; jeotermik akiskanlarin % 100 oraninda
yeniden zerk edilmesi, rezervuarin dismesini ve bilesiminin degismesini gérece dusik maliyetle en
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aza indirir. Bu, jeotermik sahasinin surdurulebilirligini saglamak i¢in en iyi uygulama olur. Kaynakta
son on-yll icinde yasanilan buyuk ¢aph talihsiz diisme, blyuk bir dizi proje igin éldurtcu oldu.

Kuyularin Uretimi zaman igcinde degiseceginden tasarimlarinin olabildigince esnek ve ¢ok yonll
olmasiyla entalpi dustiginde veya arttidinda, ayrica bilesiminin bu sekilde degismesi durumunda
elektrik Uretilebilmesinin saglanmasi gerekir.

5.2 Diisey Biitiinlesme

Jeotermik gui¢ santrali projeleri, genellikle gurup ¢alismasi olarak her biri siirecin 6zgul bir asamasinda
uzman olan degisik bir dizi girketi bir araya getirir. Bu durum, rezervuar muhendisligi, arama, kuyu
acma, siireg miihendisligi, ekipman imalati, Miihendislik-Alim-Yapim, isletme ve Bakim hizmetleri igin
de s6z konusu olur. Ormat, jeotermik projelerin gelistirimesinde, ayrica jeotermik proje gelistirmenin
tum alanlarinda teknik bilginin ve deneyimin gelistirimesinde diuseyde bitlinlesmis strateji segen tek
sirket oluyor. Bunlarin yani sira proje finansman, izin verme, PPA miizakereleri ve ara baglanti
anlagsmalari gibi tim hususlar, kaliteli projeleri zamaninda ve butgeleri dahilinde basariyla
tamamlamak konusunda birbiriyle yakindan badglantili olurlar. Bu yaklasimin faydalari, asagida
Ozetleniyor.

*  Projenin farkli yonlerinden sorumlu ekipler arasinda daha fazla iletisim.

* Projenin degisik unsurlarinin—sézlesme geregi iliskiler gecerlikten kalktigr icin  mimkdn
oldugu Gzere—ayni zamanda yurutilmesiyle toplu hazirlik sirelerinin kisalmasi.

» Ekiplerin her birinin digerlerinin gereklerinin, dolayisiyla diger bdlimlerin ihtiyaclarina en
uygun Urlinii meydana getirecek islerin farkinda olmasi. Ornegin miihendislik ekibinin santral
isleticilerinin ihtiyaglarinin  farkinda olmasi, santral igleticilerinin ise isletme ve Bakim
deneyimlerini  muhendislik ekibiyle paylagsmasi, bodylece son Urinin surekli olarak
iyilestirilmesi.

Glg santrall isletmek ve gelistirmek ile gegen otuz yil boyunca kazandigi kurumsal genis ¢apli bu bilgi,
Ormat’a deneyiminin faydalarina muisterilerine sunma olanagi saghyor.

Cove Fort sahasinin santral sahibince ise Basla Bildiriminin verilmesinden yalnizca 12 sonraki
durumu, Sekil 5'te yapim halinde gosteriliyor.

Sekil 5. Saft Takiminin Sonlu Eleman Modeli.
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6. KONTROL FELSEFESI
Santral kontrol sistemi, santralin tim alt sistemlerini kontrol edip izlemek lzere tasarlanir:

+  OEC-
*  OEC-I
» Santral Bilangosu (BOP)

Kontrol felsefesinde bu alt sistemlere iliskin kontrol devreleri tanimlanir ve OEC isletme adimlari ile
adimlarin birinden 6blriine gegmek igin gerekli kosullar betimlenir. Kontrol felsefesinde buna ek olarak
santraldaki tim Girigler/Cikislar tanimlanir ve bunlar arasindaki mantik iligkileri belirlenir. Ornegin belli
bir vananin basing ileticisindeki degisikligin ardindan gelecek gerekli agilma konumu tanimlanir.
Kontrol felsefesinde ayrica santraldaki her bir ariza veya uyari igin kurulu alarm ve kapatma noktalar
tanimlanir.

Santralin uzaktan izlenip kontrol edilebilmesi, isleticilere sorunlari hem belirlemelerinde hem
gidermelerinde, ayrica Uniteyi uzaktan baslatabilmelerinde veya durdurabilmelerinden yardimci olur.
PLC’ye bagh uzaktan ek izleme sistemleri de var olup bunlardan Vibnode, tirbin titresimlerini surekli
olarak gdsterir ve 6ngoéritci bakim etdtleri igin kullanilir.
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Sekil 6. Tipik HMI ekran gorintusu.

7. ADA MODU

isletme modlarindan biri olan ada modunda gli¢ santrali, elektrik iletim sebekesi heniiz hazir degilken
tesis yukleri icin glg udretir. Bu, gu¢ santralinin surekli igletilebilmesine olanak vererek (Uretim pompasi
gibi) ekipmanlarin baglatmak ve durdurmak icin kullanilma sikhdini azaltarak sebekeyle yeniden
senkronlanma igin gerekli zamani en aza dusurir veya ortadan kaldirir.

Santral kontrol sistemi, sebeke kaybi veya santral ana devre kesicisi arizasi gibi durumlarda OEC'yi
isletip ada kipi adimina gegcirir. llk isletimde turbinleri ve jeneratdrleri asir devirden ve hasardan
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koruma amacina donuk ihtiyati islemler yer alir. Kontrol sistemi, tirbin ve jeneratér devir hizini kurulu
belli bir noktaya duslrdikten sonra devir hizi kontrolunu devralarak frekansi da kontrol altina alabilir.
Santral, gerekli gict surekli olarak hesaplanan tesis yiiklerine gore Uretir.

Kontrol sistemi, isleticinin isteginin ardindan sebekeyle otomatik olarak yeniden senkronlanir ve
santralin ana devre kesicisini kapatir.

8. SONUGLAR

Utah Cove Fort’'ta su anda ileri tamamlanma asamalarinda bulunan yapim sureci ile gegmisteki benzer
calismalar, disik performans veren jeotermal glic santralinin basaril geri donis firsati olabilecegini
kanitladi. Var olan kaynak i¢in uygun olan termodinamik ¢dézimun dikkatli analizi, santral bilesenlerinin
titiz optimizasyonuyla birlikte disik basari gosteren gelistirmelere yeniden hayat verebilir. Bu, zaman
icinde degisen jeotermal kaynaklardan yararlanan ve entalpi bakimindan dusls gdsteren yasli
santralar igin 6zel énem tasir. Bu girisimlerin tim yonlerindeki asil yeterlik, taban yik igin elektrik
Uretiminin basariyla arttirlimasinin tamamlanmasini saglarken yenilenebilir tim enerji kaynaklarinin en
temizini elde eder.
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COVE FORT BINARY POWER PLANT

Ariel SACERDOTI

ABSTRACT

Enel Green Power acquired the rights to the Cove Fort geothermal project in 2007. In the past, the
project contained both an operational flash power plant and Organic Rankine Cycle (ORC) equipment,
however, over time, the steam resource diminished. Through extensive work, Enel Green Power was
able to convert the well field into a sustainable, liquid dominated geothermal resource. Additionally, the
challenges of a changing power market and the approaching termination of the ITC cash grant
provided a unique set of hurdles for the project to be economically attractive. These hurdles were
overcome through acollaboration with Ormat Technologies; coordinating a disciplined power plant
design and project execution which resulted in the project meeting its expected performance,
deadlines and budget. Today, the Cove Fort geothermal power plant is operating above expectations
and has proven, once again, that geothermal power is a sustainable and effective solution for today,
and the future.
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1. INTRODUCTION

Enel Green Power, chose Ormat to develop this new project, considering its decades of practical
experience in all aspects of Organic Rankine Cycle (ORC) based energy generation. These ORC units
convert low, medium and high temperature heat into electrical energy that offers flexible, modular
solutions, capable of being customized to a given resource. Additionally, the ability to provide full
optimization analysis for an entire power plant makes the difference between providing a
comprehensive solution and merely providing an energy converting product. The collaboration
between the two organizations allowed to maximize the plant return on investment owner.

2. COVE FORT HISTORY

The Cove Fort Sulphurdale (CFS) geothermal resource area spans Millard and Beaver Counties in
south-central Utah. After geological studies found there was a potential to generate geothermal energy
in the area several concessions were granted to different companies in the early 1970s, which then
initiated an exploration effort. Several gradient wells were drilled in the area to define its potential and
boundaries, which led to the drilling of four exploration wells that proved a resource of 350°F at 5,200
feet.
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3. ANEW ERA AND NEW DEVELOPMENT

Over the last decades, geothermal development has shifted towards the use of liquid dominated
resources, as the steam producing fields were being exhausted as a source for new development, and
power generation technologies made lower temperature resources economical to develop and
operate. For example, in the last 20 years only 5 new steam dominated geothermal project has been
developed in the western United States. Alternatively, there have been over 40 liquid dominated
geothermal projects developed in the western United States in the same period, and that trend is
expected to continue in the foreseeable future.

In 2007 the Cove Fort project was acquired by Enel Green Power. The first order of business was to
evaluate the geothermal resource to determine operating parameters and its sustainability.

Enel Green Power had coordinated the development process from a technical, commercial, and
permitting standpoint. After a bidding process, Ormat was awarded the contract to supply the plant in
April 2012. The plant commenced operation in November 2013, about a month ahead of its planned
schedule.

Figure 1(a). Site view March 2013.

Figure 1(b). Site view September 2013.

4. RESOURCE, POWER PLANTS AND CHALLENGES

The Cove Fort resource was defined as brine dominated and research conducted by Enel Green
Power concluded that the most well suited technology for efficient and economical power generation
was an ORC-based configuration.

Considering the thermal characteristics of the resource, in conjunction with its chemical composition,
various ORC configurations were evaluated in order to maximize the net generated power, minimize
plant life cycle cost, thus maximizing ROI for the plant owner.
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However, there were other looming challenges to overcome. Enel Green Power was confronted with a
strict timeline and a fixed budget to complete the project. At this time, early in 2012, the DOE’s 1603
program provided a 30% of the project’s capital investment as a cash grant, if the project was brought
online by December 31, 2013. Additionally, the effect of cost overruns for the Cove Fort project would
drastically affect the project’s ROI, and were therefore deemed unacceptable.

This meant that Enel would be required to choose a technology option and EPC contractor that could
reliably complete the Cove Fort project, with the highest capacity for on time completion, lowest risk
for cost overruns, and also provide the most reliable and proven technology. For Enel, this is a very
careful and rigorous process, which requires endless attention to detail and a very close collaboration
with the contractor and technology supplier, unlike most projects today. Additionally, Enel mandates
that its projects maintain the strictest safety standards and the highest quality of workmanship.

Enel, a pioneer in geothermal development in ltaly, , chose Ormat for this challenging project after
extensive evaluation . Ormat is an ORC technology supplier and EPC contractor that offers a single
point of responsibility, and has the most experience in the on-time, successful completion of
geothermal power plants in the market today. Ormat has been designing, manufacturing, and
constructing geothermal power plants for over three decades, 1750 MW in total, and additionally is a
successful geothermal developer with over 600 MW of ORC-based geothermal and Recovered
Energy Generation (REG) projects.

The Cove Fort project power plant and well field construction was officially released in July, 2012 with
commissioning set for December, 2013.

4.1 The Ormat® Energy Converter (OEC)

Ormat's OEC is a power generation unit, enabling geothermal developers to efficiently and
economically use the full range of naturally occurring geothermal resources found throughout the
world - from low temperature geothermal water to high pressure steam — to generate electrical energy.
A single OEC may range in size from 250 kW to 25 MW. OECs are designed for the specific
conditions of a wide variety of heat sources. Its main components include a vaporizer/preheater, turbo
generator, air-cooled or water-cooled condenser, feed pump and controls. All OEC units are self-
contained, fully automatic and produce grid compatible power. The OEC is based on the Organic
Rankine Cycle (ORC) and uses an organic working fluid, which is more efficient than steam when
operating at low to moderate temperature heat sources. The working fluid is selected to optimize the
power output from a particular heat source, temperature and flow. Under production conditions, the
working fluid is vaporized by the heat carried by the stream flowing through the vaporizer and
preheater. The vapor expands as it passes through the organic vapor turbine, which is mechanically
coupled to the generator. The exhaust vapor is subsequently condensed in an air cooled condenser
and is recycled to the vaporizer by the motive fluid cycle pump.

4.2 Custom Engineering

Initial analysis of the Cove Fort data concluded that an estimate of 24 MW can be generated applying
a binary unit, see Figure 2.

Further analysis, comparing alternate ORC circuits, indicated that the same resource characteristics
can actually generate 26.4 MWe, or 15%, more if a two-level cascaded ORC (Integrated Two Level
Unit - ITLU) is applied. This configuration incorporates the use of an additional turbine at a higher
pressure, increasing the overall efficiency, see Figure 3. The cost benefit analysis indicated that the
marginal economic gain during the life of the project far exceeds the cost associated with additional
required equipment necessary for this configuration, hence lowering the unitized cost per kW.

While the results looked promising, additional studies indicated that higher absolute generation
potential is technically feasible. A Super Critical unit proved that an increase of gross output by 8% (to
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feed pump load erases all that gain and actually reduces net generation by 4%.

Taking all these factors into consideration, the engineering team finally concluded that the optimal

configuration for this project is ITLU.

The next step in the customization process, after completing the thermodynamic analysis, is to select
and design individual major components. Some rotating components, such as turbines shaft
assemblies, are individually analysed using a Finite Element Model to simulate the stresses the
equipment will sustain during its expected design lifetime. Figure 5 shows an exaggerated distortion of
the behavior of each of the three turbine stages under maximum design criteria, hence ensuring that
their predicted natural frequencies under stress are phased away from other known system

excitations.
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5. LIFE CYCLE PERFORMANCE
5.1 Resource Management

When optimizing power plant design, not only should the current status of the resource be considered
but also its behavior over time; maintaining resource productivity and equipment flexibility reacting to
variation in a resource is key. Such reliability is vital to maximizing the project ROI.

Not all wells are created equal - Field development may result in any combination of high-gas, high-
enthalpy, low-gas, low-enthalpy wells, varying percentage of steam vs. brine and chemical
composition.

Plant design influences future well production - 100% reinjection of geothermal fluids minimizes
reservoir decline and composition change at a relatively low cost. This is the best practice to ensure
the sustainability of a geothermal field. In the last decade, unfortunate experience of major resource
decline proved lethal for a number of large projects.

Well production will change over time — as a result, design must be flexible and versatile, able to
produce electricity when enthalpy declines or increases, and also if it changes its composition, to the
extent possible.

5.2 Vertical Integration

Geothermal power plant projects are usually group efforts, bringing together a number of different
companies, each expert in a specific stage of the process. Such is the case for reservoir engineering,
exploration, drilling, process engineering, equipment manufacturing, Engineering-Purchasing-
Construction and Operation & Maintenance services. Ormat is the only company that chose a
vertically integrated strategy developing geothermal projects, developing know how and experience in
all aspects of geothermal project development. Furthermore, aspects of project financing, permitting,
PPA negotiations, and interconnection agreements all intertwine to successfully complete quality
projects on time and within budget. The following summarizes the benefits of such approach:

+ Greater communication between the teams in charge of different aspects of the project.
+ Different elements of the project to be carried out concurrently, which would have not been
possible if contractual relationships prevailed, shortening overall lead times.
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+ Each team is aware of others requirements and, therefore, works to create a product that will
best fit the needs of other departments. For example, the engineering team is aware of the
needs of plant operators and they in turn share their O&M experience with the engineering
team, hence constantly improving the end product.

This extensive in-house knowledge base gained over three decades of power plant operations and
development, enables Ormat to offer its customers the benefits of its experience.

Figure 5 shows the Cove Fort site depicted in construction, merely 12 months after Notice to Proceed
was released by the plant owner.

Figure 5. Finite Element Model of shaft assembly.

6. CONTROL PHILOSOPHY

The plant control system is designed to control and monitor all plant subsystems;

+  OEC-I
+  OEC-I
+ Balance Of Plant (BOP)

The control philosophy defines the control loops for these subsystems and describes the OEC
operational steps and the required conditions for progressing from step to step. In addition, the control
philosophy defines all the I/O’s in the plant and determine the logic relations between them. For
example, defining the required opening position of a certain valve following a change in a pressure
transmitter. The control philosophy defines the alarm and trip set points for each failure or warning in
the plant.

The plant can be remotely monitored and controlled which helps the operators to both diagnose and
troubleshoot problems and start or stop the unit from a distance. Additional remote monitoring systems
are connected to the PLC, such as Vibnode which continuously indicate the turbine vibrations and is
used for predictive maintenance studies.
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Figure 6. Typical HMI screen shot.

7. ISLAND MODE

Island mode is an operation mode in which the power plant produces power for house loads while the
electric transmission grid is unavailable. This allows for continuous operation of the power plant, thus
reducing the frequency of the use of the starting and stopping of equipment (such as production
pumps) hence minimizing, or even eliminating, the time required for synchronization back to the grid.

During an event of a grid loss or plant main breaker failure, the plant control system will operate the
OEC into Island mode step. The initial operation includes precautionary actions in order to protect the
turbines and generators from overspeed and damage. After reducing the turbines and generators
speed to a defined set point the control system takes over speed control enabling it to control the
frequency. The plant will generate the required power according to a continuous calculation of house
loads.

Following an operator request, the control system synchronizes back to the grid automatically, and
closes the plant’'s main breaker.

8. CONCLUSIONS

The construction process, currently in advanced completion stages in Cove Fort, Utah, and other past
similar initiatives have proven that an underperforming geothermal power plant can be an opportunity
for a successful turnaround. Careful analysis of a thermodynamic solution fit for the existing resource,
coupled with meticulous optimisation of plant components, can provide new life to underachieving
developments. This is of particular interest for older plants, utilizing geothermal resources that
changed over time, often declining in enthalpy. Core competence over all aspects of these ventures
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ensures the completion of successful growth of base load electricity generation, obtaining the cleanest
of all renewable sources of energy.
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