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Turkiye Kritik Enerji Mineralleri Gériinimu
Genis Yonetici Ozeti

Kritik minerallerin tedarik zincirlerinde kuresel 6lgekte yiksek cografi yodunluk, bazi
minerallerde tek bir Glkeye %90'lar seviyelerinde bagimlilik, ihracat kisitlamalari gibi faktorlerle
artan ciddi tehditler ve kirlganliklar neticesinde kritik minerallerde glvenlik sadece enerji
guvenliginin degil ayni zamanda Ulkelerin ekonomik ve ulusal glvenliklerinin de temel bileseni
durumuna gelmistir.

Bu gelismeler, Turkiye icin de ¢ok yonla riskleri ve kirilganliklan hizla pekistirmektedir. Diger
taraftan guvenilir alternatif tedarikgi arayiglarinda artig, Turkiye igin yeni firsatlan beraberinde
getirmektedir. Turkiye'nin politikalarindaki ve ekosistemdeki gelismelerin butincul planlamalar
ile ilerletiimesiyle daha glvenli ve katma-degerli tedarik zincirlerinin gelisimi saglanabilecektir.

Yuksek katma degerli ara ve ug Urlnlerde artan talebe karsin, de@er zincirinde yogunluk
halen maden uretimindedir. isleme ve rafingj kapasitelerinde yetersizlik neticesinde disa
badmlilik ve dis ticaret acigi genel olarak artis yéntindedir. Elektrifikasyonda, temiz enerji
teknolojilerinde buyume hedefleri ve IICEC analizleri, dnemli kritik enerji minerallerinin yillik
taleplerinde 2053 yilina kadar 3ila 11 kat artislara isaret etmektedir. Ozellikle lityumda ve Nadir
Toprak Elementlerinde (NTE) talebin, elektrikli araglarda ve enerji depolama sistemlerinde
guclu buyime dinamikleriyle gok hizli blylimesi beklenmektedir.

Pek ¢ok kritik enerji mineralinin ayni zamanda havacilik, ileri malzeme teknolojileri, elektronik ve
savunma sanayi gibi Turkiye icin dnemli sektérlerde stratejik kullanimiyla artan taleple birlikte
rafingj ve isleme kapasitelerinin blylmemesi durumunda arz kirlganliklar derinlesecektir.

Riskleri hizla artiran dinamiklere karsin, Turkiye'nin kendi arz givenligini iyilestirirken ytksek
katma degerli bir tedarik Ussti olarak konumlanmak yéninde énemli firsatlar bulunmaktadir.
Kiresel 6lgcekte dneme sahip yliksek NTE kaynak kesfi, rezervde detayll calismalardan rafingja
ve ylksek verimli kalici miknatis Gretimine kadar stratejik Snemde bir firsat alani sunmaktadir.
Lityumda ve batarya depolama teknolojilerinde kiresel dinamikler, son dénemde Turkiye
piyasasindaki gelismeler, alternatif bir tedarik Usst olunmasi ydniinde gigli potansiyele
isaret etmektedir.

Ayrica, birgok kritik enerji mineralinde yeni kesifler, rezervlerde blylime ve ézellikle rafingj ve
isleme kapasitelerinde katma degderli Gretimde artiglar igin bdlgesel ve uluslararasi ortakliklari
daigceren 6nemli potansiyel bulunmaktadir. Afrika ve Latin Amerika gibi bakir potansiyeli olan
bolgeler Turkiye'nin madencilik ve rafinaj yatinmlar igin éne ¢ikan bir firsat alani sunmaktadir.

BUyuUyen risklerin ydnetilebilmesi, gelisen firsatlarin degerlendirilebilmesi, deger zincirinde acil
durum mekanizmalarini, yatinm, teknolojik gelisim ve diplomasi boyutlarini bitincil olarak
kapsayan stratejik bir planlama yaklasimi gerektirmektedir. Yakin zamanda bu yénde bir
strateji belgesinin yayimlanmasi beklenmektedir.

Politika mekanizmalarinda ve duzenleyici gergevelerde, tesvikleri de igeren yatirm ve is
modellerinde, diplomaside ve sektérler arasinda is birliklerinde saglanacak ilerlemeler,
Turkiye'nin enerji glivenligine, temiz elektrifikasyonda blylime perspektifine, diger stratejik
sektorlerde tedarik guvenligine, daha yuksek katma-degerli ekonomik gelisime, teknoloji-
odaklisanayilesme hedeflerine dnemlikatkilar saglayacak, ulusal giivenligi de gliglendirecektir.
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Neden Tirkiye Kritik Enerji Mineralleri Gorinimii?

Enerji glvenlidi, ginimuzde yalnizca bir eneriji politikasi konusu olmaktan gikarak ayni zamanda
ekonomik ve ulusal guvenligin temel unsurlarindan biri haline gelmistir. Elektrifikasyon sureci
ile birlikte enerji sistemlerinde kritik minerallerin yogunlugu ve stratejik roli hizla artmaktadir.
Buna karsin, bu minerallerin Uretiminde ve tedarik zincirlerinde devam eden yuksek cografi
konsantrasyon, arzin sinirli sayida Ulkeye ylksek oranda badml olmasi ve son dénemde
kuresel dlgekte etkiler gdsteren ihracat kisitlamalari, bu alanda artan risklerin ve kirlganliklarin
yénetilmesini karar vericilerin en Ust gindem maddeleri arasina tagimistir. Kritik minerallerin
enerji disinda pek ¢ok stratejik sektdérde de yaygin kullanimi, risklerin boyutunu ve kapsamini
genisletmekte, tedarik zincirlerinde gesitlendirmeyi artirmak ve dayaniklligi giglendirmek Gzere,
stok ve koordinasyon mekanizmalari, yatinm tegvikleri gibi etkin politika araglarinin hizla hayata
gegirilmesini gerektirmektedir.

Hizla gelismekte olan Turkiye enerji sektorinin elektrifikasyon dinamikleri igerisinde bu minerallere
olan talep belirgin sekilde artmaktadir. Ancak yerli arz kapasitesi, teknoloji gelistirme olanaklan
ve ithalat gesitlendirme alternatiflerinin diger pek ¢ok Ulkede oldudu gibi hentz sinirli oldugu
gorulmektedir. Buna karsin kritik mineraller son dénemde Turkiye'nin politika éncelikli arasinda
giderek daha fazla 6nem kazanmaktadir. Kritik ve Stratejik Madenler Listeleri 2025 yili itibarnyla
yayimlanmis olup, énceliklerin ve hedeflerin belirlenecedi kapsamli bir strateji belgesi lzerinde
calismalar devam etmektedir. Stratejik dncelikler ve sektérel edilimler, madencilikte arama ve
kesiflerin artinlmasindan, u¢ Urunlerin ve ileri teknolojilerin imalatina kadar deger zincirinin
genelinde 6nemli gelisme potansiyeline isaret etmektedir.

IICEC tarafindan Turkiye'de bir ilk olarak yayimlanan Tiirkiye Kritik Enerji Mineralleri Goriiniimii
(TCEMO), madencilik, enerji, teknoloji ve ekipman imalati, finansman ve ilgili diger tum sektdrleri
kapsayan genis bir ekosistemde kritik enerji minerallerinin hizla artan énemine ve gincel
gelismelere yénelik farkindahdi gtglendirmek amaciyla hazirlanmistir. Bu énci ¢alismada, kiuresel
dinamikler, Turkiye'deki ilgili politika gelismeleri, sektérel yonelimler ve hedefler, dis ticaret ve
talep analizleri, arz perspektifleri cergevesinde risk, firsat ve gelisim alanlari analitik bakis agisiyla
degerlendirilerek Turkiye'nin kritik enerji minerallerinde daha guvenli ve yiksek katma degerli
gelecegine yonelik gelisim alanlari ve somut éneriler sunulmaktadir.

Temel Bulgular

1. Kritik minerallerde ve tedarik zincirlerinde kiiresel lgekte artan ciddi tehditler, Tiirkiye igin
de cok yonlii riskleri ve kinlganliklari hizla pekistirmektedir.

Jeopolitigin enerji sektéru Gzerindeki etkilerinin tarihte hic olmadidr kadar yuksek oldugu bu
doénemde, enerji gtivenligi ayni zamanda ekonomik ve ulusal gtivenligin temel unsuru durumuna
gelmistir. Petrol ve dogal gaz gibi geleneksel enerji kaynaklarinda arz gtvenlii risklerine ek olarak,
ozellikle elektrifikasyondaki gtigli buyime dinamikleri enerji givenliginin kapsamini dnemli élgtiide
genisletmektedir. Dinya hizla bir elektrik gagina dogru ilerlerken, eneriji sistemleri giderek daha
fazla mineral-yodun bir yapiya dénismektedir. Elektrifikasyonun gelecegdinin belirleyicisi olacak
yenilenebilir enerji kaynaklar, elektrik sebekeleri, elektrikli araglar ve enerji depolama sistemleri
icin gerekli birgok kritik mineral, ayni zamanda ¢ip teknolojileri, havacilik ve uzay endustrileri,
savunma sanayi gibi stratejik sektdrler icin de vazgegilmez girdiler arasinda yer almaktadir. Bu
donisim surecinde, enerji glvenliginin saglanmasinda en temel unsur olan gesitlendirme, kritik
minerallerin tedarik zincirlerinde ters ydnde ilerlemektedir.
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Tedarikte, ozellikle kritik minerallerin madencilikten nihai talep formlarina dénisimu igin gerekli
rafinaj ve isleme asamalarinda yiksek cografi yogunluk stirmekte, bu durum kiresel tedarik
zincirlerinde riskleri ve kirllganliklari hizla derinlestirmektedir. Kritik minerallerin rafinajinda kapasite
artislaninin bytk baluma sinirli sayidaki tedarikgiden gelmeye devam etmektedir. Onemli kritik
enerji minerallerinde en blyuk ¢ Ureticinin 2020'de %82 olan ortalama pazar payi, 2024 yilinda
%86'ya yukselmistir.

Tek bir Ulkeye yuksek oranda bagdimlilik tedarik guvenligi risklerini pekistirmektedir. Cin, enerjiyle
de baglantil ve stratejik Sneme sahip 20 mineralin 19'unda ortalama %70 rafinaj payina sahiptir.
Kasim 2025 itibariyla bu minerallerin yarisindan fazlasi inracat kisitlamalarina tabi durumdadir.
Cin, batarya metalleri ve nadir toprak elementlerinde (NTE) %90'lar seviyelerinde pazar payina
sahiptir. Bu iki alanda Cin'in kontrolu disinda gergeklestirilebilen kiresel arz, 2035 yilinda Cin
hari¢ dinya toplam talebinin yalnizca yarisini karsilayabilecek dizeydedir. Cin'in elektrikli arag
motorlarinda kullanilan kalici miknatislarin tretiminde %95 civarnindaki payi, enerji ve otomotiv
endustrilerinin karsi karsiya oldugu riskleri garpici bigcimde géstermektedir.

Uluslararasi Enerji Ajansi (IEA), son bes yildir yurittugu kapsamli galismalarda kritik enerji
minerallerinde kuresel 6lgekte artan ¢ok yonlu risklere sistematik bigimde dikkat ¢ekmis,
ozellikle yuksek cografi yogunlagsmanin ciddi kirnlganliklar yaratacadi yéninde gugli uyarlarda
bulunmustur.

2025 yilinda riskler IEA uyarilarinda 6ngoérildigu sekilde somutlagsmaya baslamis ve kiresel
Olcekte yuksek etkili tedarik sorunlari ortaya ¢ikmistir. Nisan ayinda Cin'in bazi énemli nadir
toprak elementleri ve kalici miknatislarin ihracatina getirdigi yeni kisitlamalar, ABD, Avrupa ve
diger bazi bélgelerde otomotiv Uretim kapasitelerinde distslere neden olmustur. Ekim ayinda bu
kisitlamalarin batarya teknolojileri ve tretim ekipmanlarini da kapsayacak sekilde genisletilmesi
ise kiresel tedarik zincirlerindeki mevcut ve potansiyel riskleri daha da artirmaktadir.

Kritik minerallere yénelik talep hizla artarken, glivenli olmayan mevcut tedarik yapisi, arz ve fiyat
soklaring, fiyat dalgalanmalarina, 2025 yiliigerisinde etkileri kiresel dlgekte gérildiugu gibiihracat
kisitlamalaring, tedarik zincirlerinde herhangi bir baska nedenle ortaya cikabilecek kesintilere
karsi kirllganliklan ciddi sekilde yUkseltmektedir.

Tum bu gelismeler, kritik minerallerde tedarik zincirlerinin gtivenliginin saglanmasinin, yalnizca
enerji guavenligi agisindan degdil ekonomik ve ulusal guvenligin teminat altina alinabilmesi
acisindan da temel bir 8ncelik olmasi ele alinmasi gerektigini gtigli sekilde ortaya koymaktadir. IEA
calismalari ve politika énerileri, hizla artan risklerin ydnetilebilmesi ve kirllganliklarin azaltilabilmesi
icin acil durum planlamalarinin énemini, daha gesitlendirilmis ve dayanikli tedarik zincirlerinin
hizla gelistiriimesi ihtiyacini, bunlar igin piyasa mekanizmalarinin tek basina yeterli olmayacagini,
stoklama, yatirm tesvikleri, inovasyon ve koordinasyon gibi alanlarda etkin politikalarin hizla
gelistirilerek uygulanmasi gerekliligini géstermektedir. Kritik minerallerde ve tedarik zincirlerinde
artan kuresel riskler ve kirlganliklar, ilgili minerallere ve teknolojilere olan talebi hizla artmasina
karsin yerli tedarik kapasitesi ve ithal arzda gesitlendirmesi olanaklari henliz pek ¢ok Ulkeye
benzer sekilde sinirli olan Turkiye igin gok boyutlu riskler dogurmaktadir. Bu risklerin zamaninda ve
butincil yaklasimla yénetilebilmesi stratejik dnem tasimaktadir.

1Caligmada Uluslararasi Enerji Ajansi'nin (IEA) kapsamli kiiresel ve bdlgesel raporlarindan ve verilerinden yararlanilmigtir.
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2. Turkiye'nin politikalarinda kritik mineraller odakh énemli gelismeler, riskleri yonetmek ve
gelisen firsat alanlarini degerlendirebilmek (izere stratejik planlamalar, yol haritalar ve
kurumsal kapasitelerde gelisimin devamliligi ile desteklenmelidir.

Tarkiye'nin enerji guvenligi ve enerji bagimsizhdinin guglendirilmesi, madencilik ve ilgili sanayi
kollarinda yuksek katma degerli Gretime gegisin hizlandirlmasi, dis ticaret dengelerinde iyilesme
saglanmasi ve net-sifir emisyon hedeflerine ulasilabilmesi gibi birbirleriyle de yakindan iliskili ok
boyutlu hedefleri ¢ergevesinde kritik minerallere yénelik politika odad son dénemde belirgin
bicimde glg¢lenmektedir.

Bu cercevede, 12. Kalkinma Plani (2024-2028) ve Enerji ve Tabii Kaynaklar Bakanhid (ETKB)
Stratejik Plani (2024-2028), arama faaliyetlerinin artirlmasi, madencilik sektériniin katma dederin
yukseltilmesi, bunun i¢cin madencilik Grunlerinin Ulke iginde islenmesiyle ug Urlnlerin gelistiriimesi
gibi dncelikli gelisim alanlari tanimlamaktadir.

Planlar ayrica, arz risklerini azaltabilmek Gzere yurtdisi temin olanaklarinin arastirimasini ve
tedarikgi Ulkelerle stratejik ortakliklarin yapilmasini hedeflemekte, kritik minerallerin gavenli
tedarikine yonelik yol haritasi hazirlanmasinin &nemini belirtmektedir.

Turkiye'de kritik mineraller odakli énemli gelismelerden birisi, Kritik ve Stratejik Madenler
Raporu’'nun 2025 yili ilk geyredinde yayimlanmasidir. Dinyadaki farkli érneklerle benzer sekilde,
kritiklik kategorileri, arz ve fiyat gibi temel risk faktérleri tanimlanarak mineraller bazinda
degerlendirmeler yapilmistir. Glvenli ve strdurilebilir enerji gelecedinin tUm dinyada oldugu gibi
Turkiye icin de dnemli bilesenleri olan lityum, bakir, aliiminyum, nikel, Nadir Toprak Elementleri (NTE),
koballt, grafit gibi minerallerin de oldugu bazi mineraller "Yiksek Oneme Sahip Kritik Mineraller”
ve "Onemli Kritik Mineraller” listelerinde yer almistirz. 2025 yilinda Maden Kanunu’nda yapilan
degisiklikle kritik mineral ve stratejik mineral tanimlar yasal cergeveye eklenerek bu madenlere
ozel statl kazandiriimistir.

Bu gelismelerin devaminda Turkiye'nin kritik minerallerde madencilikten ug Urinlere ve imalat
sanayineuzanandedger zincirinintamaminikapsayan, buttinctl ve uzun vadelibir stratejik planlama
perspektifinin hayata gegirilmesi beklenmektedir. Bu kapsamda, acil durum, stok ve koordinasyon
mekanizmalarinin  gelistiriimesi, madencilik ve 6zellikle katma-dederli Grin kapasitelerinin
artirimasi, ytksek yatirim ve altyapi gerektirebilecek orta ve uzun vadeli iyilestirmeler icin detayl
planlamalarin yapilmasi ve yol haritalarinin hazirlanmasi énemlidir. Ozellikle rafingj ve isleme
odakli galigmalarin yuratulmesi, yatinm tesvik modellerinin devreye alinmasi, teknolojik gelisimin,
insan kaynaginin ve kurumsal kapasitenin guglendirilmesi, yurtdisindan kaynaklarla tedarik
guvenliginin gesitlendirilmesi gibi odak alanlarinin tedarik givenligi ve yuksek katma-degerli
blyume icin stratejik firsatlar saglayacadr dederlendiriimektedir. Yakin gelecekte buttncul bir
strateji belgesinin yayimlamasi beklenmektedir.

Dunyada politika mekanizmalarindaki gincel gelismeler incelendiginde bazi buyik ekonomiler
tarafindan kritik mineraller igin stok mekanizmalari tanimlanmig oldudu, hendz sinirl sayidaki
bu uygulamalarin derinlesen tedarik riskleriyle dinya genelinde yayginlagsmasinin beklendidi
gorulmektedir. Finansman ve tesvik politikalarini hayata gegiren tlkelerin sayisi son dénemde hizli
artmakta, yatinm ve vergi tesvikleri odakli politikalarin sayisi ise 100’e yaklagmaktadir. Turkiye'nin
politika mekanizmalarini tasarlarken kendi sartlarina uygun iyi uygulama &rneklerini dikkate
almasinin faydali olacadi degerlendiriimektedir.

2 Listeler, enerji sektériinde kullanim yodunlugu ve roli nispeten daha sinirli olup, farkli sektérlerin arz ve talep dinamikleri
bakimindan énem tasiyan gok sayida kritik ve stratejik minerali de igermektedir.
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Uluslararasiis birlikleri ve stratejik ortakliklar da, Turkiye'nin kritik enerji minerallerinde artanrisklerini
daha etkin bir sekilde ydnetebilmesi, ayni zamanda ortaya ¢ikan firsatlari dederlendirebilmesi
bakimindan belirleyici olacaktir.

Bu dogrultuda, rezerv sahibi Ulkeler, teknoloji saglayicilar ve yerel arz olanadi sinirh talep
merkezleriyle gelistirilecek ortakliklar biyik &énem tasimaktadir. Ornegin, tedarikgi sayisinin
son derece sinirh oldudu ve yiksek teknoloji gerektiren nadir toprak elementlerinin (NTE)
rafinajinda teknolojik kapasitenin gelistiriimesi ve yerlilestirmesi dncelikli is birligi alanlari arasinda
gorulmektedir. Tedarik bazinin genisletiimesi ve cesitlendiriimesi hedefleri ise mineral rezervleri
bakimindan zengin ancak Uretim potansiyeli yeterince degerlendiriimemis Afrika ve Latin Amerika
gibi bolgelerde yatirmlarn énemli duruma getirmektedir.

Kritik enerji minerallerinde glvenlik artik ¢ok ciddi bir kiresel sorun durumundadir. Bu nedenle
hizla artan guvenlik risklerinin yonetilebilmesi igin yalnizca ulusal dlgekte yaklasimlar yeterli
gorulmemekte, uluslararasi koordinasyon mekanizmalarinin etkin bigimde isletilebilmesi de
blyuk énem tasimaktadir. Bu gergevede IEA tarafindan olusturulan “Kritik Mineraller Guvenligi
Programi”s, kuresel élgekte daha givenli ve dayanikl tedarik zincirlerinin olusturulmasi ve yapisal
risklerin azaltiimasi amaciyla Ulkeler arasinda etkin koordinasyonu ve ortak eylemleri guclu
sekilde desteklemektedir. Turkiye'nin bu program kapsamindaki katiliminin, kritik minerallerde
daha guvenli ve surdurilebilir bir gelecedin sekillendiriimesine 6nemli katki saglayacad
degerlendirilmektedir.

3. Tirkiye dogrulanmis kritik enerji mineralleri rezervleri bakimindan genel olarak zengin
olmamakla birlikte, yeni kesifler, envanter gelisimi ve katma degerli Giretimde artislar
bakimindan énemli potansiyele sahiptir.

Sektdér degerlendirmeleri ve politika belgeleri, Turkiye'nin bilinen maden kaynaklarinin hentiz
sinirh bir bélimina Uretime gegirmis oldugunu, maden aramalar bakimindan buyik élgide
bakir bir potansiyel tasidigini ortaya koymaktadir. Bu gergevede glncel ve kapsamli bir maden
envanteri olusturulmasi igin énemli firsatlar bulunmaktadir. Arama faaliyetlerinin artinlmasi, bu
sureglerde uluslararasi standartlara uygun teknik altyapilarin giglendiriimesi, ruhsatlandirmada
verimliligin gelistiriimesi gibi alanlar son dénemde 6ne ¢ikan gelismeler arasinda yer almaktadir.
[ICEC degerlendirmeleri, odakli arama ve gelistirme stratejileri, arama yatinmlarinda artig ve
yapay zeka ile haritalama gibi yenilikgi ydntemlerin kullaniminin yeni kesiflerin hizlandinlmasi ve
surdurulebilir rezerv artislan agisindan somut kazanimlar saglayabilecegdine isaret etmektedir.

Turkiye agisindan 6ne ¢ikan baslica gelisme alanlarindan  birisi, madencilik envanterinde
kaynaktan rezerve doénlsimin4 glglendiriimesi amaciyla rezerv dogrulama calismalar
odagidir. Maden kaynaklari ve rezervlerine iliskin raporlamanin uluslararasi standartlara uygun,
seffaf, glvenilir ve karsilastirilabilir sekilde yapilmasini hedefleyen UMREK uygulamalarinin tlke
genelinde yayginlastiriimasi énem tasimaktadir. Batlncul teknik ve ekonomik rezerv envanterleri,
ongorilebilir Gretim ve arz planlamalarini destekleyebilecektir. JORCs gibi uluslararasi dogrulama
mekanizmalarinin daha etkin kullanimi, Turkiye'nin maden potansiyelinin uluslararasi dlgekte
kiyaslanabilirligini artirarak yeni kesiflerden tretime gegis icin daha fazla yatirimin gekilebilmesine
katki saglayabilecektir.

3 Critical Minerals Security Program

4 Kaynaktan rezerve dénusum, madencilik, cevher zenginlestirme, metalurjik stregler, ekonomik analizler gibi ¢cok sayida
faktorin degerlendiriimesi neticesinde gergeklesmektedir.
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Turkiye madencilik sektértd, maden kaynaklari ve Uretim gesitliligi bakimindan dinya genelinde
Ust siralarda yer almasina ve uretimde kaydedilen artiglara ragmen, GSYH icinde halen yaklasik
%1'lik paya sahiptir. Orta ve uzun vadede bu payin %5 seviyesine ulastirimasi hedeflenmektedir.
Bu hedef, yeni kesifler, Gretim artiglan ve 6zellikle daha ytksek katma dederli madencilik alaninda
onemli firsatlara isaret etmektedir. Madenlerin dig ticaret dengelerindeki adirhgr da Turkiye
ekonomisi igin stratejik énem tagimaktadir. Turkiye altin hari¢ 6 milyar $ seviyesinde maden
ihracatina ulagsmis olmakla birlikte, 2024 yilinda altin harig 2,2 milyar $ net ithalatgr konumdadir.
Enerji hammaddeleri ve altin harig tutuldugunda madenlerde net ticaret dengesi 3,3 milyar $
pozitif seyretmektedir. 2024 yilinda toplam maden Uretiminin yaklasik %20'sini olugturan metalik
minerallerin ithalatta %18 ve ihracatta %42 paya sahip olmasi, madencilikte kritik mineraller odakli
ve yuksek katma degerli blyime igin gugliu temele isaret eden bir érnektir.

4. Yuksek katma degerli ara ve ug Uriinlerde artan talep, isleme ve rafinaj kapasitelerinde
yetersizlik nedeniyle, disa bagimlilik ve dis ticaret agigi genel olarak biiylime yénindedir.

[ICEC analizleri, Turkiye'nin madencilikten ug Grtnlerinimalatina kadar olan deder zincirinde tretim
yogunlugunun blydk oélcide maden cevheri Uretiminde oldugunu goéstermektedir. Calismada
madenlerde dig ticaret dengeleri yirmi dokuz maden bazinda irdelenmistire . Bakir, ginko,
aliminyum ve bor gibi pek ¢ok mineralde énemli dederde tivenan? ihracati gergeklestiriimekle
birlikte, ara ve ug trlnlerde disa bagimliidginin ve dolasiyla dis ticaret agiginin genel olarak yuksek
oldugu gérulmektedir (Sekil 1).

Turkiye dnemli bir Uretici oldugu bakirda 2024 yilinda yaklasik 670 milyon $ tivenan net ihracatina
karsin 2,2 milyar $ ara ve ug Urtn net ithalati yapmis, bakirda net dis ticaret acigi yaklasik 1,6
milyar $ olarak gergeklesmistir (2020-2024 ortalamasi 1,7 milyar $/yil).

Turkiye halen rafine bakir talebinin yarisindan fazlasini ithalatla kargilasmakta olup, talepte
blyUime dinamikleri bu oranda artig yonunde risklere isaret etmektedir. Diger bir ¢arpici érnek
olan lityumda son dénemde fiyatlarda yasanan diistise karsin ara ve ug Urdn net ithalati 2020
yilindaki 280 milyon $'dan 2024 yilinda yaklasik 1,3 milyar $'a yukselmistir. Elektrikli araglarda ve
enerji depolama sistemlerindeki hizli blyimenin katma degerli Grlnlere olan talebi artirarak
ithalat bagimhhigini hizla yukselttigi gérilmektedir. Dinya genelinde stratejik dnemi hizla artan
nadir toprak elementlerinin de (NTE) éniimizdeki dénemde Turkiye'nin dig ticaret dengelerinde
belirgin duruma gelmesi beklenmektedir.

Dis ticaret dengelerinde birim tlvenan ve Urun fiyatlannin analizi, ara-ug UGrlnler ve cevher
arasindaki katma deger farkinin boyutunu géstermektedir. Ornedin 2024 yili analizlerinde ara
ve ug fiyatlarinin tivenan fiyatlarina oraninin lityumda 12, bakirda 6, kobaltta 3 civarinda oldugu
gorulmektedirs. Turkiye'nin mineral kaynaklarinin ekonomik ve stratejik degerinin artinlmasi,
rafinaja ve ug Urlnlere kadar ileri isleme slreglerine basariyla gecilebilmesine ve bu gegisi
saglayacak teknolojik, finansal ve kurumsal kapasitelerin gelistiriimesine bagli olacaktir. Bu
donistim, daha yuksek degerli Gretimin ve ihracatin, nitelikli istihdamin artmasina, ekonomik
dayanikllidi ve rekabetciligi temin edecek ileri sanayilegsme sireglerinin gelisimini destekleyecektir
Bunu gergeklestirmek Uzere, imalat sanayideki gelisim potansiyelinin ve hedeflerin butincul
sUrdurdlebilirlik perspektifin de mutlaka planlamalara dahil edilmesi gerekmektedir.

5 Joint Ore Reserves Committee
6 ETKB 2025 maden ticaret veri tablolarindan yararlanilmistir.
7Kirma-eleme, yikama, rafinaj gibi islemlerden gegirilmemis maden

8jthalat ve ihracat fiyat ortalamalari
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Sekil 1. Segilmis Kritik Enerji Minerallerinde Net Dig Ticaret Dengeleri (2024, milyon $)
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Kiresel gelismelerin de gosterdigi Uzere, fiziksel ve ekonomik risklerin zamaninda ydnetilebilmesi
icin, acil durum planlamalar, odakl yatinm planlar, deder zincirinde kirilganliklarn azaltacak
entegrasyonlar hayata gecirilmelidir. Calismada, Turkiye igin dncelikli bir diger gelisim alaninin
butlncll ve detayl bir tedarik zinciri envanterinin eksikligi oldugu tespit edilmektedir. Mineraller
bazinda tivenan Uretim ve dis ticaret verileri mevcut olmakla birlikte, 6zellikle i¢ tiketimin yapisina
iliskin kapsamli veri altyapilarinin gelistiriimesine ihtiya¢ bulunmaktadir. Buna yénelik olarak,
madencilikten katot ve anot malzemeleri gibi en ileri tGrlnlere, trafo bilesenleri ve enerji depolama
sistemleri gibi faaliyet detaylarina kadar tim asamalarda fiziksel akiglarn ve dinamik arz-talep
dinamiklerini goésteren veri altyapilarinin kurumlar arasi koordinasyon yoluyla gelistiriimesi
gerekmektedir.

5. Elektrifikasyonda ve temiz enerjide biiyiime hedefleri ve IICEC analizleri, 6nemli kritik ener;ji
minerallerinin yillik taleplerinde 2053 yilina kadar 3 ila 11 kat artiglara isaret etmektedir.

Dunya elektrik cagina girerken, Turkiye'de de enerji guvenligini artirma, enerji bagimsizigini
guglendirme ve 2053 yilinda net-sifir emisyon hedefleri ekseninde sekillenen eneriji politikalari, ener;ji
piyasalarindaki yatinmei yonelimleri ve tiketici tercihleri neticesinde elektrifikasyon hizlanmaktadir.
Bu doénlsum, eneriji sistemlerinde kullanilan teknolojilerin niteligini degistirdigi gibi, teknolojiler igin
gerekli kritik enerji minerallerine olan talebi de artirmaktadir. Elektrik talebinde geleneksel elektrik
kullanim alanlarina son dénemde hizla eklenen elektrikli ulagim, dnimizdeki dénemde yeni veri
merkezlerinin kurulumu, 1s1 pompasi ¢ézimlerinde yayginlagsma, iklimlendirme taleplerinde artis
gibi yeni faktoérler, Turkiye elektrik talebinde gugli biyime dinamiklerini géstermektedir. Politika
hedefleri ve analizler, 2035 yilina kadar olan dénemde elektrik talebinde bir-buguk kat civarinda
artisa isaret etmektedir. Elektrifikasyonun nihai enerji talebinde yaklasik beste-bir seviyesinde
olan payinin, 6nimuzdeki yirmi bes-otuz yil igerisinde %50 seviyelerine ulasabilecegdi gortlmektedir
(IICEC Turkiye Enerji Verimliligi Gérantmi 2025).
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Arz tarafinda blyimenin adiriginda ézellikle rizgar ve guneste kapasite artiglari dne gikmaktadir.
Elektrikli araglarin pazar payinda buytmeler, otomotiv piyasasindaki gelismeler, sarj altyapisindaki
iyilesmeler Turkiye'yi e-mobilite blylimesinde de guglu pazarlar arasinda konumlandirmaktadir.
Elektrik sistemlerinin omurgasi olan elektrik sebekeleri son dénemde yillik ortalama %3 seviyesinde
blyimeye devam ederken, gelecedin enerji sisteminde arz ve talep tarafindaki yeni dinamiklerin
yoénetilmesi ihtiyaglar iletim ve daditim sebekelerinde blyumelerin strdurulebilmesini, biylimenin
dijitallesme, akilli sebekeler, HVDC gibi teknolojik firsatlarla desteklenmesini gerektirecektir.
Arz ve talepteki tim bu dinamikler ise, daha guvenilir, rekabetgi ve esnek bir elektrik sistemini
gerceklestirebilmek Uzere, henlz baslangic seviyesinde olan enerji depolama sistemleri
kurulumlarinda kuvvetli bir buytmenin saglanmasiyla yénetilebilecektir.

Calismada, enerji sisteminin daha guvenli ve surdurtlebilir geleceginde belirleyici olacak bu
teknolojiler igin gerekli kritik enerji minerallerinde talep gérinimu ve gelecedi analitik ve senaryo
bazl bir yaklagimla degerlendirilmistir (Sekil 2). 2053 yilina kadar olan dénemde teknolojik buyime
patikalarina ek olarak, teknolojiler bazinda mineral kullanim yogunluklari, uluslararasi drnekler de
dikkate alinarak analiz edilmistir. Modelleme ve analizler, batarya kimyalarindaki uzun dénemli
gelismeleri, rizgar tarbinleri jeneratérlerinde kalici miknatis kullanimina iliskin gelecekte 6ne
cikmasi beklenen tercihler, sebekelerde aliminyum ve bakir kullaniminin gelecegini belirleyecek
olan fiyat-performans dengeleri ve sebeke mimarisinin uzun vadeli gelisimi gibi belirsizlikleri de
yansitmaktadir. Analizler, orta ve uzun dénemde birim mineral yodunluklarinda &ézellikle yeni
malzemeler ve inovasyonla sadlanabilecek iyilesme varsayimlarini da icermektedir.

IICEC analizlerinde, kritik enerji mineralleri talebinde en buyuk artisin, halen goéreceli olarak
kisith talebe sahip olmakla birlikte blylime ihtiyacinin ve potansiyelinin ¢cok yiksek oldugu enerji
depolama sistemlerinde gergeklesecedini gdstermektedir. Yillik talebin 2035 yilina kadar 11 ila 14
ve 2053 yilina kadar 20 ila 24 kat artmasi 6ngdrulmektedir. Analizler, diger bir hizl blyime alani
olan elektrikli araglarda toplam kritik enerji mineralleri yillik talebinde ise 2035 yilina kadar 3 ila 4
ve 2053 yilina kadar 5 ila 6 kat artisa isaret etmektedir. Bu gelismeler ve teknoloji ydnelimleriyle,
kritik enerji minerallerinde en hizli bluyimenin lityumda gergeklesecedi goérulmektedir. Lityum
talebinin 2035 yilina kadar 4 ila 5, 2053 yilina kadar ise 8 ila 11 kat artmasi beklenmektedir. Batarya
kimyalarindaki rekabet ve lityum metal ve sodyum-iyon gibi yeni batarya teknolojilerinde 6zellikle
2035 sonrasi beklenen gelismeler, bu ¢arpanlar uzun vadede kismen asadi veya yukarn yénde
etkileyebilecektir. Nikel ve kobalt yillik taleplerinin ise 2053 yilina kadar ézellikle elektrikli araglarda
blyUme neticesinde 3 ila 4 kat artig gdsterecedi hesaplanmaktadir.

Temiz enerji teknolojilerinde kalici miknatislar icin nadir toprak elementleri (NTE) gereksinimi de
talepte ylksek blylime dinamiklerine isaret etmektedir. Elektrikli aracglarda ve rizgar kapasitesi
kurulumlarindakiartislarlayilliktalebin2053yillinakadar7ila9katyukselebilecedihesaplanmaktadir.
Bu talebin yaklasik %80'inin elektrikli araglardan kaynaklanmasi beklenmektedir. Bakir ise
Turkiye enerji sisteminin daha ylUksek elektrifikasyona dodru gelisiminde en yodunluklu kullanilan
mineral konumunu strdirecektir. Sebekeler basta gelmek Uzere rizgar ve giines teknolojilerinde,
depolama sistemlerinde ve elektrikli araglarda artan kullanimlarla yillik bakir talebinde 2053
yilina kadar 3 katin tGzerinde blylime gerceklesebilecektir. Mevcut durumda agirlikli kullanimi %45
pay ile sebekeler olustururken &zellikle elektrikli araglarda ve enerji depolamada buyimeyle, bu
teknolojilerin bakir talebindeki adirligi belirgin sekilde artacaktir. Kritik enerji minerallerinin ener;ji
disindaki sektoérlerde kullanimlariyla toplam talep miktarlarn ylikselecektir.
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6. Onemli NTE kaynak kesfi, kaynaktan rafinaja ve yiiksek verimli kalici miknatis Gretimine
kadar stratejik bir firsat alani sunmaktadir.

Eskisehir Beylikova'da son dénemde sondajlar neticesinde nadir toprak elementleri (NTE), barit ve
florit basta gelmek tzere agiklanan 694 Mt kaynak kesfi, 12,5 Mt NTE kaynagdina karsilik gelmektedir.
Bu bluyuk kesif, sahayi NTE kaynaklari bakimindan diinyanin en biylk ikincisi durumuna getirmistir.
NTE, Turkiye'nin enerji ve maden politikalarinin éncelikli bilesenleri arasinda yer almakta, bu
alanda dunyanin ilk bes Ulkesi arasina girilmesi hedeflenmektedir. 2023 yilinda ilk pilot NTE cevher
isleme tesisi yillik 1.2 kt kapasite ile isletmeye gecmistir. Yilda 570 kt NTE rafinaji igin endUstriyel
tesis kurulumuyla 2030 yilina kadar birincil NTE kaynaklarindan yilda 10 kt Nadir Toprak Oksiti
(NTO) uretiminin gergeklestiriimesi hedeflenmektedir. NTE alanindaki Ar-Ge ve teknoloji gelistirme
caligmalari, Turkiye Nukleer, Enerji ve Maden Arastirma Kurumu (TENMAK) blnyesinde faaliyet
gosteren Nadir Toprak Elementleri Arastirma Enstittist (NATEN) tarafindan yarittlmektedir. NTE
teknolojilerinde stratejileri ve eylem planlarini ortaya koyacak kapsamli bir ¢alismanin yakin
zamanda agiklanmasi beklenmektedir.

Kiresel talepte yuksek artig, rafinajda Cin'e %91 oraninda badimlilik, NTE minerallerinin temiz
enerji teknolojilerinin yani sira savunma sanayi gibi stratejik sektdrlerde de yogdun kullanimi, son
doénemdeki ihracat kisitlamalari ve etkileri, tedarik zincirlerinde guvenilir gesitlendirme ihtiyaglar,
bu kesfin cok yonlu stratejik dnemini pekistirmektedir. NTE tedarikini gesitlendirmek igin farkl
cografyalarda rafingj projeleri kurulum ve gelisim asamalarinda olmakla birlikte, bu projelerin on
yil igerisinde gecikmesiz olarak isletmeye gegcirilmesi durumunda dahi 2035 yilinda Cin'in hakim
pazar payi ancak %75'e dusecektir. Kuresel arz ve talepten Cin'in arzi ve i talebi ¢ikarldiginda,
2035 yilinda 6ngérulen kiuresel talebin sadece %42'sinin karsilanabilecedi gérulmektedirs.

Turkiye'nin gelisen stratejileri, kaynaklarin gikariimasinin ve islenmesinin devaminda katma degerli
arunler igin rafinajda ve imalatta ileri teknolojik streglerin kazaniimasini da énceliklendirmektedir.
Ozellikle, otomotiv enduistrisinde, riizgar teknolojilerinde, savunma sanayide kritik kullanimlari olan,
kiresel tedarik zincirinde Cin'in %94 pazar payina sahip oldugu NTE tabanlh kalici miknatislarda
surdurulebilir Gretim kapasitelerinin olusturulmasi kiresel dlgekte stratejik Snem tasimaktadir. Bu
ydnde gelismelerle Turkiye kenditalebindekihizliblylimeninyerliarz segenekleriyle karsilanmasinin
yani sira kiiresel arzda alternatif bir tedarikgi konumuna gelebilecektir.

Yuksek potansiyelin degerlendirilebilmesinde gelisim alanlari bulunmaktadir. Turkiye'nin buytk
kaynak kesfinin, uluslararasi standartlarda rezerv dogrulama adimlariile desteklenmesive kaynaktan
rezerve detayl gegis calismalar dnemlidir. Cevher ¢ikarma, dlgekli Gretim ve rafingj kapasitelerinin
olusturulmasiile ylksek katma dederli stratejik ug Grinlerin imalat bazinin gelistiriimesi, ylksek tutarl
yatinmlari ve dinyada sinirl sayida Ulkede uygulamalari olan ileri teknolojik ¢dézimlerin hayata
gecirilmesini gerektirmektedir. Ar-Ge ve inovasyon yetkinliklerine yatinm yapilmasi, teknolojik
deneyime sahip Ulkelerle teknoloji transferi ve yerlilestiriime odakli is birliklerinin gelistiriimesi, yuksek
potansiyelin azami sekilde degerlendirilebilmesini gliglendirecektir. Tum bu gelismelerin stratejik ve
butlncil bir planlama gergevesi icerisinde saglanmasi durumunda, Turkiye NTE alaninda gelisen
bir oyuncu olarak stratejik ug Urtinlere kadar kiresel dlgekte dnemli rol Ustlenebilecektir. Bu gelisme,
Turkiye'yi genel olarak kritik minerallerin gelecegdinde dinyada énde gelen oyunculardan birisi
konumuna da ylkseltebilecektir.

9 N-1 analizi
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Sekil 2. Kritik Enerji Minerallerinde Talep Gelisim Perspektifi (2025-2053, 2025=1)
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Lityumda ve batarya depolama teknolojilerinde geligen dinamikler, Turkiye'nin kendi arz
guvenligini gliclendirme ve kiiresel bir tedarik issii olma yéniinde gliglii potansiyeline isaret
etmektedir.

Lityum, dinya genelinde batarya teknolojilerindeki hizli biylimenin temel minerali olmaya devam
edecektir. Alternatif batarya kimyalari ve malzeme teknolojileri Uzerine aragtirmalar surmekle
birlikte, mevcut teknik sinirlamalar, performans gereksinimleri ve maliyet yapilar dikkate alindiginda
yakin dénemde lityumun ikame edilmesi gli¢ gérinmektedir.

Lityum ve genel olarak batarya teknolojileri, dinya genelinde rafinajda ve ug trinlerin imalatinda
cografi konsantrasyonun ve tek Ulkeye badmiliginin en yiksek oldugu alanlar arasinda yer
almaktadir. Dinya lityum rafinajinda %70 paya sahip olan Cin, kiresel batarya tedarikinin yaklagik
%901 kontrol etmektedir. Bu durum, enerji glvenliginin gelecegdinin yani sira bu teknolojilere
dayali pek ¢ok farkl stratejik sektdr icin dnemli riskleri beraberinde getirmektedir.

[ICEC analizleri, Turkiye'nin lityumda dis ticaret agiginin ¢ok hizli buyddugund, kritik enerji
minerallerinde 6numizdeki dénemde en hizli talep artisinin lityumda gergeklesecedini
gdstermektedir. Lityum, Tiirkiye'nin yayimladidi Yiksek Oneme Sahip Kritik Mineraller Listesi'nde
de ilk sirada yer almaktadir. Tum bu bulgulann gdsterdigi risklere karsin, Turkiye'de gerek lityum
Uretimi, gerekse de batarya kurumlar ve teknolojileri gelisimi yéninde atiimaya baslanmis
adimlar, dinyada tedarik guvenlidi icin gesitlendirme arayislariyla birlikte degerlendirildiginde
Turkiye icin bazi stratejik firsatlari da beraberinde getirmektedir.
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Turkiye'nin henliz ekonomik dlgekte tespit edilmis kayda deger lityum kaynad bulunmamakla
birlikte, bor Uretim slreglerinden kaynaklanan atiklardan lityum Gretimine yonelik projeler
gelistiriimeye devam edilmektedir. Turkiye'nin diinya genelinde énde gelen bor rezervleri, tretim
kapasitelerinin dlgeklendirilmesi ve ilgili teknolojik yetkinliklerin gelistiriimesi igin potansiyele isaret
etmektedir. Zengin jeotermal kaynak potansiyeli de lityum UGretimi icin dnemli firsat icermektedir.
Turkiye'nin hentz kisith Uretime sahip oldugu grafitin kiresel olgekte stratejik 6nemi artan
mineraller arasinda oldugu goérilmektedir. Yiksek saflia sahip grafite talep hizla yikselirken,
kUresel arzda ¢ok ylksek cografi yogunlagsma stirmektedir. Turkiye madenciliginde nikel ve kobalt
Uretimleri sinirl dizeyde gergeklesmektedir. Batarya teknolojilerinde gerekli olan demir ve fosfat
kaynaklarinin Tarkiye'deki bulunurlugu ve Gretimde artis potansiyelleri batarya Gretimi firsatlarini
gucglendirmektedir. Dolayisiyla, bataryalar igin stratejik tim minerallere yénelik arama, kesif ve
Uretim faaliyetlerinin yogunlastiriimasinin dnemli bir firsat alani sundugu dederlendiriimektedir.

Turkiye'de batarya Uretimi igin yatirnmlar ve gelisen enerji ekosistemi ¢ok olumlu gelismelerdir.
Batarya kurulumlarinda 2026 yilindan itibaren gergeklesmesi beklenen hizli artiglar, yerli imalat
bazinin blylumesini ve dlgek kazanmasini destekleyecektir. Turkiye, batarya minerallerinde ve
teknolojilerindeki yerli Gretim firsatlarini odakli teknolojik gelisimle dederlendirebilmesi durumunda
dinyada artan alternatif tedarikgiihtiyaglari igerisinde &nemli bir Gretim ve tedarik Gssti konumuna
gelebilecektir. Bu konumlanma, enerji glvenlidinin ve temiz elektrifikasyonun yani sira katma-
degerli ihracat hedeflerine guglu katki saglayabilecektir.

8. Cok cesitli kritik enerji minerallerinde Afrika gibi bélgelerde uluslararasi ortakliklarn da
iceren 6nemli firsatlar bulunmaktadir.

Bakirin elektrifikasyon bileseni olmanin yani sira ekonomilerin genelinde de yaygin kullanimi,
kiuresel olcekte guglu ve kalici talep dinamiklerini beraberinde getirmektedir. Diger taraftan
bakir madenciliginde 2035 yilinda olusmasi éngérilen %30 seviyesinde kuresel arz agidi, elektrik
sisteminde ¢ok yogun olarak kullanilan bu mineralde de tedarik gtivenligiicin yapisal risklere isaret
etmektediro. ABD'nin Kasim ayinda gincelledigi Kritik Mineraller Listesi'ne bakiri dahil etmesi,
kUresel dlcekte bakirin artan stratejik énemini bir kez daha teyit etmektedir. ICEC analizleri,
Turkiye'nin bakir madenciligi ve rafine trin Gretiminde énemli ilerleme kaydetmis olmakla birlikte
yuksek dig ticaret agiginin devam ettigini, talepte ylksek blylmenin strecedini géstermektedir.
Maden Uretim artiglar, yeni kesifler ve isleme kapasitelerinin artinlmasi, potansiyel tedarik
ve rekabetgilik risklerinin yénetilmesi, dis ticaret dengelerinin iyilestiriimesi, gelecedin elektrik
sistemlerinin surdurilebilir gelisiminin glivenceye alinmasi gibi ¢ok yonli dinamikler bakimindan
oncelikli gelisim alanlarn olarak degerlendiriimektedir.

Aluminyum da farkl 6zellikleri nedeniyle Turkiye igin &nemli bir kritik enerji minerali durumundadir.
Turkiye, aliminyumda dinyanin énemli Ureticileri arasinda yer almakta, ara ve Gg Urlnler dahil
ticarette net ihracatgl konumunu sirdirmektedir. DUnya genelinde, aliminyumun bakira gére
daha yuksek bulunurluga sahip olmasi, tedarik agisindan avantaj olarak dederlendiriimektedir.
Aliminyum, bakirdan daha duasik iletkenlige sahip olmakla birlikte, gérece hafifligi ve maliyet
avantajlan ile dinya genelinde oldudu gibi Turkiye'nin elektrik sebekelerinde de farkl roller
Ustlenmektedirn. Boksit minerallerinden galyum elde etme firsatlarinin da yari iletken teknolojileri
gibi stratejik sektdrlerde kullanimi ekseninde dederlendiriimesi dnerilmektedir.

101EA 2025

T Sektorel de@erlendirmeler ve IICEC analizlerinde, Turkiye'de aliminyumun dzellikle havai iletim hatlarindaki yogun kullanim
gergevesinde iletim ve dagitim sebeke altyapisindaki toplam iletken kitlenin yaklasik yarisini olusturdugu tahmin edilmektedir
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Cinko, krom, manganez ve bor gibi kritik mineraller ise Turkiye'nin mevcut Gretimleri, rezerv miktarlar
ve potansiyelleri, 6zellikle de katma dederli Gretim firsatlari dikkate alinarak, eneriji sistemlerinde
ustlendikleri tamamlayici roller ekseninde degerlendirilmelidir. Ornegdin cinko, korozyon direnci,
alasim uygulamalari ve yeni nesil ¢inko-bazl batarya teknolojilerindeki gelismelerle 6ne
cikmaktadir. Krom temiz enerji teknolojilerinde performansi artiran édnemli bir mineral konumda
olup, manganez baz batarya kimyalarinda kritik bir bilesen olarak énemini strdirmektedir.
Turkiye'nin dinya toplam rezervlerinin gok buylk bélimine sahip oldudu bor ise, ileri kompozit
malzemelerden nukleer reaktér teknolojilerine, enerji depolamadan kalici miknatis Gretimine
uzanan genis bir spektrumda yuksek katma degerli potansiyel gelisim alanlar icermektedir.

DUnyada arz yogunlasmasina ydnelik yeni ¢ézim arayislan gelisirken, Afrika ylksek rezervleri
ve bakir potansiyeliyle 6éne c¢ikmaktadir. Dinya grafit rezervlerinin dértte-birinden fazlasi,
kobalt rezervlerinin yaklasik %60'i, krom rezervlerinin yarisindan fazlasi, manganez rezervlerinin
yaklasik %40", ve bakir rezervlerinin yaklasik %10'u Afrika kitasinda bulunmaktadir. Kiresel kobalt
Uretiminin %70'i, manganez Uretiminin yaklasik dértte-ugU, bakir Gretiminin yaklasik %20'si, lityum
Uretiminin %10'undan fazlasi Afrika'da gergeklesmektedir. Afrika énemli buyukllkte rezervlere ve
maden Uretimlerinde saglanan artiglara karsin hentiz sinirh dlglide degerlendirilebilmis ylksek
potansiyel tasimaya devam etmektedir. Kitada kritik minerallerin rafingj islemleri ve ekipman
imalati igin az sayida tesis bulundugundan madencilik Gretiminin gok blylk bélimid ham cevher
olarak veya yari islenmis formlarda ihrag edilmektedir. Turkiye, kita genelinde kritik mineraller ve
Ulkeler bazinda hedef odakl yaklagimlar gelistirerek kamu ve 6zel sektér yatinimlar yoluyla dnemli
roller Ustlenebilecektir. Bu tir is birliklerinin Latin Amerika gibi dnemli kritik mineraller bakimindan
zengin diger bolgelerde de gelistirilebilecedi dederlendiriimektedir.

Riskler, Firsatlar ve Gelisim Alanlari Ozet Degerlendirmesi

Calismada sunulan bulgular, Tarkiye'nin kritik enerji minerallerinin tedarik zincirlerinde ¢ok
boyutlu ve giderek derinlesen risklerle karsi karsiya oldugunu gdstermektedir. Baslica riskler,
rafinaj, teknoloji ve katma dederli tGrln kapasitelerinde yetersizligin sirmesi durumunda tedarik
risklerine daha fazla agik duruma gelinmesi, ileri Urlnlerde disa badmliidin ve dis ticaret
dengelerindeki agiklarn biyumesidir. Bu riskler, enerji gtvenligi, elektrifikasyonun ve gelismekte
olan enerji ekonomisinin surdurulebilirligi ve rekabetciligi icin ciddi kirlganliklari beraberinde
getirirken, minerallerin Turkiye igin stratejik olan elektronik, otomotiv, havacilik, savunma sanayi
gibi pek ¢ok sektérde dnemli girdi olarak kullanimi ¢ercevesinde arz agiklar enerji sektérinin
dtesinde ekonomik ve giivenlik yansimalari ile neticelenebilecektir. Ornegin, Tirkiye'nin en blyik
Uretim ve ihracat sektdrlerinden biri olan otomotiv sanayisinin rekabetgi ve strdurulebilir geligimi,
kritik minerallerin tedarik zincirlerinde dayaniklliginin stratejik bir unsur olarak ele alinmasini
gerektirmektedir.

ICEC analizleri, Turkiye igin énemli firsatlarin da bulundudunu ortaya koymaktadir. Turkiye
icin en 6nemli firsat alanlarindan birisi, diinya genelinde pek ¢ok kritik mineralde asiri cografi
yogunluk nedeniyle gesitlendirmeyi artiracak alternatif tedarikgi intiyaglarinin gliglenmesidir. Bu
yonelim, Turkiye'nin stratejik yatinm ve teknoloji modelleriyle rafinaj ve teknolojik tretim kapasite
gelistirerek kendi talebinin glvenli sekilde karsilanmasina ek olarak bdlgesel ve kiresel dlgekte
one ¢ikabilecek bir oyuncu olma potansiyelini pekistirmektedir.

12 Afrika’nin temiz enerji teknolojilerininimalatindan elde edilen kiresel ekonomik degerdeki payi %1'in altinda gergeklesmektedir
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Ozellikle NTEicin aciklanan yiiksek kaynak kesif miktari ve rafinajhedefleri, batarya ekosistemindeki
olumlu gelismeler, kiresel arzda ¢ok yuksek cografi yogunlugun sirdtgad, enerji sektoért disinda
savunma sanayi, ulastirma, veri merkezleri gibi farkl stratejik sektdrlerde de kritik kullanimi olan
bu minerallerde ve teknolojilerde Turkiye'nin yiksek katma-degerli bir Gretim ve tedarik Ussu
olmasini saglayabilecektir. Turkiye'nin halen blylk 6l¢ide bakir olan maden aramalarinda
potansiyelinin degerlendiriimesi, ekonomik olarak isletilebilir rezerv envanterinin giincellenmesine,
cesitlendiriimesine ve buyutilmesine saglayacaktir. Madenciliktenimalat sanayisine ve ug Urinlere
kadar uzanan deger zincirinin tamamina iligkin glincel, butincul ve detayl bir tedarik zinciri
envanterinin olusturulmasi ise, mineral, teknoloji ve yatirm odakli yol haritalarinin gelistiriimesini
destekleyerek arz 6ngérulebilirligini temin edecektir.

Jeopolitigin enerji guivenligi ve enerji ticareti Gzerindeki etkilerinin belirgin sekilde arttid
mevcut konjonkturde Turkiye'nin cografi konumu ayrica stratejik 6nem tasimaktadir. Turkiye, bir
taraftan ener;ji sistemlerinde blyUmeyi destekleyen gugllu talep dinamiklerine sahipken, diger
taraftan da Avrupa gibi ylksek talep merkezi olmakla birlikte yerel tretim olanaklari kisith olan
boélgesel piyasalara, Hazar Bolgesi gibi kritik minerallerde énemli girisimlerin gelismeye basladidi
cografyalara yakinlhigiyla givenli bolgesel tedarik zincirlerinin entegrasyonu igin kilit bir konumda
bulunmaktadir. Bélgesel ve kiuresel tedarik gtvenligine yénelik bu firsatlar, 6zellikle Afrika ve Latin
Amerika gibi bélgelerde odakli madencilik ve rafingj yatirimlari ile daha ileriye tasinabilecektir.
Boylelikle Turkiye kendi arz givenliginin ve gesitlendirmesinin guglendiriimesine ek olarak, kritik
enerji minerallerinin glvenli arzinda artan role sahip olabilecektir.

Calismada sunulan gok yonlu risklerin yonetilebilmesi ve gelisen firsatlarin degerlendirilebilmesi,
deger zincirinin tim asamalarini, yakin, orta ve uzun dénemli politika araclarini bitincil olarak
kapsayan, acil durum mekanizmalarini, yatirm, teknolojik gelisim ve diplomasi boyutlarini iceren
stratejik bir planlama yaklasimi gerektirmektedir. Turkiye'nin yakinda agiklanmasi beklenen
Strateji Belgesi'nin bu yénde c¢ok énemli bir adim olacad dederlendiriimektedir. Politika
mekanizmalarinda ve dlzenleyici gergevelerde, tesvikleri de igeren yatinm ve is modellerine,
katma-degerli Uretimi ve deder zinciri donlisUmUnlu destekleyecek teknolojik gelisimde ve is
birliklerinde saglanacak ilerlemeler, Turkiye igin enerji glivenligine ve bagimsizigina, ¢ok yénlu
faydalara sahip temiz elektrifikasyonda énemli blylime perspektifine, kritik mineralleri temel
girdi olarak kullanan diger stratejik sektorlerin tedarik glvenligine, daha ytksek katma-degerli
ekonomik blylimeye, teknoloji-odakl sanayilesme hedeflerine dnemli katkilar saglayacak, ulusal
guvenligi de guglendirecektir.
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IICEC Onerileri

IICEC, kritik enerji minerallerinde Tiirkiye'nin artan enerji givenligi, ekonomik
ve stratejik risklerinin yonetilmesi, potansiyelinin ve yiiksek katma degerli
firsatlarinin degerlendirilebilmesi igin tedarik zincirlerinde bitiinciil bir stratejik
planlamanin hayata gegirilmesini,

1. Stok mekanizmalarinin belirlenmesini, ylksek katma degderli Gretimi, tedarikte
cesitlendirmeyiverisklere dayanikhligiartiracak yol haritalarinin olusturulmasini,

2. Madencilikte ve tedarik zincirlerinin genelinde guncel, detayli ve butuncul
envanterlerin  gelistiriimesiyle ekonomik potansiyelin belirlenmesini  ve
ongorulebilirligin guglendirilmesini,

3. Rafinajda bélgesel ve kiresel bir oyuncu olma yéniinde gelisen firsatlarin, uzun
dénemliplanlama, stratejik yatirnm ve teknoloji modelleriyle degerlendirilmesini,

4. Nitelikli ve suUrdurulebilir biyime igin yatinm tesvik modellerinin, inovasyon
ve Ar-Ge yetkinliklerinin, is glcl programlarinin ve kurumsal kapasitelerin
gelistiriimesini,

5. Turkiye'nin stratejik konumu, diplomasi ve uluslararasi is birlikleri yoluyla
saglanabilecek cokboyutluekonomik ve stratejik faydalarindegerlendiriimesini,

® Ozellikle rezervleri ve Uretim potansiyeli yiksek olan Afrika'da, kamu ve
ozel sektdr yatinmlariyla madencilikte ve rafinajda konumlanmanin temin
edilmesini,

® Talebi, glvenlik, gesitlendirme ve rekabetgilik ihtiyaglari artan piyasalarla
tedarik, ticaret, geri dénisim firsatlarinin degerlendiriimesini,

@ |[EA Kritik Mineraller Guvenligi Programi'na aktif katilim yoluyla koordinasyon
mekanizmalarina katki saglanmasini,

6. Mineral ve teknoloji odakli 6zel yaklasimlar icerisinde, 6zellikle,

® Nadir toprak elementlerinde agiklanan buyidk kaynak kesfinin, rezerv
dogrulamalarindan ug trlnlere kadar stratejik deger zinciriyle gelistiriimesini,

® Lityumda ve batarya teknolojilerinde Uretim, inovasyon ve tedarik tssi olma
firsatlarinin dederlendiriimesini,

® Rafingj, batarya katot ve anot malzemeleri, ylksek verimli kalici miknatis
gibi alanlarda teknolojik gelisime odakli uluslararasi ve sektérler arasi is
birliklerinin gelistirilmesini,

® Bakirda arama, katma degderli Gretim ve isleme kapasitelerinin gelistiriimeye
devam edilmesini

onermektedir.
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Turkiye Critical Energy Minerals Outlook
Extended Executive Summary

@ Serious risks and vulnerabilities are intensifying across critical mineral supply chains as a result
of factors such as high geographical concentration of dependencies reaching over 90% on
a single country for certain minerals, and export restrictions. Consequently, critical minerals
security has become a core component not only of energy security but also of economic and
national security of the countries.

® These developments are rapidly reinforcing multidimensional risks and vulnerabilities for
Turkiye as well. At the same time, the growing need for reliable alternative suppliers is creating
new opportunities for Turkiye. The country can achieve more secure and higher value-added
supply chains through the advancement of policy and ecosystem developments with holistic
planning perspectives.

® Despite rising demand for high value-added intermediate and end products, the continued
concentration of the value chain at the mining stage, combined with insufficient processing
and refining capacities, has resulted in a general upward trend in external dependency and
foreign trade deficits. Growth targets in electrification and clean energy technologies and
IICEC analyses indicate that annual demand for key critical energy minerals is expected to
increase by a factor of 3 to 11 by 2053. In particular, demand for lithium and REEs is expected
to grow very rapidly, driven by strong growth dynamics in electric vehicles and energy
storage systems. Given the strategic use of many critical energy minerals beyond energy
across sectors such as aviation, advanced materials technologies, electronics, and defense
industries, the country’s supply vulnerabilities could deepen further if refining and processing
capacities do not expand in response to the rising product demands.

® Despite these dynamics that are rapidly increasing risks, Turkiye has also significant
opportunities to both strengthen its own supply security and position itself as a high value-
added supply hub. The discovery of globally significant Rare Earth Element (REE) resources
presents a strategically important opportunity area, spanning from detailed reserve
assessments to REE refining and the production of high-efficiency permanent magnets. In
lithium and broader battery storage minerals technologies, global dynamics and recent
developments in the domestic market point to strong potential for Turkiye to emerge as an
alternative supply hub.

® |n addition, there is substantial potential for new discoveries, reserve growth, and particularly
increased value-added production across many critical energy minerals, including through
regional and international partnerships. Regions with untapped potential, such as Africa and
Latin America, stand out as key opportunity areas for Turkiye's mining and refining investments.

@ Effectively managing growing risks and capitalizing on emerging opportunities requires
a strategic planning approach that holistically encompasses emergency mechanisms,
investment, technological development, and diplomacy pillars along the value chain. A
national strategy document is expected to be released in the near term. A multifold progress
in policy mechanisms and regulatory frameworks, investment and business models including
incentives, diplomacy, and cross-sectoral cooperation will make significant contributions
to Turkiye's energy security, growth potential in clean electrification, supply security in other
strategic sectors, higher value-added economic development, and technology-oriented
industrialization objectives, while also reinforcing national security.
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Why Tirkiye Critical Energy Minerals Outlook?

Energy security has shifted from being solely an energy policy concern to becoming a central pillar
of economic and national security. As electrification progresses, the strategic importance and
demand for critical minerals in energy systems are rising rapidly. Yet, the persistent geographical
concentration of production and supply chains, the heavy reliance on a small number of
countries, and export restrictions that have recently had global impacts have pushed the
management of growing risks and vulnerabilities in this domain to the forefront of policymakers’
agendas. The extensive use of critical minerals across multiple strategic sectors beyond energy
further amplifies these risks, highlighting the urgent need for effective policy measures such
as stockpiling, coordination mechanisms, and investment incentives to enhance supply chain
diversification and resilience.

Within the context of Turkiye's rapidly evolving energy sector and electrification dynamics,
demand for critical minerals is rising sharply. However, as in many other countries, domestic
supply capacity, technological capabilities, and options for import diversification remain limited.
In recent years, critical minerals have increasingly featured among Tirkiye's policy priorities.
The Critical and Strategic Minerals Lists were published in 2025, and work is underway on a
comprehensive strategy document to establish priorities and targets. Strategic objectives and
sectoral trends indicate substantial development potential across the entire value chain, from
enhanced exploration and mining activities to the manufacturing of value-added products and
advanced technologies.

Tarkiye Critical Energy Minerals Outlook (TCEMO) is a first-of-its-kind study in Tirkiye It has
been prepared to strengthen awareness of the rapidly increasing importance of critical energy
minerals, including most recent developments, across a broad ecosystem encompassing mining,
energy, technology and equipment manufacturing, financing, and all other related sectors. In this
pioneering work, global dynamics, relevant policy developments in Turkiye, sectoral trends and
targets, foreign trade and demand analyses, and supply perspectives are assessed through an
analytical perspective to identify risks, opportunities, and development areas. TCEMO presents
solid recommendations for a more secure and higher value-added future for Turkiye in critical
energy minerals.

Key Findings

1. Globadlly intensifying serious threats in critical minerals and their supply chains are rapidly
reinforcing multidimensional risks and vulnerabilities for Turkiye as well.

Amid unprecedented geopolitical pressures on the energy sector, energy security has become a
cornerstone of both economic and national security. In addition to supply risks linked to traditional
energy sources such as oil and natural gas, the rapid growth of electrification is significantly
expanding the scope of energy security. As the world transitions swiftly to an electrified energy
system, the reliance on critical minerals within energy infrastructures is rising markedly. Many
critical minerals required for renewable energy sources, electricity grids, electric vehicles, and
energy storage systems, which will shape the future of electrification, are also indispensable
inputs for strategic sectors such as chip technologies, the aviation and space industries, and
the defense sector. In this transformation process, diversification, the key element for ensuring
energy security, is moving in the opposite direction within critical energy mineral supply chains.
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On the supply side, high geographical concentration remains a persistent challenge, particularly
in the refining and processing stages required to transform critical minerals from mining into forms
suitable for end-use. This is rapidly intensifying risks and vulnerabilities across global supply
chains. The majority of capacity expansions in critical mineral refining continue to originate from
a limited number of suppliers. For key critical energy minerals, the combined market share of the
top three producers rose from 82% in 2020 to 86% in 2024 .

High reliance on a single country further amplifies supply security risks. China accounts for an
average refining share of around 70% across 19 of the 20 energy-related and strategic minerals.
As of November 2025, more than half of these minerals are subject to export restrictions. China’s
market share is over 90% in battery metals and rare earth elements (REEs). In these two sectors,
global supply outside China is projected to meet only about half of total global demand
(excluding China) by 2035. China's roughly 95% share in the production of permanent magnets
used in electric vehicle motors starkly illustrates the vulnerabilities confronting the energy and
automotive industries.

Over the past five years, the International Energy Agency (IEA) has systematically highlighted the
growing multidimensional risks associated with critical energy minerals at the global level, issuing
persistent warnings that high geographical concentration could create severe vulnerabilities.

In 2025, these risks began to materialize as anticipated. In April, new export restrictions imposed by
China on certain key rare earth elements and permanent magnets caused declines in automotive
production capacity in the United States, Europe, and several other regions. The expansion of
these restrictions in October to include battery technologies and production equipment further
intensified existing and potential risks across global supply chains.

As demand for critical minerals continues to rise rapidly, the prevailing insecure supply structure
significantly heightens vulnerability to supply and price shocks, price volatility, export restrictions
as observed globally in 2025, and any other potential disruptions in supply chains.

These developments underscore that securing critical mineral supply chains must be treated as
a fundamental priority, not only for energy security but also for economic resilience and national
security. [EA analyses and policy recommendations emphasize the importance of emergency
planning to manage rapidly growing risks, the urgent need to develop more diversified and
resilient supply chains. The limitations of market mechanisms alone in achieving these objectives
necessitate swift implementation of effective policies in areas such as stockpiling, investment
incentives, innovation, and coordination.

In Turkiye, domestic supply capacity and opportunities to diversify imports remain limited,
as in many other countries. Combined with rapidly growing demand for critical minerals and
technologies and rising global risks, this situation presents multidimensional challenges, urging
for timely and comprehensive management of these risks as a strategic priority.

1The study benefitted extensively from the comprehensive reports and datasets of the International Energy Agency (IEA).
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2. Significant progress in Tiirkiye's critical minerals policies should be reinforced through
strategic planning, roadmaps, and continued developments in institutional capacities to
manage risks and effectively seize emerging opportunities.

Strengthening Turkiye's energy security and energy independence, accelerating the transition
toward high value-added production in mining and related industrial sectors, improving the
foreign trade balances, and achieving net-zero emissions targets are closely interlinked,
multidimensional objectives. Within this context, the policy focus on critical minerals has grown
markedly in recent years.

The 12th Development Plan (2024-2028) and the Ministry of Energy and Natural Resources
(MENR) Strategic Plan (2024-2028) identify priority development areas, including expanding
exploration activities, increasing value added in the mining sector, and developing end products
through domestic processing of mining outputs. The plans also aim to pursue overseas sourcing
options and establish strategic partnerships with supplier countries to reduce supply risks, while
emphasising the importance of preparing a roadmap for securing supplies of critical minerals.

A key development in Turkiye's critical minerals policy was the publication of the Critical and
Strategic Minerals Report in the first quarter of 2025. Several minerals such as lithium, copper,
aluminium, nickel, rare earth elements (REEs), cobalt, and graphite, which are essential for
electrification and a secure, sustainable energy future for both Tirkiye and globally, were
classified as "High-Importance Critical Minerals” or “Important Critical Minerals.”2 In 2025, an
amendment to the Mining Law incorporated the definitions of critical and strategic minerals into
the legal framework, granting these minerals specific legal status.

Following these developments, Turkiye is expected to adopt a holistic, long-term strategic
planning approach encompassing the entire critical minerals value chain, from mining to final
products and manufacturing industries. Within this framework, strategic focus areas are likely to
include the development of emergency, stockpiling, and coordination mechanisms, expansion of
mining and, in particular, value-added product capacities, detailed planning and roadmaps for
medium- andlong-termimprovements that may require substantialinvestment and infrastructure.
Advancement of refining and processing activities, introduction of investment incentive models,
strengthening of technological development, human resources, and institutional capacities, and
enhancement of supply security through overseas sourcing are deemed important in supporting
such strategic framework. A comprehensive strategy document is expected to be released in the
near future.

An assessment of recent global policy developments indicates that some major economies
have already established stockpiling mechanisms for critical minerals. These practices, currently
limited in number, are expected to become more widespread in response to increasing supply
risks. Additionally, the adoption of financing and investment incentive policies has accelerated in
recent years, with the number of such policies approaching 100. In this context, it is considered
beneficial for Turkiye to draw on best practice examples adapted to its national conditions when
designing its own policy mechanisms.

2The lists also include numerous critical and strategic minerals whose use and role in the energy sector are relatively limited,
but which are significant in terms of supply and demand dynamics across other sectors.
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International cooperation and strategic partnerships will also be decisive for Turkiye to manage
rising risks in critical energy minerals while capitalizing on emerging opportunities. In this context,
partnerships with reserve-holding countries, technology providers, and demand centres with
limited domestic supply potential are of particular importance. For instance, developing and
localizing technological capacity in the refining of rare earth elements (REEs), an area where
supplier numbers are extremely limited and technology requirements are high, is considered a
priority area for collaboration. Efforts to broaden and diversify the supply base, on the other
hand, underscore the strategic value of investments in regions such as Africa and Latin America,
which are rich in mineral reserves but where production remains underutilized.

Critical minerals security has emerged as a major global challenge. As a result, addressing rapidly
growing risks cannot rely solely on national-level measures; robust international coordination
mechanisms are essential. In this context, the IEA's “Critical Minerals Security Program” plays
a pivotal role by facilitating coordinated actions among countries to strengthen global supply
chains and reduce structural vulnerabilities. Turkiye's active participation to this program is
expected to play an important role in advancing more secure and sustainable critical mineral
supply chains.

3. While Turkiye is not rich in verified reserves of critical energy minerals in general, the country
holds significant potential for new discoveries, inventory development, and expansion of
value-added production.

Sectoral assessments and policy documents indicate that Turkiye has brought only a limited share
of its known mineral resources into production, leaving substantial untapped potential in mineral
exploration and production. This outlook presents significant opportunities for establishing an up-
to-date and comprehensive mineral inventory. Increasing exploration activities, strengthening
technical infrastructures in line with international standards, and improving permitting efficiency
have emerged as key recent developments. ICEC assessments highlight that targeted exploration
and development strategies, increased exploration investments, and the adoption of innovative
methods such as artificial intelligence-based mapping can accelerate new discoveries and
support sustainable growth in reserves

A primary priority for Turkiye is the expansion of reserve verification activities to strengthen the
conversion of mineral resources into reserves3 as part of a national inventory. The nationwide
implementation of UMREK practices, which aim to ensure that reporting of mineral resources and
reserves aligns with international standards in a transparent, reliable, and comparable manner,
is of particular importance. A holistic technical and economic reserve inventory would support
more predictable production and supply planning. More effective use of international verification
mechanisms, such as JORC4, would enhance the global comparability of Turkiye's mineral
potential to attract investment for facilitating the transition from new discoveries to production.

Despite ranking among the leading countries globally in terms of mineral resource endowment
and production diversity, and despite increases in production, Turkiye's mining sector still accounts
for approximately 1% of GDP. In the medium to long term, this share is targeted to reach around
5%, reflecting significant opportunities for new discoveries, increased production, and especially
higher value-added activities. The role of minerals in foreign trade balances is also strategically
important for the Turkish economy.

3 This translation requires several assessments for mines, ore enrichment, metallurgical processes, and economical analyses.

4 Joint Ore Reserve Committee
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While Turkiye's mineral exports, excluding gold, reached approximately USD 6 billion, it remained
a net importer of USD 2.2 billion in 2024. When energy raw materials and gold are excluded,
the net trade balance in minerals remains positive at USD 3.3 billion. In 2024, metallic minerals
represented around 20% of total mineral production and accounted for 18% of imports and 42%
of exports. This provides a strong foundation for critical minerals-focused and high value-added
growth opportunities for the mining industry.

4, Rising demand for high value-added intermediate and end products, coupled with limited
domestic processing and refining capacities, is increasingly driving external dependency
and widening the foreign trade deficit.

[ICEC analyses indicate that, along the value chain from mining to the manufacturing of end
products, Turkiye's production is largely concentrated at the mineral production stage. The study
examined foreign trade balances for twenty-nine minerals, revealing that while substantial
intermediate and end use product exports are achieved for minerals such as copper, zinc,
aluminium, and boron, dependence on imports, and consequently foreign trade deficits, remains
high in general for intermediate and end products (Figure 1).

In copper, for which Turkiye is a significant producer, net run-of-mine exports reached
approximately USD 670 million in 2024; however, net imports of intermediate and end products
totaled around USD 2.2 billion, resulting in a net foreign trade deficit of roughly USD 1.6 billion
(2020-2024 average is USD 1.7 billion/year). Tirkiye continues to meet over half of its refined
copper demand through imports, and ongoing demand growth suggests rising deficit risks in
this area. Lithium provides another striking example. Despite recent price declines, net imports of
intermediate and end products increased from USD 280 million in 2020 to approximately USD 1.3
billion in 2024, reflecting rapidly growing demand driven by electric vehicles and energy storage
systems. Rare Earth Elements (REEs), with rising global strategic importance, are also expected to
play an increasingly prominent role in Turkiye's foreign trade balances going forward.

An analysis of unit run-of-mine and product prices within foreign trade balances highlights the
scale of the value-added gap between ores and intermediate or end products. In 2024, the ratio
of intermediate and end product prices to run-of-mine prices was approximately 12 for lithium,
6 for copper, and 3 for cobalt. Enhancing the economic value of Tirkiye's mineral resources,
therefore, depends on successfully advancing refining and further processing stages through
to value-added end products, alongside developing the necessary technological, financial,
and institutional capacities. This transformation would support the expansion of higher value-
added production and exports, create skilled employment opportunities, and drive advanced
industrialisation processes that strengthen economic resilience and competitiveness. To achieve
these objectives, the development potential and targets of the manufacturing industry must also
be integrated into a holistic strategic planning perspective.

As global developments highlight, effectively managing physical and economic risks requires the
timely implementation of emergency planning, targeted investment strategies, and measures
that reduce vulnerabilities along the value chain. The study identifies another key priority for
Turkiye as the absence of a comprehensive and detailed supply chain inventory. While run-
of-mine production and foreign trade data are available on a mineral-by-mineral basis, there
is a clear need to develop integrated data infrastructures, particularly regarding domestic
consumption patterns. To address this, data systems should be established to track physical flows
and dynamic supply—demand interactions across all stages from mining to advanced products
such as cathode and anode materials, while also capturing activity-level details including
transformer components, energy storage systems, and many others through coordinated inter-
institutional efforts.
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Figure 1. Net Foreign Trade Balances for Selected Critical Energy Minerals (2024, USD million)
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5. IICEC analyses, along with the growth targets in electrification and clean energy, indicate
that annual demand for key critical energy minerals is projected to rise 3-11 times by 2053.

The world enters the “Age of Electricity”. Electrification is also driven fast in Turkiye by energy
policies shaped around increasing energy security, strengthening energy independence, and
achieving net-zero emissions targets by 2053; investor orientations in energy markets; and
consumer preferences. While this transformation changes the nature of the technologies used
in energy systems, it also increases demand for the critical energy minerals required for these
technologies. In addition to traditional electricity use, rapidly expanding electric mobility, the
anticipated deployment of new data centres, the wider adoption of heat pump solutions, and
rising demand for cooling and air conditioning are emerging as new drivers, pointing to strong
growth dynamics in the country’s electricity demand. Policy targets and analyses indicate that
electricity demand is expected to increase by around 1.5 times by 2035. The share of electrification
in final energy demand, currently at around one-fifth, is projected to reach approximately 50%
over the next twenty-five to thirty years (IICEC Turkiye Energy Efficiency Outlook 2025).

On the supply side, growth is largely driven by capacity additions in wind and solar energy.
Expanding electric vehicle market shares, developments in the automotive sector, and
improvements in charging infrastructure position Tlrkiye as a strong growth market for e-mobility.
Electricity grids, which constitute the backlbone of power systems, have continued to expand at
an average annual rate of around 3% in recent years. Looking ahead, managing evolving supply
and demand dynamics in future energy systems will require sustained expansion of transmission
and distribution networks, supported by technological opportunities such as digitalisation,
smart grids, and HVDC systems. These dynamics on both the supply and demand sides can
be effectively managed through accelerated deployment of energy storage systems, which are
currently at an early stage, to deliver a more reliable, flexible, and cost-competitive electricity
system.
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The study assesses the demand outlook and future trajectory for critical energy minerals required
for these technologies, which are essential for a secure and sustainable energy future, using an
analytical, scenario-based approach (Figure 2). In addition to technological growth pathways
through 2053, mineral intensities for technologies are analysed, including drawing on international
examples. The modelling and analyses account for uncertainties such as long term developments
in battery chemistries, anticipated future preferences for permanent magnets in wind turbine
generators, price—performance trade-offs shaping the use of aluminium and copper in grids,
and the long-term evolution of grid architectures. The analyses also incorporate assumptions on
potential improvements in unit mineral intensities over the medium and long term, particularly
those enabled by new materials and technological innovation.

[ICEC analyses indicate that the largest increase in demand for critical energy minerals will occur
in energy storage systems, which currently have relatively limited demand but exhibit very high
growth potential. Annual demand is projected to rise by a factor of 11-14 by 2035 and 20-24
by 2053. In electric vehicles, another rapidly growing sector, annual demand for critical energy
minerals is expected to increase by a factor of 3—4 by 2035 and 5-6 by 2053.

Aligned with these developments and technological trends, lithium is projected to experience the
fastest growth in demand among critical energy minerals, with demand increasing by a factor of
4-5by 2035 and 8-11by 2053. Competition among battery chemistries and anticipated advances
in new battery technologies after 2035, such as lithium-metal and sodium-ion batteries, may
partially shift these multipliers upward or downward over the longer term. Annual demand for
nickel and cobalt is expected to grow by a factor of 3—4 by 2053, largely driven by electric vehicle
adoption.

Demand for rare earth elements (REEs) used in permanent magnets for clean energy technologies
is also projected to rise strongly. With expanding electric vehicle and wind capacity, annual REE
demand is estimated to increase by a factor of 7-9 by 2053, with approximately 80% of this
demand attributable to electric vehicles. Copper will remain the most intensively used mineral
in Turkiye's transition to a more electrified energy system. Rising consumption across electricity
grids, wind and solar technologies, storage systems, and electric vehicles could more than triple
annual copper demand by 2053. While grids currently account for the largest share of copper
use at around 45%, growing demand from electric vehicles and energy storage will make these
technologies more visible in future consumption profiles in the energy system.

6. The discovery of substantial Rare Earth Element (REE) resources represents a strategic
opportunity spanning the entire value chain, from resource development to refining and
the production of high-performance permanent magnets.

As a result of recent drilling activities in Beylikova, Eskisehir, a resource discovery of 694 Mt
primarily comprising REEs, barite, and fluorite has been announced, corresponding to 12.5 Mt
of REE resources. This major discovery positions the site as the world's second-largest in terms
of REE resources. REEs are a priority component of Turkiye's energy and mining policies, with
the strategic objective of becoming one of the world's top five producers in this field. In 2023,
Turkiye commissioned its first pilot REE ore processing facility with an annual capacity of 1.2 kt.
With the planned establishment of an industrial-scale REE refining facility of 570 kt/year, the
target is to produce 10 kt/year of Rare Earth Oxides (REOs) from primary REE resources by 2030.
Research and development and technology advancement in the REE field are being carried out
by the Rare Earth Elements Research Institute (NATEN) under the Turkish Energy, Nuclear and
Mineral Research Agency (TENMAK). A comprehensive study outlining strategies and action plans
regarding REE technologies is expected to be released in the near term.
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Figure 2. Demand Growth Outlook for Critical Energy Minerals (2025-2053, 2025 = 1)
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The strategic importance of this discovery is reinforced by rapidly growing global demand,
China's 91% share in global refining, the extensive use of REE minerals not only in clean energy
technologies but also in critical sectors such as defense, recent export restrictions, and the
urgent need for diversified and reliable supply chains. Although refining projects aimed at supply
diversification are under development in various regions, even with timely commissioning, China'’s
global market share is projected to decline to only around 75% by 2035. Excluding China'’s supply
and domestic demand, only 42% of projected global demand in 2035 could be met.

Turkiye's evolving strategies prioritize not only the extraction and processing of REE resources but
also the acquisition of advanced technological capabilities in refining and the manufacturing
of high value-added products. Establishing sustainable production capacities for REE-based
permanent magnets—which are critical for the automotive industry, wind technologies, and the
defence sector, and for which China currently holds a 94% share of global supply—represents a
strategic opportunity at the global level. Progress in this direction would allow Tirkiye to meet
rapidly growing domestic demand from local supply and emerge as an alternative supplier in
global markets.

Several key development areas are critical to fully realizing this potential. It is essential that
Turkiye's major resource discovery is supported by international-standard reserve verification and
detailed transition studies from resource to reserve. The establishment of ore extraction, scaled
production, and refining capacities, alongside a manufacturing base for high value-added
strategic end products, will require substantial investments and the deployment of advanced
technological solutions, currently implemented in only a limited number of countries worldwide.
Investment in R&D, innovation capabilities, and strategic partnerships focused on technology
transfer and localisation will further strengthen the effective utilisation of this potential.
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If these developments are pursued within a strategic and holistic planning framework, Turkiye
could assume a significant global role as an emerging REE player, extending through strategic
end products. This progress could also position Turkiye as a leading country in the broader
critical minerals sector, supporting energy security, industrial competitiveness, and technological
advancement on a global scale.

7. Emerging global and national dynamics in lithium and battery storage technologies
highlight significant potential for Tiirkiye to enhance its supply security and position as a
global supply base.

Lithiumremains the cornerstone mineral driving the rapid global expansion of battery technologies.
Although research into alternative battery chemistries and materials is ongoing, current technical
limitations, performance requirements, and cost structures suggest that lithium is unlikely to be
substituted in the near term. Lithium, along with battery technologies more broadly, exhibits
some of the highest levels of geographical concentration and single-country dependence in
refining and end-product manufacturing worldwide. China, which accounts for roughly 70% of
global lithium refining, controls approximately 90% of global battery supply. This concentration
poses significant risks not only to energy security but also to a wide range of strategic sectors
reliant on these technologies.

IICEC analyses indicate that Turkiye's foreign trade deficit in lithium is increasing rapidly and that
lithium is expected to experience the fastest demand growth among critical energy mineralsin the
coming years. Lithium also ranks first on Turkiye's High-Importance Critical Minerals List. Despite
the associated risks, Turkiye's initial steps in lithium production, coupled with the development
of domestic battery institutions and technologies, create strategic opportunities, particularly as
the global search for supply diversification intensifies.

While Turkiye does not yet possess economically proven lithium resources of significant scale,
projects targeting lithium extraction from boron production are under development. Turkiye's
globally leading boron reserves provide potential for scaling production capacities and
developing related technological capabilities. Its rich geothermal resources also offer important
opportunities for lithium production. Graphite, currently produced at a limited scale in Turkiye, is
another mineral of growing global strategic importance. High-purity graphite demand is rising
rapidly, while supply remains highly geographically concentrated. Turkiye is also a producer of
nickel and cobalt, albeit at low scales compared to large global peers at present. The availability
of iron and phosphate resources and their potential for increased production further strengthen
opportunities for domestic battery manufacturing. Intensifying exploration, discovery, and
production across all battery-critical minerals, therefore, represents a significant strategic
opportunity.

Investments in battery manufacturing and the development of a supporting domestic ecosystem
are highly positive developments. Rapid growth in battery installations, expected from 2026
onwards, will support the scaling of Tirkiye's manufacturing base. By leveraging domestic
production opportunities in battery minerals and technologies through focused technological
development, Turkiye could emerge as a key production and supply hub, addressing growing
global demand for alternative suppliers. Such a positioning would contribute not only to energy
security and clean electrification but also to the expansion of value-added exports.
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8. Across a wide range of critical energy minerals, there are significant opportunities
including through international partnerships in regions such as Africa.

The widespread use of copper as a core component of electricity grids and across economies is
driving strong and persistent global demand. At the same time, the projected global supply gap
in copper mining, estimated to reach approximately 30% by 2035, points to structural risks for
supply security in a mineral at the center of an electricity system. The inclusion of copper in the
United States’ updated Critical Minerals List in November further underscores its growing strategic
importance. lICEC analyses indicate that, despite significant progress in Turkiye's copper mining
and refined product production, a high foreign trade deficit persists, while demand is expected to
continue rising. In this context, priority actions can include increasing mine production, supporting
new discoveries, expanding processing capacities, managing supply and competitiveness risks,
improving foreign trade balances, and safeguarding the sustainable development of electricity
systems.

Aluminium is another critical energy mineral for Turkiye due to its specific characteristics. Turkiye
is among the world's significant aluminium producers and maintains a net exporter position,
including for intermediate and end products. Globally, aluminium’s greater abundance relative
to copper is advantageous for supply security. Although aluminium has lower conductivity than
copper, its light weight and cost advantages make it an important component of electricity grids
in Tarkiye, as is the case worldwides. Additionally, the potential to recover gallium from bauxite
should be assessed, particularly for its applications in strategic sectors such as semiconductors.

Other critical minerals—including zinc, chromium, manganese, and boron—should be considered
in light of their complementary roles in energy systems, taking into account Turkiye's current
production, reserves, and value-added production potential. Zinc is notable for corrosion
resistance, alloy applications, and emerging next-generation zinc-based battery technologies.
Chromium enhances performance in clean energy technologies, while manganese remains a
key component in specific battery chemistries. Boron, where Turkiye holds a significant share
of global reserves, offers high value-added development potential across a wide range of
applications, from advanced composites and nuclear technologies to energy storage and
permanent magnets.

Globally, efforts to address supply concentration highlight Africa as a region with substantial,
largely untapped mineral reserves. The continent holds over one-quarter of global graphite
reserves, around 60% of cobalt, more than half of chromium, approximately 40% of manganese,
and roughly 10% of copper reserves. Africa also accounts for 70% of global cobalt production,
about three-quarters of manganese production, 20% of copper production, and over 10% of
lithium production. Despite these reserves and recent increases in mining output, much of Africa’s
potential remains underutilized, with limited refining and equipment manufacturing capacity
leading to the export of most minerals as raw or semi-processed materials. Turkiye could play
a strategic role by developing targeted, mineral- and country-specific approaches, mobilising
public and private investments, and establishing partnerships across the continent. Similar
cooperation opportunities exist in other resource-rich regions, such as Latin America.

S Sectoral assessments and [ICEC analyses indicate that aluminum make up about half of the total mass in transmission and
distribution grids, mainly driven by large use in overhead transmission lines.
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Summary Assessment of Risks, Opportunities, and
Development Areas

The analysis presented in this study indicates that Turkiye faces multidimensional and increasingly
deepening risks across critical energy mineral supply chains. Primary risks arise from insufficient
refining, technological, and value-added product capacities, which could exacerbate supply
disruptions, increase external dependency, and widen foreign trade deficits in advanced
products. These vulnerabilities have significant implications for energy security, the sustainability
and competitiveness of electrification, and the emerging energy economy. Moreover, given the
extensive use of critical minerals across strategic sectors—including electronics, automotive,
aviation, and defence—supply shortfalls could have economic and security repercussions
extending well beyond the energy sector. For instance, the competitive and sustainable
development of Turkiye's automotive industry, one of its largest production and export sectors,
relies on resilient critical mineral supply chains.

IICEC analyses also highlight significant opportunities for Turkiye. The global need for alternative
suppliers to mitigate high geographical concentration of critical minerals reinforces Turkiye's
potential to meet domestic demand in refining and technological production, while emerging
as a regional and global player. Key enablers include the large-scale Rare Earth Element (REE)
resource discovery and planned refining targets, positive developments in the battery ecosystem,
and the persistent concentration of global supply for minerals critical to energy and strategic
sectors such as defence, transport, and data centres. Mobilising Turkiye's largely untapped mineral
exploration potential can support the development of an economically viable, diversified, and
up-to-date reserve inventory. Establishing a comprehensive supply chain inventory from mining
through manufacturing to end products would facilitate minerals, technologies, and investments-
oriented roadmaps and enhance supply predictability.

Turkiye's geographical position adds strategic relevance in the current geopolitical context.
Strong domestic demand dynamics, combined with proximity to high-demand regional markets
with limited production capacity such as Europe and regions where critical mineral initiatives are
advancing including the Caspian, position Turkiye as a key player in integrating secure regional
supply chains. These opportunities could be further strengthened through targeted investments
in mining and refining, particularly in Africa and Latin America, enabling Turkiye not only to secure
its own supply but also to contribute to regional and global supply security.

Effectively managing these multidimensional risks and capitalising on emerging opportunities
requires a strategic planning approach that holistically covers the entire value chain, integrates
near-, medium-, and long-term policy instruments, and combines emergency mechanisms with
investment, technological development, and diplomatic strategies. The forthcoming Strategy
Document is expected to be a critical step in this direction. Progress in policy frameworks,
investment models—including incentives—technological development, and international
cooperation to support value-added production and value chain transformation will strengthen
Turkiye's energy security and independence, support clean electrification with multiple co-
benefits, enhance the supply security of other strategic sectors, promote higher value-added
economic growth, and advance technology-oriented industrialisation, while reinforcing national
security

Tirkiye Kritik Enerji Mineralleri Gériinimii| 2025 33



IICEC Recommendations

IICEC recommends the implementation of a holistic strategic planning approach
across critical energy mineral supply chains in order to manage Tiirkiye's rising
energy security, economic, and strategic risks, and to effectively leverage its
potential and high value-added opportunities,

1. Defining stockpiling mechanisms and developing roadmaps that enhance
high value-added production, supply diversification, and resilience to risks,

2. Establishing up-to-date, detailed, and integrated inventories across mining
and the wider supply chain in order to identify economic potential and
strengthen predictability,

3. Capitalizing on emerging opportunities to become a regional and global
player in refining through long-term planning, strategic investment and
technology models,

4. Strengthening investment incentive frameworks, innovation and R&D
capabilities, workforce programmes, and institutional capacities to support
value-added and sustainable growth.

5. Leveraging Turkiye's strategic location, diplomacy, and international
cooperdation to capture multidimensional economic and strategic benefits,
including:

® Positioning in mining and refining through public and private sector
investments, particularly in Africa, where reserves and production potential
are high,

@ Utilizing supply, trade, and recycling opportunities with markets where
demand, security, diversification, and competitiveness needs are increasing,

@ Contributing to coordination mechanisms through active participation in
the IEA Critical Minerals Security Program.

6. Adopting mineral- and technology-specific approaches, with particular
emphasis on:

® Developing the large Rare Earth Element resource discovery through a
strategic value chain spanning from reserve verification to end products,

@ Materializing opportunities to become a production, innovation, and supply
hub in lithium and battery technologies;

@ Advancing international and cross-sectoral cooperation focused on
technological development in areas such as refining, battery cathode and
anode materials, and high-efficiency permanent magnets,

® Continuing to develop exploration, value-added production, and processing
capacities in copper.

34

Turkiye Kritik Enerji Mineralleri Gériiniimii| 2025



Notlar

Turkiye Kritik Enerji Mineralleri Gér(.'lnt'.'lml‘.]|2025



TURKIYE
KRITIK ENERJI
MINERALLERI

GORUNUMU | 2025

|||||||||||||||||
S |ICEC Iauemn,
Umver31tes1



