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AVRUPA'DA JEOTERMAL PAZAR YONELIMLERI VE
RISK DEGERLENDIRMESI

Geothermal Market Trends And Environmental Risks Assessment In Europe

Philippe DUMAS
Thomas GARABETIAN

OZET

EGEC 2018 Jeotermal Piyasa Raporu, son yillarda gdézlenen istikrarli blyimeye yonelik egilimi
dogrulamakla birlikte, ayni zamanda Avrupa'da jeotermal enerjinin tam olarak kullaniimasini saglamak
icin daha fazla taninmaya ihtiya¢g duyuldugunu da belirtmektedir. Avrupa'da kurulu jeotermal elektrik
kapasitesi yillda 15 TWh'den fazla biyliimekte ve Uretmektedir. Yeni ilaveler olduk¢ca énemli, 2018'de,
basta Turkiye'de olmak tizere 350 MWe yeni jeotermal elektrik kapasitesi devreye girdi.

Jeotermal enerijinin, 1sitma ihtiyaglarini kargilamak i¢in uygun maliyetli bir ¢6ziim olarak tanimlandigi
yerel ve ulusal planlama sayesinde, yeni bdlgesel isitma sebekelerinin insasi ve eskilerin
guclendirilmesiyle, jeotermal enerjinin kullanimi da artmaktadir. Her yil devreye giren yeni tesis sayisi,
son yillarda ortalama %10'luk bir blyiime orani ile yikselis egilimindedir.

Bireysel jeotermal 1sitma sistemlerine bakildiginda, sig jeotermal pazari, tesis sayisi, kurulu kapasite
ve uUretilen enerji agisindan sektériin en blylk bélimi olmaya devam etmektedir. Bireysel jeotermal
Isitma sistemleri veya jeotermal 1si pompalari, Avrupa'da yaklasik 2 milyon kurulu Unite ile 20 GW'in
Uzerinde bir 1sitma kapasitesini temsil etmektedir.

Surekli buyumesine ragmen, bazi bélgelerdeki derin jeotermal enerji Uretimi, 6zellikle piyasadaki
alimini ciddi sekilde engelleyebilecek gevresel performans agisindan olumsuz bir algiyla kargi karsiya
kalmaktadir. Bu nedenle, cevresel etki degerlendirmesi, derin jeotermal kaynaklarin yayiimasinin 6n
sartidir. Yasam Dongusi Degerlendirmesi (LCA) kavrami, farkli enerji tretim teknolojilerinin ¢evresel
etkilerinin yagsam doéngust asamalari Uzerindeki - hammaddelerin ¢ikariimasindan dretime, nakliyeye,
kullanim ve dmrindn sonuna kadar - analizine ve karsilastiriimasina olanak saglar.

Avrupa fonlari tarafindan finanse edilen, 30 ay slreli ve Kasim 2018’de baslayan GEOENVI projesi,
hem karar vericiler hem de jeotermal piyasa aktoérleriyle birlikte calismayi, cevre dizenlemeleri
konusunda tavsiyelerde bulunmayi ve jeotermal paydaslarin Yagsam Déngusu Degerlendirmesi (LCA)
metodolojisi uygulamasini desteklemeyi amaclamaktadir.

GEOENVI projesinin amaci, ¢evresel kaygilari hem etkiler hem de riskler agisindan cevaplamak, ilk
olarak proje gelistiricilerine ¢evresel etkileri degerlendirmek igin uyarlanmis bir metodoloji belirleyerek
ve operasyonel veya gelistiriimekte olan jeotermal projelerin cevresel etkilerini ve risklerini
degerlendirmektir [1].

Proje, cevresel etkileri degerlendirmek igin basitlestiriimis LCA modellerini gelistirmeyi ve son olarak
cevresel kaygilarla dogru sekilde iletisim kurmayi, karar vericilere uyumlastiriimis Avrupa cgevre
diizenlemeleri hakkinda 6nerilerde bulunmayi hedeflemektedir.

Anahtar Kelimeler: Jeotermal, Pazar gelismesi, yenilenebilir enerji, cevre, dliizenleme
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ABSTRACT

The EGEC 2018 Geothermal Market Report confirms the trend towards the steady growth observed in
recent years, but also notes the need for greater recognition in order to enable the full deployment of
geothermal energy in Europe. Installed geothermal electricity capacity in Europe is growing and
producing over 15 TWh per year. The new additions are quite significant, with 350 MWe of new
geothermal electricity capacity coming online in 2018, mainly in Turkey.

The use of geothermal for heating is also increasing, supported by the construction of new district
heating networks and the retrofitting of old ones, thanks to local and national planning identifying
geothermal heat as a cost-efficient solution to meet heating needs. The number of new plants coming
online each year is on an upward trend, with an average annual growth rate of 10% in recent years.
Looking at individual geothermal heating systems, the shallow geothermal market remains the largest
segment of the sector in terms of number of installations, installed capacity and energy produced.
Individual geothermal heating systems, or geothermal heat pumps, represent over 20 GWth of heating
capacity in Europe, with nearly 2 million installed units.

Despite its continuous growth, deep geothermal energy production in some regions is confronted with
a negative perception, particularly in terms of environmental performance, which could seriously
hamper its market uptake. Thus, environmental impact assessment is a prerequisite to the deployment
of the deep geothermal resources. The concept of Life Cycle Assessment (LCA) allows analysis and
comparison of the environmental impacts of different energy production technologies over their life
cycle stages — from extraction of raw materials to production, transport, use and end-of-life.

Financed by European funds, GEOENVI project, starting in November 2018 for 30 months, aims at
engaging with both decision-makers and geothermal market actors, to adopt recommendations on
environmental regulations and to promote the Life Cycle Assessment (LCA) methodology
implementation by geothermal stakeholders.

The objective of the GEOENVI Project is to answer environmental concerns in terms of both impacts
and risks, by first setting an adapted methodology for assessing environment impacts to the project
developers, and by assessing the environmental impacts and risks of geothermal projects operational
or in development in Europe [1].

The project aims at proposing recommendations on harmonised European environmental regulations
to the decision-makers, at elaborating simplified LCA models to assess environmental impacts and
finally at communicating properly on environmental concerns.

Key Words: geothermal;market development, renewable energy, environment, regulation.

1. GIRIS

Jeotermal enerji, Avrupa’da hizla blayulyen yenilenebilir enerji kaynagidir. Elektrik Gretiminde, binalarda
yenilenebilir 1sitma ve sogutma saglamak icin, bdlgesel 1sitmada, endlstriyel proseslerde veya tarim
icin kullanilabilir. Jeotermal enerjinin Avrupa’da gelismesinde bir zorluk, sektérimuizin enerji
karisimina katkisini géstermektir. Clinku yenilenebilir temelli karbon azaltimi yaklasimi, kendine 6zgu
bir pazardan daha buyik ve daha énemlidir. Avrupa’daki kaynaklar jeotermalin blyik miktarda gic ve
1s1 kaynagi olarak kullanimina imkan verecektir. Ozellikle 1si igin jeotermal enerji kullanimi tim
Avrupa’da yavas ama surekli artmaktadir.

Genel olarak Avrupa’da jeotermal enerji kullanimi, Ulke ve teknolojiye bagl olarak degisen oranlarda
artmaktadir. Bu bildiri 2018’deki jeotermal pazarinin durumunu ana hatlariyla ortaya koyacaktir.

Jeotermal enerji kullanimi yiksek riskli bir konu olarak ortaya ¢ikmakta, jeotermal enerji ile birlikte
anilan cevresel riskleri dederlendirme ve azaltma sorusu gittikce blylyen bir soru olmaktadir.
Asagidaki yazil bildiri, Ufuk 2020 altinda finanse edilen GEOENVI projesinin bu sorunu nasil ele
aldigini gosterecektir.
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2. BUYUK PAZARLAR TARAFINDAN TASINAN JEOTERMAL ELEKTRIK SEKTORU
2.1. Jeotermal elektrik geligmelerine liderlik eden Tiirkiye

Avrupa’da kurulmus jeotermal elektrik kapasitesi 3.1 GW temsil eder, énemli miktarda kurulmus
kapasite ile t¢ buyik llke ve jeotermal elektrik endistrisinin gelismeye bagladigi diger tlkeler. Ug
onde gelen pazar: 1315 MWe kurulmus kapasitesiyle Tiirkiye, 916 MWe ile italya ve 753 MW ile
izlanda. Jeotermal enerjiden elektrik elde eden diger Ulkeler Almanya, Portekiz, Fransa, Macaristan,
Hirvatistan, Avusturya’dir.

Son birkag yildir Turkiye, 2017°de kurulan 330 MWe ve 2018'de kurulan 290 MWe ile Avrupa’daki
jeotermal elektrik gelismelerinde 6énde gelen bir pazardir (bkz Sekil 1). 2018'de Tirk jeotermal sektoru,
son iki yildaki kapasitesini iki katina gikararak, 12 yeni jeotermal santral eklemis ve 1 GW’den fazla
kurulu jeotermal elektrik kapasitesiyle “GW kullibi” denen llkelerin arasina girmistir.

CROATIA o

16.5MWe

o ICELAND

45MWe

a TURKEY

290.3Mwe

Sekil 1. 2018'de jeotermal elektrik ilave kapasitesi [2]

izlanda 2018'de yeni bir santralle kapasitesine 45 MWe eklemesine, Hirvatistan 16.5 MWe ilavesiyle
elektrik Uretiminde jeotermal enerjiye bagimli olan en son Avrupa Ulkesi olmasina ragmen, Avrupa’nin
geri kalaninda jeotermal elektrik pazari daha az dinamiktir. 2017°de Macaristan 3.4 MWe’lik br santrali
devreye sokarak jeotermal elektrik treten Ulkeler grubuna girmigtir.
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Installed geothermal electricity capacity in Europe per type
of turbine (MWe)
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Sekil 2. Turbin tipine gore Avrupa’da kurulu jeotermal elektrik kapasitesi (MWe) [2].

Avrupadaki yeni jeotermal elektrik gelisimi teknik inovasyon ile olugabilmistir ¢inki Avrupa temel
olarak volkanik bir alan dedgildir, dolayisi ile kitanin bir cok kisminda jeotermal elektrik Gretimi ¢ok
uygun degildir. Cift ¢cevrimli turbinler, Avrupa’'nin jeotermal elektrik potansiyelini ortaya ¢ikarmada
etkindir, Sekil 2'de goruldigu gibi, 2010'dan beri eklenen kapasitenin ¢odu ¢ift gevrimli turbinlerle
baglantihdir. Aslinda, jeotermal gl¢ uretiminin daha dusuk sicakliktaki kaynaklardan yapilmasi igin bu
turbin teknolojisi cok 6nemlidir ve ayrica jeotermal gl¢ Uretiminin ¢evresel etkisini de sinirlandirma
avantajina da sahiptir. 2018'de turbin Uretimiyle ilgili, ana aktdrler Ormat, Exergy, Fuji, Toshiba,
Turboden’dir ($kl.3).
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Sekil 3. Jeotermal elektrik turbinlerinde trendler, her uretici i¢in kurulu kapasite[2].
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2.2. Biyiik olgiide yeterince kullanilmamis elektrik tliretim kaynagi

Avrupa’nin birgok kisminda blylk 6lglide yeterince kullanilmamis olarak kalmasina ragmen, jeotermal
elektrik Gretimi enerji donlstni saglamak igin 6nemli bir kaynaktir. Birgcok projenin arastiriliyor olmasi,
sevk edilebilir, esnek 1sI ve gu¢ kaynagi birlesimi olarak bir¢ok yarar sunan bu teknolojiye ilginin
kanitidir. Sekil 4, Avrupa’daki santral sayisinin ikiye katlanmasi igcin 150 santralin inceleme altinda
oldugunu, 150 kurulmus olan igin de, 34’Unln de gelistiriime halinde oldugunu géstermektedir. Bu
arada Avrupa Birligi’'nde, inceleme altinda olan santral sayisi 107, 13’0 geligtiriime halinde ve sadece
56's1 kurulmus durumdadir.
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Sekil 4. Avrupa’da galisir durumda olan, gelistiriimekte olan ve inceleme altinda olan jeotermal santral
sayisl [2].

Sekil 5 Avrupa jeotermal pazari evrimi icin beklentileri gostermektedir. Tirkiye kurulu kapasitesini
daha fazla artirmaya calismakta, italya da yeni dalga jeotermal elektrik dagitim firsatlarini
arastirmaktadir. Bu arada, Fransa ve Almanya elektrik dretimi igin daha kapsamli bir sekilde
jeotermale glivenmek igin yollar aramaktadirlar. Hirvatistan ve Macaristan’daki ilk glic santrallerinin
devreye girmesi, dikkat ¢ekici bir trend olarak yeni Avrupa llkelerinin jeotermal elektrik sektdriine
girmesi demektir. Ornegin, Birlesik Krallik, Belgika veya Polonya’da geligmekte olan projeler vardir ve
isvicre kendi jeotermal glic projelerini gelistirmeye calismaktadir.
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Sekil 5. Her bir tlkedeki igletimde olan, geligtiriimekte olan ve incelenmekte olan jeotermal
santrallerin sayisi [2].
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3. JEOTERMAL ISITMA VE SOGUTMANIN KESINTISiZ DEVAMLILIGI
3.1. Isitma ve sogutma i¢in derin jeotermalin istikrarli biiyiimesi

Avrupa’da jeotermal i1sitma ve sogutma jeotermal elektrik Uretiminden daha yaygindir. Jeotermal
elektrik sektérl icinse Avrupa’daki yeni kapasitenin kullanimini yonlendirecek bazi énemli pazarlar
vardir. 2018’de Avrupa’da i1sitma ve sogutma igin binalarda, tarim ve gida veya endustride kurulmus 5
GWth lik derin jeotermal kapasitesi vardir. Avrupa’da 300°’den fazla jeotermal isitma ve sogutma
sistemi vardir. Sekil 6'da gdsterildidi gibi 1sitma ve sogutma igin derin jeotermal kullanimi son on yilda
surekli bir sekilde artmaktadir.
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Sekil 6. Yillik 1sitma ve sogutma icin yeni derin jeotermal kapasitesi (MWth) [2]

2018'de Avrupa jeotermal sektorll 12 santrali kurdu ya da yeniledi, bu da 150 MWth kapasite demektir.
Yeni ilaveler esas olarak Hollanda’da 66 MWth'yi temsil eden 5 santral, Fransa’da toplamda 45 MWth
kapasiteli bir yeni ilave ile (i¢ santral yenilendi. Aimanya, Belgika ve Sirbistan da bir santral eklediler

(Sekil 7).
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Sekil 7. 2018de 1sitma ve sogutma icin yeni derin jeotermal santralleri (kapasite ve sayi) [2].
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Isitma ve sogutma igin derin jeotermal sektori tim Avrupa’ya yaylmistir. Fakat gogu Ulke sinirli
kurulmus kapasite ve hali hazirda yetkilendirilmis az sayida proje ile yayllmanin erken safhalarindadir.
Ozellikle Almanya, Fransa, Polonya, Hollanda, Macaristan veya italya gibi iilkeler 1sitma ve sojutma
icin derin jeotermal kullanimlarini artirmaya ¢abalamaktadirlar (Sekil 8).
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Sekil 8. Ulkelere gore isletilen, gelisgme ve inceleme altinda olan JeoDH santrallerin sayisi[2].

Kurulmus jeotermal isitma ve sodutma kapasitesi farkli Avrupa ulkelerindeki operasyonda olan proje
sayisini temsil etmez, Uretim kapasitesini tarif ederken jeotermal kaynadin kalitesinin éneminin
kanitidir. izlanda, bu agidan isitma ve sodutma igin énemli bir jeotermal kullanicisidir, ézellikle
bélgesel i1sitmada. Ardindan santrallerinde birlesik sekilde 1s1 ve gug Uretimiyle baglantili buyuk
kapasitesiyle Turkiye gelmektedir. Bu arada Fransa Avrupa Birligi'nde en blylk pazardir, onu
Almanya ve Macaristan takip etmektedir. Hollanda’da kurulmus jeotermal isitma ve sogutma
kapasitesi, son on yilda jeotermal sektortind hizla artirmis bir Glke olarak dikkate deger.
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Sekil 9. Ulkelere gére i1sitma ve sogutma icin derin jeotermal kapasitesi (MWth) [2].
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3.2. Avrupa Jeotermal Isi Pompasi Pazari

Jeotermal 1s1 pompalari jeotermal enerjiyi en disik derecelerde bile kullanarak tim boyutlardaki
binalara (klgcik tek kisilik dairelerden hastaneler, alisveris merkezleri veya NATO karargahi gibi blyulk
alanlara kadar) Avrupa’da her yerde kullanilabilmektedir. Isi pompalari diisik isili jeotermal enerjinin
binanin ihtiyaglarini kargilayacak dereceye ayarlanabilecek sekilde kullaniimasini saglamaktadir (Sekil
10).
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Sekil 10. Secilen Avrupa Ulkelerinde sig jeotermal sistemlerin stok ve satigi ( 2018 tahminleri) [2].

Jeotermal Isi pompalarinin dagilimi esas olarak Almanya veya Fransa ve iskandinav Ulkelerinde en
¢ok Isveg’te yogunlagmistir.

Isve¢ kurulmus yarim milyondan fazla i1si pompasiyla, kurulmus stok acgisindan en blyik Avrupa
Ulkesidir. Ardindan Almanya (350 bin), Fransa (150 bin), Finlandiya ve Avusturya (her biri 100 binden
fazla) gelmektedir. Toplamda 2016’da Avrupa Birligi'nde tahmini 1.5 milyon, Avrupa’da da 1.8
milyondan fazla jeotermal isi pompasi sistemi vardir.

Jeotermal 1s1 pompasi pazari tim Avrupa'da satilan 100 bin tnite (AB'de 80.000 den fazla) ile hayli
dinamiktir. Onde gelen pazarlar isveg (23 bin), Aimanya (21 bin), Finlandiya (8bin) ile 2016'da satiimig
jeotermal 1s1 pompasi sistemleri sayisi ile kurulmus stok miktarini yansitmaktadirlar.

Dordincu sirada (5bin satiimis Unite) ile Polonya hizli gelisen pazari vurgulamaktadir. Aslinda
Polonya’daki 2016°daki satislar, 2015'deki kurulu stokun %15 ine tekabiil etmektedir, bu da Polonya’yi
en dinamik pazarlardan biri haline getirmektedir. Jeotermal 1si pompasi sistemlerinin hizla
benimsendigi diger llkeler Belgika (%21), Finlandiya ve Hollanda (%9) ve Estonya (%16) dir.

4. AVRUPA'DA JEOTERMAL CEVRESEL RiSK DEGERLENDIRMESI

Derin jeotermal pazar gelisiminde en énemli engellerden biri ¢cevresel kaygilardir. Jeotermal glvenli,
guvenilir ve gevresel olarak iyi bir yenilenebilir enerji kaynagi olmalidir. Ancak, derin jeotermal santral
insasi gibi tim insan faaliyetleri bir sekilde dogayi etkilemektedir. Bltin alt yapi projelerinin gevresel
etkisi dogru bir sekilde dusundlmelidir ve cevresel mevzuatlar jeotermalin gelisimi icin dnemli
araclardir. Jeotermal sektoriin bdyle surdurulebilir gelisimi kamu kabullind kolaylastiracaktir.

GEOENVI projesi Kasim 2018’de basladi, 30 ay boyunca Ufuk 2020 altinda Avrupa Birligi tarafindan
finanse edildi. Konsorsiyum 16 ortaktan olusmakta, bunlar alti tGlkeden (Belcika, Fransa, Macaristan,
izlanda, italya, Tirkiye) endistri birlikleri, proje gelistiriciler, kamu arastirma yetkililerini icermektedir.
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Proje derin jeotermal pazarin gevresel etkilerine odaklanarak, yararlarini vurgulama, kaygilara yénelik
¢bzUmler ve araglari analiz etmeyi amaglamaktadir. Jeotermal kaynaklardan glc¢ (esas olarak) ve isi
Uretimi her hangi bir cevre matrisinde (hava, su, zemin, ekosistemler) etki yapabilir.

Yasam Dongusl Degerlendirmesi gevresel etkilerin miktarini belirleme ve hesaplama yaklasimi olarak
ortaya ¢ikmistir [3]. Aslen, var olan projelerin simdiki ya da gegmis etkilerine odaklanan Yasam
Dongusu Degerlendirmesi daha sonugsal bir yapiyla gelecekteki etkileri degerlendirmeye de
baslamistir. YDD, politikalar formiile etme ve gevresel diizenlemeler yaratmada karar almaya yardim
etmek i¢in degerli bir aractir [4]. YDD’den gelen bilgiler etiket, standart, vergilendirme, tegvikler vs gibi
ekonomik aktorler ve tlketicileri ilgilendiren farkh politika enstrimanlarini tasarlamakta faydalidir.
Ayrica ilgili gevresel tahribatin maliyetini yansitan enerji fiyatlarini olusturmakta yardimci olur [5].
YDD’nin benimsenmesinin bir érnegi biofuel ve biolikit Gretimi strdirulebilir kriterini saptamak igin AB
yenilenebilir enerji yonergesinde (EU 2009) vardir. Bu yonerge biofuel ve biolikitlerin kullanimindan
sera gazi emisyonu tasarruf gerekliligini ve ayni zamanda yasam doénglsi esnasinda CO2 emisyonu
miktarinin nasil belirlenecegi hakkinda detayh kurallar ve kilavuzlari tanimlar. Yenilenebilir eneriji
kaynaklarinin cevresel etkisinin belirlenmesi gerekli iken, problem genellikle yuritme kisminda olur
cunkd asil veri ya bulunmamaktadir ya da toplanmasi ¢ok zaman gerektirmektedir [6]. Bu da yukd,
kilavuzlari uyum ve inceleme icin kullanan pratisyenler ya da raportdrlerin sirtina yukler. Boylece, veri
tabani ve yazihm paketleri pratisyenler i¢in en erigilebilir c6zimdar.

Yenilenebilir enerjiye geldigimizde, YDD’nli mevzuata entegre etmek konusunda karmasikliklar vardir.
ISO 14014 [7] de tanimlanan YDD standartlari yoruma agciktir. incelemeler arasindaki degerlendirme
metodlari ¢cevresel etkilerin ayrilmasi, beraber Urin ve atik tanimlari sistem sinirlari agisindan biyik
farkhliklar gostermektedir. Dolayisi ile daha bir 6rnek sonuglar elde etmek i¢in bazi kilavuz kurallar
belirlenmelidir, bu da yenilenebilir enerji pazari aktorleri arasinda adil bir rekabete yol agacaktir.
Dahasi bu entegrasyon YDD’nin daha genis kapsamda, daha pratik bir sekilde ve politika yapicilar/
karar vericilere veya pratisyenlere daha fazla yik vermeden uygulanmasini gerektirmektedir. Bunun
icin YDD nin basitlestiriimeye ihtiyaci vardir.

Olasi gevresel etkiler olarak agsagdidakileri sayabiliriz:

- Ylizey-gorsel etkiler (arazi kullanimi, peyzaj, flora ve fauna);

- Fiziksel etkiler (indiklenmis depremsellik: kullanimin bitin operasyonel safhalariyla ilgili mikro
depremsellik, rezervuar baglantisi ve rezervuara tekrar sivi basma; ¢okme; jeolojik tehlikeler; yeralt
su kaynaklarinin tiikenmesi; dogal radyoaktivite)

- Akustik etkiler (sondaj sirasinda gurultl, ingaat ve ydnetim)

- Termal etkiler (havaya buhar salinimi, sivi gekme veya basmak igin zemin isitma ve sogutma)

- Kimyasal etkiler (atmosfere gaz emisyonu, kirlilik ve emisyon; sivi basma, sivi ve kati atik bertarafi).

4.1. Riskleri haritalandirma

GEOENVI projesinin ana amaglarindan biri gevresel etki ve risklerin ve algilarinin haritalandiriimasi ve
Avrupa’daki gesitli Ulkelerde derin jeotermal santrallerin ¢evresel ayak izinin nasil 6lgtlip kontrol
edildigini tanimlamaktir.

Etki ve riskleri azaltma ve 6nlemek igin halihazirda benimsenen ¢dzimler ve potansiyel ve teknoloji
hazir olma durumu incelenecektir. Bazi etki ve riskler ortaktir fakat bazilari érnegin bdlgesel
Ozelliklere (cografya, jeoloji, vs.) ya da kullanilan jeotermal teknolojilere dayalidir. Cevresel kaygilarin
analizi ana farkhlik faktdrlerinin belilenmesine izin verecektir.

Hedef toplumsal kaygilara odaklanmamasina ragmen, proje her halikarda toplumun ve karar
vericilerin cevresel kaygl algilarina dikkat edecektir. Bazi durumlarda, bir projenin basari ya da
basarisizliginda toplumun ¢evresel kaygi algilari buyik rol oynayabilmektedir. Cevresel kaygi
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algilariyla ilgili olumlu- olumsuz geribildirim analiz edilecek ve diger ilgili etmenlere de (Ulke, teknoloji,
yerel icerik drnegdin, ntfus yodunlugu, is yaratma, enerji politikalari gibi) bakilacaktir.

Sonug olarak, derin jeotermal enerjinin gevresel yonlerinin ortak anlayisini genigletmek igin ¢evresel
etki ve riskler diger yenilenebilir enerijilerle (ve diger alanlarla) baglantili olarak tartisilacaktir

4.2. Paydaslan birlestirme

GEOENVI hem karar vericiler hem de jeotermal pazar aktorlerini bir araya getirerek, mevzuattaki
Onerileri adapte etmek igin ve YDD metodolijisinin jeotermal paydaslari tarafindan uygulanmasini
saglamayl amaglamaktadir. Paydaslarla birlesme, agik ve FAIR (bulunabilir, erisilebilir, birlikte
uygulanabilir, tekrar kullanilabilir) veri yaklagsimiyla bilgi paylagsimini icermektedir. Amag cevresel
kaygilari tartismak icin sakin, seffaf ve givenilir bir ortam yaratmaya katkida bulunmak ve sonug
olarak da gelecekte somut projeleri desteklemektir. Politik karar vericiler, proje gelistiriciler,
yatinmcilar, genel toplum ve yerel halki iceren stratejik gruplarla guglu etkilesim olusturmak, gevresel
etkileri gidermek agisindan gereklidir. Aslinda, yenilenebilir enerji bilyimesini surdirulebilirlikle paralel
tutmak karar ve politika yapicilarin sorumlulugudur.

Sonug olarak, jeotermal enerji projelerinin gevresel risk ve etkileri azaltilmali ve projeden yerel
toplumlara gelen faydalar artirilmalidir. Bu hedeflerin nasil gergeklestigini 6lgmek igin bir izleme araci
geligtirilecektir.

Karar vericilerle badlanti igin en iyi strateji var olan gevresel mevzuatlari uyumlandirma ve
guclendirmedir. Degisikligi kolaylastirmak i¢in, yasam déngisi dislincesini adapte etmek, ilgili ulusal
ve yerel yetkilileri (¢cevre bakanliklari, madencilik yetkilileri) birlestirmektir. Bu noktada jeotermal
enerjide guclu aktiviteleri olan konsorsiyumun digindaki diger ilgili Ulkeler (Almanya, Hollanda, vb)
kapsamin icine dahil edileceklerdir. Enerji veya ¢evre bakanliklari, maden yetkilileri, kamu fonlayici,
yerel yetkililer gibi karar vericiler haritalandirilacaktir. Dahasi, etkin bir angajman igin var olan ilgili
dizenlemeleri inceleyerek ve mevzuatin sahiplerini belirleyerek, onlarin etkisini veya yetkisini
belirleyerek ve konsorsiyum Ulkelerinde degisiklige acik olup olmadiklarina bakilarak énceliklendirme
stratejisi olusturmak 6nemlidir. Bunlarin belirlenmesi, angajman ¢abalarinda degisiklikleri uygulamada
daha etkili olabileceklere odaklanmayi saglar.

SONUC

Jeotermal enerji gug, 1sI ve sogutma igin yerytzuindeki isiy1 kullanir. Avrupa’da her yerde kullanilan
fakat buyuk miktarda peyzajda gizli, temiz, yenilenebilir ve tutarli bir kaynaktir.

Saglanan enerji siirekli, temel ylk ve esnektir, elektrik ve termal sebekelerde dengeleme igin ideal bir
kaynaktir, bdylece enerji glvenligini iyilestirir. Kurulumlar yerel ekonomilere ve eneriji sistemlerine acik
bir etki yapar; her dlizeyde istihdam olusturulur ve strdiralir ve yerel esnekligi gelistirerek, merkezi ve
merkezi olmayan sistemler lGzerinde ¢ok ihtiya¢ duyulan baglantiyi olusturur.

Aralik, 2011°deki ilk basimindan beri EGEC Pazar Raporu Avrupa’daki tim jeotermal sektérde yetkili
bir bakis olarak bilinmektedir. Rapor her yil gesitli istatistiksel analizler, yerel uzmanlar, kamu
kuruluslari, enerji ajanslari ve ulusal birliklerden verileri kullanarak olusturulur. isletmede, gelismekte
ve inceleme altinda olan ana projelerin ve pazar gelisim analizi, mevzuat ve kamu politika ortami,
finansal araglar ve tesvikler, piyasa tahmini ve énemli oyuncularin detaylarini igerir. Her basim degisik
jeotermal teknolojinin derinlemesine incelemesini verir: 2018 basiminin odak noktasi proje gelistirme
ve operasyon alanindaki son gelismeler olacaktir.

EGEC Jeotermal piyasa raporu Mayis 2019’da ¢ikacaktir. Raporun ana bulgulari kamuya aciklanacak,
veriler ve tablolar ile tam rapor sadece EGEC Uyelerine acik olacaktir. Daha fazla bilgi

icin www.egec.orqg.
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Pazar gelisimine ek olarak, GEOENVI projesi etkiler ve riskler agisindan c¢evresel kaygilara cevap
vermeyi amaclamaktadir. Bunun icin proje gelistiriciler icin cevre etkisini degerlendirmede adapte
edilmis bir metodoloji olusturmak ve Avrupa’da operasyonel veya gelistirimekte olan jeotermal
projelerin gevresel etkileri ve risklerini degerlendirmek gerekmektedir.

Proje uyumlandiriimis Avrupa c¢evre dizenlemeleri ile ilgili karar vericilere 6nerilerde bulunmayi,
cevresel etkileri degerlendirmek icin basitlestiriimis YDD modellerini detaylandirmada ve son olarak
cevreyle ilgili problemlerde etkin bir sekilde iletisimde olmayi hedeflemektedir.
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Ozgecmis
Philippe DUMAS

ilk olarak Avrupa Birligi iliskileri icin Brilksel'de bir Avrupa miihendislik sirketinin temsilci olarak calisti.
(2000-2007). Jeotermal enerji ile ilk baglantisi EGEC ile oldu, Avrupa projeleri proje yoneticisi olarak
basladi. Bir ¢gok yayinin yazar ve es yazaridir; konferanslar, ¢alistaylar ve seminerlere siklikla katki
vermektedir; 2000'den bugtine kadar AB fonlu arastirma ve promosyon projelerinde aktif olarak yer
almistir.

Eyl1,2008'den beri Bruksel'de EGEC genel sekreteridir ve kurumu yonetmektedir: Avrupa Jeotermal
Enerji Konseyi (EGEC) uluslararasi bir dernek(topluluk)tir. Mayis, 1998'de kurulmus ve Belgika,
Briksel merkezlidir. Avrupa’da jeotermal alaninda calismakta, EGEC 120 den fazla sirket ve
organizasyonu icermekte, 22 Avrupa ulkesinden 500 den fazla igsletmeyi temsil etmektedir.

EGEC’in ana amaci jeotermal enerji icin pazar gelisimini tegvik etmek ve Avrupa’daki is kosullarinin
gelismesi igin ¢alismaktir.
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Thomas GARABETIAN

2016'dan beri EGEC'de galismaktadir. Avrupa politikalarina odaklanarak, jeotermal enerji sektériini
Avrupa kurumlarina temsil etmektedir. EGEC’in savunuculuk stratejisini gelistirmeye ve tasimaya
katkida bulunmaktadir. Ayrica, EGEC’in, 6zellikle jeotermal enerjinin finansmani konusunda, Avrupa
projelerine katilmasina katkida bulunmustur.

Thomas, EGEC'e katilmadan &nce, yerel yénetimler ve Avrupa enerji sehirleri Gizerine calismistir.
Ayrica, iklim degisikligine adaptasyon ve ekonomi (izerine iklim Ekonomisi Enstitiisi'nde calismistir.
Thomas, Paris Uluslararasi Bilimler Fakiiltesi Po Paris'ten Enerji ekonomisi dalinda yiksek lisans
derecesi almistir.

Avrupa Jeotermal Enerji Konseyi EGEC, 1998'de Avrupa jeotermal endistrisini tanitmak ve
politikalarini sekillendirmek, is kosullarini iyilestirmek suretiyle hem Avrupa'da hem de dinyadaki
gelisimini saglamak amaciyla kurulan,daha fazla arastirma ve gelismeyi desteklemeyi hedefleyen,
120 Ulkeden olusan, kar amaci glitmeyen bir uluslararasi organizasyondur.
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GEOTHERMAL MARKET TRENDS AND ENVIRONMENTAL
RISKS ASSESSMENT IN EUROPE

Avrupa’da Jeotermal Pazar Yonelimleri ve Risk Degerlendirmesi

Philippe DUMAS
Thomas GARABETIAN

ABSTRACT

The EGEC 2018 Geothermal Market Report confirms the trend towards the steady growth observed in
recent years, but also notes the need for greater recognition in order to enable the full deployment of
geothermal energy in Europe. Installed geothermal electricity capacity in Europe is growing and
producing over 15 TWh per year. The new additions are quite significant, with 350 MWe of new
geothermal electricity capacity coming online in 2018, mainly in Turkey.

The use of geothermal for heating is also increasing, supported by the construction of new district
heating networks and the retrofitting of old ones, thanks to local and national planning identifying
geothermal heat as a cost-efficient solution to meet heating needs. The number of new plants coming
online each year is on an upward trend, with an average annual growth rate of 10% in recent years.

Looking at individual geothermal heating systems, the shallow geothermal market remains the largest
segment of the sector in terms of number of installations, installed capacity and energy produced.
Individual geothermal heating systems, or geothermal heat pumps, represent over 20 GWth of heating
capacity in Europe, with nearly 2 million installed units.

Despite its continuous growth, deep geothermal energy production in some regions is confronted with
a negative perception, particularly in terms of environmental performance, which could seriously
hamper its market uptake. Thus, environmental impact assessment is a prerequisite to the deployment
of the deep geothermal resources. The concept of Life Cycle Assessment (LCA) allows analysis and
comparison of the environmental impacts of different energy production technologies over their life
cycle stages — from extraction of raw materials to production, transport, use and end-of-life.

Financed by European funds, GEOENVI project, starting in November 2018 for 30 months, aims at
engaging with both decision-makers and geothermal market actors, to adopt recommendations on
environmental regulations and to promote the Life Cycle Assessment (LCA) methodology
implementation by geothermal stakeholders.

The objective of the GEOENVI Project is to answer environmental concerns in terms of both impacts
and risks, by first setting an adapted methodology for assessing environment impacts to the project
developers, and by assessing the environmental impacts and risks of geothermal projects operational
or in development in Europe [1].

The project aims at proposing recommendations on harmonised European environmental regulations
to the decision-makers, at elaborating simplified LCA models to assess environmental impacts and
finally at communicating properly on environmental concerns.

Key Words: geothermal;market development, renewable energy, environment, regulation.

Jeotermal Enerji Semineri



y 14. ULUSAL TESISAT MUHENDISLIGI KONGRESI — 17-20 NISAN 2019/iZMIR 104
OZET

EGEC 2018 Jeotermal Piyasa Raporu, son yillarda gdézlenen istikrarli blyimeye yonelik egilimi
dogrulamakla birlikte, ayni zamanda Avrupa'da jeotermal enerjinin tam olarak kullaniimasini saglamak
icin daha fazla taninmaya ihtiyag duyuldugunu da belirtmektedir. Avrupa'da kurulu jeotermal elektrik
kapasitesi yillda 15 TWh'den fazla biyimekte ve Uretmektedir. Yeni ilaveler oldukca dnemli, 2018'de,
basta Turkiye'de olmak tzere 350 MWe yeni jeotermal elektrik kapasitesi devreye girdi.

Jeotermal enerjinin, 1sitma ihtiyaclarini kargilamak i¢in uygun maliyetli bir ¢ézim olarak tanimlandigi
yerel ve ulusal planlama sayesinde, yeni bdlgesel isitma sebekelerinin insasi ve eskilerin
guclendirilmesiyle, jeotermal enerjinin kullanimi da artmaktadir. Her yil devreye giren yeni tesis sayisl,
son yillarda ortalama %10'luk bir blyiime orani ile yikselis egilimindedir.

Bireysel jeotermal 1sitma sistemlerine bakildiginda, si§ jeotermal pazari, tesis sayisi, kurulu kapasite
ve Uretilen enerji agisindan sektérin en blyldk bélimi olmaya devam etmektedir. Bireysel jeotermal
Isitma sistemleri veya jeotermal i1s1 pompalari, Avrupa'da yaklasik 2 milyon kurulu tnite ile 20 GW'in
Uzerinde bir 1sitma kapasitesini temsil etmektedir.

Surekli buyimesine ragmen, bazi bdlgelerdeki derin jeotermal enerji Uretimi, 6zellikle piyasadaki
alimini ciddi sekilde engelleyebilecek ¢evresel performans agisindan olumsuz bir algiyla kargi karsiya
kalmaktadir. Bu nedenle, cevresel etki degerlendirmesi, derin jeotermal kaynaklarin yayilmasinin 6n
sartidir. Yasam DoOngusu Degerlendirmesi (LCA) kavrami, farkli enerji Gretim teknolojilerinin ¢evresel
etkilerinin yagsam doénglsu asamalari tizerindeki - hammaddelerin ¢ikarilmasindan Uretime, nakliyeye,
kullanim ve émrindn sonuna kadar - analizine ve karsilagtirilmasina olanak saglar.

Avrupa fonlari tarafindan finanse edilen, 30 ay sureli ve Kasim 2018’de baslayan GEOENVI projesi,
hem karar vericiler hem de jeotermal piyasa aktérleriyle birlikte calismayi, ¢evre dizenlemeleri
konusunda tavsiyelerde bulunmayi ve jeotermal paydaslarin Yagsam Ddéngusu Degerlendirmesi (LCA)
metodolojisi uygulamasini desteklemeyi amaclamaktadir.

GEOENVI projesinin amaci, ¢evresel kaygilari hem etkiler hem de riskler agisindan cevaplamak, ilk
olarak proje geligtiricilerine ¢evresel etkileri degerlendirmek icin uyarlanmis bir metodoloji belirleyerek
ve operasyonel veya gelistirimekte olan jeotermal projelerin cevresel etkilerini ve risklerini
degerlendirmektir.

Proje, cevresel etkileri degerlendirmek igin basitlestiriimis LCA modellerini gelistirmeyi ve son olarak
cevresel kaygilarla dogru sekilde iletisim kurmayi, karar vericilere uyumlastiriimis Avrupa gevre
diizenlemeleri hakkinda 6nerilerde bulunmayi hedeflemektedir.

Anahtar Kelimeler: Jeotermal, Pazar gelismesi, yenilenebilir enerji, cevre, diizenleme

1. INTRODUCTION

Geothermal energy is a rapidly growing renewable energy source in Europe. It can be used for
electricity production and to supply renewable heating and cooling in buildings, district heating,
industrial processes or for agriculture. One challenge to the development of geothermal in Europe is
the demonstration that the contribution of our sector to the energy mix, a decarbonised approach
based on renewables, is now much greater and more than a niche market. The resources in Europe
will allow geothermal to cover a large share of power and heat. The use of geothermal energy,
particularly for heat, is slowly but steadily increasing across Europe.

Overall the use of geothermal energy in Europe is growing, at various rates depending on country and
technology considered. The paper below will outline the state of the geothermal market in 2018.
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Emerging as a high stake topic for geothermal energy deployment, the question of assessing and
mitigating the environmental risks associated with geothermal energy is an ever growing one. The
below paper will show how the GEOENVI Project, financed under Horizon 2020, aims to tackle this
issue.

2. THE GEOTHERMAL ELECTRICITY SECTOR CARRIED BY MAJOR MARKETS
2.1. Turkey leading geothermal electricity developments

In Europe, the installed geothermal electricity capacity represents 3.1 GW, spread out around three
major countries with significant installed capacity, and several other ones where the geothermal
electricity industry is emergin. The three leading markets are: Turkey, with 1,315 MWe of installed
capacity, Italy with 916 MWe and Iceland with 753 MW. Other countries producing electricity from
geothermal energy include Germany, Portugal, France, Hungary, Croatia, Austria.

Over the past few years, Turkey has been a leading market for geothermal electricity developments in
Europe, with 330 MWe installed in 2017 and 290 MWe in 2018 (see figure 1 below). In 2018, the
Turkish geothermal sector added 12 new geothermal plants, while having almost doubled its installed
capacity over the past two years, and entered the so-called “GW club” of countries with more than 1
GW of installed geothermal electricity capacity.

CROATIA o

16.5MWe

o ICELAND

45MWe

a TURKEY

290.3Mwe

Figure 1. Geothermal electricity capacity addition in 2018 [2].

In the rest of Europe, the market for geothermal electricity is less dynamic, although Iceland added 45
MWe of capacity in 2018 with the addition of one new plant, and Croatia became the latest European
country to start relying on geothermal energy for electricity production with the addition of 16.5 MWe.
In 2017, it was Hungary who joined the group of geothermal electricity producing countries with the
commissioning of a 3.4 MWe plant.

The new development of geothermal electricity in Europe is allowed by technical innovation as Europe
not being primarily a volcanic area, conventional geothermal electricity production is not suitable in
many parts of the continent. Binary turbines are instrumental in unleashing the European geothermal
electricity potential, as illustrated in the Fig. 2, which highlights that most of the capacity added since
2010 corresponds to binary turbines. Indeed, this turbine technology is crucial in allowing geothermal
power production from lower temperature resources, and they also have the benefit to contribute
limiting the environmental impact of geothermal power production. Regarding turbine manufacturing in
2018, the main actors were Ormat, Exergy, Fuji, Toshiba, Turboden (Fig.3)
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Installed geothermal electricity capacity in Europe per type
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Figure 2. Installed geothermal electricity capacity in Europe per type of turbine (MWe) [2].
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Figure 3. Trends in geothermal electricity turbines: installed capacity per manufacturer [2].

2.2. An electricity generation source with a largely underutilised potential

Geothermal electricity production is a major resource for enabling the energy transition, although it
remains largely underutilised in many parts of Europe. The number of projects under investigation is
an evidence of the interest for this technology, which presents many benefits as a dispatchable,
flexible combined heat and power source. The Fig 4, highlights that the number of plants in Europe is
set to double with 150 plants under investigation, 34 under development for 150 installed. In the EU
meanwhile, the number of plants under investigation is of 107, with 13 under development and only 56
installed.
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Figure 4. Number geothermal power plants in Europe, in operation, under development and under
investigation [2].

The Fig 5, further highlights the prospects for an evolution of the European geothermal market. Turkey
is set to further increase its installed capacity, while Italy is investigating the possibility of a new wave
of geothermal electricity deployment. Meanwhile, France and Germany are looking to rely more
extensively on geothermal for electricity production. A notable trend, which builds on the recent
commissioning of the first power plants in Croatia and in Hungary is the arrival of new European
countries in geothermal electricity sector. There are for instance projects under development in the
UK, Belgium or Poland. Greece and Switzerland are looking to develop geothermal power projects of
their own.
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Figure 5. Number of geothermal power plants per country, in operation, under development and under
investigation [2].

3. A SUSTAINED PROGRESSION OF GEOTHERMAL HEATING AND COOLING
3.1. A steady growth of deep geothermal for heating and cooling

The geothermal heating and cooling is more widespread in Europe than geothermal electricity
production. As for the geothermal electricity sector however, there are some major markets that
driving the deployment of new capacity in Europe. There are over 5 GWth of capacity for deep
geothermal for heating and cooling in buildings, agrifood or industry installed in Europe in 2018. There
are over 300 geothermal heating and cooling systems in Europe. The use of deep geothermal for
heating and cooling has been growing steadily over the past decade, as highlighted by the Fig. 6.
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Figure 6. New capacity of deep geothermal for heating and cooling per year (MWth) [2]

In 2018, the European geothermal sector installed or renovated 12 plants, representing 150 MWth of
capacity. New additions were primarily in the Netherlands with 5 new plants representing 66 MWth,
while in France 3 plants were renovated for 1 new addition, for a total representing a capacity of 45
MWth. Germany, Belgium and Serbia added one plant each (Fig.7).
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Figure 7. New plants for deep geothermal for heating and cooling in 2018 (capacity and number) [2].

The deep geothermal heating and cooling sector is well spread out across Europe. Most countries
however are at an early stage of deployment, with limited installed capacity and a small number of
project currently commissioned. Most European countries are however looking to increase their use of
deep geothermal for heating and cooling, most notably Germany, France, Poland, the Netherlands,
Hungary or Italy (Fig.8).
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Figure 8. Number of GeoDH plants in operation and under development-investigation per country [2].

The installed geothermal heating and cooling capacity is not necessarily representative of the number
of project in operation in the different European countries, an evidence of the importance of the quality
of the geothermal resource in defining the production capacity. Iceland is in that regard a particularly
important user of geothermal for heating and cooling, notably for district heating. Turkey follows, with a
large capacity linked to the combined production of heat and power in Turkey’'s geothermal plants.
France meanwhile is the largest market within the European Union, followed by Germany and
Hungary. Noteworthy is the importance of the geothermal heating and cooling capacity installed in the
Netherlands, a country that rapidly scaled up its geothermal sector over the course of the past decade
(Fig 9).
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Figure 9. Deep geothermal for heating and cooling capacity per country (MWth) [2].

3.2. The Geothermal Heat Pump Market In Europe

Geothermal heat pumps can be used anywhere in Europe, utilising geothermal energy even at very
low temperatures to supply heating and cooling to buildings of all sizes (from small single-family
houses to very large buildings such as hospitals, shopping centres or the headquarters of the North
Atlantic Treaty Organisation, NATO). Heat pumps enable the use of the low temperature geothermal
energy by allowing the temperature to be adjusted to the level required to meet the building’s needs
(Fig.10).
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Figure 10. Stock and saled of individual shallow geothermal systems in selected European countries
(estimates for 2018) [2].

The distribution of geothermal heat pumps across Europe is primarily concentrated in larger countries
such as Germany or France, and in the Scandinavian countries, most notably Sweden.

Sweden is indeed the biggest European country in terms of installed stock, with over half a million
heat pumps installed. It is followed by Germany (350 thousand), France (150 thousand), Finland and
Austria (over 100 thousand each). In total, there was an estimated 1.5 million geothermal heat pump
systems in the European Union in 20161, and more than 1.8 million across Europe.

The geothermal heat pump market is quite dynamic, with around 100 thousand units sold across
Europe annually (over 80,000 in the EU). Leading markets reflect installed stock to some extent, with
Sweden (23 thousand), Germany (21 thousand), Finland (8 thousand) leading the pack in terms of the
number of geothermal heat pump systems sold in 2016.

Coming in 4th place however is Poland (5 thousands unit sold), which underlines a fast-evolving
market. Indeed, sales in Poland in 2016 are equivalent to 15% of the installed stock in 2015, making it
one of the most dynamic markets in Europe. Other countries where the adoption of geothermal heat

pump systems is also fast accelerating include Belgium (21%), Finland and The Netherlands (9%) and
Estonia (16%).

4. GEOTHERMAL ENVIRONMENTAL RISK ASSESSMENT IN EUROPE

Environmental concerns are one of the important barriers for deep geothermal market development.
Geothermal should be a safe, reliable, and environmentally benign renewable energy source.
However, all man-kind activities have somehow an impact on nature, including the construction of a
deep geothermal plant. The environmental impact of all infrastructure projects should be rightly
considered, and environmental regulations are important tools for the development of geothermal.
Such a sustainable development of the geothermal sector would facilitate public acceptance.

The GEOENVI project started in November 2018, it is financed by the European Union under Horizon
2020 for a duration of 30 months. The consortium comprises 16 partners, from industry associations to
project developpers, including Public research authorities, from 6 countries (Belgium, France,
Hungary, Iceland, Italy, Turkey). The project aims at analysing and proposing solutions and tools for
addressing concerns and highlighting benefits for the deep geothermal market uptake focusing on the
environmental impacts. Power (mainly) and heat production from geothermal resources may have an
impact on any environmental matrix (air, water, ground, ecosystems).
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LCA (Life Cycle Assessment) has emerged as an approach to quantify and account for environmental
impacts [3]. Originally focused on accounting for current or past impacts in existing projects, LCA is
becoming forward looking to assess future impacts of a more consequential nature. LCA is a valuable
tool to help formulate policies and to help taking decisions in creating environmental regulation [4].
Information from LCA are useful to draft different policy instruments that concern economic actors and
consumers, such as label, standard, taxation, incentives, subsidy, etc. It also helps to establish the
prices of energy that reflects the cost of the associated environmental damages [5]. One example of
adoption of LCA exists in the EU renewable energy directive (EU 2009) to determine the sustainability
criteria for biofuel and bio liquids production. This directive defines the requirement of greenhouse gas
emission savings from the use of biofuels and bioliquids and, at the same time, the detailed rules and
guidelines on how to quantify their CO2 emissions during the life cycle. While it is necessary to have
environmental impacts from renewable energy sources identified, the downside is often found in the
execution side as primary data is either unavailable or too time consuming to gather (6). This falls on
the burden of the practitioners or the reporters who use the guidelines for compliance and study.
Therefore, database and software packages are the most accessible solution for the practitioner.

When it comes to renewable energy, there are complexities in integrating LCA into regulations. LCA
standards described in ISO 14040 [7] are open for interpretation. The methods of assessment
between studies differ considerably in their system boundaries, co-product and waste definitions and
methods of allocation of environmental impacts. Therefore some guidelines have to be established in
order to achieve more homogenize results which will, in turn, allow a fair competition between
renewable energy market actors. Furthermore, this integration equally demands LCA to be
implemented in broader context, in a more practical way, and without adding too much burdens to
either the policy / decision makers or the practitioners. This is where LCA needs to be simplified.

Among the potential environmental impacts, we can list the followings:
- Surface-visual effects (land use, landscape, flora and fauna);

- Physical effects (induced seismicity: micro-seismicity related to all the operational phases of the
exploitation, including reservoir connection and fluid reinjection into the reservoir; subsidence;
geological hazards; groundwater resource depletion; natural radioactivity)

- Acoustic effects (noise during drilling, construction and management);

- Thermal effects (release of steam in the air, ground heating and cooling for fluid withdrawal or
injection).

- Chemical effects (gaseous emissions into the atmosphere, incondensable gases, pollution and
emissions; re-injection of fluids, disposal of liquid and solid waste).

4.1. Mapping the risks

One of the main objectives of the GEOENVI project is to map environmental impacts and risks, as well
as their perception and to define how environmental footprint of deep geothermal plants in Europe is
measured and controlled in different countries.

Solutions that have already been adopted to reduce or circumvent impacts and risks, and quantify
their potential and their technology readiness level will be analysed. Some impacts and risks are
common, but some others depend for instance on regional specificities (geography, geology, etc.) or
on geothermal technologies deployed. The analysis of environmental concerns will permit the
identification of key differentiation factors.

Although the objective does not focus on societal concerns, the project will nevertheless pay attention
to the perception of environmental concerns by the society and the decision-makers. It is indeed
known that in some cases the public perception of environmental concerns can be of key importance
in the success or failure of a project. Experience feedback Partners will (positive and negative ones)
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concerning the perception of environmental concerns will be analysed, also in relation to other
relevant factors (country, technology, local context e.g. population density, job creation, energy policy,
etc.).

Finally, in order to broaden the common understanding of environmental aspects of deep geothermal
energy, the environmental impacts and risks will be discussed with regard to other renewable energies
(and other fields, whenever considered of relevance).

4.2. Enagaging stakeholders

GEOENVI aims at engaging with both decision-makers and geothermal market actors, to adopt
recommendations on regulations and to see the LCA methodology implemented by geothermal
stakeholders. The engagement with stakeholders includes sharing of knowledge by adopting an open
and FAIR (findable, accessible, interoperable, reusable) data approach. The aim is to contribute to the
development of a calm, transparent and trustworthy climate to discuss environmental concerns, thus
favoring a solid deployment of future projects. It is essential to engage strong interactions with
strategic groups, including political decision makers, project developers, investors, the general public,
and local communities, in order to remove environmental impacts. Indeed, it is responsibility also of
decision and policy makers to ensure that the growth of renewable energy is in line with sustainability.

As a result, the environmental risks and impacts of geothermal energy projects shall be reduced while
maximizing the benefits derived from the project to local communities. A monitoring tool will be
developed to measure how these objectives have been achieved.

In order to engage with decision-makers, the best strategy to harmonize and empower the existing
environmental regulations, adapting life cycle thinking is also engaging the relevant national and local
authorities (e.g. environment ministries, mining authorities) in order to facilitate the change. At this
point, other relevant countries outside the consortium that has strong activity in geothermal energy
(Germany, the Netherlands, etc) are going to be included in the scope. Decision makers such as
energy or environmental ministries, mining authorities, public funding, local authorities are going to be
mapped. Furthermore, for an efficient engagement, it is important to set some prioritization strategy by
analysing relevant existing regulations, and identifying the owners of the regulations, their level of
influence or authority and their openness to changes in the countries of the consortium. By having
them identified, engagement efforts could be focused to the ones having higher influence to the
success of changes implementation.

CONCLUSION

Geothermal energy uses the heat from the earth to deliver power, heat, and cold. It is a clean,
renewable, stable resource, used everywhere in Europe, but largely hidden within the landscape.

The energy provided is steady, baseload and flexible, making it an ideal source for balancing
electricity and thermal grids, thereby improving energy security. Installations have a clear impact on
local economies and energy systems; jobs at all levels are created and sustained, and by developing
local flexibility, it creates a much-needed link between centralised and decentralised systems.

Since its first edition in December 2011, the EGEC Geothermal Market Report has come to be seen
as the authoritative overview of the entire geothermal sector in Europe. The report is compiled each
year using data from various statistical analyses, local experts, utilities, energy agencies, and national
associations. It includes details of all major projects in operation, under development, and under
investigation, as well as an analysis of market development, the regulatory and public policy
environment, financial tools and incentives, market forecast, and key players. Every edition also offers
an in-depth review of different geothermal technologies: the focus of the 2018 edition will be the latest
development in the field of project development and operation.
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The EGEC Geothermal Market Report 2018 will be released in May 2019. The Key Findings of the
report are made publicly available, while the full report, complete with supporting data and tables, is
only available to EGEC members. For more information, visit www.egec.org

To accompany the market development, the GEOENVI project aims to answer environmental
concerns in terms of both impacts and risks, by first setting an adapted methodology for assessing
environment impacts to the project developers, and by assessing the environmental impacts and risks
of geothermal projects operational or in development in Europe.

The project aims at proposing recommendations on harmonised European environmental regulations
to the decision-makers, at elaborating simplified LCA models to assess environmental impacts and
finally at communicating properly on environmental concerns.
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