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YENi ZELANDA’NIN JEOTERMAL ENERJI TARIHI:
ZORLUKLAR VE COZUMLER

The New Zealand Geothermal Energy Story: Challanges And Solutions

Sadig J. ZARROUK

OZET

Yeni Zelanda'da jeotermal enerjinin kullanimi, her zaman Yeni Zelanda'daki Mouri halkinin yasam ve
kdltirinun bir pargasi oldugu igin Avrupa éncesi yerlesime dayanmaktadir. Jeotermal enerjinin baylk
Olgekli endustriyel kullanimi, 1950 yilinda baslayan Wairakei ve Kawarau'daki iki fazli jeotermal
akiskandan elektrik Uretiminin gelismesiyle basladi.

Bu calismada, enerji santrali tasariminda ortaya c¢ikan bazi zorluklarin ana hatlari gizilmektedir: Once
turbin icinde mineral ¢okelmesi, nem hasari ile sonucglanan merkezi ayristirma ve nem giderme sistemi
ile ilgili teknik sorunlar ve son bulgulardan bazilarinin sunuldugu ve uygulandigi ¢ozimler
incelenmektedir.

Ardindan Yeni Zelanda'daki jeotermal eneriji teknolojisi egitiminin tarihini, énceki Lisansustu Diploma
programindan (1979-2002) 6grenilen dersleri ve mevcut Lisansistl Sertifika kursunun (2007-simdi)
uygulanmasini, zorluklarini ve gelecekteki yonleri tartigiimistir.

Anahtar Kelimeler: Yeni Zelanda; Ayirici, Nem hasari, Jeotermal eneriji egitimi, PGCert.

ABSTRACT

The use of geothermal energy in New Zealand dates back to pre-European settlement, as it has
always been part of the life and the culture of the Mouri people of New Zealand. Largescale industrial
use of geothermal energy started with the development of the power generation from two-phase
geothermal fluid in Wairakei and Kawarau, which started in 1950.

This work outlines some of the resent challenges in power plant design; first covering technical issues
with centralized separation and moisture removal system, which has resulted in mineral scaling and
moisture damage in the turbine. Where some of the recent findings are presented and the solutions
that was implemented.

Then we discuss the history of geothermal energy technology training in New Zealand, the lessons
learned from the past Postgraduate Diploma program (1979-2002) and the implementation,
challenges and future directions of the current Postgraduate Certificate course (2007-now).

Key Words: New Zealand; Separator, Moisture damage, Geothermal energy education, PGCert.
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1. GIRIS

Yeni Zelanda, 6nceki 2005-2015 déneminde hizl bir jeotermal enerji kullanimi déneminden sonra son
5 yildir (2015 den beri) jeotermal enerji sektériinde konsolidasyon dénemindedir. iki kiicik enerii
santrali yapim asamasinda ya da hazir durumdadir. Ngawa’da 25 MWe santral erken yapim
asamasinda, Kawerau'da 25 MWe Te Ahi O Maui santrali Eylil 2018 de galismaya hazir duruma
gelmistir. Toplamda 1000 MWe den biraz fazla jeotermal enerji Uretim kapasitesi vardir bu da
yenilenebilir enerji odakl olan elektrik sisteminin icinde ulusal elektrik sistemine %18 katkida
bulunmaktadir. Yeni Zelanda hali hazirda elektriginin %80’'ini yenilenebilir kaynaklardan elde
etmektedir ve yeni iscippartisi 6nderligindeki koalisyon hiikiimeti 2035 itibariyle yenilenebilir Gretimini
stratejik olarak %100 e ¢ikarmayi hedeflemektedir ve 2019'da Sifir Karbon Yasasini ¢ikarmistir. Yeni
Zelanda’nin jeotermal kaynaklari Glke bu yeni gelecege dogru yonlenirken ¢cok édnemli rol oynayacaktir.
Jeotermal enerjinin dogrudan kullanimi Uzerinde 6zellikle bir vurgu vardir. Yeni Zelanda’'nin jeotermal
enerjinin dogrudan kullanim alanlarinda istihdami artirma ve direkt kullanimi artirma konusunda
strateji ve uygulama aktiviteleri vardir. Taupo Volkanik sahasi bu aktivitelerin odak noktasidir.
Jeotermal 1s1 pompasi konusunda 2011 Christchurch depreminden sonra baglamis olan yeniden insa
aktiviteleri kapsaminda Christchurch’de uygulanmakta olan akufer enerji sistemlerini kullanan birkag
ticari isletme vardir. Yeni Zelanda jeotermal i1si pompalarini da iceren dogrudan jeotermal isi
konusunda bir buyiime dénemine girmektedir. Yeni Zelanda her zaman jeotermal teknoloji ve egitimi
konusunda her zaman en iyi seviyede olmustur.

2. JEOTERMAL ENERJi SANTRALLERINDE NEM GIDERME SiSTEMLERI

Jeotermal buhar- su ayiricisi bircok jeotermal santralde kullanilan temel bir bilesendir. Ancak, bunlarin
%100 verimli olmadidi ortaya konmustur[1]. Bu, sivinin jeotermal buhar hatlarina taginip, eger uygun
bir sekilde giderilmezse tlrbinlere ulasmasiyla sonuglanacaktir. Sivi tagsinmasina ek olarak, yalitilmig
boru hatti boyunca i1sI kaybina bagli olarak boru hatti icinde buhar yogusmasi olusacaktir.

Duslk ve yari ugucu kontaminantlar sivida ¢6zindugu igin, herhangi su siriklenmesi tirbin
bigcaklarina, gévdesine ve nozullarda agir hasara ve tirbinin performansinda dislse, blylk bakim
masrafina ve muhtemelen tlrbin saft degistiriimesine sebep olacaktir. Su tasinmasi ve buhar
yogusmasi, scrubbing denilen proseste buhar boru hatti boyunca yerlestiriimis buhar tuzaklari
kullanilarak buhar boru hattindan desarj edilir. Boylece, arzu edilmeyen buhar yogusmalari uzun boru
hatlarinda buhari minerallerden temizlemeye yardimci olur. Ayni zamanda, son savunma noktasi
olarak tirbin yuvasinin yakinina yerlestiriimis nem giderici cihazlar bulunmaktadir (Sekil 1).

Klglk bireysel kuyubasi ayiricilar kullanmak tasinan damlaciklarin borunun dibine yerlesmesini
saglayacak daha uzun scrubbing hatlari ile sonuglanacaktir. Bu, tlrbin girisinde istenen = %99
kalitesinde ylksek saflikta buhar olusmasina yardimci olacaktir.

Wairaei, Yeni Zelanda’daki 60 yildan fazla alan deneyimi sunu gdstermistir; ¢oklu kiiglik ¢capli uzun
boru hatlari yiiksek saflikta ve kalitede buharin turbinlere gitmesini saglamaktadir. Ancak, verimlilik,
basing kaybini azaltma ve dlisUk yapim maliyetine odaklanan glnimuz buhar alani tasarim
uygulamalari, gu¢ santralinin yakinina yerlestiriimis buylik merkezi ayirici tesisler demektir. Bu, bilinen
ayirici performans tasarim sinirlarini zorlamakta, daha ¢ok nem tasinmakta ve daha blyuk capli
scrubbing hatlar kisalmaktadir. Buhar boru hatti scrubbing i¢cin daha az zaman ve tirbinlere ulasan
daha fazla nem ve mineralle sonuglanir.

Son saha deneyimi eger bu ayiricilar gi¢ santraline yakin olarak yerlestirilirse, her iki tipteki (yatay ve
dikey) ayirici tasariminin nem ve mineral taginmasi ile miicadele edecegini géstermistir. Bu problemle
karsilasildiginda, buhar saha operatdrleri donanimi iyilestirmekle sorunu ¢ézmek konusunda sinirli
¢6zime sahip olacaklardir. Dolayisi ile yapim 6éncesinde dogru kavramsal tasarimi elde etmek cok
onemlidir.
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Sekil 1. Nem giderme sisteminin optimum konfigurasyonu [2].
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Yeni Zelanda'da tasarlanmig dikey ayiricilar icin, Wairakei, Te-Mihi santralindeki buyuk 17m ytkseklik
ve 3 m caph ayiricilarin son saha bazli izleyici testi, ayirici tankinin disg duvarlarindaki sivi film
katmaninin duvar akisi (Sekil 2) sivi (damlacik) tasinmasina katkida bulundugunu gdstermistir (1,3).
Duvar akigl birkac saatle geciktirilir bdylece bu etkiyi dlgmek icin izleyici testini birka¢ saat strdiirmek

gerekir.
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Sekil 2. Duvar akis etkisini gosteren yatay alttan cikish ayirici icindeki basitlestiriimis akig
mekanizmasi [3].

Rizaldy ve Zarrouk [3] duvar akisinin, ayiricinin igindeki buhar hizinin fonksiyonu oldugunu
go6stermistir. Tasinan damlaciklar ¢ok kiglk olabilecegi igin, ayiricidan sonra hepsi ilk tahliye kabinin
icine dusmeyecektir. Bu sonuglarin esas géstergesi sudur: gunimuizde kullanilan ayirici verimliligi
hesaplama metodu dogru degildir, genellikle ayirici verimliligini oldugundan daha fazla 6ngérmektedir.
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En iyi tasarim uygulamasi santralde son gevrim ic¢i scrubber ya da bugu ¢6zlcl bulundururken,
ayiricyi islak scrubbing hatli santralden >400-500 metre uzakta tutmaktir [2].

Yeni Zelanda ve Endonezya’daki santrallerde olusan son glinlerdeki nem hasari deneyimi jeotermal
flas ve buhar santrallerinde kisitlamalara dikkat ¢cekmistir. Bana gore buhar santrallerinin gelecegi
sinirhdir ve Yeni Zelanda ve dinyanin diger yerlerindeki gelecegin ‘cogu’ santral muhtemelen ikili
tesislerdir.

3. JEOTERMAL ENERJI EGITiMI

Jeotermal enerji egitimi diinyada ¢ok az lisans Usti dersi olan ¢ok uzmanlasmis bir alandir. Auckland
Universitesi’ndeki Jeotermal Enstitiisii (JE) 1979'dan 2002'ye kadar jeotermal enerji teknolojisinde ¢ok
basarili bir yillik lisansistu diploma programi surdirmugstir [4]. JE su anda ¢ogu kendi Ulkesinde
kidemli pozisyonda olan 50'den fazla llkeden 1300 mezunu vardir. Hala Yeni Zelanda Jeotermal
Endustrisi ile baglanti ve kontratlar araciligi ile yakin iligkilerini muhafaza etmektedirler. JE ayrica
bircok Yeni Zelanda jeotermal uzmani egitmis ve Yeni Zelanda’yr jeotermal arastirma, bilgi ve
uygulama alaninda diinya ¢apinda 6n saflarda tutmustur.

Jeotermal enerji egitimi Yeni Zelanda’nin yerel ve teknoloji ihracat endistrilerini desteklemekte gok
Onemlidir. Yeni Zelanda jeotermal dogal kaynaklar zenginligi ve uzmanliga sahiptir. Jeotermal
sistemlere, dogal guzellikleri, direkt kullanim uygulamalari ve gug¢ Uretimi igcin deger verilmistir. Yeni
Zelanda su anda elektriginin % 80’ini yenilenebilir kaynaklardan Gretmektedir, bunun % 18’ i jeotermal
enerjidendir. Yuksek dereceli jeotermal sistemlerin ¢odu orta Kuzey Ada’da yer almaktadir, Yeni
Zelanda’nin en buyik sehri Auckland’den kara yolu ile G¢ saatlik mesafededir.

Ne yazik ki, 2002 yili sonunda Lisans Ustii programi dersleri igin Yeni Zelanda hikimetinin verdigi
destek geri c¢ekilmistir. Jeotermal endustrisinde jeotermal arastirmadaki ivme kaybina ve
profesyonellerin artan endisesine ve jeotermal profesyonellerinin olasi eksikligine ragmen bu destek
cekilmistir [4].

JE 1978’den itibaren Birlesmis Milletler tarafindan, daha sonra 2002’ye kadar Yeni Zelanda hikimeti
tarafindan finanse edilmistir. Enstitinin yedi tam zamanli akademik personel (l¢ jeotermal
mihendislik ve dért yer bilimci), arti Gg yonetim personeli (midir, sekreter ve teknisyen) vardi ve yilda
ortalama 25/30 6grenciyle bir yillik (iki dénemlik) lisansistu programi strdirmugstir. Ayrica yer bilimleri
ve muhendislik alaninda jeotermal arastirma dersi alan ylksek lisans ve doktora égrencileri de vardi.

Derse devam eden égrencilerin gogu (>%85) Yeni Zelanda devlet burslariyla finanse edildiler. Ogrenci
kaydindan elde edilen gelir Lisans Ustii programinin devam etmesini destekleyemedi. Bu nedenle,
2003 yilinda Yeni Zelanda devlet burs programini ve personel maaslarini kargilayamadi. Dersler
Universite tarafindan durduruldu ve akademik kadronun gogu issiz birakildilar. JE'nin kaderi Pisa,
italya ve Kyushu, Japonya’da olan jeotermal derslerden farkli degildi (Tablo 1), bu sehirlerdeki dersler
de devlet bursu ya da dis fonlara veya burs programlarina bagl idi. Benzer bir sonu¢ daha kisa bir
zaman diliminde (2011-2013) Nevada Universitesi’nde jeotermal egitimin programinin basina geldi [4].
Bu durum benzer programlar igin érnek teskil etmektedir ¢linkli hiikkiimetler fon saglama ya da yardim
programlarini dedistirirler ve akademik dersler risk altinda olur. Bunu g6z 6énunde bulundurarak,
2007’de jeotermal enerji teknolojisi konusunda yeni yiksek lisans sertifika programi baslatirken,
dersin kendi kendini surdurebilir olmasi konusuna 6nem verildi.
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Tablo 1. Dinyadaki ylksek lisans jeotermal programlarin tarihgesi[4].

Enstitu Ulke Baslangi¢ | Sona Siresi Finans Destegi

Yih Erdirildigi | (ay)

Yil

International | italya 1970 1985 9 Birlesmis Milletler Kalkinma
Institute for Programi (UNDP).
Geothermal 1985 1992 8 UNESCO
Research,
CRN in
Pisa,
Kyushu Japonya | 1970 2001 2-4 Japon Hukumeti (JICA)
University 2016 Sarayor 6
Auckland Yeni 1978 2002 9 UNDP and MFAT Burs ( yilldan
University Zelanda | 2007 Surayor 4 yola degisen sayidsa)

isverenler tarafindan finanse
edilen 6grenciler
Kendi imkanlari ile gelen

ogrenciler
UNU-GTP | izlanda | 1979 Siirtiyor 6 izlanda Hikiimeti ve UNU
Reykjavik (until 2007)

isverenler tarafindan finanse
edilen 6grenciler

3.1 (2007'den bugtline kadar) jeotermal Yiiksek Lisans sertifika programlari

2007 yilinda Contact Enerji Ltd. ve MBCentury Ltd. den alinan iki yillik G¢ burs ve Mihendislik Bilimleri
Boélumu’'ntn akademi kadrosunun girisimiyle tek dénemlik (60 puanlik) bir Yiksek lisans sertifika dersi
acildi. Bu burslar Sekil 3'de gosterildigi gibi dersin her yil artan 6grencileriyle agilmasini sagladi.

Sekil 3 6grencilerin sayisinin 2007°den beri artisini gdsteriyor. 2009°'daki yurt i¢i 6grencilerinin
alisiimamis artisina dikkat ediniz. Bu durum Yeni Zelanda ve Avustralya o6grencilerinin 2008
sonlarinda finansal problemler ve istihdam sorunu nedeniyle bu programa yonlenmelerindendir.

Jeoloji Enstitisl Ylksek Lisans diploma programindan alinan ders ve dersin yirutilmesindeki
sorunlari anlamak, minimum risk ile sdrdurdlebilirligini garantilemek icin bize Yiksek lisans sertifika
programini yapilandirma konusunda yardim etti.

Ders tek déneme (19 hafta) indirildi bu da is verenlerin ¢alisanlarini Yeni Zelanda'ya gondermelerini
ucuzlatti ve kolaylastirdi.

Ders alti haftalik bloklara bdlindld. Bu da 6drencilerin yiksek lisans sertifika programini alti hafta
uzunlugunda bloklar ve bir aylik kisa proje seklinde iki yila yayabilecekleri yiiksek lisans sertifika
programi demektir. Sirketler tarafindan sponsorluk verilen bazi 6grencilere bu ¢ok cazip gelmigtir.

llk dort yil ders iki yari zamanh (%50) akademik personel tarafindan verilmistir. Su anda bir tam
zamanli 6gretim Uyesi (yazar) ders vermektedir, Diger 6gretim goérevlileri de ya zamanlarini vermekte
ya da kisa doénemlik kontratlarla yardimci olmaktadirlar.

Yuksek lisans sertifika programinin ilk G¢ yilinda agik giris kisa kursu olarak bazi makaleler
kullanilmigtir (Sekil 3). Bu 6drenci sayisini  ve kursun finansmanini artirmak icin amaglanmistir.
Ancak, 6grenciler sonunda hi¢ bir sekilde sinav olmayan bu kisa kursu akademik programda ders
yapmak kadar ciddiye almadiklari igin, bu yéntem basarili olmamistir. Ayrica da bir kisim dgdrencinin
programin yarisinda bu kursa katilmalari sinifin uyumunu da bozmustur.
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Sekil 3. Yuksek lisans sertifika programina yillik 6grenci kaydi, secilen makaleler ve kisa kurslar. Sari
cgizgilerin icindeki rakamlar her yil uzun (tam) ylksek lisans sertifika programina devam eden yurt igi
ogrencilerini gbstermektedir. (yesil: kisa kurslar, mavi: segilen makaleler, sari: ylksek lisans sertifika

programi)

Yuksek lisans sertifika programi esas olarak mihendislik ve bilim alanindaki Gniversite mezunlarini
jeotermal endulstride g¢alismak icin egitmeyi amaclamigtir. Bu, olgun ve saglam bir endistride
kanitlanmis teknolojinin kullaniimasidir ve o6grenciler ilgili literatiire yonlendiriimektedirler. Ancak,
dersin bltlinsel yapisindan dolayr zaman tasarrufu yapmak ve internette ve bazi literatlirde bulunan
karmasik bilgiden kaginmak igin, program ders materyallerinin ¢ogu &grencilere hazir olarak
verilmektedir.

Ogretim glglii bir arastirma temeline dayalidir ve égrencilerin gogunun projeleri akademik dergilerde
ve konferans kitapgiklarinda yayinlanmis ve gelecekteki 6grenciler icin kaynak olarak bulur
durumdadir. Projelerin tamami endistri odaklidir ve giinimuz sondaj ve kullanim tekniklerini gelistirme
ve iyilestirme yollariyla ilgilidir. Program tim jeotermal enerji konularinda arastirma yapan yuksek
lisasns ve doktora 6grencileri arasinda da popdulerdir. Yiksek lisans sertifika programi mezunlari hem
Yeni Zelanda'da hem de deniz asiri Ulkelerde jeotermal endustri tarafindan ragbet gérmekte ve
aranmaktadir.

Yuksek lisans sertifika programi ders yogun bir program olup her giin dért saat ders ve iki saat de bire
bir (6gretmen-6grenci) dersi icermektedir. Ayrica dersin édnemli noktalarina odaklanan bir ¢ok saha
ziyaretini de igerir. Ogrenciler dénem ortasinda tek bir hafta ara verebildikleri ve ¢ogu hafta sonunda
saha ziyareti yapmak zorunda kaldiklari i¢in, program emek isteyen bir programdir.

Ogrencilerin gogu (%85 inden fazlasi) farkli akademik alt yapidan (bilim veya mihendislik) gelen
yaslar (22-62) arasi gesitli etnik ve cinsiyetten uluslararasi 6grencilerdir (Sekil 4). Bu gesitlilik 6gretim
goérevlileri ve dgrenciler arasinda karsilikli saygi ile olumlu iligkiler gelistirmek agisindan blylk ¢aba
sarf etmeyi gerektirmektedir.
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Sekil 4: Yiksek lisans sertifika programinda cinsiyet dagilimi (2007-2018). (mavi: erkek, sari: kadin)

Ogrencilerin alt yapilarinin gesitliligi g6z 6niinde bulundurularak, kursun ilk iki haftasi jeotermal
enerjinin ilkelerine ayriimistir bdylece 6grencilerin arasindaki bilgi farki azaltilarak hepsinin bilgi dizeyi
ortak bir seviyeye getirilecektir. Tim 6grenciler jeotermal kaynaklar ve kullanimlari (jeoterm 601) ve
jeotermal eneriji teknolojisi (jeoterm 601) olmak lzere zorunlu iki yazili 6dev yazmak zorundadirlar. Bu
Odevler muhendislik 6gdrencileri yer bilimlerini (jeoloji, jeokimya, jeofizik), yerbilim insanlari da
muhendislik temellerini (termodinamik, sivi mekanigi, 1s1 transferi) daha ¢ok &grendikleri zaman
yazilmaktadir. Bu ¢alisma ayni zamanda bir siredir universite/akademik yasamdan uzak olan
odrenciler i¢in bir tazelenme de olmaktadir.

Kursun ikinci kisminda, égrenciler ya jeotermal mihendislik (jeoterm 620) ya da jeotermal kesif/sondaj
(jeoterm 603) alma segeneginie sahiptir. Sonra derste 6grendikleri bilgiyi pratie dokerek endustri
bazl bir proje (jeoterm 689) uygulamaktadirlar.

Jeotermal veya jeolojik ilgi sahalari ve jeotermal sirketlerin ziyaret edildigi bircok gunlik saha gezisi
vardir. Saha gezileri teorinin pratikle birlesmesini, saglamlagmasini saglar. Ogrenciler ayrica bu
gezilerde uzmanlardan jeotermal endustri konusunda dersler alirlar.

Kursun sonunda 6grenciler bes farkli jeotermal gii¢ santralini, (i¢ jeotermal sondaj kulesini, dért buhar
sahasini, sekiz dogrudan kullanimli jeotermal eneriji tesisini, bes farkli jeotermal sistemini ziyaret etmis
ve endustriden gelen jeotermal uzmanlardan 12 ders almis olacaklardir.

Yuksek lisans sertifika programinin basarisi ve Yeni Zelanda jeotermal endustrisinin gugli destegi,
Yeni Zelanda hikimeti Dis iliskiler ve Ticaret Bakanhiginin 2011’de Yeni Zelanda Devlet Yardim
programinin bir pargasi olarak yeniden bir burs programi baglatmasina neden oldu. Bu burslar ¢ok iyi
karsilanmigtir. Ancak Ylksek Lisans diploma programindan ve Jeoloji Enstitisinin 2002'de
devrinden dersler alinmistir. Bu nedenle Yiksek Lisans sertifika programinin tamamiyla burslara
dayali olmamasini saglamak ¢ok énemlidir. Kursun surduarulebilirligini saglamak surekli kendi kendini
fonlayabilen 6grencileri Yiksek Lisans Sertifika Programina cezbetmekle mimkindr.
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Son yillarda 6grencilerin kayit egilimlerinde énemli degisiklikler olmustur. Bazi farkl jeotermal yazili
O0dev/modullere devam eden 6grenciler nispeten artarken, bitin Yiksek Lisans Sertifika programini
tamamlayan 6grenci sayisi azalmistir (Sekil 3). Bunun sebebi de fakiilte ici Enerji Yiksek Lisans
programindaki 6drenciler jeotermal yazili ddev dersi kredilerini kendi programlarina tasiyabildikleri igin
yogun ilgi duymaktadirlar. Enerji YL programindan gelen ogrenciler jeotermal konusunda alti aylk
arastirma projesi de yapmaktadirlar.

TARTISMA

Yeni Zelanda elektrik talebinin azalmasina bagh olarak jeotermal enerjide yavas bir biylime
yasamaktadir. Ancak, devletin 2035 itibariyle %100 yenilenebilir enerji Uretimi politikasi nedeniyle
konvansiyonel termal santraller agsamali olarak azalacak ve yerini esas olarak jeotermal gli¢ alacaktir.

Son zamanlarda, bircok merkezi ayirici sistemli buhar santralinde biyik nem ve mineral ¢okeltisinin
buhar tirbinlerine ve nozillarina tahribati gézlenmistir. Bu tagsinmanin sebebiyle ilgili genis arastirma
buyidk ayiricilarin ayirma verimliliginin distk oldugunu gdéstermistir ve ayirici ile tirbin arasindaki
buhar borularinin kisa olmasi sebebiyle taginan damlaciklarin borularin dibine ¢okelmesini saglayacak
yeteri kadar zaman kalmamaktadir. Bunun gdstergesi olarak var olan santrallerin tadili/iyilestirmesine
¢ok az yer kalmaktadir, bir de buhar santralleri teknolojisinin sinirlamalari gelecekte daha fazla cift
cevrimli kurulumlar yapilmasina yol agmaktadir.

1970’lerden beri cesitli siirelerle devam eden bircok yiiksek lisans diizeyinde (ingilizce 6gretimi olan)
uluslararasi jeotermal dersler vardir. Maalesef tarih, dinyada dis fonlari durduruldugu igin sonlanan
bircok jeotermal derse sahit olmustur (italya, Japonya ve Yeni Zelanda). Bu da bize jeotermal ders
programlarinin kendine yeter olmadigini ve temel olarak dig fonlara bagimli olduklarini
gOstermektedir.

Yeni Ylksek Lisans Sertifika programi gec¢cmisteki benzer programlarin karsilastiyi zorluklar g6z
ondnde bulundurularak jeotermal enerji egitim ihtiyaglarina goére hazirlanmistir. Surduarulebilir bir
jeotermal Yilksek Lisans programi sinif ve saha calismasi ve glgli bir disiplinler arasi odak g6z
onlinde bulundurularak tasarlanmalidir. Program ayrica Ogrencilerin taleplerine gére degistirilecek
sekilde olmalidir.
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OZGECMIS
Sadiq J. ZARROUK

Yeni Zelanda, Auckland Universitesi, Mihendislik Bilimleri Boéliminde Jeotermal Eneriji
teknolojilerinde Yiksek Lisans Sertifika programi kurs koordinatorii ve jeotermal Mihendislik kidemli
ogretim gorevlisidir.

2007°'de, 2002'de durdurulmus olan jeotermal egitim programinin yeniden baslatiimasinda etkili
olmustur. Dr. Zarrouk diinyada birgok enstitii ve Universite ile devam eden isbirlikleri ile beraber
jeotermal alanda uygulamali bir yaklasimi vardir. Dergilerde 130 dan fazla yayini, konferans bildirileri,
iki patenti ve iki kitabi vardir. Dr Zarrouk 2006 dan beri Yeni Zelanda Jeotermal Calistayr’nin
diizenleme komitesi Uyesidir. Jeotermal ve rezervuar muhendisligi ticari alaninda 22 yillik ilgisi vardir.
Yeni Zelanda, Avustralya, Endonezya, Malezya, Filipinler, Belcika ve Kuzey Amerika'da 35 den fazla
jeotermal sahada calismistir. Gorevleri arasinda kaynak degerlendirmesi, kuyu hedefleme, kuyu test
analizi ve rezervuar modelleme vardir. Ayrica bir ¢cok durum tespiti projelerine katilmigtir, saha
gelisiminin mihendislik yonleri (buhar alani ekipmani, akis Olgumleri, iki fazli akis, gi¢ santrali
tasarimi, 6lgimleme, korozyon ve dogrudan kullanim) alanlarinda durum tespiti yapmistir. Ayrica bilir
kisilik yapmistir. 2011°’de Yeni Zelanda Jeotermal Derneginin , 2013’de Uluslararasi Jeotermal
Derneg@i'nin yonetim kurul Gyesi olarak segilmistir ve her iki organizasyonda da etkin kurul (yesi
olmaya devam etmektedir.
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THE NEW ZEALAND GEOTHERMAL ENERGY STORY:
CHALLANGES AND SOLUTIONS

Yeni Zelanda’nin Jeotermal Enerji Tarihi: Zorluklar ve Céziimler

Sadig J. ZARROUK

ABSTRACT

The use of geothermal energy in New Zealand dates back to pre-European settlement, as it has
always been part of the life and the culture of the Mouri people of New Zealand. Largescale industrial
use of geothermal energy started with the development of the power generation from two-phase
geothermal fluid in Wairakei and Kawarau, which started in 1950.

This work outlines some of the resent challenges in power plant design; first covering technical issues
with centralized separation and moisture removal system, which has resulted in mineral scaling and
moisture damage in the turbine. Where some of the recent findings are presented and the solutions
that was implemented.

Then we discuss the history of geothermal energy technology training in New Zealand, the lessons
learned from the past Postgraduate Diploma program (1979-2002) and the implementation,
challenges and future directions of the current Postgraduate Certificate course (2007-now).

Key Words: New Zealand; Separator, Moisture damage, Geothermal energy education, PGCert.

OZET

Yeni Zelanda'da jeotermal enerjinin kullanimi, her zaman Yeni Zelanda'daki Mouri halkinin yasam ve
kultdrindn bir pargasi oldugu icin Avrupa oncesi yerlesime dayanmaktadir. Jeotermal enerjinin blylk
Olcekli endustriyel kullanimi, 1950 yilinda baslayan Wairakei ve Kawarau'daki iki fazli jeotermal
akigkandan elektrik Uretiminin gelismesiyle basladi.

Bu calismada, enerji santrali tasariminda ortaya ¢ikan bazi zorluklarin ana hatlari gizilmektedir: Once
turbin icinde mineral dlgeklendirmesi ve nem hasar ile sonuglanan merkezi ayristirma ve nem
giderme sistemi ile ilgili teknik sorunlar ve son bulgulardan bazilarinin sunuldugu ve uygulandidi
¢6zumler incelenmektedir.

Ardindan Yeni Zelanda'daki jeotermal enerji teknolojisi egitiminin tarihini, dnceki Lisansustu Diploma
programindan (1979-2002) 6grenilen dersleri ve mevcut Lisanslstl Sertifika kursunun (2007-simdi)
uygulanmasini, zorluklarini ve gelecekteki yonleri tartisiimistir.

Anahtar Kelimeler: Yeni Zelanda; Ayirici, Nem hasari, Jeotermal enerji egitimi, PGCert.

1. INTRODUCTION

New Zealand has been in a period of consolidation in the geothermal electricity sector over the last 5
years (since 2015) following a period of rapid growth in the utilization of geothermal energy in the prior
2005-2015 years. Two small power plants are in the process of being constructed or recently
commissioned. At Ngawha a 25 MWe plant is in the early construction phase and at Kawerau the 25
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MWe Te Ahi O Maui plant was commissioned in September 2018. There is in total just over 1000
MWe of installed geothermal electricity generation capacity, which is typically contributing about 18%
of national electricity in an electricity system dominated by renewable generation. New Zealand
currently produces about 80% of its electricity from renewable sources and the new Labour-led
coalition government is strategically targeting 100% renewable generation by 2035, and is introducing
a Carbon Zero Bill in 2019. New Zealand's geothermal resources will have a key part to play as the
country moves to this new future. There is a developing emphasis on the direct use of geothermal
energy. New Zealand also have strategies and implementation activities that are both increasing
employment in direct use geothermal businesses and fostering increased uitlisation of geothermal
energy directly. The Taupo Volcanic Zone (TVZ) is the area that is the focus of this activity currently.
There has also been activity in the geothermal heat pump sector with a number of commercial
facilities using aquifer energy systems now operational in Christchurch as part of the rebuilding activity
that has occurred post the 2011 Christchurch earthquake. New Zealand is entering a growth period in
direct geothermal heat use, including geothermal heat pumps. New Zealand has always been at the
cutting edge of geothermal technology and education. .

2. MOISTURE REMOVAL SYSTEMS IN GEOTHERMAL POWER PLANTS

Geothermal steam-water separator is an essential component used in most types of geothermal
power plants. However, it has been established that they are not 100% efficient [1]. This will result in
liquid carry over into the geothermal steam lines, which can reach the turbines if not properly removed.
In addition to the liquid carryover, there will be steam condensates forming inside the pipeline due to
loss of heat (thermal power) through the insulated pipeline.

Since low and semi volatile contaminants dissolves in liquid, any water entrainment could cause
severe damage to the turbine blades, casing and nozzles leading to reduction in turbine’s
performance, large maintenance cost and possibly turbine shaft replacement. The combined carryover
and the steam condensates is discharged from the steam pipeline using steam traps located along the
steam pipeline in the form of drain pot in a process known as scrubbing. Therefore, the steam
condensates while not desired do help in scrubbing the steam from any minerals it carries in long
steam lines. At the same time, there are dedicated moisture removal devices located near the turbine
house providing the last point of defense (Figure 1).

Using small individual wellhead separators will result in longer scrubbing lines that will allow the
carried over droplets to settle down at the bottom of the pipe. This will help achieve the desired high
purity steam with a quality of 2 99% at the turbine inlet.

More than 60 years of field-experience at Wairaei, New Zealand has demonstrated that multiple small
diameter long pipelines ensures both high purity and quality steam to the turbines. However, recent
steam-field design practices that focus on efficiency, reducing pressure losses and low construction
cost meant using large centralized separation plants located near the power station. This is pushing
the known separator performance design limits, more moisture carried over, shorted scrubbing lines
with large diameters. Resulting in less time for steam pipeline scrubbing and more moisture and
minerals reaching the turbines.

Recent field experience has shown that both types (vertical and horizontal) separator design struggle
with the problem of moisture and mineral carry over should these separators are located close to the
power plant. When faced with this problem, the steam field operators will have limited options to
resolve the issue through retrofitting. Hence, it is critical to get the conceptual design correct before
construction.
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Figure 1. Optimum configuration of the moisture removal system [2].

For the New Zealand designed vertical separators, recent field-based tracer testing of large the large
17 m high and 3 m diameter separators at the Te-Mihi power plant in Wairakei have shown that wall
flow of a liquid film layer on the outer walls of the separator vessel (Figure 2) is the main contributor to
liquid (droplet) carryover [1, 3]. The wall flow is delayed by few hours therefore tracer testing needs to
run for several hours to measure this effect.
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Figure 2. Simplified Flow Mechanism inside a Vertical bottom outlet separator, showing the wall flow
effect [3].

Rizaldy and Zarrouk [3] showed that the wall flow is a function of the steam velocity inside the
separator. Since the carried over droplets can be very small and will not all fall inside the first drain pot
after the separator. The main implication of these results is that current method used to calculate the
separator efficiency is not correct, it often overestimate the separator efficiency.
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The best design practice is to keep the separator >400-500 meters from the power plant with wet
scrubbing immediately after the separator allowing steam line scrubbing while having a final online
scrubber or a demister at the power plant [2].

The recent bad experience with moisture damage at several power plants in New Zealand and
Indonesia has brought to the attention the limitation of geothermal flash and steam plants. It is my
feeling that the future of steam power plants is limited and “most” future power plants in New Zealand
and other parts of the world are likely to be binary plants.

3. GEOTHERMAL ENERGY EDUCATION

Geothermal energy training is a very specialised area with few established postgraduate (PG) courses
available worldwide .

The Geothermal Institute (GI) at the University of Auckland ran a very successful year-long post
graduate diploma (PGDip) in geothermal energy technology from 1979 to 2002 [4]. The GI had 1300
alumni from more than 50 countries most of whom are now in senior positions in their home countries.
They still maintain a close relation with the New Zealand geothermal industry (providing links and
potential contracts). The Gl also trained most New Zealand geothermal experts and kept New Zealand
at the forefront of geothermal research, knowledge and practice worldwide.

Geothermal energy training is very important for supporting New Zealand’s local and technology
export industries. New Zealand has a wealth of geothermal natural resources and expertise. The
geothermal systems are valued both for their natural beauty, direct use applications and for power
generation. New Zealand currently generates around 80% of its electricity from renewable resources,
including about 18% from geothermal energy. Most of the high temperature geothermal systems are
located in the central North Island, a three hour drive from Auckland, New Zealand’s largest city.

Unfortunately support from the New Zealand government for the PGDip course was withdrawn at the
end of 2002. This was despite the growing concern among professionals in the geothermal industry
over the loss of momentum in geothermal research and training in New Zealand, and a potential
shortage of geothermal professionals [4].

The GI was fully funded by the United Nations from 1978 and later by the New Zealand government
up to 2002. It had seven fulltime academic staff (three in geothermal engineering and four
geoscientists) plus three administration staff (manager, secretary and technician) and ran the one-year
(two-semesters) PGDip with an average of 25-30 students/year. There were also several Masters and
PhD students undertaking geothermal research in both earth science and engineering.

Most (>85%) of the students attending the course were funded by New Zealand government
scholarships. The income from the student enrolment could not support the continuation of running the
PGDip course. Therefore, in 2003 when the New Zealand government stopped funding the
scholarship program and the staff salaries, the course was abandoned by the university and most of
the academic staff were made redundant. The fate of the Gl is not different from that of the geothermal
courses at Pisa, Italy and Kyushu, Japan (Table 1), where the courses were also fully reliant on
government/external funding or a scholarship programmes. Similar outcome was report at the
geothermal taring programme in University of Nevada (2011-2013) over a shorter timeframe [4]. This
can serve as an example for similar programmes because as governments change their education
funding or aid programs, it puts academic courses at risk. With that in mind, when restarting the new
post graduate certificate (PGCert) in geothermal energy technology in 2007 significant emphasis was
given to making the course self-sustaining.
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Table 1. History of post graduate geothermal programmes around the world [4].

Institution Country | Year Year Duration | Funding support
Started | Stopped (months)

International | Italy 1970 1985 9 United Nations Development

Institute for Program (UNDP).

Geothermal 1985 1992 8 UNESCO

Research,

CRN in

Pisa,

Kyushu Japan 1970 2001 2-4 The government of Japan (JICA)

University 2016 Continuing | 6

Auckland New 1978 2002 9 UNDP and MFAT Scholarships

University Zealand | 2007 Continuing | 4 (varying number over the years)
Employer-funded students
Self-supported students

UNU-GTP Iceland 1979 Continuing | 6 The government of Iceland and

Reykjavik UNU (until 2007)
Employer-funded students

3.1 The geothermal PGCert (2007 till now)

In 2007 the one-semester (60 points) PGCert course was started with initiative from the academic staff
of the Department of Engineering Science with the help of three scholarships (for two years) from
Contact Energy Ltd. and one from MBCentury Ltd. These scholarships helped restart the course with
student numbers increasing each year as shown in Figure 3.

Figure 3 shows the increase in student numbers since 2007. Note the anomalous increase in domestic
student numbers in 2009. This was due to an influx of New Zealand and Australian students as a
result of the financial problems and poor employment prospects in late 2008.

Understanding the challenges of running the course and the lessons learned from the Gl PGDip
helped us to structure the PGCert course to ensure sustainability with minimum risk:

The course was reduced to a one-semester (19 week) course, which made it easier and cheaper for
employers to send their staff to New Zealand.

The course was divided into separate blocks of about six weeks. This meant that students can do the
PGCert over two years in six week long blocks plus a one month short project. This was very attractive
to some company-sponsored students.

For the first four years, the course was run by two part time (50 %) academic staff. Currently one full
time academic staff (the author) runs the course, with most other lecturers either donating their time or
on short-term contracts.

In the first three years of running the PGCert course some of the papers were used as open entry
short courses (see Figure 3). This was aimed at increasing student numbers and improving the course
finances. This proved to be not a good idea as some students doing a short course with no means of
assessment at the end did not take the course as seriously as student doing an academic course.
Also having students joining the course half way through the program can disturb the harmony of the
class.
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Figure 3. Annual number of student’s enrolment in the PGCert, selected papers and short courses
The numbers within the yellow bar indicates the number of domestic students attending the full
PGCert course each year.

The PGCert program is mainly aimed at training engineering and science graduates for work in the
geothermal industry. This involves the use of a proven technology in a mature and well-established
industry and the students are directed to the relevant literature. However, most of the course material
is provided for the students to save time due to the block structure of the course and to avoid some of
the confusing information found on the internet and in some of the literature.

The teaching has a strong research base and many of the student projects are published in journals
and conference proceedings and are available as a resource for future students. The projects are all
industry focused and are concerned with how to develop and improve current exploration and
utilisation techniques. The course is also popular with Masters and PhD students undertaking
research in all aspects of geothermal energy. The PGCert graduates are highly sought after by the
geothermal industry both in New Zealand and overseas.

The PGCert course is very lecture intensive with 4 hours of lectures and 2 hours of tutorials every day.
It also involves several field trips which are highlights of the course. The coures is demanding as
students only take one week off during the mid-semester break and have to do field work during some
of the weekends.

The students are mostly (> 85%) international students from different academic backgrounds (science
or engineering), age (22 to 62 years old), ethnical and gender diversity (Figure 4). This diversity
requires great effort to develop positive relationships (trust) with mutual respect between the lecturers
and the students.

Given the diversity of student backgrounds, the first two weeks of the course are dedicated to the
principles of geothermal energy, aiming to bridge the knowledge gap and to bring the students to a
common level of knowledge. All students do two compulsory papers, geothermal resources and their
use (GEOTHERM 601) and geothermal energy technology (GEOTHERM 601). This is when the
engineers learn more about earth science (geology, geochemistry, geophysics) while the earth
scientists learn the engineering fundamentals (thermodynamics, fluid mechanics, heat transfer). This
also serves as a refresher for returning students who have been away from university/academia for
some time.
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Figure 4. Gender distribution in the PGCert course (2007-2018).

In the second part of the course, the students have the option to learn more about either geothermal
engineering (GEOTHERM 620) or geothermal exploration (GEOTHERM 603). The students then carry
out an industry-based project (GEOTHERM 689) to apply, in a practical setting, the knowledge they
have gained through course work.

There are also several day trips to visit geothermal companies and sites of geological or geothermal
interest. The field trips help to cement the theory with practice. The students also receive several
lectures from experts in the geothermal industry during the field trips.

By the end of the course, the students have been through five different geothermal power stations,
three geothermal drilling rig sites, four steam fields, eight direct use geothermal energy developments,
five different geothermal systems and have had twelve lectures from geothermal experts in the
industry.

The success of the PGCert course and the strong support from the New Zealand geothermal industry
prompted the Ministry of Foreign Affairs and Trade (MFAT) New Zealand government to re-establish a
scholarship programme in 2011 as part of New Zealand government aid (NZAID) programme. These
scholarships are very welcomed. However, lessons have been learnt from the PGDip course and the
demise of the Gl in 2002. Therefore, it is important to make sure that the PGCert course is not fully
reliant on scholarships. This is done by attracting a constant stream of self-funded students to the
PGCert to insure the course sustainability.

In recent years, there has been significant changes in student’s enrolment trends. While the number of
students attending the different geothermal papers/modules has been relatively increasing, the
number of students completing the full PGCert degree has declined (Figure 3). This is related to the
strong interest in the interfaculty Master of Energy (taught) program where students carry the credit
from doing the geothermal papers toward this degree. Students from the Master of Energy program
also carry six months research project on geothermal topic.

DISCUSSION

New Zealand is experiencing a slow growth in geothermal energy due to the lack of demand for
electricity. However, the government policy of achieving 100% renewable power generation by 2035
will result in the phasing out of conventional thermal plants, which will be, replaced mainly by
geothermal power.
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Recent experience at several steam power plants with centralised separation system have witnessed
major moisture and mineral precipitation damage to the steam turbines and their nozzles. Extensive
investigations into the cause of this carry over showed that it is related to the low separation efficiency
of large separators and because of having short steam lines between the separator and the turbine,
which do not allow enough time for the carried over droplets to settle to the bottom of the pipe. The
implications of this is limited room for retrofitting existing plants this has also showed the limitation of
steam plants technology giving way to more binary plant installations in the future.

Since the 1970’s there have been several international (taught in English) postgraduate level taught
geothermal courses which have continued for varying length of time. Unfortunately, history has
witnessed the end of several geothermal courses around the world when their external funding
stopped (Italy, Japan and New Zealand). This indicates that these geothermal courses are not self-
sustained and are mainly reliant on external funding.

The new PGCert course created in response to the need for geothermal energy training while
recognising the challenges faced by similar courses in the past. We argued that a sustainable
geothermal PGCert course must be designed with a strong cross-disciplinary focus and a balance
between class work and fieldwork. The course should also be adaptive to changes in student demand.
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