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TAKDIM

Insanoglu, tarih boyunca dogayla kurdugu iliskinin niteligini siirekli doniistiirmistiir. Tarim
toplumundan sanayi toplumuna, oradan dijital ¢caga uzanan bu uzun yolculukta, ekonomik gelisme
ve teknolojik ilerleme, ¢ogu zaman gevresel sinirlarin 6tesinde gerceklesmis; dogal kaynaklar sinirsiz
gibi tiiketilmis; atiklar, karbon salimlari ve ekosistem tahribau kiiresel 6lgekte ciddi bir tehdit haline
gelmigtir. Bugiin geldigimiz noktada, yalnizca ekonomik biiylimenin devamliligs degil, insanligin
stirdiirtilebilir bir gelecege sahip olup olmayacagi da bu iliskinin yeniden tanimlanmasina baglidir.

Kiiresel 6lgekte iklim degisikliginin etkileri her gecen yil daha goriiniir hile gelmektedir. Diinya
Meteoroloji Orgiitii ve Hiikiimetlerarasi Iklim Degisikligi Paneli IPCC) raporlari, sicaklik artiglarinin
1,5 °C sinirini agma riskinin giderek yiikseldigini, su kaynaklari, gida giivenligi, biyolojik gesitlilik ve
insan sagliginin ciddi tehdit altinda oldugunu agike¢a ortaya koymaktadir. Tiirkiye de bu kiiresel siiregten
bagimsiz degildir. Ortalama sicakliklarin artmasi, yagis rejimindeki diizensizlikler, kuraklik ve sel gibi
asirt iklim olaylarinin sikligindaki arti, iilkemizin farkli bolgelerinde somut olarak yaganmaktadir. Bu
gelismeler, yalnizca gevre politikalarinin degil, sanayi, enerji, tarim, ulagtirma ve finans basta olmak
tizere tiim sekeorlerin koklii bicimde yeniden yapilandirilmasini zorunlu kilmaktadir.

Bu déniisiim siirecinin merkezinde yer alan en 6nemli kavramlardan biri yesil doniisiimdiir. Yesil
doniisiim, ekonomik faaliyetlerin cevresel etkilerini azaltmayi, disiik karbonlu iiretim ve tiiketim
modellerine ge¢isi, dogal kaynaklarin verimli ve siirdiirilebilir kullanimini esas alan bitiincil bir
degisimdir. Avrupa Birligi’nin 2050 yilina kadar karbon nétr olma hedefiyle agikladigi Avrupa Yesil
Mutabakati, bu baglamda yalnizca Avrupa’y: degil, kiiresel 6lgekte tiim {iretim ve ticaret zincirlerini
etkilemektedir. 2030 yilina kadar %55, 2040 yilina kadar ise %90 oraninda sera gazi emisyon azaltimi
hedefi, kiiresel ekonominin kurallarini yeniden yazmakreadir. Tiirkiye’'nin ihracatinin yarisina yakinint
Avrupa Birligi tilkelerine yapug: diistintildiigiinde, bu déniisiim, tilkemiz acisindan da kaginilmaz bir
uyum siireci anlamina gelmektedir.

Bu noktada 6ne ¢ikan ikinci temel yaklagim ise dongiisel ekonomidir. Dongiisel ekonomi, atiklarin
azalulmasini, yeniden kullanim ve geri doniistimiin tegvik edilmesini, tiriinlerin yasam déngiistiniin
uzatilmasini ve kaynak verimliliginin artirilmasini esas alir. Bu yaklagim, yalnizca gevresel etkilerin
azalulmasi icin degil, ayni zamanda ekonomik rekabet giiciiniin korunmasi agisindan da kritik
onemdedir. Zira mevcut dogrusal ekonomi modeli “al, ret, tiiket, at” stirdiiriilebilir degildir. Diinya
genelinde dogal kaynaklarin tiiketimi, gezegenin yenilenme kapasitesini asmigtir. Tiirkiye gibi hizla
sanayilesen tilkelerde ise, kaynak bagimliligini azaltmak ve disa bagimlilig1 en aza indirmek, ekonomik
giivenlik icin de hayati bir konudur.

Sanayi, bu dontigiimiin merkezinde yer almaktadir. Celik, aliminyum, ¢imento ve kimya gibi
enerji yogun sektorlerde diisiik karbon teknolojilerine gegis, yesil hidrojenin tiretim siireglerine
entegre edilmesi, elektrik ark ocaklarinin yayginlastirilmasi, atik 1s1 geri kazanimi, karbon yakalama
ve depolama teknolojilerinin uygulanmasi gibi yontemler, sanayide yesil doniistimiin temel araglarini
olusturmakeadir. Tirkiye’nin 2053 net sifir hedefi dogrultusunda, bu alanlarda atacagi adimlar,
yalnizca gevresel etkilerin azalulmasi icin degil, ayni zamanda kiiresel rekabet giiciiniin korunmast i¢in
de belirleyici olacaktir.

Yesil doniisiimiin bir diger boyutu ise enerji sektoriinde goriilmektedir. Tirkiye, yenilenebilir
enerji kurulu glicti bakimindan, Avrupa’da ilk bes tilke arasina girmistir. Glines ve riizgar enerjisindeki
yaurimlarin artist, enerji arz giivenligi acisindan da biiyiik 6nem tagimaktadir. Bununla birlikte,
enerji verimliligi, dijital enerji ydnetim sistemleri, akilli sebekeler ve depolama teknolojileri,
doniisiimiin kritik unsurlaridir.
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Ulastirma sektorii, toplam sera gazi emisyonlarinin yaklagik %20’sinden sorumludur. Elekerikli
araglarin yayginlastirilmasi, sarj altyapisinin giiclendirilmesi, demiryolu ve denizyolu tasimaciliginin
payinin artirilmast, havacilikea siirdiiriilebilir yakitlarin kullanimyi, sektdriin yesil doniisiim yol haritasinda
on plana ¢tkmaktadir. Bu alanlarda atilacak adimlar, yalnizca karbon azaltmi agisindan degil, ayni
zamanda kentlerde hava kalitesinin iyilestirilmesi ve toplumsal refahin artirilmasi agisindan da énemlidir.

Su ve dogal kaynak yonetimi de doniisiim siirecinin ayrilmaz bir pargasidir. Tiirkiye'nin meveut su
kaynaklarinin yaklasik %74’ii tarimda kullanilmakeadir. Tklim degisikliginin etkisiyle su kitligs riskinin
artmast, tarimsal tiretimde verimlilik kayiplarina ve gida giivenliginde kirilganliklara yol a¢gmaktadir.
Bu nedenle, suyun daha etkin kullanimi, sanal su ve su ayak izi gibi kavramlarin politika siireclerine
dahil edilmesi onemlidir. Konya Havzasi’ndaki yeralt1 suyu kayiplari, bu siirecin somut bir 6rnegidir.
Dolaysiyla, sanayi ve tarimda dongiisel su kullanimi, atik suyun yeniden degerlendirilmesi ve yeni nesil
sulama tekniklerinin yayginlastirilmast, yesil doniistimiin en 6nemli unsurlarindandir.

Tiim bu alanlarda ilerleme saglanabilmesi igin hukuki, kurumsal ve finansal altyapinin giiglendirilmesi
gerekmekredir. Tiirkiye, 2021 yilinda agikladigt Yesil Mutabakat Eylem Plani ile sanayi, enerji, tarim,
ulagtirma ve finans bagta olmak tizere pek ¢ok sektorii kapsayan 81 eylem tanimlamistir. Ayrica, 2025
yilinda ulusal emisyon ticaret sistemini pilot olarak baglatmayi, 2026 itibariyla ise tam olarak uygulamay1
hedeflemektedir. Bu sistem, 6zellikle Avrupa Birligi'nin Sinirda Karbon Diizenleme Mekanizmasi ile
uyum agisindan onem tagtmaktadir.

Yesil doniisiim ve dongiisel ekonomi, dontisiim siirecinde {iniversite-sanayi i birlikleri, mesleki
egitim programlari, sanayi odalart ve organize sanayi bolgelerinin siirece aktif katilimi, basari igin
onemlidir. Kiiciik ve orta dlcekli isletmelerin (KOBI’ler) bu siirece dhil edilmesi, iilkemiz sanayisinin
gelecegi acisindan 6nem tagimakeadir.

Elinizdeki kitap, bu déntisiim siirecini bilimsel, teknolojik, hukuki ve ekonomik boyutlariyla ele
almakta; Tirkiye’nin yol haritasini sekillendirmeye katki sunmakeadir. Caligma, iklim degisikliginin
kiiresel ve ulusal etkilerinden baglayarak dogal kaynaklarin siirdiiriilebilir yonetimine; Avrupa Yesil
Mutabakat’'nin getirdigi yeni cergeveden, dongiisel ekonomi uygulamalarina; sanayi, enerji, tarim ve
ulagtirma sektdrlerindeki uyum politikalarindan, finansal ve hukuki diizenlemelere kadar genis bir
perspektif sunmaktadir. Kitapta yer alan ulusal ve uluslararasi 6rnekler, karsilagilan zorluklari ve elde
edilen bagarilari ortaya koymakta; Tiirkiye i¢in somut 6neriler gelistirmektedir.

Bu degerli eserin hazirlanmasinda emegi gegen tiim akademisyenleri, uzmanlari ve kurum temsilcilerini
kutluyor, katkilarindan otiirti tesekkiir ediyorum. Tiirkiye Bilimler Akademisi olarak, tilkemizin yesil
dontisiim siirecine bilimsel bilgi ve rehberlik sunmanin onurunu yasiyoruz. Temennimiz, bu ¢alismanin
yalnizca akademik camiada degil, karar vericiler, sanayi temsilcileri, sivil toplum kuruluglar ve toplumun
tiim kesimleri tarafindan faydali bir bagvuru kaynag: olarak degerlendirilmesidir.

Tirkiye'nin siirdiiriilebilir, rekabet¢i ve iklim direngli bir gelecege ulagmasi icin bilimsel
aragtirmalarin yol gostericiligine her zamankinden daha fazla ihtiyag vardir. Bu kitap, iste bu yolculugun
onemli bir adimudir.

Prof. Dr. Muzaffer SEKER
TUBA Bagkani
ORCID: 0000-0002-7829-3937
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FOREWORD

Throughout history, humankind has continuously reshaped its relationship with nature. From the
agricultural era to the industrial age and now into the digital era, economic development and technological
progress have often advanced beyond environmental limits; natural resources have been consumed as if
infinite; and pollution, carbon emissions, and ecosystem degradation have emerged as profound global
threats. At this point in history, what is at stake is not only the continuity of economic growth but also
the very possibility of a sustainable future for humanity.

The impacts of climate change are becoming increasingly visible worldwide. Reports by the World
Meteorological Organization and the Intergovernmental Panel on Climate Change (IPCC) clearly
demonstrate that the risk of exceeding the 1.5 °C threshold is rising, and that water resources, food
security, biodiversity, and human health are all under severe threat. Tiirkiye is not immune to these
global dynamics. Rising average temperatures, irregular precipitation regimes, and the growing frequency
of extreme weather events such as droughts and floods are being observed across the country. These
developments necessitate not only environmental policies but also comprehensive restructuring across all
major sectors, including industry, energy, agriculture, transport, and finance.

At the heart of this transformation lies the concept of green transition. The green transition is a
holistic transformation that seeks to reduce the environmental impacts of economic activity, foster low-
carbon production and consumption models, and ensure the efficient and sustainable use of natural
resources. The European Green Deal, with the European Union’s commitment to achieve carbon
neutrality by 2050, is a central reference point in this regard. Its ambitious targets of reducing greenhouse
gas emissions by 55% by 2030 and 90% by 2040 are reshaping the rules of the global economy. For
Tiirkiye, which exports nearly half of its goods to the European Union, this transformation represents an
inevitable adaptation process.

The second key concept shaping this transformation is the circular economy. The circular economy
seeks to minimize waste, promote reuse and recycling, extend product lifecycles, and enhance resource
efficiency. This approach is not only about reducing environmental impacts but also about preserving
economic competitiveness. The traditional linear model of “take, make, consume, dispose” has
proven unsustainable. For rapidly industrializing economies like Tiirkiye, reducing dependence on
imported raw materials and making full use of domestic resources are critical to both economic and
environmental security.

Industry stands at the center of this transformation. In energy-intensive sectors such as steel,
aluminum, cement, and chemicals, the adoption of low-carbon technologies, integration of green
hydrogen, deployment of electric arc furnaces, expansion of waste heat recovery, and implementation of
carbon capture and storage (CCS) systems are among the primary strategies for green transition. Within
Tiirkiye’s 2053 net-zero target, progress in these sectors will be vital not only for reducing emissions but
also for maintaining competitiveness in global markets.

The energy sector represents another critical front. By 2024, Tiirkiye reached a renewable energy
capacity that, placing it among the top five countries in Europe. Growth in solar and wind energy
contributes not only to climate goals but also to energy security. Yet, efficiency measures, digital
energy management systems, smart grids, and storage technologies remain indispensable elements
of the transition.



The transport sector, responsible for about 20% of total greenhouse gas emissions, is another area
undergoing deep transformation. The promotion of electric vehicles and charging infrastructure,
increased investments in railways and maritime transport, and the use of sustainable fuels in aviation are
all key components of this agenda. These measures are important not only for decarbonization but also
for improving urban air quality and enhancing public welfare.

Equally significant is the sustainable management of water and natural resources. Currently,
approximately 74% of Tiirkiye’s freshwater resources are used in agriculture. With climate change
intensifying water scarcity risks, agricultural productivity and food security are increasingly vulnerable.
More efficient water use, integration of water footprint and virtual water concepts into policymaking,
and expanded water reuse in both agriculture and industry have become urgent necessities. The Konya
Basin, facing critical groundwater depletion, exemplifies the urgency of this challenge.

For these transitions to succeed, strong legal, institutional, and financial frameworks are required.
In 2021, Tirkiye adopted its Green Deal Action Plan, identifying 81 actions across sectors including
industry, energy, agriculture, transport, and finance. Furthermore, a national emissions trading system
will be piloted in 2025 and fully implemented by 2026, designed in alignment with the European
Union’s Carbon Border Adjustment Mechanism.

Importantly, the green transition and circular economy represent not only economic and environmental
imperatives but also a societal transformation. University-industry collaborations, vocational education,
and the active participation of chambers of commerce, industrial zones, and especially small and medium-
sized enterprises (SMEs) are essential. Without the engagement of SMEs, which form the backbone of
Ttirkiye’s industrial landscape, this transformation cannot be fully achieved.

This book addresses these themes in their entirety, providing scientific, technological, legal, and
economic perspectives on Tiirkiye’s green transition. It examines the global and national impacts of
climate change; sustainable management of natural resources; the implications of the European Green
Deal; sectoral strategies in industry, energy, agriculture, and transport; and the financial and legal
instruments needed to accelerate the circular economy. Through international and national examples,
the work identifies both the challenges encountered and the successes achieved, offering concrete
recommendations for Tiirkiye’s future.

I would like to extend my sincere appreciation to all the scientists, experts, and institutional
partners who contributed to the preparation of this important volume. On behalf of the Turkish
Academy of Sciences, it is an honor to support Tiirkiye’s path toward a sustainable, competitive, and
climate-resilient future.

It is my hope that this book will serve as a valuable reference not only for the academic community
but also for policymakers, industry leaders, civil society, and society at large. In an era when the need
for scientific guidance has never been greater, this work represents a meaningful contribution to shaping
Tirkiye’s green transformation.

Prof. Dr. Muzaffer SEKER
TUBA President

ORCID: 0000-0002-7829-3937



ONSOZ

I¢inde bulundugumuz yiizyil, insanlik tarihinin en kritik déniisiim siireglerinden birine sahne
olmaktadir. Sanayi devrimiyle sekillenen iiretim odakli ekonomik model, kiiresel refahi arurirken
ayni zamanda dogal kaynaklarin hizla titkenmesine, gevresel bozulmalara ve iklim degisikligi gibi geri
doniilmesi gii¢ sorunlara yol agmugtir. Bugiin kargi kargtya oldugumuz iklim krizi, su stresi, gida giivenligi
sorunlari ve enerji arz riskleri, kalkinma anlayisinin gevresel ve ekonomik siirdiiriilebilirlik temelinde
yeniden kurgulanmasint gerektirmektedir. Bu baglamda yesil doniisiim gevreyi korumayla beraber
ekonomik rekabet giiciiniin artrilmasi, toplumsal refahin giivence altina alinmasi ve gelecegin teknolojik
yonelimlerinin belirlenmesi acisindan yeni bir paradigma sunmaktadir.

Bu kiiresel doniigiimiin merkezinde Avrupa Birligi'nin 2050 yilinda “iklim nétr kita” olma
hedefiyle ilan ettigi Avrupa Yesil Mutabakat: yer almaktadir. Yesil mutabakat emisyon azaltumi, enerji
doéntisiimii, stirdiirtilebilir ulagim, gevre dostu tiretim ve finansal uyum gibi ¢ok boyutlu politikalar ile
yeni bir ekonomik diizenin temellerini olusturmaktadir. Bu siiregte dongiisel ekonomi yaklagimi da
cevresel baskilarin azaltilmasi, kaynak verimliliginin artrilmasi ve atiklarin iiretim dongiisiine yeniden
kazandirilmast agisindan onemlidir. Kiiresel dongisellik oraninin halen %10’un alunda olmasi,
doniigiimiin hem gerekliligini hem de tagidig: biiyiik firsatlart ortaya koymaktadir.

Sanayi sektorleri, 6zellikle de demir—gelik, ¢imento, kimya ve ulagim gibi enerji yogun alanlar, bu
doniigiimiin merkezinde yer almakradir. Yesil hidrojen kullanimy, elektrik ark ocaklarinin yayginlastirilmasi,
karbon yakalama-depolama teknolojileri ve hurda kullaniminin artirilmasi gibi uygulamalar, diisiik karbonlu
tiretim igin stratejik adimlar olarak 6ne ¢ikmaktadir. Ulagimda elekerikli araglar, siirdiiriilebilir havacilik
yakitlart ve akilli ulagim sistemleri; enerji alaninda yenilenebilir kaynaklarin payinin bitytimesi; tarimda su
verimliligi ve stirdiiriilebilir tiretim teknikleri ise biitiinciil doniistimiin tamamlayict bilesenleridir.

Tiirkiye, bu kiiresel déniigiime uyum saglamak {izere son yillarda 6nemli bir politika seti gelistirmistir.
2021°de yayimlanan Yesil Mutabakat Eylem Plani, sanayiden enerjiye, tarimdan hukuki uyuma uzanan
81 eylemi kapsayan biitiinciil bir ¢ergeve ortaya koymustur. 2053 net sifir emisyon hedefi, Tiirkiye'nin
stirdiiriilebilir kalkinma vizyonunun merkezinde yer almakta; yenilenebilir enerji kurulu giiciinde
saglanan artig, su kaynaklari tizerindeki iklim baskilarina karsi gelistirilen stratejiler ve karbon piyasalarinin
hazirlanmasi bu vizyonun temel yap: taglarini olusturmaktadir. 2025’te pilot olarak baglatilacak ve
2026’da tam uygulamaya gececek Emisyon Ticaret Sistemi, Ttirkiye'nin kiiresel karbon ekonomisiyle
uyumlu bir yapiya gegisini destekleyecektir.

Yesil doniisiimiin basarist yalnizca teknolojik yeniliklere degil; ayni zamanda giiglii bir hukuki
altyapiya, Ar-Ge siireglerine, iiniversite—sanayi is birliklerine ve etkin finansman mekanizmalarina
baglidir. Yesil tahviller, stirdiiriilebilir bankacilik uygulamalari ve karbon piyasalari, doniisiim igin gerekli
kaynaklarin harekete gecirilmesini saglayan temel araglardir. Bununla birlikte, sanayi odalarinin, organize
sanayi bolgelerinin, arastirma merkezlerinin ve kamu kurumlarinin esgiidiimlii ¢aligmasi, bu biiyiik
doéntisiimiin kurumsal boyutunu giiglendirecektir.

Bu eser, yesil doniisiim ve dongiisel ekonominin kiiresel dlgekte ve Tiirkiye dzelindeki tiim boyutlarint
kapsamli bicimde ele almay; sanayi politikalari, enerji dénitisiimii, su ve dogal kaynak y6netimi, finansal
mekanizmalar, hukuki diizenlemeler ve sektorel stratejiler ¢cercevesinde bilimsel bir yol haritast sunmayi
amaglamakeadir. Iklim degisikliginin ortaya gikardigi zorluklar ile Yesil Mutabakat'in getirdigi firsatlari
biitiinciil bir perspektifle degerlendirmesi bakimindan, kitabin hem aragtirmacilar hem de politika
yapicilar i¢in degerli bir bagvuru kaynag: olacagina inaniyoruz.
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PREFACE

The century we live in is witnessing one of the most critical transformation processes in human
history. The production-oriented economic model shaped by the industrial revolution has increased
global prosperity, but at the same time has led to the rapid depletion of natural resources, environmental
degradation, and irreversible problems such as climate change. The climate crisis, water stress, food
security issues, and energy supply risks we face today require a rethinking of development based on
environmental and economic sustainability. In this context, the green transition offers a new paradigm
for protecting the environment while increasing economic competitiveness, ensuring social welfare,
and determining the technological direction of the future.

At the heart of this global transformation lies the European Green Deal, announced by the European
Union with the goal of becoming a “climate-neutral continent” by 2050. The Green Deal lays the
foundations for a new economic order through multidimensional policies such as emission reduction,
energy transition, sustainable transportation, environmentally friendly production, and financial
alignment. In this process, the circular economy approach is also important in terms of reducing
environmental pressures, increasing resource efficiency, and reintegrating waste into the production
cycle. The fact that the global circularity rate is still below 10% highlights both the necessity of the
transformation and the great opportunities it presents.

Industrial sectors, particularly energy-intensive areas such as iron and steel, cement, chemicals,
and transportation, are at the center of this transformation. Applications such as the use of green
hydrogen, the widespread adoption of electric arc furnaces, carbon capture and storage technologies,
and increased scrap utilization stand out as strategic steps toward low-carbon production. In
transportation, electric vehicles, sustainable aviation fuels, and smart transportation systems; in
the energy sector, the growing share of renewable sources; and in agriculture, water efficiency
and sustainable production techniques are complementary components of this comprehensive
transformation.

Tiirkiye has developed asignificantset of policies in recentyears to adapt to this global transformation.
The Green Deal Action Plan, published in 2021, presents a comprehensive framework covering 81
actions ranging from industry to energy, agriculture to legal compliance. The 2053 net zero emissions
target is at the heart of Tiirkiye’s sustainable development vision; the increase in renewable energy
capacity, strategies developed against climate pressures on water resources, and the preparation of
carbon markets form the cornerstones of this vision. The Emissions Trading System, which will be
launched as a pilot in 2025 and fully implemented in 2026, will support Ttirkiye’s transition to a
structure compatible with the global carbon economy.

The success of the green transition depends not only on technological innovations but also on a
robust legal framework, R&D processes, university-industry collaborations, and effective financing
mechanisms. Green bonds, sustainable banking practices, and carbon markets are fundamental tools
that mobilize the resources necessary for the transition. However, the coordinated work of chambers
of industry, organized industrial zones, research centers, and public institutions will strengthen the
institutional dimension of this major transition.

This publication aims to comprehensively address all dimensions of the green transition and circular
economy at the global level and specifically in Tiirkiye; it seeks to provide a scientific roadmap within
the framework of industrial policies, energy transition, water and natural resource management,
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financial mechanisms, legal regulations, and sectoral strategies. We believe that the book will be a
valuable reference source for both researchers and policymakers, as it evaluates the challenges posed by
climate change and the opportunities presented by the Green Deal from a holistic perspective.

This work contributes to shaping Tiirkiye’s roadmap for green transformation. We extend our
sincere gratitude to all the distinguished scholars, institutions, and colleagues who have contributed
as authors, reviewers, and supporters of this volume. In particular, we wish to thank TUBA President
Prof. Dr. Muzaffer Seker, YTU Rector Prof. Dr. Eyiip Debik, the members of the TUBA Working
Group on Environment, Biodiversity and Climate Change, as well as the dedicated staff of TUBA and
YTU for their invaluable support.

Prof. Dr. Mehmet Emin AYDIN Prof. Dr. Eyiip DEBIK
TUBA Full Member TUBA Working Group on
TUBA Working Group on Environment, Environment, Biodiversity and Climate Change,
Biodiversity and Climate Change, Chair Member
ORCID: 0000-0001-6665-198X ORCID: 0000-0003-1864-4253
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