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The new RPE roller press

Simplicity meets
performance: the new
RPE roller press

The RPE marks the next step in roller press innovation, with enhancements that

boost reliability, simplify maintenance, and improve efficiency.
When downtime costs thousands per hour, frame design matters.

KHD's new frame design relies on radial spherical plain bearings. These eliminate
the rubber thrust pads of earlier designs, and dramatically reduce complexity and

maintenance effort.

The frame supports both horizontal and vertical roller exchange.

It's also more compact, delivering faster installation, easier integration, and simpler
upkeep — while remaining compatible with existing spare parts.

The new RPE from KHD. Economical. Enhanced. Efficient.

Learn more at khd.com/roller-press

[ [Wepae™

From 192 pre-stressed bolts
to just 8 spherical bearings.
Frame maintenance effort
reduced by

95"

Watch the RPE product
video on YouTube:

innovation by tradition
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We pioneer motion

Ayrilabilen rulmanli SES yataklari
Ulasilmasi zor veya proses acisindan
kritik uygulamalar icin

Schaeffler iki parcali SES yatak serisiyle birlikte kullanilmak tizere standart bir ayrilabilen
oynak makarali rulman serisi de sunuyor. Bu, hem rulmanlarin hem de yataklarin hizli bir
sekilde degistirilmesi i¢in eksiksiz ¢6ziim saglar. Ulasilmasi zor uygulamalarda veya siirekli
bir saft tizerindeki kurulumlarda 6zellikle faydalidir. Clinkii rediiktor veya motorlar gibi saft
izerine monte edilen ekipmanlari ayirmak i¢in daha uzun siire gerekir. Bu ¢6ziim, zamandan
ve paradan tasarruf saglar. Toplam Sahip Olma Maliyetinde (TCO) 6nemli bir azalmaya yol
acar. Bundan faydalanin!

www.schaeffler.com.tr

SCHAEFFLER
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CycloJet VC Serisi

Yerden Supurme Sistemleri

Yiiksek Verimli Toz ve
Parcacik Toplama

Kesintisiz Malzeme
Transferi

Dusuk Bakim ve
Operasyonel Maliyetler

Moduler ve Esnek
Sistem Tasarmi

Entegre Gelismis
Cyclone Seperator

Tozlu Endstriyel
Alanlar Icin Guvenli
Cozum

Kolay Kullanim ve
Temizlik

Otomatik Malzeme
Bosaltma
Secenekleri




THE HEART OF PNEUMATIC CONVEYING

FULLER-KINYON®[({{
SCREW PUMP

Continuous, efficient material transfer -
proven for over a century.

The Fuller-Kinyon® FK N Pump is engineered for reliable,
continuous transport of dry, free-flowing materials - from
grinding mills and silos to loading and unloading applications.

Key Benefits
Q Continuous duty operation

Designed for 24,/7 operation, the FK N Pump delivers @ High efficiency at higher line pressures

higher efficiency, improved throughput and lower @ Long-distance conveying capability

maintenance, even in demanding plant environments.
@ Low maintenance - only one moving part

From Iong conveying distances to hlgh CapaCitieS, it's the ° Robust design for harsh environments
solution trusted worldwide when uptime matters most.
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LAYHER ALLROUND® ISKELE

Simsek iskele ¥

AGS Sistemi

Allround iskele

Sistemden Bagimsiz Aksesuarlar
Cati & Koruyucu Sistemler
TG-60 Tasiyici iskeleler

Sahne Sistemleri

\\ Hareketli iskeleler

N Merdivenler
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Yazilim

LAYHER ISKELE SISTEMLERI

Kocaeli Merkez Ofis / Dagitim Merkezi izmir Ofis / Dagitim Merkezi Ankara Ofis / Dagitim Merkezi
istanbul Mermerciler Kigik Sanayi Sitesi Késeler Mah.  AOSB Mah. 10035 Sok. No:2/1  Saray Mah. Saray Cad. No:6/2

5. Cad. No:18 Dilovasi 41455 Kocaeli - Turkiye Pk:35620 Cigli / izmir - Turkiye Kahramankazan / Ankara - Tirkiye
Tel: +90 (262) 655 06 06 Tel: +90 (232) 32500 66 (pbx)  Tel: +90 (262) 655 06 06

Layher X

www.layher.com.tr ﬁ r@ m G @Layher Turkiye Daha Fazla Olanak. iskele Sistemi.

info@layher.com.tr Sosyal medyada bizi takip edin!
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Endiistriyel
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SCM ile

ONBIRON

Endustriyel Kimyasallar
ile Daha Guclu

Daha disuk karbon ayak izi, daha yuksek performans.
ONBIRON Endiistriyel'in yenilikci kimyasal katkilar, SCM
kullaniminin getirdigi 6gutme ve dayanim zorluklarini dengeler;
surdurulebilir ve verimli cimento Uretimini destekler.

Klinkeri azaltin, performanstan 6diin vermeyin.
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www.onbiron.com DﬂbiFDﬂE"dﬁStrigEl



REMSAN

REFRAKTER MALZEME SAN.TICAS.

DOKME

REMFORCE
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ISTENDIGINDE DOKME
ISTENDIGINDE PUSKURTME
UYGULANABILEN COK AMACLI BETON

REMFORCE betonlarimiz COK DUSUK CIMENTO (ULTRA LOW CEMENT CASTABLE) katkist ile birlikte
iceriginde bulunan mikrosilika bagli sistem sayesinde KENDINDEN AKISKAN BETONLARA
yakin; iyi akicilik, daha iyi islenebilirlik, kimyasal erozyona dayanim, asinma, cok yiiksek
mukavemet ve hizli priz alma 6zellikleri gosterir. Geleneksel ULC betonlarin en gelismis
dokme sinifidir. DOKME olarak kullandiginizda REMFORCE UNIMIX de ayni 6zelikleri tasir.
REMLOWGUN betonlarimizise kimyasal baglayicilari sayesinde COK DUSUK CIMENTOLU
PUSKURTME (ULTRA LOW CEMENT GUNNING) betonlarindan farksiz bir yapiya sahiptir ve kil
katkisi hic yoktur. REMFORCE UNIMIX betonlarimiz PUSKURTME olarak kullanildiginda ayni
dzelikleri tagir. Cok diistik ZAYIYAT (REBOUND LOsS), kimyasal erozyona dayanim, aginma, cok
yiiksek mukavemet ve hizli priz alma &zellikleri gésterir. Oniinde kalip olmadigindan
betonlar priz almadan tiraslama, sisleme islemi yapilarak kolay su atma imkani kazandirir.
Kolay 1slatma sayesinde, priz alma esnasinda daha az ekzotermik reaksiyon gosterir.

REMFORCE UNIMIX AYNI PAKETTE HEM REMFORCE HEM REMLOWGUN BETONUDUR.

REMSAN, bir OZKOSEOGLU Grubu Uyesidir

PUSKURTME

REMLOWGUN

AYNI PAKETTE

GUCLERI

BIRLESTIRDIK

REMSAN
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REMFORCE

REMFORCE UNIMIX

U.L.C. SELF FLOW CASTABLE & U.L.C. GUNNING MIX BETON

REMFORCE UNIMIX iLE KAZANCLARIMIZ

« Tek tip betonda hem dokiim hem puskirtme
olanagi

- Karar verme kolayhgi

« Zamandan tasarruf saglanmasi

« Stok maliyetlerinin dustrilmesi

« Uriin cesitlerinin azaltiimasi
« D6klim ve puskurtmede ayni performans

Sancaktepe Mahallesi Glirpinar Caddesi No:11

34580 Cantakdy Silivri istanbul TURKIYE

0(212) 289 06 95 (pbx) e-posta: remsan@remsan.com
Www.remsan.com



ANION @) SLICKBAR

birakin yaglasin

4 adet Anion'u ring ve manto arasina -¢evre boyunca, basitge yerlestirin.
45°C sicaklikta erimeye baslayan ve 500°C sicakliga kadar alev almayan
yaglayici bloklar, icerdigi grafit, mineral ve metal yaglar sayesinde ring alti
ve simler Uzerinde yag filmi olusturarak; ring alti ve simleri aginmaya karsi
korur ve rolatif hareketi dUzenler.

Sadece 1 dakikada uygulanabilen ve bir turda erimeye baslayan Anion,
tlm yuzeye esit bir sekilde yayilarak gercek bir ring alti yaglama deneyimi
sunmaktadir.

OZEK MAKINA

DONER FIRIN SERVISLERI
www.ozekmakina.com




CEMTECH

Global Muhendislik A.S.

FIRST IN TURKIYE,
FIRST IN AFRICA".

CEMTECH CONTINUES TO SET

THE GLOBAL STANDARD
FOR CALCINED CLAY.

— %““4._ .

* : o = @ Tiirkiye - Bilecik
Cemtech has successfully delivered Africa’s first turnkey < Expanided Clay; Calcined Clay.

calcined clay plant in Abidjan, Ivory Coast, and is the owner g Metakaolin Production Plant
and operator of Tiirkiye's first calcined clay plant in So6giit, Bilecik.

Mutlukent Mah. 1987. Cad. No:6 06810 Cankaya/Ankara e T.: +90(312)4729130 e F. +90(312)4729336 e info@cemtechglobal.com e www.cemtechglobal.com



CADD (& MAPEI

CEMENT ADDITIVES DIVISION
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\OGUTMEDE
DAHA AZ

KLINKER

MAPE C-C | DAHA YUKSEK PERFORMANS, DAHA DUSUK ETKI.

85 yildir yapi kimyasallari sektériinde devrim yaratan italyan sirketi Mapei'den buyik yenilik. MAPE C-C
serisinden Cimento OJutme Katkilari, geleneksel cimentoya gére daha dusuk klinker icerigine, daha distik CO:
emisyonuna ve daha iyi reolojik 6zelliklere sahip ¢cimento Uretmenizi saglar. MAPE C-C UrUnleri, “cimentodan
betona” geciste beton performansini ve surdurulebilirligi iyilestirir.

MAPEI

cadd.mapei.com 7 Nl RN




editorden

Prof.Dr. Mustafa Sahmaran

Degerli Okurlar,

Cimento ve beton sektory, bugdn yalnizca Uretim teknolojilerinin degil;
surdurUlebilirlik, dijitallesme, enerji donusumu, insan kaynagr ve yenilikgi
malzeme ¢ozumlerinin birlikte ele alindigr kapsamli bir donusum surecinden
gegciyor. Cimento ve Beton Dunyasinin 187. sayisinda da bu dondsumun
farkl boyutlarini ortaya koyan gelismeleri sizlerle paylasmayl amacladik.

Bu sayimizin kapaginda yer alan ve 2002 yilindan bu yana geleneksel
olarak duzenlenen Betonart Mimarlik Yaz Okulu'nun 22'ncisi, bu yil Firat
Universitesi Mimarlik Fakultesi ev sahipliginde Elazig'da gerceklestirildi.
"Standart Sapma" temasiyla duzenlenen programda 16 mimarlik 6grencisi,
betan malzemesini teorik bilginin yani sira atdlye galismalari, saha uygulamalar
ve sergi araciligiyla deneyimleme firsati buldu. Yapay zeka destekli tasarim
araclarinin Uretim sureglerini gesitlendirdidi gunumuzde, mimarin rolinun
yeniden tartisimasi ve insan, yer, iklim, malzeme ve ihtiyag arasindaki iliskinin
ele alinmasi, gelecedin yapi gevresine iliskin 6nemli mesajlar tasimaktadir.

Sektdrumuzun kuresel déntsum gundemindeki konumunu ise bu sayimizda
Cin'de gergeklestirilen Cementtech etkinligi Uzerinden ele aliyoruz.
TURKCIMENTO Bagkani Adil Sani Konukoglunun degerlendirmelerinde
one cikan yesil donusum, dijital donusum ve insan odakl donusumden
olusan "UgUz donusum” yaklasimi, sektorun gelecegine iliskin 6nemli bir
cergeve sunmaktadir. Alternatif yakitlar, enerji verimliligi, atik 1si geri kazanimi,
dUsUk karbonlu Uretim teknolojileri ve yapay zeka gibi basliklar, gimento
sektdrunun rekabet gucu ile surdurulebilirlik hedeflerinin artik birbirinden
ayri dusunulemeyecedini agikga gostermektedir.

Enerji donusumundn énemlibasliklarindan biri olan yesil hidrojen konusu da bu
saymizda kapsamii bigimde ele aliniyor. TURKGIMENTO tarafindan dizenlenen
wehbinar serisinin UgUncU ve son oturumunds, yesil hidrojen yatinmiarinin ekonomik
uygulanabilirligi, maliyet bilesenlerive gimento sektorundeki kullanim senaryolari
dederlendirildi. Hidrojenin gelecekteki potansiyelinin yalnizca teknolojik agidan
degil, ayni zamanda maliyet, finansman, enerji fiyatlari, kapasite ve altyapi
boyutlaryla birlikte degerlendiriimesi gerektigi bir kez daha ortaya konmustur.

Surdurulebilir donusumun temelinde guglu bir insan kaynagr ve surekli
egitim bulunuyor. Bu dogrultuda TURKCIMENTO AKADEMI tarafindan
gerceklestirilen lleri Seviye Hidrolik/Elektrohidrolik Egitimi ile Numune Alma
ve Numune Hazirlama Egitimi, sektor ¢alisanlarinin teknik yetkinliklerinin
gelistirimesine yonelik onemli ornekler sunuyor. Ozellikle teorik bilginin
uygulamali galismalarla desteklenmesi, teknolojik ddnusumun insan kaynadi
boyutunun ne kadar 6nemli oldugunu bir kez daha ortaya koymaktadir.

Bu sayimizin Arastirma ve Gelistirme bolumunde yer alan "DusUk Klinkerli
Baglayicilarda LC® Teknolgjisinin Malzeme Tasarimi, Performansi ve Uygulamalar”
baslikli derleme makalesi ise dusuk karbonlu cimento teknolgjileri agisindan
onemli bir perspektif sunuyor. Klinker tuketimini ve karbon salimlariniazaltma
potansiyeli tasiyan LC? teknolojisi; hammadde secimi, mineralojik ve fiziksel
karakterizasyon, reaktivite, 6gutme, sUlfat dengesi, dayanikliik ve farkl yapi
malzemelerindeki uygulamalarla birlikte butuncul bir yaklagimla degerlendiriliyor.
Ozellikle alternatif kil kaynaklari ile atik kil kaynaklarinin degerlendirilimesine
yonelik potansiyel, dongusel ekonomi ve dusuk karbonlu Uretim hedeflerinin

TUm bu gelismeler, sektorumuzun geleceginin yalnizca daha dusuk karbonlu
Uretimle degil; daha akilli teknolgjiler, daha etkin kaynak kullanimi, yenilikgi
malzemeler, nitelikli insan kaynadi ve guclu is birlikleriyle sekillenecegdini
gostermektedir.

Cimento ve Beton Dunyasi olarak biz de bilimsel bilgi ile sektor deneyimini
bulusturan, donusumun farkl boyutlarini gorundr kilan ve gelecedin yapi
sektorneiliskin yeni fikirlerin paylasiimasina olanak saglayan yayin anlayisimizi
surdurmeye devam edecegiz.

Saygllarimla,
Prof.Dr. Mustafa Sahmaran

Dear Readers,

Today, the cement and concrete sector is undergoing a comprehensive
transformation in which not only production technologies, but also
sustainability, digitalization, energy transition, human resources, and innovative
material solutions are being addressed together. In Issue 181 of Cimento ve
Beton Dinyasi, we aim to share with you developments that highlight the
different dimensions of this transformation.

Featured on the cover of this issue is the 22nd edition of the Betonart
Architecture Summer School, which has been traditionally orgonized since
2002 and was held this year in Elozig, hosted by the Faculty of Architecture
at Firat University. Organized around the theme "Stondard Devigation,” the
program brought together 16 architecture students, who had the opportunity
to experience concrete not only through theoretical knowledge but also
through workshops, field applications, and an exhibition. At a time when
artificial intelligence-supported design tools are diversifying production
processes, the renewed discussion of the architect's role and the exploration
of the relationship between people, place, climate, materials, and needs offer
important insights into the built environment of the future.

In this issue, we also examine the position of our sector within the global
transformation agenda through the Cementtech event held in China. The
“triple transformation” approach—comprising green transformation, digital
transformation, and people-oriented transformation—highlighted in the
assessments of TURKCIMENTO Chairman Adil Soni Konukoglu, provides
an important framework for understanding the future of the sector. Topics
such as alternative fuels, energy efficiency, waste heat recovery, low-carbon
production technologies, and artificial intelligence clearly demonstrate that
the competitiveness of the cement industry and its sustainability objectives
can no longer be considered separately.

Green hydrogen, one of the key areas of the energy transition, is also
examined comprehensively in this issue. During the third and final session of
the webinar series organized by TURKCIMENTO, the economic feasibility of
green hydrogen investments, cost components, and potential use cases in
the cement sector were evaluated. The discussions once again demonstrated
that the future potential of hydrogen should be assessed not only from a
technological perspective, but also in terms of costs, financing, energy prices,
capacity, and infrastructure.

A strong human resource base and continuous training are at the heart
of sustainable transformation. In this context, the Advanced Hydraulics/
Electrohydraulics Training and Sampling and Scmple Preparation Training
organized by TURKCIMENTO AKADEMI provide important examples of efforts
to enhance the technical competencies of sector professionals. In particular,
supporting theoretical knowledge with practical applications once again
demonstrates the critical importance of the human resources dimension of
technological transformation.

The review article featured in the Research and Development section of this
issue, titled “Material Design, Performance, and Applications of LC3 Technology
in Low-Clinker Binders,” offers an important perspective on low-carbon cement
technologies. LC3 technology, which has the potential to reduce clinker
consumption and carbon emissions, is evaluated through a holistic approach
covering raw material selection, mineralogical and physical characterization,
reactivity, grinding, sulfate balance, durability, and applications in various
construction materials. In particular, the potential for utilizing alternative clay
sources and waste clay resources represents an important area of research at the
intersection of circulor economy principles and low-carbon production objectives.

All these developments demonstrate that the future of our sector will
be shaped not only by lower-carbon production, but also by smarter
technologies, more efficient resource utilization, innovative materials,
qualified human resources, and strong colloboration.

As Cimento ve Beton Dinyasi, we will continue to uphold our editorial approach
of bringing scientific knowledge together with industry experience, highlighting
the different dimensions of transformation, and providing a platform for
sharing new ideas about the construction sector of the future.

Sincerely
Prof.Dr. Mustafa $ahmaran
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Betonart Mimarlik Yaz Okulu'nun 22 'ncisi
Elazig'da Gergeklesti

TURKCIMENTO'nun 2002 yilindan bu yana
mimarlik dgrencilerine yonelik olarak
duzenledigi ve artik geleneksellesen
Betonart Mimarlik Yaz Okulu'nun
22'ncisi, bu yil Elazig'ds, Firat
Universitesi Mimarlik Fakultesi
ev sahipliginde gergeklestirildi.
30 Haziran- 9 Temmuz tarihleri
arasinda duzenlenen yaz okuluna
TUrkiye'nin dort bir yanindan gelen
mimarlik ogrencileri katildi.

Turkiye gimento sektorunun cat
kurulusu TURKCIMENTO, sadece
sektorel anlamda gergeklestirdigi projelerle
Ulke kalkinmasina katki saglamiyor. TURKCIMENTO

ayni zamanda hayata gecirdigi editim projeleri ile de sosyal
sorumluk galismalarina imza atiyor.

TURKGIMENTO bu alanda 22 yildir mimarlik fakultelerinde
editim goren 6grencilerle birlikte Betonart Mimarlik Yaz Okulu
projesini gerceklestiriyor. Bu yil duzenlenen Betonart Mimarlik
Yaz Okulu'26 Seza Cimento ve Cimentas Ana Sponsorlugu ve
Polisan Yapikim'in malzeme sponsorlugunda Elazig'da’ yapildi.

Program kapsaminda 16 dgrenci, beton malzemeyi hem
teorik hem de uygulamali olarak tanima firsati buldu. Atolye
¢alismalar, saha uygulamalari ve sergi ile tamamlanan yaz
okuly, 6grencilerin hem bilgi hem de becerikazanmasini saglad..

Bu yilki yaz okulunun kuratorlogund Yuksek Mimar Can Tamirci
Ustlenirken, akademik danismanhdini Dog. Dr. Tuba Nur Olgun
ve Doc. Dr. Merve Agikgeng Ulasg yUrutta. "Standart Sapma”
temasiyla duzenlenen programda ayrica Yuksek Mimar
Melike Kavalall, Yuksek Mimar Kadir Uyanik ve Dr. Mimar/
Insaat MUhendisi Dogan Turkkan moderator olarak yer ald!.

Etkinlikte, katlimcilar yapay zeka destekli tasarim araglarinin
da etkisiyle Uretim sureglerinin cesitlendigi bir ortamda,
mimarin rolundn yalnizca tasarlayan degil, ayni zamanda
segen, yonlendiren ve anlamlandiran bir aktor olarak yeniden
tanimlayarak, mimarligin standartile istisna arasindakiligkisini,
"Standart Sapma" kavrami gergevesinde degerlendirdiler.

The 22nd Betonart Architecture Summer School,
organized by TURKCIMENTO for architecture
students since 2002 and became a
tradition now, was held this year in
Elazig, hosted by the Faculty of
Architecture of Firat University. The
summer school, held between June
30" and July 9%, was attended by
architecture students from all over
Turkiye.

TURKCIMENTO, the umbrella
organization of the Turkish cement
industry, contributes to the country's
development not only through its sectoral
projects. TURKCIMENTO also leads the way
through its educational initiatives, demonstrating its
commitment to social responsibility.

For 22 years, TURKCIMENTO has been implementing the
Betonart Architecture Summer School project together
with students studying in architecture faculties. This year's
Betonart Architecture Summer School was held in Elozig,
with the main Sponsors of Seza Cimento and Cimentas, and
the materials was provided by Polisan Yapikim.

With this school, 16 students had the opportunity to learn
about concrete materials both theoretically and practically.
The summer school was completed with workshops, field
applications, and an exhibition, enabling students to acquire
both knowledge and skKills.

This year's summer school was curated by Architect Can
Tamirci, and the academic advisors were Assoc. Prof. Dr. Tuba
Nur Olgun and Assoc. Prof. Dr. Merve Acikgeng Ulas. The
program, conducted under the theme "Standard Deviation,"
also featured Master Architect Melike Kavalali, Master
Architect Kadir Uyanik, and Dr. Architect/Civil Engineer
Dogan Turkkan as moderators.

During the event, participants redefined the role of the architect
not only as a designer but also as an actor who selects,
guides, and interprets, in an environment where production
processes are diversified with the help of Al-powered design
tools. They also evaluated the relationship between the
standard and the exceptional in architecture based on
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Etkinlikte; Seza Cimento
GenelMUdUru Ahmet Tursun,
Cimentas Genel Muduru
Gurol Ozer ve TURKCIMENTO
CEO'su Volkan Bozay
ve Paolisan Yapikim Satis
Yoneticisi Kuddusi Ozbek
Betonart Mimarlik Yaz
Okulunun 22. bulusmasinda
geng mimarlarin malzemeyle
iliskisini tasarim ve
yaraticilikla birlestiren
projede genglere verdikleri destekten duyduklar mutlulugu
ifade ederek konusmalar yaptilar. Etkinlikte; Firat Universitesi
Mimarlik Fakultesi Dekani Betul Bektas Ekici de 6grencilerin
calismalariniher asamada heyecanla takip ettiklerini ve gurur
duyduklarini aktardi.

Etkinlikte kanusan TURKCIMENTO CEO'su Volkan Bozay
da sunlari soyledi:

"Oncelikle Betonart Mimarlik Yaz Okulunun buginlere gelmesinde
emediolan tum paydaslarimiza, akademisyenlerimize, sektor
temsilcilerimize ve 6grencilerimize tegekkur ediyorum. Ayricaev
sahibimiz Firat Universitesi, Sponsorlarnimiz Cimentas ve Seza
Cimentao, Malzeme Sponsorumuz Palisan Yapikim'e verdikleri
destekten dolayi tesekkur ederken, Betonartile genclerimize
verdigimiz mesaj ¢ok acik. Malzemeyi anlamadan, gecmis
deneyimlerden ders ¢ikarmadan ve gelecedin intiyaclarini
gozetmeden saglikli yapilar tasarlamak mumkun degildir.
Bugun burada geng mimarlarimizla birlikte gelecegin sehirlerini
konusuyoruz. Onlarin betonla kurdugu bu bilingli iliski, daha
guvenli, daha dayanikli ve daha surdurulebilir sehirleriningasinda
¢ok onemli bir rol oynayacak.

ETKINLIGIN TEMASI “STANDART SAPMA"
OLDU

Kurator Yuksek Mimar Can Tamirci, kapanista yaptig
dederlendirmede su ifadeleri kulland:

“Betanart Mimarlik Yaz Okulu, her yil mimarlidin guncel
meselelerini farkli bir bakis agisiyla ele alan bir platform olmay
hedeflerken, bu yil “Standart Sapma’ temasiyla, mimarlkta
alisiimig kaliplarin disina ¢ikmay, yerle, iklimle, malzemeyle
ve kullaniciyla kurulan 6zgun iligkileri tartismayr amagladik.
Mimarhigin gelisimi cogu zaman farkl dusunme, sorgulama
ve yeni gozUmler Uretme sUreglerinden besleniyor. Ancak
mimarhgin temelinde insan, yer ve ihtiyag iligkisi bulunuyor.
Daha 6nce yurutucusu oldugum Betonart Mimarlik Yaz
Okulu'nda bu yil kurator olarak 6grencilerimizle gurur
duyuyorum. Gelecedin mimari yalnizca tasarim yapan degil,
secenekleri degerlendiren, dogru sorulari soran ve anlam
Ureten bir aktor olacak.”
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the concept of 'Standard
Devigtion" During the 22
Betonart Architecture
Summer School, Seza
Cimento's General Manager
Ahmet Tursun, General
Manager of Cimentas Gurol
Ozer, TURKCIMENTO's CEO
Volkan Bozay, and Polisan
Yopikim's Sales Manager
Kuddusi Ozbek delivered
sppeches, expressing their joy
for the support they provided
to young people for the project that combines young architects'
relationship with materials with design and creativity. At the
event, Betul Bektos Ekici, Dean of the Faculty of Architecture
at Firat University, also noted that they followed the students'
work with exciternent at every stage and were proud of them.

TURKCIMENTO CEQO's Volkan Bozay delivered a speech at
the event, saying:

“First of all | would like to express my sincere thanks to all
our stakeholders, faculty members, industry representatives,
and students who have contributed to making the Betonart
Architecture Summer School what it is today. | would also like
to thank our host, Firat University, our sponsors Cimentas and
Seza Cimento, and our Materials Sponsor Polisan Yapikim for
their support. Betonart gives a very clear message to young
people. It is not possible to design robust structures without
understanding the materials, learning from past experiences,
and considering the needs of the future. Today, we are here
with our young architects to discuss the cities of the future.
Their conscious relationship with concrete will play a crucial
role in building safer, more resilient, and more sustainable cities.”

“THE THEME OF THE EVENT IS “STANDARD
DEVIATION"

Curator and Master Architect Can Tamirci made the following
remarks at closing:

"Betonart Architecture Summer School aims to be a platform
that addresses contemporary issues in architecture from
a different perspective each year, and this year, with the
theme of "Standard Devigation," we intend to go beyond
conventional patterns in architecture, discussing unique
relationships established with place, climate, materials, and
users. The development of architecture is often driven by
processes of different thinking, questioning, and generating
new solutions. However, the architecture is based on the
relationship between people, place, and needs. | am proud
of our students as the curator this year at the Betonart
Architecture Summer School, which | was previously the
executer. The architect of the future will not only design
but also be an actor who considers options, asks the right
questions, and creates meaning.”
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Turk Cimento Sektora Kiresel Dontisim
Giindemine Cinden Mesaj Verdi

The Turkish Cement Industry Sends a Message From China on
The Global Transformation Agenda
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TURKGIMENTO Baskani Adil Sani Konukoglu, Cin'de
duzenlenen Cementtech etkinliginde Turk cimento
sektorunun surdurulebilirlik, dijitallesme ve uluslararasi is
birlikleri odaginda yurittugu donusum calismalarini anlatt.
Konukoglu, sektorun yesil donusum hedefleri dogrultusunda
alternatif yakit kullanimi, enerji verimliligi ve dusuk karbonlu
Uretim teknolgjilerine yonelik yatirnimlarini hizlandirdigini
vurgulad.

Kuresel gimento sektorunun en 6nemli organizasyonlari
arasinda yer alan Cementtech etkinligi, 13 Mayis'ta Cin'de
sektor temsilcilerini bir araya getirdi. TURKCIMENTO
Baskani Adil Sani Kanukoglu, etkinligin agilis oturumunda
gerceklestirdigi konusmada TUrk cimento sektorunun dretim
gucy, surdurulebilirlik yatinmlari ve uluslararasi is birliklerine
iliskin degerlendirmelerde bulundu.

Konusmasinda sektadrun donusum surecine dikkat geken
Konukoglu, “Biz, Turk cimento sektorU olarak bu streci yalnizca
bir uyum zorunlulugu degil, uzun vadeli rekabet gucumuzu
belirleyecek stratejik bir donusum olarak goruyoruz” dedi.

Sektorun "Uguz donusum” yaklasimiyla hareket ettigini belirten
Konukodglu, "Bu donusumun merkezinde yesil donusum, dijital
donusum ve insan odakl donusum yer aliyor. Turk cimento
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Adil Sani Konukoglu, President of TURKCIMENTO, spoke at the
Cementtech eventin China about the transformation efforts

of the Turkish cement industry, focusing on sustainability,
digitalization, and international collaborations. Konukoglu
underlined that the industry is accelerating its investments
in alternative fuels, energy efficiency, and low-carbon
production technologies in line with green transition goals.

Cementtech, one of the most important organizations in
the global cement industry, brought together industry
representatives in China on May 13th. In his speech at the
opening session of the event, Adil Sani Konukoglu, President
of TURKCIMENTO, shared his remarks on the Turkish cement
industry's manufacturing capacity, sustainability investments,
and international collaborations.

In his speech, Konukoglu drew attention to the transition
process of the industry, saying, "At the Turkish cement
industry, we regard this process not only as a necessity
for adaptation, but also as a strategic transition that would
determine our long-term competitiveness.”

Konukoglu stated that the industry is driven by a "triple transition”
approach, saying, ‘At the heart of this transition are green transition,
digital transformation, and human-centered transformation. The
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sektdru donusum surecini yalnizca takip eden degil, yon
veren bir anlayisla ilerliyor” ifadelerini kullandi.

"Yesil donusum, dijitallesmeden ayri
dustnulemez”

Dijitallesmenin surdurulebilir
uretimde kritik rol Ustlendigini
vurgulayan Konukoglu, veri
odakli yénetim anlayisi, yapay
zeka uygulamalari ve ileri Uretim
teknolgjilerinin karbon emisyonlarinin
azaltimasindan kaynak verimliligine
kadar pek ¢ok alanda belirleyici
oldugunu soyledi.

Turk cimento sektdorunun
surdurdlebilirlik yatinmlarina
iliskin guncel verileri de paylasan
Konukoglu, sektarun 2024 yilitibariyla 2,1 milyon ton alternatif
yakrt kullandigini ve 1sil enerji ihtiyacinin yuzde 13'0n0n
alternatif kaynaklardan karsilandigini belirtti.

Ayrica Turkiye genelinde 17 fabrikada, 27 hatta kurulu
atik 1s1 geri kazanimi tesisleriyle toplam 164,5 megawatt
gucunde enerji Uretildiginiifade eden Konukoglu, bu Uretimin
yaklasik 658 bin hanenin gunluk elektrik tuketimine esdeder
oldugunu kaydetti.

“Yesil cimento kullaniminin yayginlagmasi kritik
Onem tasiyor”

TUrkiye'nin 2053 net sifir emisyon hedefleri dogrultusunda
sektdrun donusum yatinimlarine hizlandirdigini belirten
Konukoglu, alternatif yakit kullanim oranlarinin artirimas,
klinker araninin dusurulmesi ve dusuk karbonlu yeni nesil
uretim teknolagjilerinin yayginlastirimasinin sektor acisindan
kritik dnem tasidigini sdyledi.

The 27™ International Cement Industry Exhibition

Turkish cement industry is moving forward with an understanding
that not only follows but also directs the transition process.

"The green transition should not be considered
separately from digitalization."

Konukoglu highlighted that
digitalization plays a critical role
in sustainable production, adding
that data-driven management
approaches, artificial intelligence
applications, and advanced
manufacturing technologies are
decisive in many areas, from
reducing carbon emissions to
improving resource efficiency.

Konukoglu also provided current data
on the sustainability investments of
the Turkish cement industry, stating that the industry used 21
million tons of alternative fuels in 2024 and that 13% of its thermal
energy needs were met from alternative sources.

Konukoglu also said that a total of 164.5 megawatts of power
is generated in 17 plants and 27 production lines across
Turkiye, using waste heat recovery plants, adding that this
generation is equivalent to the daily electricity consumption
of approximately 658 000 households.

‘It is critically important to enhance the use of
green cement.”

Konukoglu noted that the cement industry is accelerating
its transition investments in line with Turkiye's 2053 net zero
emissions targets, and said that increasing the use of alternative
fuels, reducing the clinker ratio, ond widespread adoption of
low-carbon, next-generation production technologies are
critically important for the industry.
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Konukodlu, kamu projelerinde yesil gimento kullanimini
tesvik eden duzenlemeler sayesinde 6numuzdeki 10 yilda
yaklasik 11 milyon ton CO, emisyon azaltimi hedeflendigini
de ifade etti.

Turkiye-Cin is birligi vurgusu

Konusmasinda Cin Cimento Birligi ile gelistirilen stratejik
is birligine de dedinen Konukoglu, Turkiye'nin guglu Uretim
altyapisi ile Cin'in dijitallesme ve otomasyon alanindaki
deneyiminin dnemli bir sinerji clusturacagdini belirtti.

Konukoglu, “Turkiye ve Cin arasinda kurulan bu guglu is
birligi, yalnizca iki Ulke igin degil, kiresel gimento sektoranun
surdurdlebilir gelecegi igin de 6rnek bir model olacaktir”
dederlendirmesinde bulundu.

Etkinlik kapsaminda dizenlenen panel aturumuna TURKCIMENTO
CEQ'su Volkan Bozay da katildl. Bozay, panelde sektoran
surdurulebilirlik, dijital donusum ve uluslararasi is birlikleri
odagindaki gelismelerine iligkin degerlendirmelerini katilimcilarla

paylastl.

Konukoglu added that the goal is to reduce CO- emissions
by approximately 11 million tons in the next decade through
regulations encouraging the use of green cement in public
projects.

The collaboration between Turkiye and China is
highlighted

In his speech, Konukoglu addressed the strategic collaboration
developed with the Chinese Cement Association, stating that
Tdrkiye's strong production infrastructure and China's experience
in digitalization and autoration would create significant synergy.

Konukoglu noted, "This strong collaboration established between
Turkiye and China will be a model not only for the two countries
but also for the sustainable future of the global cement industry."

Volkan Bozay, CEO of TURKCIMENTO, also attended the panel
session held as part of the event. During the panel, Bozay
shared his remarks on the cement industry’s developments
focusing on sustainability, digital transformation, and
international collaborations with the participants.
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TOBB Cimento Meclisi Bagkanligina

Adil Sani Konukoglu Seildi
Adil Sani Konukoglu is Elected as The Chairman of The
TOBB Cement Council

TURKGIMENTO Yénetim Kurulu Bagkani Adil Sani Konukoglu,
TOBB Gimento ve Gimento Urinleri Meclis Bagkanligi gérevine
secildi. Konukodlu, sektorun yesil ddnusum, dijitallesme ve
surdurulebilir buyume hedefleri dogrultusunda ortak akil ve
is birligiyle ¢aligmalarini strdureceklerini vurgulad..

Turkiye Odalar ve Borsalar Birligi (TOBB) T. Cimento ve
Cimento Urunleri Meclisi Toplantisinda gerceklestirilen
secim sonucunda TURKCIMENTO Yonetim Kurulu Bagkan
Adil Sani Konukoglu, TOBB Cimento ve Cimento UrUnleri
Meclisinin Bagkani aldu.

Secimin ardindan dederlendirmelerde bulunan Konukoglu,
"TOBB Cimento ve Cimento Urtnleri Meclis Bagkanligi gérevini
Ustlenmekten buyuk birmemnuniyet duyuyorum. Sektorimuz,
yesil dénusumden dijitallesmeye, surdurudlebilirlikten
uluslararasi rekabete kadar bircok baslikta dnemli bir
donusum suUrecinden gegiyor. Meclisimiz ¢atisi altinda tUm
paydaslarimizia birlikte hareket ederek sektorumuzin rekabet
gucunu artiracak, surdurulebilir buyumesini destekleyecek
ve Ulkemizin kalkinma hedeflerine katki sunacak galismalar
kararlilikla surdurecediz” dedi.

Adil Sani Konukoglu, Chairman of the Board of Directors
of TURKCIMENTQ, is elected as the Chairman of the
TOBB Cement and Cement Products Council. Konukoglu
underlined that the cement industry would continue to work
with common sense and cooperation in line with its green
transition, digitalization, and sustainable growth goals.

Following the election held at the Cement and Cement
Products Council's meeting of Turkish Chambers of
Commerce and Industry (TOBB), Adil Sani Konukoglu,
Chairman of the Board of Directors of TURKCIMENTO,
became the Chairman of the TOBB Cement and Cement
Products Council.

Commenting after the election, Konukoglu said, ‘I am
very pleased to assume the position of Chairman of the
TOBB Cement and Cement Products Council. Our sector is
undergoing a significant transition process in many areas,
from green transition to digitalization, from sustainability
to international competitiveness. Working together with all
our stakeholders under the umbrella of our Council, we
are committed to continuing our efforts to enhance the
competitiveness of our sector, support its sustainable
growth, and contribute to our country's development goals.”
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Toplantida sektérin meveut durumu ve gelecegine iligkin
dederlendirmelerde bulunan Konukoglu, kuresel dlgekte
yasanan ekonomik dalgalanmalar, enerji maliyetleri, iklim
palitikalari ve ticaret duzenlemelerinin Uretim modellerini
yeniden sekillendirdigini belirterek, Turk gimento sektorunin
bu donusum surecine guclu yatinmlarla hazirlandiginiifade etti.

TURKCIMENTQ verilerine gore 2025 yilinda sektorin toplam
¢imento Uretiminin 97,8 milyon tona ulastigini belirten
Konukodly, i¢ satiglarin 82,2 milyon ton, ihracatin ise 15,6
milyon ton olarak gergeklestigini sdyledi. Uretilen cimentonun
yaklasik yuzde 16'sinin dig pazarlara ihrac edildigini vurgulayan
Konukoglu, sektorun Uretim kapasitesi, inracat gucu ve ig
pazar dinamizmi agisindan guglu performansini sUrdurddgunu
kaydetti.

“Ugliz déniisim sektérimiizin yol haritasini
olusturuyor”

Cimento sektorunun tarihinin en kapsamli donusum
sureglerinden birini yasadigini ifade eden Konukoglu,
sektdrun odaginda yesil donusum, dijital dénusum ve
insan odakl donusum olmak Uzere Ug temel bashgin yer
aldigini belirtti.

Bu sureci "UgUz donusum” olarak tanimlayan Konukogly,
dijitallesme, veri odakl yonetim anlayisi, yapay zeka
uygulamalari ve ileri Uretim teknolojilerinin enerji verimliliginden
karbon emisyonlarinin azaltiimasina kadar birgok alanda
donusumun temel unsurlart haline geldigini sayledi.

Tark gimento sektorunun surdurulebilirlik yatinmiarini kararlikla
sUrdurdugunu belirten Konukoglu, bugun 17 fabrikads, 27
hatta kurulu atik isi geri kazanim tesisleri sayesinde toplam
164,5 megawatt enerji Uretimi gergeklestirildigini ifade etti.
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During the meeting, Konukoglu, who provided remarks on
the current situation and future of the cement industry,
expressed that global economic fluctuations, energy costs,
climate policies and trade regulations have been reshaping
production models, and that the Turkish cement industry is
preparing for this transition process with strong investments.

Based on the TURKCIMENTO's data, Konukoglu pointed out
that the cement industry’s total cement production reached
978 million tons in 2025, with domestic sales at 82.2 million
tons and exports at 15.6 million tons. He underlined that
approximately 16% of the cement produced is exported
to foreign markets, noting that the industry maintains its
strong performance in terms of production capacity, export
strength, and domestic market dynamism.

“Triple transition is the roadmap of the
cement industry.”

Konukoglu stated that the cement industry is undergoing one of
the most comprehensive transition processes in its history, and
that the industry is focused on three main topics: green transition,
digital transformation, and human-centered transformation.

Konukoglu described this process as a "triple transition” and
said that digitalization, dota-driven management, artificial
intelligence applications, and advanced manufacturing
technologies have become fundamental elements of
transition in many areas, from energy efficiency to the
reduction of carbon emissions.

Konukoglu indicated that the Turkish cement industry is
committed to continuing its sustainability investments, and
that today, o total of 164.5 megawatts of power is generated
through the waste heat recovery plants installed in 17
factories and 27 production lines.




Bu yatinmlar sayesinde yaklasik 2,6 milyon Kiginin gunlik
elektrik tuketimine denk bir enerji Uretim kapasitesine
ulasildigini belirten Konukoglu, sektoran elektrik tuketiminin
yaklasik yuzde 10'unun da atik I1si geri kazanimi, gunes
ve ruzgar gibi surdurulebilir kaynaklardan karsilandigini
kaydetti.

Yesil cimento hedefleri 8ne ¢ikiyor

Turkiye'nin 2053 net sifir emisyon hedefi dogrultusunda
alternatif yakit kullanim oranlarinin artiriimasi, klinker
oraninin dusurdlmesi ve dusuk karbonlu yeni nesil dretim
teknolajilerinin yayginlastirimasinin buyuk anem tasidigini
vurgulayan Konukoglu, yesil gcimento kullaniminin sektéran
donusumunde kritik rol oynadigini soyledi.

Kamu projelerinde yesil cimento kullaniminin tesvik edilmesine
yonelik calismalar yuruttuklerini ifade eden Konukogly,
6nUmMuzdeki 10 yilik donemde yaklasik 11 milyon ton karbon
emisyonu azaltiminin hedeflendigini belirtti.

Uluslararasi ig birlikleri gugleniyor

Konusmasinda Cin Cimento Birligi ile gelistirilen stratejik
is birligine de deginen Konukoglu, TUrkiye'nin gucly dretim
altyapisi ile Cin'in dijitallesme, otomasyon ve yapay zeka
alanlarindaki deneyiminin birlesmesinin sektor acisindan
onemli firsatlar sundugunu ifade etti.

Konukoglu, 6numuzdeki ddnemde teknoloji paylasimi, pilot
projeler, ortak egitim programlari ve uzman degisimleri gibi
alanlarda s birliklerinin gelistiriimesini hedeflediklerini belirterek,
bu calismalarin Emisyon Ticaret Sistemi ve sinirda karbon
duzenlemeleri gibi kuresel mekanizmalara uyum surecine
de katki saglayacagini sozlerine ekledi.

Konukoglu noted that those investments resulted in an
energy production capacity equivalent to the daily electricity
consumption of approximately 2.6 million people, and
added that about 10 percent of the industry’s electricity
consumption is provided by sustainable sources such as
waste heat recovery, solar, and wind power.

Green cement targets come into prominence

Konukoglu emphasized that increasing the use of alternative
fuels, reducing clinker content, and widespread adoption of
low-carbon, next-generation production technologies are
of great importance in line with Turkiye's 2053 net-zero
emissions target, stating the use of green cement plays a
critical role in the transition of the industry.

Konukoglu mentioned that they have been working on
studies to encourage the use of green cement in public
projects, and that the target is to reduce carbon emissions
by approximately 11 million tons in the next decade.

International collaborations are empowered.

In his speech, Konukoglu also addressed the strategic
collaboration developed with the Chinese Cement
Association, stating that the combination of Turkiye's
strong production infrastructure and China's experience
in digitalization, automation, and artificial intelligence offers
significant opportunities for the sector.

Konukoglu noted that they intend to develop collaborations
in areas such as technology sharing, pilot projects, joint
training programs, and expert exchanges in the coming
period, adding that these efforts would also contribute to the
compliance with global mechanisms such as the Emissions
Trading System and carbon border adjustment mechanism.
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TURKCIMENTO'dan Diinya Cevre Giinti'nde
Uctz Donusum Cagris

Turkiye cimento sektérundn F
catikurulusu TURKGIMENTO,
5 Haziran Dunya Cevre
GUnU kapsaminda sektorun
surdurulebilirlik yolculugunda
kaydettigi ilerlemeleri ve
gelecek vizyonunu paylasti.
Yesil donusum, dijitallesme ve
insan odakli gelisimi kapsayan
"OgUz dénusum” yaklasimi
dogrultusunda ¢alismalarini
surduren sektdr hem iklim
hedeflerine katki sunuyor hem de kuresel rekabet gucunu
artiracak yatinmlarina devam ediyor.

TURKCIMENTQ CEQ'su Volkan Bozay: “Cimento sektori olarak
yesi donusumu, cevresel sorumiulugun tesinde, surdurUlebili
buyUme ve rekabet gucumuzin temel unsurlarindan biri
olarak goruyoruz. Dijitallesme, surdurulebilirlik ve insan odakli
gelisimi birlikte ele alarak gelecegi insa ediyoruz. Alternatif
yakitve ham madde kullaniminin yani sira yenilenebilir enerji
yatinmlariyla cevresel etkilerimizi azaltirken ayni zamanda
Uretim gucUmuzu daha verimli ve rekabetgi hale getiriyoruz.”

Turk ¢gimento sektory, dongusel ekonomi uygulamalariyla
Uretim sureclerinde dogal kaynak kullanimini azaltirken farkli
sektorlerden ¢ikan atiklari ekonomiye kazandinyor. 2025
yilr verilerine gore alternatif yakit kullanimi 2,3 milyon tona
ulasirken, sektor 1sil enerji ihtiyacinin yaklasik %13,2'sini
alternatif yakitlardan karsiliyor. Ayni ddnemde kullanilan 77
milyon ton alternatif ham madde sayesinde dogal kaynaklarin
korunmasina katki saglanirken, Uretim sureglerinde kaynak
verimliligi artiriyor.

Cimento sektory, enerji yogun Uretim yapisina ragmen
yenilenebilir enerji yatinmlarini hizlandirarak karbon ayak
izini azaltmaya devam ediyor. Gunes enerjisi santralleri, ruzgar
enerjisi yatinmlari ve atik 1sI geri kazanim tesisleri sayesinde
sektorun elektrik tuketiminin yaklasik ydzde 10'u yenilenebilir
ve geri kazaniimis enerji kaynaklarindan sagdlaniyor. Yalnizca atik
Isi geri kazanim teknolajisi kapsaminda, 17 fabrikada faaliyet
gosteren 27 hatta kurulu 164,5 MW gucumuz sayesinde,
658 bin hanenin ve yaklasik 2,6 milyon kisinin gunluk elektrik
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TURECiNENTD

@ o | TURKCIMENTO, the umbrella

organization of the Turkish
cement industry, mentioned
the progress made by the
industry in its sustainability
Journey and its future vision
on the June 5th World
Environment Day. The
industry both contributes to
climate goals and continues
its investments to enhance
its global competitiveness,
exerting constant efforts for
the “triple transition” including green transition, digitalization
and human-centered development.

Volkan Bozay, CEO of TURKGIMENTO: "At the cement
industry, we regard green transition not only as environmental
responsibility but also as one of the fundamental elements of
our sustainable growth and competitiveness. We are building
the future by addressing digitalization, sustainability, and
human-centered development together. By using alternative
fuels and raw materials, as well as investing in renewable
energies, we are reducing our environmental impact while
simultaneously making our production capacity more
efficient and competitive”

The Turkish cement industry is reducing the use of natural
resources in its manufacturing processes through circular
economy practices, while also reintegrating waste from other
industries into the economy. According to 2025 datg, the use
of alternative fuels will reach 2.3 million tons, with the cement
industry meeting approximately 13.2% of its thermal energy
needs from alternative fuels. During the same period, the use
of 77 million tons of alternative raw materials contributes to
the conservation of natural resources and improves resource
efficiency in manufacturing processes.

Despite its energy-intensive production nature, the cement
industry continues to reduce its carbon footprint by
accelerating investments in renewable energies. Through
solar power plants, wind energy investments, and waste
heat recovery plonts, approximately 10% of the industry's
electricity consumption is supplied from renewable and
recovered energy sources. Due to waste heat recovery
technology alone, we generate energy equivalent to the
daily electricity consumption of 658,000 households and



enerjisi tuketimine esdeger enerji Uretiyoruz. Elde edilen bu
enerjigle, ilgili fabrikalarimizin elektrik ihtiyacinin yaklasik
%30'unu karsiliyoruz.

Enerji verimliligi uygulamalari ve alternatif enerji kaynaklar,
sektdrun hem gevresel performansini hem de uluslararasi
rekabet gucunu destekleyen temel unsurlar arasinda yer
aliyor.

Yesil D6nugum ve Rekabet Gucu Birlikte
ilerliyor

Avrupa Birliginin Sinirda Karbon Duzenleme Mekanizmasinin
mali yukumlUluk asamasina gecmesiyle birlikte, dusuk
karbonlu Uretim gevresel bir tercih olmanin Gtesine gecerek
kuresel ticaretin vazgecilmez gerekliliklerinden biri haline
geliyor. Turk gimento sektord, dusuk karbonlu Uretim
teknalojileri, alternatif yakit kullanimi, enerji verimliligi projeleri
ve dijital izleme sistemleriyle bu donusume hazirliklarini
surdurdyor.

2053 Net Sifir Hedefi icin Kararli Adimlar

Turk gimento sektord, Sanayi ve Teknoloji Bakanhdi
koordinasyonunda hazirlanan Turkiye Cimento Sektoru
Dusuk Karbonlu Yol Haritasl dogrultusunda 2053 net sifir
emisyon hedefine yonelik galismalarini surddruyor.

Yol haritast kapsaminda, sektorun karbonsuzlasma hedeflerine
ulasabilmesi icin karbon yakalama, kullanma ve depolama
teknolajileri (CCUS), alternatif enerji kaynaklar, enerji verimiiligi
uygulamalar ve yenilikei Uretim teknalgjileri alanlarinda 2053
yilina kadar yaklasik 30 milyar ABD dolari tutarinda yatinm
yapilmasi 6ngoraluyor.

TURKGIMENTO CEO'su Volkan Bozay, konuya iligkin
degerlendirmesinde su ifadeleri kulland:

“Bugun surdurulebilirlik ile rekabet gucu birbirinden ayriimaz
hale geldi. Avrupa Yesil Mutabakat, SKDM ve yeni karbon
duzenlemeleri, sanayide donusumu hizlandiryor. Turk gimento
sektoru olarak bu sureci bir risk dedil, Ulkemizin Uretim gbcunu
ve ihracat kapasitesini daha ileri taglyacak stratejik bir firsat
olarak goruyoruz. 2053 net sifiremisyon hedefi dogrultusunda
sektorumuz, dusuk karbonlu Uretim teknalojilerine yatinm
yapmaya devam ediyor. Karbon yakalama teknolojilerinden
yenilenebilir enerji yatinmlaring, enerji verimliliginden dijital
donusume kadar genis bir alanda yurdttugumoz galismalarla
hem cevresel sorumluluklarimizi yerine getiriyor hem de
Turkiyenin surdUrdlebilir kalkinma hedeflerine katki sunuyoruz”

TURKCIMENTO, cevre dostu Uretim, dijital donisum, kaynak
verimliligi ve insan odakli gelisim alanlarindaki galismalarini
surdurerek Turkiye'nin surdurulebilir kalkinma hedeflerine
katki saglamaya devam edecek.

approximately 2.6 million people, through our 164.5 MW
capacity installed on 27 lines operating in 17 factories. With
this energy, we meet approximately 30% of the power
demand of our factories.

Energy efficiency and alternative energy sources are
among the key elements supporting both the environmental
performance and international competitiveness of the
cement industry.

Green Transition and Competitiveness Move
Together

With the European Union's Carbon Border Adjustment
Mechanism moving to the financial obligation phase,
low-carbon production is becoming more than just an
environmental choice; it is becoming an indispensable
requirement for global trade. The Turkish cement industry
is preparing for this transition with low-carbon production
technologies, the use of alternative fuels, energy efficiency
projects, and digital monitoring systems.

Decisive Steps Towards the 2053 Net Zero Target

The Turkish cement industry continues its efforts towards
the 2053 net-zero emissions target in line with the Turkiye
Cement Sector's Low Carbon Roadmap, developed under
the coordination of the Ministry of Industry and Technology.

As part of the roadmap, the cement industry is expected
to invest approximately USS30 billion by 2053 in carbon
capture, use and storage (CCUS) technologies, alternative
energy sources, energy efficiency applications and
innovative production technologies in order to achieve its
decarbonization targets.

TURKCIMENTO's CEO Volkan Bozay provided the following
remarks on the matter:

“Today, sustainability and competitiveness have become
inseparable. The European Green Deal CBAM, and new
carbon regulations are accelerating the transition of the
industry. At the Turkish cerment industry, we view this process
not as arisk, but as a strategic opportunity that will further
advance our country's manufacturing power and export
capacity. In line with the 2053 net-zero emissions target,
our industry continues to invest in low-carbon production
technologies. Through our efforts in a wide range of areas,
from carbon capture technologies and renewable energy
investments to energy efficiency ond digital transformation,
we are both satisfying our environmental responsibilities and
contributing to Turkiye's sustainable development goals.”

TURKCIMENTO will continue to contribute to Turkiye's
sustainable development goals by maintaining its efforts
in the areas of environmentally friendly production, digital
transformation, resource efficiency, and human-centered
development.
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Yesil Hidrojen ve Cimento Sektorit Webinar
Serisi Ekonomi ve Fizibilite Oturumuyla
Tamamland:

TURKCIMENTQ tarafindan duzenlenen “Yesil Hidrojen ve
Cimento Sektord" webinar serisinin UgUncd ve son oturumunda,
yesil hidrojen yatinmlarinin ekonomik uygulanabilirligi, maliyet
bilesenleri ve cimento sektorundeki kullanim senaryolari
ele alind.

Akgansa Ar-Ge ve Cimento Teknolgjileri MGduru Ismail
Gokalp'in moderatdrlugunde gergeklestirilen webinara,
HyVise Kurucusu ve Danismani Tugba Onur Dalgogusogiu
konusmaci olarak katild.

Serinin ilk iki oturumunda ele alinan hidrajen deder zinciri,
¢imento sektoruyle temas noktalar, mevzuat, politika ve
uyum basliklarinin ardindan son oturumda konu ekonomi
ve fizibilite perspektifinden degerlendirildi.

Webinarda seviyelendirimis hidrojen maliyeti olarak tanimlanan
LCOH'nin hesaplanma yontemi ve maliyeti etkileyen temel
faktorler aktarildi. Yesil hidrojen maliyetinin buyuk bolumunu
isletme giderlerinin olusturdugu, bu giderler icerisinde en
belirleyici unsurun ise elektrik fiyati aldugu belirtildi. Elektrolizor
kapasitesi, yatirnm maliyeti, finansman kosullari, kapasite
faktory, suya erisim, depolama ve tasima yontemlerinin de
hidrajenin nihai maliyetini dogrudan etkiledigi ifade edildi.

HIDROJEN YALNIZCA YAKIT FiYATIYLA
DEGERLENDIRILMEMELI

Webinarda hidrojenin petrokok gibi geleneksel yakitlarla
yalnizca fiyat Uzerinden Karsllagtinimasinin yeterli olmadidina
dikkat gekildi. Hidrojenin gcimento sektorundeki tum emisyon
sorunlarini tek basina ¢ozen bir teknoloji olmadigr; karbon
yakalama, kullanma ve depolama, enerji verimliligi ve alternatif
yakitlar gibi diger karbonsuzlasma yontemleriyle birlikte
dederlendirimesi gerektigi belirtildi.

Cimento sektorunde hidrojen donusumunun ekonomik hale
gelebilmesi igin karbon fiyatlandirmasi, Emisyon Ticaret
Sistemi, Sinirda Karbon Duzenleme Mekanizmasi, yatirim
tesvikleri, yan Urdn gelirleri ve dusuk karbonlu Urunlere
yonelik premium fiyatlarin birlikte ele alinmasi gerektigi
ifade edildi.
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The third and final session of the “Green Hydrogen and the
Cement Industry” webinar series organized by TURKCIMENTO
addressed the economic feasibility of green hydrogen
investments, their cost components, and usage scenarios
in the cement industry.

The webinar, moderated by Ismail Gékalp, R&D and Cement
Technologies Manager at Akgansa, hosted Tugba Onur
Dalgégusoglu, Founder and Consultant of HyVise, as a
speaker.

Following the first two sessions of the series, which covered
the hydrogen value chain, its contact points with the cement
industry, legislation, policy, and complionce, the final session
addressed the matter from an economic and feasibility
perspective.

During the webinar, the calculation method for the Levelized
Cost of Hydrogen (LCOH) and the key factors affecting its
cost were explained. It was noted that operating expenses
constituted a large portion of the green hydrogen cost,
with electricity prices being the most significant factor.
It was pointed out that electrolyzer capacity, investment
costs, financing conditions, capacity factor, access to water,
storage, and tronsportation methods also directly impacted
the final cost of hydrogen.

HYDROGEN SHOULD NOT BE CONSIDERED
SOLELY FOR FUEL PRICES.

The webinar highlighted that comparing hydrogen to
traditional fuels such as petroleumn coke solely based on
price was insufficient. It was noted that hydrogen was not
a technology that alone solves all emission problems in the
cement industry, and that it should be considered together
with other decarbonization methods such as carbon capture,
utilization and storage, energy efficiency and alternative
fuels.

It was highlighted that in order for hydrogen conversion to
become economically viable in the cement industry, carbon
pricing, the Emissions Trading System, the Carbon Border
Adjustment Mechanism, investment incentives, proceeds
from byproducts, and premium prices for low-carbon
products need to be considered together.



2035 SONRASINDA DONUSUMUN
HIZLANMASI BEKLENIYOR

Webinarda gimento sektorunun hidrajen donusumuane yonelik
asamali bir yol haritasi da paylasildi. Buna gore 2026-2027
doneminde tesis bazli fizibilite galismalarinin yapimasi, 2027-
2028 daneminde farkliyakitikame ve tedarik senaryolarinin
modellenmesi, 2028-2030 doneminde ise pilot kurulumlarin
ve kontrollu saha testlerinin baslatimasi onerildi.

2030-2035 doneminde pilot uygulamalardan daha buyuk
olgekli yatinmlara gegilmesi, 2035 sonrasinda ise hidrojen
maliyetlerinin dusmesi ve dusuk karbonlu Urunlere yanelik
talebin artmasiyla donusumun hizlanmasi bekleniyor.

Webinarin soru-cevap bolumunde hidrojenin ¢imento
finnindaki proses dinamiklerine etkisi de degerlendirildi.
Ingiltere' deki Ribblesdale Cimento Fabrikasinda gergeklestirien
ticari olgekli denemede yakit karisiminin yaklasik yuzde
33'unun hidrojenden olustugu aktarildi. Hidrojenin firinlarda
kullanilabildigi gorulmekle birlikte; alev karakteristigi, klinker
Ozellikleri, NOx olusumu, proses kontrolU ve uzun donemli
ekipman etkileri gibi konularin arastinimaya devam ettigi
belirtildi.

Ug oturumdan olugan webinar serisi; talep ve piyasa yapisinin
gelistiriimesi, teknik standartlarin tamamlanmasi, karban
fiyatlandirmasi ve sertifikasyon sureclerinin netlesmesi,
yatinm ve finansman ortaminin olgunlastiriimasi, tesvik
mekanizmalarinin uygulanmasi ve nitelikli insan kaynaginin
gelistirimesi gerektigi mesajiyla tamamland.

“H yVise

Hydrpon fdvinery & Treneg

| Tudiba Onur Dalgddlisofiu

HYDROGEN CONVERSION IS EXPECTED TO
ACCELERATE AFTER 2035

A phased roadmap for the hydrogen conversion of
the cement industry was also provided in the webinar.
According to this roadmap, it was proposed that plant-based
feasibility studies be conducted in 2026-2027, different
fuel substitution and supply scenarios be modeled in 2027-
2028, and pilot installations and controlled field tests be
initiated in 2028-2030.

The transition is expected to accelerate from pilot projects
to lorger-scale investments between 2030 and 2035, driven
by falling hydrogen costs and increasing demand for low-
carbon products after 2035.

The question-answer section of the webinar addressed the
effect of hydrogen on the process dynamics in the cement
kiln. It was reported that in a commercial trial conducted at
the Ribblesdale Cerent Factory in England approximately 39
percent of the fuel mixture consisted of hydrogen. Although
it is observed that hydrogen could be used in furnaces,
issues such as flame characteristics, clinker properties, NOx
formation, process control and long-term equipment effects
are still under investigation.

The webinar series of three sessions concluded with the
message that there is a need to improve demand and market
structure, finalize technical standards, clarify carbon pricing
and certification processes, mature the investment and
financing environment, implement incentive mechanisms,
ond develop qualified human resources.
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TURKCIMENTO “Ingaat Zirvesi Turkiye'de
Destekleyen Kurulug Olarak Yer Aldi

Turkiye ve dunyanin farkli bolgelerinden ingaat sektorindn
temsilcilerini Ankara'da bulusturan Insaat Zirvesi Turkiye
(CST) 2026 sona erdi. Ana tema olarak ‘ingaat Teknolojileri
ve Yenilikgi Yapi Malzemeleri'nin ele alindigi zirvede toplamda
11 panelde kuresel ingaat sektdrune yon verecek teknolojiler
tartisildi. Uluslararasi boyutta is yapan 81 firmanin stant
actig zirvede Ingiltere’den Giney Kore'ye kadar bircak
Ulkeden gelen heyetler arasinda toplamda 350 farkl ikili
gorusme (B2B) gergeklestirildi. Zirvede en buyuk stant
alanini Turk mUteahhitlerle birlikte Ggunct Ulkelerdeki is
birligi firsatlarina adaklanan Birlegik Krallik kurdu.

Zirve kapsaminda yapilan “Dongusel ingaat: Tasarimdan
isletmeye Karbon Ayak izi Yonetimi ve Net Sifir Projeler”
panelinde TURKCIMENTO AR-GE Enstitist Midari Serkan
Turk sunumla yer ald. Cimento sektorinun dekarbonizasyon
sureci ve karbon emisyonlarinin azaltiimasina yonelik mevcut
ve gelecekteki uygulamalarin ele alindigi sunumda ayrica net
sifir hedefi dogrultusunda biyokutle, hidrojen, elektrifikasyon,
karbon yakalama ve alternatif katki malzemeleri gibi dUsUk
karbonlu Uretim teknolaojileri ve bunlarin sektordeki kullanim
potansiyeli yer ald.
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Construction Summit Turkiye (CST) 2026 ended. bringing
together representatives of the construction industry from
Turkiye and different parts of the world in Ankara. With
"Construction Technologies and Innovative Building Materials"
as its main theme, the summit featured T1 panels discussing
technologies that would shape the global construction
industry. At the summit, where 81 internationally operating
companies had booths, a total of 350 bilateral discussions
(B2B) were held between delegations from many countries
ranging from the UK to South Korea. The largest booth
at the summit was owned by the United Kingdom, which,
together with Turkish contractors, focused on cooperation
opportunities in third countries.

Serkan Turk, Manager of the TURKCIMENTO R&D Institute,
gave a presentation at the panel “Circular Construction:
Carbon Footprint Management from Design to Operation
and Net-Zero Projects,” held as part of the summit. The
presentation addressed the decarbonization process in the
cementindustry and current and future measures aimed at
reducing carbon emissions, including low-carbon production
technologies such as biomass, hydrogen, electrification,
carbon capture, and alternative additives, and their potential
for use in the industry in line with the net-zero targets.



TURKCIMENTO AKADEMI
TURKCIMENTO ACADEMY

Yapay Zeka ile Kullanim Senaryosu
Gelistirme Atolyesi Egitimi
Al Use Case Development Workshop

9-10 Haziran/June 2026

TURKCIMENTO AKADEMI olarak sektor ¢aliganlarinin
dijitalizasyon konusundaki temel bilgi ve tecribelerinin
desteklenmesine katki saglamak amaci ile Yapay Zeka ile
Kullanim Senaryosu Gelistirme Atolyesi Egitimi, S-10 Haziran
2026 tarinlerinde 11 katiimct ile duzenlendi.

MEXT Teknoloji Merkezi ig birligi ile sinif igi olarak
gerceklestirilen egitimde yapay zeka ile stratejik deger
yaratma, YZ Projelerinde onceliklendirme ve ROl yaklagimi,
kurumun veri odakli stratejisini gozden gegirme, atolye
galismasi ve yol haritasl tasarimi konulari detayli olarak
anlatildi.

Egitim igin egitmenimize ve katiimcilarimiza tesekkar
ederiz.

As part of TURKCIMENTO ACADEMY's commitment to
supporting the digital transformation of the cement industry
by enhancing employees’ knowledge and competencies in
digitalization, the Al Use Case Development Workshop was
held on 9-10 June 2026 with the participation of 11 attendees.

Organized in collaboration with MEXT Technology Center
as an in-person training program, the workshop provided
comprehensive insights into creating strategic value through
artificial intelligence, prioritization and ROl approaches for Al
projects, reviewing an organization's data-driven strategy,
hands-on workshop activities, and Al roadmap design.

We would like to extend our sincere thanks to our trainer
and all participants for their valuable contributions to the
success of the program.

e
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[leri Seviye Hidrolik/ Elektrohidrolik
Egitimi

10-12 Haziran/June 2026

TURKCIMENTO AKADEMI tarafindan duzenlenen lleri
Seviye Hidrolik/ Elektrohidrolik Egitimi, 10-12 Haziran 2026

tarihlerinde 8 sektor yetkilisinin katiimiile gergeklestirildi.

Egitim, FESTO firmasi tarafindan hem teorik bilgilendirme

hem de ekipmanlar Uzerinden uygulamali olarak tamamlandi.

interaktif olarak soru cevaplarla gegen egitim icin

egitmenimize ve katiimcilarimiza tesekkur ederiz.

The Advanced Hydraulics/Electrohydraulics Training,
organized by TURKCIMENTO ACADEMY, was held on 10-12
June 2026 with the participation of 8 industry professionals.

The training was delivered by FESTO, combining theoretical
instruction with hands-on practical applications using
training equipment.

The program was conducted in a highly interactive format
with extensive question-and-answer sessions. We would
like to thank our trainer and all participants for their valuable
contributions to the success of the training.
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Uygulamali Attk Numune Hazirlama ve
Analiz Egitimi
Hands-on Waste Sample Preparation and Analysis Training

11 Haziran/June 2026

TURKCIMENTO AKADEMI tarafindan diizenlenen Uygulamali
Atk Numune Hazirlama ve Analiz Egitimi, 11 Haziran 2026
tarihinde, 8 sektar yetkilisinin katiimiyla TURKCIMENTO
Ar-Ge EnstitusU Ankara'da gerceklestirildi.

TURKCIMENTOQ Ar-Ge EnstitUsy Yakit Analiz Laboratuvari
Sorumlusu Dr. H. Elif Pelvan ve teknik ekibi egitmenliginde
yurutulen programda, Ar-Ge Enstitusu laboratuvari
ortaminda alternatif yakit olarak kullanilan numunelerin
hazirlanmasi parcalanmasi/ayriimasi/bolunmesi ile lab.

numunelerin hazirlanmasi uygulamali olarak aktarild.

Egitimin gergeklestirimesine katki saglayan degerli egitmen

ekibimize ve tum katiimcilarimiza tesekkur ederiz.

The Hands-on Waste Sample Preparation and Analysis
Training, organized by TURKCIMENTO ACADEMY, was held
on 1 June 2026 at the TURKCIMENTO R&D Institute in Ankara
with the participation of 8 industry professionals.

Delivered by Dr. H. Elif Pelvan, Head of the Fuel Analysis
Laboratory at the TURKCIMENTO R&D Institute, together with
the Institute’s technical team, the program provided practical
training in the laboratory environment on the preparation,
crushing, separation, and splitting of samples used as alternative
fuels, as well as laboratory sample preparation techniques.

We would like to express our sincere thanks to our dedicated
training team for their valuable contributions to the
successful delivery of the program, and to all participants
for their active involvement.
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Numune Alma ve Numune Hazir lama
Egitimi

18-19 / 22-23 Haziran/June 2026

TURKCIMENTO AKADEM I tarafindan duzenlenen “Numune
Alma ve Numune Hazirlama Egitimi”, 18-19 ve 22-23
Haziran 2026 tarihlerinde Goltas Cimento 6zelinde, 2 grup
olarak 24 ¢alisanin katilimiyla Goltas Cimento Fabrikasi'nda

gerceklestirildi.

TURKGIMENTO Egitmeni Gulsum Ozgun Guven ve
TURKCIMENTOQ Ar-Ge EnstitisU Fizik ve Beton Laboratuvari
yetkiliismi Ali Gulsun tarafindan verilen egitim kapsaminda,
yigindan hammadde, yidindan komur numune, havali banttan
¢imento ve farin numune alma ve hammadde, ATH, AYT,
klinker numune hazirlama katiimcilara detayl sunumlar

gerceklestirildi; daha sonra uygulamali ¢alisma yapildi.

Verimli gectigi de@erlendirilen egitim programina katki
saglayan egitmenlerimize ve tum katilimcilarimiza tesekkur

ederiz.
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The Sampling and Sample Preparation Training, organized
by TURKCIMENTO ACADEMY, was conducted exclusively for
Goltas Cement on 18-19 and 22-23 June 2026 at the Gdltas
Cement Plant. The program was delivered in two groups with
the participation of 24 employees.

The training was delivered by Gulsim Ozgun Given,
TURKCIMENTO Trainer, and Ali Gllsun from the Physical and
Concrete Laboratory of the TURKCIMENTO R&D Institute.
The program included detailed presentations on raw material
sampling from stockpiles, coal sampling from stockpiles, cement
and raw meal sampling from pneumatic conveyor systems,
and the preparation of raw material, alternative raw material
(ARM)] alternative fuel (AF), and clinker samples. The theoretical
sessions were followed by hands-on practical applications.

We would like to thank our trainers for their valuable
contributions to this productive training program and all
participants for their active involvement




Bu iilkenin temelinde biz variz
geleceginde de biz olacagiz

We are at the foundation of this country and
we will be in its future

@TﬁRKCiMENTO
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OECD Raporu: Tirkiye I¢in Biytime ve
Enflasyon Tahminini Agiklad:

OECD'S Report: Growth and Inflation Forecast
for Tuirkiye

________________________________________

______________

Ekonomik Isbirligi ve Kalkinma Orguty (OECD), Orta Dogu'daki
savasin etkileri nedeniyle kuresel ekonaomik buyumenin
2025'teki yuzde 3,4 seviyesine gore bu yil ve 2027'de
keskin sekilde yavaslayacagini tahmin etti. Ayrica OECD'nin
tahminine gore Turkiye ekanomisinin, bu yil yuzde 3,1 ve

2027'de yuzde 3,8 buyumesi bekleniyor.

OECD, Ekonomik Gérunum raporunu 3-4 Haziran'da
duzenlenen OECD Bakanlar Konseyi Toplantisi kapsaminda
'Baski Altinda" temasiyla yayimladi. Rapora gore, ABD/Israil-
Iran Savasi kuresel ekonominin dayanikliigini sinarken,
savasin ne kadar surecedi ve boyutuna iligkin belirsizlikler
devam ediyor.

Orta Dogu krizi Asya ekonomilerini daha sert
etkiliyor

Savasin sona ermesinden sonra dahi hasar goren altyapi ve
ulasim yollarinin yeniden ingasi ve tedarik zincirinin dinya
¢apinda yeniden normale donmesinin aylar surebilecedi,
bu durumun da ekonomi Uzerinde bir sure daha baski

hissediimesine yol agcacagi tahmin ediliyor.

Ozellikle Korfez Ulkelerinde nemli lcUde sekteye ugrayan
petrol, sivilastirimis dogal gaz (LNG), tarimsal ve endustriyel
girdi fiyatlarinin artmasi birgcok Ulkede enflasyon Uzerinde
yukari yonlu baski olustururken, Orta Dogu'dan yapilan
ithalata bagimliliklari nedeniyle birgok Asya ekonomisi
mevcut ve olasi soklara en dogrudan maruz kalan Ulkeler

arasinda yer aliyor.

Olaganustu belirsizdurum nedeniyle OECD, raporunda kuresel
ekonominin gelecek 18 ay iginde nasil geligebilecegine yonelik
2 senaryoya yer verdi. Bu senaryolar buyuk dlcude enerji
krizinin seyrine, gatismaya kalici bir ¢ozUm bulunmasinin
ne kadar sUrecedine ve bunun sonucunda alinacak politika

onlemlerine gore dedisiklik gosteriyor.
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The Organization for Economic Cooperation and Development
(OECD) projected that global economic growth would slow
sharply this year and in 2027 compared to the 3.4 percent
in 2025, due to the impacts of the war in the Middle East.
Furthermore, according to OECD estimates, the Turkish
economy is expected to grow by 3.1 percent this year and
3.8 percent in 2027

The OECD released its Economic Outlook report with the
theme "Under Pressure” at the OECD Ministerial Council
Meeting held on June 3-4. According to the report, while
the US/Israel-Iran war tests the resilience of the global
economy, uncertainties remain regarding how long the war

will last and its size.

The Middle East crisis has harder impacts on
the Asian economies

Even after the war ends, itis estimated that reconstructing
the domaged infrastructure and transportation roads, and
restoring supply chains to normal around the world, could
take months, leading to continued pressure on the economy

for some time.

Significant disruptions to oil, liquefied natural gas (LNG), and
rising agricultural and industrial input prices, particularly in the
Gulf countries, are creating upward pressure on the inflation
in many countries. Due to their dependence onimports from
the Middle East, many Asian economies are among those

most directly exposed to current and potential shocks.

Given the extraordinary uncertainty, the OECD presented two
scenarios in its report regarding how the global economy
might develop over the next 18 months. These scenarios
vary greatly depending on the course of the energy crisis,
how long it takes to find a lasting solution to the conflict,

and the policy measures to be taken as a result.



OECD, savasin yol agtigi aksakliklarin dnemli dlgude hissedildigi
ancak nispeten daha kisa surdugu "sinirl sureli aksaklik'
senaryosunda, Korfez ekonomilerindeki enerji Uretimi ve
ticaretinin bu yilin UgUncU ¢eyredinden itibaren kademeli
olarak normale donecegini ve ozellikle Asya ekonomilerinde

sinirl seviyede enerji arz kisiti yaganacagini varsayiyor.

Bu senaryoya gore, 2025'te yuzde 3,4 olan kuresel ekonamik
bUyumenin bu yil yuzde 2,8 seviyesine yavaslayacagi ve
2027'de yeniden yuzde 31'e yUkselecegi tahmin ediliyor.
OECD, mart ayinda yaymladigi raporda kuresel ekonominin
bu yil yuzde 2,9 ve 2027'de yuzde 3 seviyesinde buyuyecedi

0ngorusunde bulunmustu.

Senaryods, politika faizinin bu yil cogu buyuk ekonomide
istikrarh olacagi ve temel fiyat baskilarinin sinirli kalacagi
ongoruluyor. Bu baskilarin 2027'de hafifleyecegi tahmin

ediliyor.

G20 ulkelerinde enflasyonun 2025'teki yuzde 3,4
seviyesinden bu yil yuzde 4'e ¢cikacagl ve 2027'de yuzde
37 seviyesine yavaslayacagi hesaplaniyor.

Savasta kalici ateskes saglanmasi ve enerji fiyatlarinda daha
fazla dusus olmasi durumunda kuresel ekonomik buyumenin
biraz daha yuksek olmasi bekleniyor. Bu kapsamda, yilin ikinci
yarisindan itibaren petral, gaz ve gubre fiyatlarinda yuzde
10'luk ek dususun 2027 kuresel ekanomik buyumesini 01
puan artiracag ve enflasyonda 0,3 puan dusus saglayacagd

ongoraluyor.

Uzun sureli belirsizlik blyumeyi daha fazla
baskilayabilir

OECD, "uzun sureli kesinti" senaryosunda ise 2027'nin
lerleyen donemlerine kadar baris saglanamamasi durumunda
ortaya ¢ikabilecek olasi maliyetler gcercevesinde Korfez
ekonomilerinde enerji Uretimi ve inracatinda su anda yasanan
kesintilerin 2027'nin ikinci yarisina kadar devam edecedini

ve daha sonra kademeli olarak azalacadini varsayiyor.

Bu senaryoya gore, Korfez Ulkelerinin Urettidi enerji Urunleri,
tarimsal ve endustriyel Urdnlerde ciddi kithk yasanma
olasiligi yuksek ve bu durumun verimlilik dUsusu ve azalan
yatinmlar yoluyla potansiyel Uretim Uzerinde kalici etkileri

olabilecedi degerlendiriliyor.

Bu kapsamda kiresel ekonomik buyumenin bu yl yizde 2/1ve
2027'de yuzde 1,8 seviyesine gerileyecedi ve yavaglamanin
birgok ekonomiyi resesyona surukleyebilecegdi ve igsizlidi
artirabilecegi tahmin ediliyor.

In its “limited-duration disruption” scenario—in which the
disruptions caused by the war are felt significantly but
lost for a relatively shorter period—the OECD assumes
that energy production and trade in Gulf economies would
gradually return to normal starting in the third quarter of
this year, and that Asian economies, in particular, would
experience limited energy supply constraints.

According to this scenario, global economic growth, projected
to be 34 percentin 2025, is expected to slow to 2.8 percent
this year and then rise again to 3.1 percent in 2027 In its
report released in March, the OECD predicted that the
global economy would grow by 2.9 percent this year and
by 3 percent in 2027,

The scenario projects that policy interest rates would remain
stable in most major economies this year and that core
price pressures would remain limited. These pressures are

expected to ease in 2027,

In G20 countries, inflation is expected to rise from 3.4
percent in 2025 to 4 percent this year, and then slow to
31 percent in 2027

Global economic growth is expected to be slightly higher if
a lasting ceasefire is achieved in the war and energy prices
fall further. In this context, a further 10% decrease in oll,
gas, and fertilizer prices from the second half of the year
onwards is projected to boost global economic growth by 0.1
percentage points and reduce inflation by 0.3 percentage
points by 2027.

Prolonged uncertainty could further suppress
growth

In its “long-term disruption” scenario, the OECD assumes
that—in the context of the potential costs that could arise if
peace is not achieved by the later part of 2027—the current
disruptions in energy production and exports in the Gulf
economies would continue through the second half of 2027
and then gradually subside.

According to this scenario, there is a high likelihood of severe
shortages of energy, agricultural, and industrial products
produced by the Gulf countries, and itis considered that this
could have permanent impacts on the potential production

through reduced efficiency and declining investment.

In this context, global economic growth is projected to slow
to 271 percent this year and 1.8 percent in 2027, and the
slowdown could push many economies into recession and

increase unemployment.
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Senaryods, kuresel enflasyonun bu yil 0,4 puan ve 2027'de
1,3 puan artabilecedi ve politika faizlerinin bircok Ulkede
50-75 baz puan yukseltilebilecegi 6ngoruluyor.

Turkiye ekonomisinin bu yil yizde 3,1
buyumesi bekleniyor

OECD'nin tahminine gore Turkiye ekonomisi, bu yil yuzde
371 ve 2027'de yUzde 3,8 buytyecek. Orgut, martta
yaymladigi raporda Turkiye ekonomisinde buyumenin bu
yil yuzde 3,3 ve 2027'de yUzde 3,8 olacagd tahmininde
bulunmustu.

YUksek enerji ve emtia fiyatlarinin siki finansal kosullar
altinda Turkiye'nin ic talebini baskilayabilecedi ongorulirken,
bu yil sonuna dogru tuketici guveninin iyilesmesi ve faizde
beklenen dususun tuketim ve yatinmilarin guclenmesini
destekleyecegi tahmin ediliyor.

Dezenflasyon surecinin devam etmesiyle Turkiye'de yillik
enflasyonun 2027'nin ilk yarisinda yuzde 20'nin altina
inmesi bekleniyor ancak Orta Dogu'da gerilimin tirmanmasi
ve olasi fiyat baskilarinin enflasyonun yavaslama sureci
icin onemli bir risk oldugu degerlendiriliyor.

Siki para politikasinin surdurtlmesi enflasyon beklentilerini
dusurmek igin Kilit Gnemde gorulurken, gelecekte faiz
artislarinin goz ardi ediimemesi gerektigi ifade ediliyor.

OECD'ye gore Turkiye, artan enerji fiyatlarindan etkilenmesine
ragmen petrol, dogal gaz ve gubre ithalatinin buyuk kismi
Basra Korfezi'nden gelmedidi igin dogrudan tedarik riskleri
karsisinda birgok Ulkeye gore daha guvenli bir kanumda
bulunuyor. Ote yandan Turkiye ekanomisi, Avrupa'daki
talep durgunlugu ve ozellikle imalat sektdrinde UgUncu
pazarlardaki Cin hakimiyetine karsi hassasiyetini koruyor.

Kaynak: https://www.ekonomim.com/Kkuresel-ekonomi/
oecd-raporu-enflasyon-ve-faizler-savasin-seyrine-gore-
sekillenecek-haberi-897552
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The scenario predicts that global inflation may increase by 0.4
points this year and 1.3 points in 2027, and policy interest rates
may be increased by 50-75 basis points in many countries.

The Turkish economy is expected to grow by 3.1
percent this year

According to the OECD's forecast, the Turkish economy would
grow by 31 percent this year and 3.8 percent in 2027 In its
report published in March, OECD had predicted that growth
in the Turkish economy would be 3.3 percent this year and
3.8 percent in 2027

While high energy and commodity prices are expected to
suppress Turkish domestic demand under tight financial
conditions, itis anticipated that improved consumer confidence
and expected interest rate cuts towards the end of this year
would promote to strengthen consumption and investment.

With ongoing disinflation process, annual inflation in Turkiye
is expected to fall below 20 percent in the first half of 2027
however, escalating tensions in the Middle East and potential
price pressures are considered a significant risk to the slowdown
in inflation.

While maintaining a tight monetary policy is considered to
be a key to lowering inflation expectations, it is reported that
future interest rate increases should not be ruled out.

According to the OECD, although Turkiye is affected by rising
energy prices, itis in a more secure position than many other
countries in terms of direct supply risks because the majority
of its oil, natural gas, and fertilizer imports do not come from
the Persian Gulf. On the other hand, the Turkish economy
remains vulnerable to the slowdown in demand in Europe
and, particularly in the manufacturing industry, to Chinese
dominance in third markets.

Source: https://www.ekonomim.com/kuresel-ekonomi/
oecd-raporu-enflasyon-ve-faizler-savasin-seyrine-gore-
sekillenecek-haberi-897552



Suriye'nin Cimento Sektorti Golgelerden
Cikiyor

Syrias Cement Sector Emerges From the Shadows

Suriye ig savasl sirasinda silahli gruplara yapilan 6demeler
nedeniyle Fransa'da mahkom edilen eski Lafarge
yoneticilerinin bu hafta kefaletle serbest birakimasi, cimento
sektorunun Suriye'deki cokuse ne kadar derinden Karistigini
hatirlatir nitelikte. Ancak Lafarge'in Jalabiya fabrikasinin
bu ¢atismanin en dnemli kurumsal skandallarindan biri
haline gelmesinden on yildan fazla bir stre sonra, Suriye'nin
gimenta sektdru ¢ok farkl nedenlerden dolay yeniden
uluslararasi ilginin odagi haline geldi.

Avrupa Birliginin 2011 yilinda ilk kez uygulanan askiya alma
kararini sona erdirerek AB-Suriye Isbirligi Anlagmasinin tam
olarak yururluge girmesini yeniden saglamasiyla birlikte bu
ay soz konusu gegis sureci hiz kazand:. Yaptirimlar ve mali
kisitlamalar karmasikhidini korurken, anlasma Suriye'nin
bolgesel ve uluslararasi ticarete kademeli olarak yeniden
acilmasinin sinyalini veriyor.

Konut, ulasim altyapisi, kamu hizmetleri ve sanayi alanlarinda
olmak Uzere Suriye muazzam yeniden yapilanma ihtiyaclariyla
karsi karsiya kald!. Yillarca suren ¢atismalar, yaptirimlar ve
yetersiz yatinmlar, tlkenin ¢imento Uretim kapasitesinin
buyuk bir bolumunun hasar gormesine, verimsiz hale
gelmesine veya atil kalmasina neden oldu. Yerli Ureticiler
ise guvenilmez elektrik tedariki, hasarli altyapi ve son derece
yUksek yakit maliyetleriyle mucadele etmeye devam ediyor.

Birgok tesis halen dusuk termal verimlilige sahip eski retim
hatlariyla isletiimektedir. Dolayisiyla komsu Ulkelerden
cimento veya klinker ithalat, yerli cimento arzini surdirmenin
temel bir unsuru haline gelmistir. Yakinda yayinlanacak olan
Kuresel Cimento Raporunun 16. baskisina gore, Suriye'nin
cimento tuketiminin yaklasik 6,5 milyon ton/yil oldugu
tahmin edilmektedir Ithalatin ise bu rakamin yaklagik Gcte
birini olusturdugu dusunulmektedir.

Ozellikle Turkiye, Suriye'nin cimento agidindan en buyik
dis faydalanici Ulke olarak ortaya cikmistir. TUrk Ureticiler
onemli miktarda fazla kapasiteye, kurulu lgjistik aga ve
Kuzey Suriye'ye dogrudan erisime sahip olup, yilda 1 milyon
tondan fazla inracat yapabilmektedir. Suudi tedarikciler de
ozellikle klinker ihracati ve endustriyel is birligi girisimlerinde
varliklarinigenigletirken, Misir énemli bir gimento tedarikgisi
olarak kendini gostermistir.

The release on bail this week of the former Lafarge executives
convicted in France over payments made to armed groups
during the Syrian civil war is a reminder of how deeply the
cement industry became entangled in Syria’s collapse. But
more than a decade after Lafarge’s Jolabiya plont became
one of the conflict's defining corporate scandals, Syria’s
cement sector is returning to international attention for

very different reasons.

That transition gathered pace this month when the
European Union restored the full application of the EU-Syria
Cooperation Agreement, ending a suspension first imposed
in 2071. While sanctions and financial restrictions remain
complex, the agreement signals a gradual reopening of

Syria to regional and international trade.

Syria faces immense reconstruction requirements across
housing, transport infrastructure, utilities and industry.
Years of conflict, sanctions and underinvestment have
meanwhile left much of the country's cement capacity
damaged. inefficient or idle. Domestic producers continue
to struggle with unreliable electricity supplies, damaged

infrastructure and exceptionally high fuel costs.

Many facilities still operate outdated production lines with
poor thermal efficiency. Importing cement or clinker from
neighbouring countries have therefore become central to
maintaining domestic cement supply, with Syrian cement
consumption estimated at around 6.5Mta according to the
forthcoming 16th edition of the Global Cement Report.
Imports are thought to account for around one third of
this figure.

Turkiye in particular has emerged as the main external
beneficiary of Syria’s cement deficit. Turkish producers
possess substantial surplus capacity, established logistics
networks and direct access into northern Syria, allowing
it to export over Mt annually. Saudi suppliers have also
expanded their presence, particularly in clinker exports
and industrial cooperation initiatives, while Egypt has also

emerged as a key supplier of cement.
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Mart ayinds, devlete ait Suriye Genel Cimento ve ingaat
Malzemeleri Sirketi OMRAN, yerel ¢cimento Uretimini
desteklemek ve fiyatlariistikrara kavusturmak amaciyla Misirli
Cisco sirketinden yeni bir tedarik anlasmasi kapsaminda Klinker
sevkiyatinin basladigini duyurdu. Bu arada OMRAN, 6gutme
verimliligini artirmay! ve enerji tuketimini azaltmay hedefleyen
iyilestirmeler yaparken, Tartus, Hama ve Adra dahil olmak Uzere
mevcut bircok tesiste rehabilitasyon galismalarina devam
ediyor. Buarada OMRAN, 6gutme verimliligini artirmay ve enerji
tUketimini azaltmayr amaclayan iyilestirmeleri surddrurken,
Tartus, Hama ve Adra dahil olmak Uzere mevcut bircok tesiste
rehabilitasyon calismalarina devam ediyor.

Suriye'deki Al-Hassan Holding Grubu ile Cin'deki Jiangsu
Pengfei Grubu arasinda gegen ay yapilan anlasma, endustriyel
yeniden yapilanmanin daha iddiali bir asamasinaisaret ediyor.
Onerilen Rakka tesisi, yaklasik 2,3 milyon ton/yil gimento
ve yaklasik 1,6 milyon ton/yil klinker Uretim kapasitesine
sahip olacak sekilde tasarlanmistir. Dolayisiyla bu tesis
Suriye'de i¢ savasin baglamasindan bu yana agiklanan en
buyUk projeler arasindaki yerini korumaktadir. Suriye'den
gelen haberlere gore ingaat iki yil iginde tamamlanabilecek
olup, uygulamaya koyma gorusmelerine baslamak Uzere
Cinli bir teknik heyetin Rakka'ya gelmesi bekleniyor.

Ulkenin kurulu kapasitesinin ne kadarinin hasarli, verimsiz
veya atil durumda oldugu gdz 6nune alindidinda, projenin
oOlcegi dikkat gekicidir. Bu buyuklukte madern bir kuruislem
tesisi tamamlandigi takdirde, bu tesis ithalat ve yerli Uretim
arasindaki dengeyi cnemli dlgude degistirecektir.

Rakka duyurusu, Suriye cimento sektorune yonelik artan
yabanciilgiyle de ayni zamana denk geliyor. Martayinda OMRAN,
12 Arap ve uluslararasi sirketin Adra ve EI-MUslumiye gimento
fabrikalarina yatinm yapmak icin bagvuruda bulundugunu
aciklamisti. Birlesik Arap Emirlikleri merkezli OBZ Grubu
tarafindan Tartus'ta rehabilitasyon galismalari halihazirda devam
ederken, Irak merkezli Vertex Grubu da Hama Cimento'daki
UgUncu Uretim hattinin modernize edilmesinde yer aliyor.

Cin'in Suriye'ye olan ilgisi, sadece kisa vadeli ¢cimento
ihracatindan ziyade giderek daha uzun vadeli endustriyel
konumlandirma ile baglantil gorinmektedir. Sinoma, BITEC
ve Jiangsu Pengfei gibi Cinli muhendislik gruplarinin tumy,
gectigimiz yilboyunca tesislerin yeniden faaliyete gegirimesi,
teknik is birligi veya yeni kapasite projeleri konusunda
Suriye yetkililerigle gorusmeler gergeklestirdi.

Siyasi durum istikrarli kaldigi surece, Surigye'nin ¢imento
sektorundn gelecedi umut verici olabilir.

Kaynak: https://www.cemnet.com/News/stary/181418/
syria-s-cement-sector-emerges-from-the-shadows.
html?source=ae7503d221554a8e5f35e939787197a18
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In March, the state-owned Syrian General Company for
Cement and Building Materials, OMRAN, announced the
arrival of clinker shipments from Egyption company Cisco
under a new supply agreement intended to support local
cement production and stabilise prices. Meanwhile, OMRAN
is continuing its rehabilitation work at several existing plonts,
including Tartous, Homa and Adra, while pursuing upgrades
aimed at improving grinding efficiency and reducing energy

consumption.

Last month's agreement between Syria’s Al-Hassan Holding
Group and China'’s Jiangsu Pengfei Group points to a more
ambitious phase of industrial reconstruction. The proposed
Raqgqa plant is designed for around 2.3Mta of cement
capacity and approximately 1.6Mta of clinker production,
placing it among the largest projects announced in Syria
since the start of the civil war. Syrian reports suggest
construction could be completed within two years, with a
Chinese technical delegation expected in Ragqga to begin

implementation discussions.

The project’s scale is notable given how much of the
country'’s installed capacity remains domaged, inefficient
or idle. A modern dry-process facility of this size would
significantly alter the balonce between imports and domestic

production if completed.

The Rogqo announcement also coincides with growing
foreign interest elsewhere in the Syrian cement industry.
In March, OMRAN stated that 12 Arab and international
companies had submitted applications to invest in the

Adra and Al-Muslimiyah cement plants.

Rehabilitation work is already underway at Tartous through the
UAE-based QBZ Group, while Irag's Vertex Group is involved
in upgrading the third production line at Harma Cement.

China’s interestin Syria increasingly appears tied to longer-
term industrial positioning rather than short-term cement
exports alone. Chinese engineering groups including Sinoma,
BITEC and Jiangsu Pengfei have all now held discussions with
Syrian authaorities regarding plant rehabilitation, technical

cooperation or new capacity projects over the past year.

As long as the political situation remains stable then Syria's

cement industry could have a promising future

Source: https:.//www.cemnet.com/News/story/181418/
syria-s-cement-sector-emerges-from-the-shadows.
html?source=0e75030d2215540e5f35e939787197018



AB Cimento Ithalatcilar Yitksek CBAM

Maliyetleriyle Karsi Kargiya Kalabilir
EU Cement Importers May Face Hz’gh CBAM Costs

Bir karbon uyum danismanlik sirketi, 2027 yili Eyluldeki
son tarihten once dogrulanmis karbon emisyon verilerini
elde etmenin 6nundeki yuksek engeller nedeniyle Avrupali
ithalatcilarin, 2026 yil gimento ithalatlarinikapsayacak sekilde
cezai varsayllan degerleri kullanmak zarunda kalacaklar

konusunda uyarida bulunuyor.

Carboneer Genel MidUr Hendrik Schuldt, 12 Mayis'ta Italyanin
Ostuni kentinde duzenlenen Argus Akdeniz Kati Yakitlar
Forumuna katlan delegelere, bazi sirketler arasinda dogrulanmig
emisyon degerlerinikullanabileceklerine dair "yanlis bir gbvenlik
hissi" oldugunu soyledi. "Genel varsaymimiz, sirketlerin varsayilan
degerleri kullanmak zorunda aldugu yonundedir”

Dogrulanmis verileri kullanmak ile varsayilan verileri
kullanmak arasindaki maliyet farki cok buyuktar. 2026
yiinda Ukrayna'dan 10.000 ton gri Portland gimentosunu ton
basina 75 Avroluk bir sinirda karbon duzenleme mekanizmasi
(CBAM) sertifika fiyatina ithal eden bir sirket, bu tedarikin
gercek emisyonlarini kullanarak (ton basina 0,97 ton CO,
esdegeri (CO.e) varsayildiginda) 195.000 € o6deyecektir.
Ancak Ukrayna igin varsayilan deger olan 1,57ton COe/ton
Uzerinden hesaplandiginds, CBAM maliyetlerinde bu sirket

663.000 € borclu olacaktrr.

Cesitlietkenler, 2026 yiliithalatlartigin gercek ve dogrulanmig
verilerin kullanilabilir olma alasiigini dusuk kilmaktadir.
Ureticilerin 2026 emisyonlarini dogrulatmalari icin ellerinde
"cok kisa bir sure" var. Bu galisma ancak 10cak 2027 tarihinde
baslayabili, ancak gelecek yilin Eylul ayina kadar tamamlanmasi
gerekmektedir. Denetcilerin bulunabilirligi de belirsizligini
korumaktadir. Ayrica dogrulama, ancak sirketlerin bir emisyon

izleme plani varsa mumkun olacaktir.

Schuldt agiklamasinda 'Bu bir sorun, zira dunya gapinda
bu tur bir mantiga maruz kalmamis birgok ureticinin izleme
sistemleriyok," demistir. "Bu durum, tUm sUreci geciktirecek,

hatta imkansiz hale getirecektir.

Sirketlerin goz 6Gnunde bulundurmasi gereken bir diger unsur
ise, 2027'denitibaren baslamak Uzere sirketlerin, tum ithalatlar
icin yilik emisyon toplamlarinin yuzde SO'sini kapsayan ve
Uc¢ ayda bir gozden gegirilen CBAM sertifikalarina sahip

European importers likely will have to use punitive default
values to cover their 2026 cement imports because of high
barriers to obtaining verified carbon emissions data before
the deadline in September 2027, a carbon compliance

CO/’)SU/TCIHCQ warns.

There is a "false sense of security" among some companies
that they will be able to use verified emissions values,
Carboneer managing director Hendrik Schuldt told delegates
attending the Argus Mediterranean Solid Fuels Forum in
Ostuni, Italy, on 12 May. "Our general assumption is that

companies have to use default values."

The cost difference between using verified data and defoult
data is stark. A company importing 10,000t of grey Portland
cement from Ukraine in 2026, at a carbon border adjustment
mechanism (CBAM) certificate price of €75/t would pay
€795,000 using the actual emissions of this supply, assumed
to be 0.97t of CO, equivalent (COe)/t. But it would owe
€663 000 in CBAM costs under the default value for Ukraing,
which is 15Tt of CO.e/t

A number of factors make it unlikely that actual verified data
will be available to use for 2026 imports. There is a "very
short timeline" for producers to get their 2026 emissions
verified. This work is only able to start on 1 January 2027,
but it must be completed by September of next year. The
availability of auditors is also unclear. And verification will
only be possible if companies have an emissions monitoring

plan in place.

"Thatis a problem, because many of the producers worldwide
who have not been exposed to this kind of logic do not have
monitoring systemns", Schuldt said. "This will delay the whole

process or even make it infeasible.”

Another factor for companies to consider is that starting
in 2027, they will be required to hold CBAM certificates
covering 50pc of year-to-date emissions totals for allimports,

reviewed quarterly. Ultimately this 50pc requirement could
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olmalarinin gerekecegidir. Sonug olarak bu yuzde 50 sart,
onceki donemde teslim edilen ve daha dusuk, dogrulanmis
emisyon degerlerini esas alabilecek CBAM sertifikalarini
dikkate alabilir. Ancak 2027 yilinda bu segenek mevcut
olmayacak. Sirketler, dogrulanmis verileri kullanmak igin
gereklitm sartlari yerine getirmis olsalar bile, cezai duzeyde
yUksek varsayilan degerlere dayali alarak beklenen CBAM

sertifikalarinin yuzde 50'sini saklamak zorunda kalacaklar.

Schuldt ifadesinde “Bu durum, 2027'de bu sarti yerine
getirmek icin bol miktarda likidite ayirmaniz gerektigi anlamina

geliyor," demistir.

Kaynak: https.//www.argusmedia.com/en/news-and-insights/
latest-market-news/2829378-eu-cement-importers-may-

face-high-cbam-costs Yazar: Lauren Masterson

be based on the CBAM certificates surrendered during the
previous period, which could be based on the lower, verified
emissions values. But during 2027, this option will not be
available. Companies will have to bank 50pc of expected
CBAM certificates based on the punitively high default
values, even if they have met all the requirements to use

verified data.

"That means in 27, you have to reserve a lot of liquidity to

fulfil this requirement," Schuldt said.

Source: https//www.argusmedia.com/en/news-and-insights/
latest-market-news/2829378-eu-cement-importers-may-

face-high-cbam-costs By Lauren Masterson

ACA, Orta Dogu Savast ve Faiz Orani Baskilar:
Nedeniyle ABD'de Cimento Talebinin
Dugecegini Ongérﬁyor
ACA Sees US Cement Demand Falling on Middle East War,
Rate Pressures

Amerikan Cimento Birligi kendi ilkbahar tahminine gore
2026 yilt ABD ¢imento tUketimi beklentisini %2,5'lik bir
dUsUse dogru asagl yonlu revize etti.

ACA, bu degisimi bir “kara kugu” olayina yani Orta Dogu'da
devam eden g¢atismalar ve bunun sonucunda Hurmiz
BogazI'nin fillen kapatiimasina baglyor. Bu durum, kuresel
tedarik zincirlerini ciddi sekilde aksatmis ve petrol fiyatlarinin
catisma oncesi seviyelerin yaklasik %60 Uzerine gikmasina
neden olmustur.

ACA, bu jeopolitik arz sokunun makroekonomik artami
onemli 6lgUde degistirdigini belirtmistir.

Mart ayinda enerji krizi nedeniyle enflasyonun %3,3'e
yukselmesiyle birlikte ACA, ABD Merkez Bankasinin
Ekim ayinda yalnizca 25 baz puanlik tek bir faiz indirimi
yapacagini dngordyor; bu durum ise énceki beklentilerden
onemli bir sapma anlamina geliyor. Sonug olarak borglanma
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The American Cement Association has revised its expectations
for 2026 US cement consumption downward to a 2.5%

decline, according to its spring forecast.

The ACA credits this shift to a "black swan" event
-- the ongoing conflict in the Middle East and the
subsequent effective closure of the Strait of Hormuz
-- which has severely disrupted global supply chains
and caused oil prices to spike roughly 60% above

pre-conflict levels.

This geopoalitical supply shock has significantly altered
the macroeconomic backdrop, the ACA said.

With inflation rising to 3.3% in March due to the energy
crisis, the ACA now anticipates that the US Federal
Reserve will issue only a single 25-basis-point rate cutin
October, a sharp departure from previous expectations.
Consequently, borrowing costs and mortgage rates



maliyetlerinin ve ipotek faiz oranlarinin yuksek kalmasi
beklenirken, zaten soguyan ABD isgucu piyasasini daha

da zorlanacagi ve tuketici guveninin azalacagr ongoruluyor.

ACA, 30 Nisan tarihli tahmin raporunda, faiz oranlarinin uzun
sure yuksek seviyelerde kalmasinin 6zel ingaat sektoru
icin bir baska zayif yila yol agacagini belirtti. Rapora gore,
tek ailelik konut ingaat baslangiglarinin %5,2 oraninda
dusmesi ve konut digl cimento tuketiminin %5 oraninda

azalmas! bekleniyor.

Kamu ingaat sektorunun bu fiyat artiglarina daha az
duyarli olmasi bekleniyor. Ancak ACA, Altyapi Yatinm ve
Istihdam Yasasinin bu yil ytrirlukten kalkmasiyla birlikte
sektdrun, karayolu tagimaciligi finansmaninin yeniden
yetkilendirilmesinin belirsizligi konusunda kendi zorluklaryla
karsi karsiya oldugunu belirtti.

ACA'nin ekonomi politikasi ve analizlerden sorumlu kidemli
direktéri Brian Schmidt, “‘Bir kara kugu olayt kendisini ran
ile yasanan catisma seklinde gosterdi ve Ortadogu'daki
dusmanliklar ne kadar uzun surerse, cimento tahminlerinin
0 kadar zayiflayacagi acik" demistir.

Bu yakin tarihli zorluklara ragmen ACAnin temel tahmininde,
Orta Dogudaki gatismalarin dort ila sekiz hafta iginde
gozUlecedi varsayiimakta olup, bu durumun ABD'nin
resesyondan kil payr kurtulmasina alanak taniyacadi
ongoruluyor. Reelingaat harcamalarinin 2026 yilinda %31
oraninda dusmesi beklenirken ACA, ekonaminin istikrar
kazanmasi, enflasyonun dusmesi ve ingaat sektorunun
yeniden toparlanmasiyla cimento tuketiminin 2027 yilinda

nihayet pozitif bir seyir izleyecegini 6ngordu.

S&P Global Energy bunyesindeki Platts, en son 30 Nisan'da
Houston'a CIF teslimatl gcimento fiyatini metrik ton basina
88 dolar olarak degerlendirdi.

Kaynak: https://www.spglobal.com/energy/en/news-
research/latest-news/metals/050526-aca-sees-us-
cement-demand-falling-on-middle-east-war-rate-pressures

Lucas Sposito tarafindan

are expected to remain elevated, further straining a
cooling US labor market and dampening consumer
confidence.

The ACA said in its forecast April 30 that sustained high
interest rates will lead to another weak year for private
construction, with single-family housing starts projected
to drop 5.2% and nonresidential cement consumption
to recede 5%.

Public construction is expected to be less sensitive to
these rate hikes, though the ACA said the sector faces its
own headwinds regarding the uncertain reauthorization
of surface transportation funding as the Infrastructure
Investment and Jobs Act sunsets this year.

'A black swan event has come in the form of the conflict
with Iran, and it's clear the longer hostilities in the Middle
East continue, the weaker the cement forecast becomes,”
said Brian Schmidt, ACA's senior director of economic

policy and analytics.

Despite these immediate challenges, the ACA's baseline
forecast assumes the Middle East conflict will resolve
within four to eight weeks, allowing the US to avoid a
recession narrowly. While real construction spending
is projected to fall 3.1% in 2026, the ACA predicted that
cement consumption will finally turn positive in 2027 as
the economy stabilizes, inflation cools and the construction

sector regains its footing.

Platts, part of S&P Global Energy, last assessed cement
CIF Houston at $88/metric ton on April 30.

Source: https://www.spglobal.com/energy/en/news-
research/latest-news/metals/050526-aca-sees-us-
cement-demand-falling-on-middle-east-war-rate-
pressures By Lucas Sposito
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Konuttaki Gelismeler

26 May1s & 28 May1s 2026 (A.BD.)
Housing Update - May 26 & 28, 2026 (US.A.)

S&P CoreLogic Case-Shiller'in en son Konut Fiyat Endeksi,
Mart ayinda ulusal konut fiyatlarinin yillik bazda %0,7 artugini
gosterdi. Bu durum, pandemi sonrasi konut patlamasinin
sona ermeye baslamasindan bu yana gorulen en zayif yillik
artiglardan biri olmustur. 20 buyuk metropol balgesinin
yarisindan fazlasinda yillik fiyat dususleri kaydedildi. Bu
durum ise yuksek ipotek faiz oranlari, alim gucu baskilari
ve yavaslayan konut talebinin etkisini yansitmaktadir.
Chicago ve New York gibi bazi pazarlar goreceli olarak guglu
perfarmans gostermeye devam ederken, ABD'nin Batisi
ve Guneyinde eskiden yuksek buyume gosteren balgeler
baski altinda kalmaya devam etmistir. Enflasyon, konut
fiyatlarindaki artigin da Uzerinde seyretmeye devam etmistir,
bu da, nominal artiglara ragmen reel konut fiyatlarinin daha
da dustugu anlamina gelmektedir.

Ayrica New Home Sales'in son raporu, yeni inga edilen tek
ailelik ev satislarinin Nisan ayinda keskin bir dusus gosterdigini
ortaya koydu, satislar bir 6nceki aya gore %6,2 azalarak
mevsimsellikten arindinimis yilik 622.000 birim seviyesine
geriledi ve bir dnceki ylla gore de %11,3 dusus kaydetti. Bu
yavaslama, insaat firmalarinin alicilari gekmek icin fiyat indirimleri
sunmasina ragmen, tuketicilerin temkinli talebini yansitmaktadir.
Yeni kanut stoku 483.000 adede yukselerek daha dengeli
ancak daha yumusak bir konut piyasasina isaret etti. Ortalama
satis fiyati da mutevazi bir artisla 422.500 dolara yukselerek
potansiyel alicilar agisindan uygun maliyet endiselerini artird:.

Bu raporlar, konut sektorunun siki finansal kosullar ve
yUksek borclanma maliyetleri nedeniyle kisitlanmaya devam
ettigine dair kanitlar guclendirmektedir. Konut piyasas,
ipotek faiz oranlarindaki dalgalanmalara karsi giderek daha
hassas hale gelmistir, yeni konut satiglarindaki dusus ise
konut yatinmlarinin yakin vadede genel ekonomik buyumeyi
yavaslatmaya devam edebilecedini gostermektedir. Veriler
ayrica, konut degerlerinde daha keskin bir duzeltmeyji
engelleyen, suregelen yapisal arz kithgini ve sinirl mevecut
konut stokunu da vurgulamaktadir.

Kaynak: Amerikan Cimento Birligi Piyasa Analizi Haftalik
Bulteni (01.06.2026)
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The latest S&P CorelLogic Case-Shiller Home Price Index
showed national home prices rising 0.7% year-over-
year in March, marking one of the weakest annual
gains since the post-pandemic housing boom began
to unwind. More than half of the 20 major metro areas
posted annual price declines, reflecting the impact of
elevated mortgage rates, affordability pressures, and
slower housing demand. While certain markets such
as Chicago and New York continued to show relative
strength, formerly high-growth regions in the West
and Sun Belt remained under pressure. Inflation also
continued to outpace home price appreciation, meaning
real home prices declined further despite nominal gains.

Additionally, the latest New Home Sales report showed that
sales of newly built single-family homes declined sharply in
April falling 6.2% month-over-month to a seasonally adjusted
annual rate of 622 000 units, while also dropping 11.3% from
a year earlier. The slowdown reflects cautious consumer
demand despite builders offering price incentives to attract
buyers. Inventory of new homes increased to 489,000 units,
signaling a more balanced but softer housing market. The
median sales price also rose modestly to $422,500, adding

to affordability concerns for potential buyers.

These reports reinforce evidence that the housing sector
remains constrained by tight financial conditions and higher
borrowing costs. Housing activity has become increasingly
sensitive to mortgage rate fluctuations, and the decline
in new home sales suggests residential investment may
continue acting as a drag on overall economic growth
in the near term. The data also highlights persistent
structural supply shortages and limited existing-home
inventory, which continue preventing a sharper correction

in housing values.

Source: American Cement Association Market Intelligence
Weekly Insights bulletin dated 01.06.2026
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Ulusal Iklim Finansmanti Kapasitesinin

Giglendirilmesi Projesi Baslad:

Ulusal Iklim Finansmani Kapasitesinin Guclendirimesi
Projesi, 2 Haziran 2026 tarihinde Ankara'da duzenlenen
acilis etkinligiyle kamuaoyuna tanitildi. AB IPA 1Il Programi
kapsaminda finanse edilen ve iklim Degisikligi Bagkanligimin
faydalanicisi oldugu proje, Turkiye'nin iklim finansmani
alanindaki kurumsal kapasitesini guclendirmeyi ve
surdurulebilir finansman ekosistemini gelistirmeyi amachyor.

Iklim degisikligiyle mucadele ve uyum politikalarinin basariya
ulasabilmesi igin guglu finansman mekanizmalarinin
olusturulmasi gerektigine dikkat gekilen agilis toplantisinda,
kamu kurumlar, finans sektoru temsilcileri, uluslararasi
kuruluslar, kalkinma ve yatinm bankalari, akademi ve sivil
toplum kuruluslan bir araya geldi. Etkinlik, iklim finansmani
alaninda farkli paydaslar arasinda ortak bir anlayis
gelistiriimesi ve is birliginin artiriimasi acisindan énemili bir
platform olusturdu.

Acilis programinda Iklim Degisikligi Baskan Yardimcisi Mehrali
Ecer, Disisleri Bakanlgi Avrupa Birligi Baskanligi Mali Isbirligi
ve Proje Uygulama Genel Midurd Bulent Ozcan, Cevre,
Sehircilik ve Iklim Degisikligi Bakanlig Proje Uygulama Daire
Bagskani Dog. Dr. I. Raci Bauer, AB Turkiye Delegasyonu
Isbirliggi Bolumy Bagkani Maria Luisa Wyganowski ve NIRAS
Proje Direktord Adam Iwaszko konusma yaptl. Program
kapsaminda praje ortaklari tarafindan yurutulecek galigmalar
ve hedefler katiimcilarla paylasildi.

Iki yil strecek proje; Escarus, NIRAS, Envesu ve Adelphi'den
olusan uluslararasi konsorsiyum tarafindan yuritilecek.
Proje kapsaminda Turkiye'de iklim finansmani sisteminin
mevcut durumu analiz edilerek ihtiyaglar ve eksiklikler
ortaya konulacak, iklim yatinmlarini destekleyecek yeni
finansman araglari gelistirilecek. Boylece hem kamu hem
de 6zel sektorun iklim dostu yatinmlara daha etkin sekilde
yonlendiriimesi hedefleniyor.

Calismalarin énemli bagliklarindan birini ise Ulusal Iklim
Finansmani Stratejisinin gelistiriimesi olusturuyor. Bunun
yanisirg, finans sektdrunde yesil yatinmlarn tanimlanmasi
acisindan buyuk dnem tasiyan taksonomi galismalarina
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The Project on Strengthening the National Climate Finance
Capacity was introduced to the public at an opening event
held in Ankara on June 2, 2026. The Progject is funded
by the EU IPA Il Programme and the Climate Change
Presidency is the beneficiary, aspiring to strengthening
Turkiye's institutional capacity for the climate finance and
developing a sustainable financing ecosystem.

The opening meeting brought together representatives
from public institutions, the financial sector, international
organizations, development and investment banks,
academia, and civil society organizations, highlighting
the need to establish strong financing mechanisms for
the success of climate change mitigation and adaptation
policies. The event provided a significant platform
for fostering a shared understanding and improving
cooperation among different stakeholders in the field of
climate finance.

At the opening meeting, speeches were delivered by Mehrali
Ecer, Deputy Head of the Climate Change Presidency;
Builent Ozcan, Director General of Financial Cooperation and
Project Implementation at the Ministry of Foreign Affairs'
European Union Presidency; Assoc. Prof Dr. [ Raci Bayer,
Head of Project Implementation Department at the Ministry
of Environment, Urbanization and Climate Change; Maria
Luisa Wyganowski, Head of Cooperation Section at the EU
Delegation to Turkey; and Adam Iwaszko, NIRAS Project
Director. During the event, the activities to be carried out by
the project partners as well as the objectives were shared
with the participants.

The project will take two years and will be executed by an
international consortium consisting of Escarus, NIRAS,
Envesu, and Adelphi. As part of the project, the current
state of the climate finance system in Turkiye will be
analyzed, needs and shortcomings will be identified, and
new financing tools will be developed to support climate
investments; thereby it is intended to encourage both
the public and private sectors to make more effective
investments in climate-friendly sectors.



da destek verilecek. Proje kapsaminda yalnizca politika
ve strateji gelistirme galismalari dedil, kapasite artirimi
faaliyetleri de yurutulecek. Kamu kurumlari, finans
kuruluglari ve ilgili paydaslara yonelik egitim programlari,
calistaylar ve teknik destek faaliyetleri duzenlenecek.
Ayrica iklim fonlarinin etkin kullanimini destekleyecek pilot
uygulamalar gelistirilecek ve yatinm yapilabilir yesil proje

havuzlarinin olugturulmasina Katki saglanacak.

Uzmanlara gore iklim finansmani, yalnizca gevresel
hedeflerin gergeklestiriimesi agisindan degil, ekonomik
donudsumun hizlandinimasi bakimindan da buyuk dnem
tagiyor. Ozellikle yesil tahviller, karma finansman modelleri
ve yenilikgi finansal araglar, dusuk karbonlu kalkinma
hedeflerine ulasmak isteyen Ulkeler i¢in dnemli firsatlar
sunuyor. Proje kapsaminda gelistirilecek galismalarin
Turkiye'nin uluslararasi iklim finansmani kaynaklarina
erisimini artirmasi ve surdurulebilir finansman altyapisini
guclendirmesi bekleniyor. Turkiye'nin net sifir emisyon ve
surdurulebilir kalkinma hedefleri dogrultusunda yuritulecek
proje, 5nUmuUzdeki donemde iklim yatirnimlarinin artirilmasi
ve yesil ddnusum surecinin hizlandiriimasi agisindan onemli

bir kilometre tagi olarak goruluyor.

Il Finanemans Ewosigtaminge Finanss
ftigh Vi i we P

One of the key areas of focus in these efforts is the
development of a National Climate Finance Strategy.
In addition, taxonomy studies will be supported, which
are of great importance in defining green investments
in the financial sector. The project will involve not only
development of policies and strategies but also capacity-
building activities. Training programs, workshops, and
technical support activities will be organized for public
institutions, financial institutions, and relevant stakeholders.
Additionally, pilot projects will be developed to support the
effective use of climate funds, and contributions will be
made to the creation of pools of investable green projects.

According to experts, climate finance is crucial not only
for achieving environmental goals but also for accelerating
economic transformation. In particular, green bonds, hybrid
financing models, and innovative financial instruments provide
significant opportunities for countries seeking to achieve their
low-carbon development goals. For the project, activities to
be carried out are expected to improve Turkiye's access to
international climate finance resources and strengthen its
sustainable financing infrastructure. In line with Turkiye's
net-zero emissions and sustainable development goals, the
project is regarded as an important milestone in terms of
increasing climate investments and accelerating the green
tronsformation process in the coming period.

I
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COP31 Yolunda Yeni Hedet: Diinyada Elektrigin
Pay1 %35’e Cikacak

Birlesmig Milletler iklim Degisikligi Cerceve Sozlegmesi
kapsaminda her yil duzenlenen Bonn Iklim Degisikligi
Konferansi, Ulkelerin kasim ayinda gergeklestirilecek
31Taraflar Konferansi (COP) oncesinde muzakere gindemini
sekillendirdigi en 6nemli hazirlik platformlarindan biri olarak
kabul ediliyor. Almanyanin Bann kentinde 8-18 Haziran 2026
tarihleri arasinda duzenlenen konferans, bu yil Antalya'da
gerceklestirilecek COP31 Zirvesi dncesinde kritik kararlarin
ve hedeflerin duyuruldugu bir bulusmaya donustu.

Konferansin en dikkat gekici gelismelerinden biri COP31
Baskanligi tarafindan agiklanan kuresel elektrifikasyon
hedefi oldu. Cevre, Sehircilik ve Iklim Degisikligi Bakani
ve COP31 Baskani Murat Kurum, dunyada nihai enerji
tUketimi icerisinde elektrigin payinin mevcut seviyenin
Uzerine gikarilarak 2035 yilina kadar %35'e ulastiriimasini
hedeflediklerini agikladi. Bugun kuresel enerji talebinin
yalnizca beste biri elektrikle karsilanirken, yeni hedef bu
oranin 6Gnumuzdeki on yiliginde 6nemli ¢lgude artiriimasini
ongoruyor.

Bakan Kurum, ulasim, sanayi ve binalar basta clmak Uzere
birgok sektorde fosil yakit kullanimindan temiz elektrik
kullanimina gegisin hizlandinilmasi gerektigini vurguladi.
Elektrifikasyonun yalnizca emisyon azaltimi acisindan
degil, enerji guvenligi ve ekonomik dayaniklilik agisindan da
kritik onem tasidigina dikkat geken Kurum, Ulkelerin enerji
piyasalarindaki dalgalanmalardan daha az etkilenebilmesi
icin temiz enerji donusumunun hizlandirimasi gerektigini
ifade etti.

COP31Bagkanligi tarafindan aciklanan yeni eylem gundemi
yalnizca elektrifikasyonla sinirli kalmadi. Antalya’'da
gerceklestirilecek zirveye giden suregte U¢ temel kiresel
hedef on plana gikarildi. Bunlardan ilki 2035 yilina kadar
elektrigin enerji tuketimindeki payini %35'e cikarmak olurken,
ikinci hedef kuresel atik artisini yari yariya azaltmak, UgUncu
hedef ise bina sektdrinde enerji tuketim yogunlugunu en
az %25 dusurmek olarak belirlendi.
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The Bonn Climate Change Conference, held annually under
the United Nations Framework Convention on Climate Change,
is considered one of the most critical preparatory platforms
where countries finalize their negotiating agenda chead of the
31st Conference of the Parties (COP)] to be held in November.
The conference, held in Bonn, Germany, between 8-18 June
2026, turned into g meeting where critical decisions and
goals were announced before the COP31 Summit to be held
in Antalya this year.

One of the most notable developments of the conference
was the global electrification target announced by the COP31
Presidency. Murat Kurum, the Minister of Environment,
Urbanization and Climate Change and President of COP37,
announced that they intend to increase the share of electricity
in final energy consumption worldwide to 35% by 2035,
exceeding the current level. Today, only one-fifth of global
energy demand is met by electricity, but the new target is
conceived to provide a significant increase in this rate within
the next decade.

The Minister Kurum underlined the need to accelerate the
transition from use of fossil fuels to clean electricity in many
industries, particularly transportation, industry, and building.
Highlighting that electrification is critical not only for emission
reduction but also for energy security and economic resilience,
Kurum noted that countries need to accelerate the clean
energy transition so that they are less affected by fluctuations
in energy markets.

The new action agenda announced by the COP31 Presidency
was not about electrification alone. Three key global goals
were highlighted in the run-up to the summit to be held in
Antalya. The first is to increase the share of electricity in
energy consumption to 35% by 2035, the second is to reduce
the increase in global waste by half, and the third is to reduce
energy consumption intensity in the building industry by at
least 25%.



Ozellikle Sifir Atik yaklagiminin COP371gindemine taginmas,
Bonn'daki gorusmelerin 6ne gikan basliklarindan biri oldu.
Baskanlik tarafindan agiklanan verilere gore gida atiklari tek
basina kuresel sera gazi emisyonlarinin yaklasik %10'unu
olusturuyor. Atk sektorunden kaynaklanan metan emisyonlar
yer aliyor. Bu nedenle COP31 surecinde dangusel ekanomi,
atik azaltimi ve kaynak verimliligi konularinin muzakerelerin
merkezinde yer almasi hedefleniyor.

Bonn'da agiklanan girisim kapsaminda COP31 Bagkanlgi,
hedeflerin uygulanabilirligini ortaya koymak amaciyla
Uluslararasi Enerji Ajansi [EA] ile de is birligi baglatti. Kurum,
IEA tarafindan hazirlanacak 0zel raporlarla elektrifikasyon
hedefinin nasil gergeklestirilebilecedinin ve atik azaltiminin
saglayacagl ekonomik ve gevresel faydalarin ortaya
kanacagini belirtti. Boylece Antalya'da duzenlenecek COP31
Zirvesine kadar Ulkelerin 5nUne somutyol haritalar sunulmasi
amaglaniyor. Bonn Konferansinda verilen ortak mesaj, iklim
hedeflerine ulasabilmek icin yenilenebilir enerjiyatinmiarinin
tek basina yeterli olmadigi yonunde oldu. Uzmanlar ve
uluslararasi kuruluslar, elektrifikasyonun enerjidonusumunun
en etkili araglarindan biri olduguna dikkat gekerken, temiz
elektrigin ulasim, sanayi ve gunluk yasamin tUm alanlarina
yaylimasinin hem enerji maliyetlerini dusurecedini hem de

fosil yakitlara bagimiiligi azaltacagini vurguladi.

Antalya'da duzenlenecek COP31 Zirvesi'ne dogru
ilerlerken Bonn'da agiklanan bu hedefler, Turkiye'nin iklim
diplomasisindeki rolunu guglendirirken ayni zamanda kuresel
iklim eyleminin uygulanmasina yonelik somut adimlarin da
habercisi olarak degerlendiriliyor. Elektrifikasyon, sifir atik
ve direncli sehirler ekseninde sekillenen yeni yaklasimin,
COP31muzakerelerinin en dnemli gundem maddeleri arasinda

yer almasi bekleniyor.

In particular, the inclusion of the Zero Waste approach in
the COP31 agenda was one of the prominent topics of the
discussions in Bonn. According to data released by the
Presidency, food waste alone accounts for approximately
10% of global greenhouse gas emissions. Methane emissions
from the waste industry are one of the most significant factors
accelerating climate change. For this reason, it is intended
that the topics of the circular economy, waste reduction, and
resource efficiency to be at the heart of the negotiations
during the COP31 process.

As part of the initiative announced in Bonn, the COP31
Presidency has also entered into a cooperation with the
International Energy Agency (IEA] to demonstrate the
feasibility of the goals. The Minister Kurum stated that special
reports to be prepared by the IEA would reveal how the
electrification goal could be achieved and the economic and
environmental benefits of waste reduction. So, the aim is to
present countries with concrete roadmaps before the COP31
Summit to be held in Antalya. The common message from the
Bonn Conference was that renewable energy investments
alone are not sufficient to achieve climate goals. Experts and
international organizations point out that electrification is one
of the most effective tools for energy transition, underlining
that extending clean electricity to all areas of transportation,
industry, and daily life would both reduce energy costs and

decrease dependence on fossil fuels.

As we move towards the COP31Summit to be held in Antalyg,
those goals announced in Bonn strengthen Turkiye's role in
climate diplomacy, as well as they are considered to be a
precursor of the concrete steps into implementation of global
climate action. The new approach, built around electrification,
zero waste, and resilient cities, is expected to be among the

mostimportant agenda items of the COP31 negotiations.
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Londra Iklim Eylem Haftasi nda Tirkiyenin [klim
Diplomasisi One Cikti

Tiirkiyes climate diplomacy is highlighted at London
Climate Action Week

Dunyanin en kapsaml
bagimsiz iklim etkinliklerinden
biri olarak kabul edilen Londra
Iklim Eylem Haftasi (Londan
Climate Action WeekK), iklim
degisikligiyle mucadeleye
yonelik kiresel is birliklerini
gucglendirmek amaciyla
her yil kamu, 6zel sektdr,
finans dunyasl, akademi ve
sivil toplum temsilcilerini
bir araya getiriyor. Bu yll
yedincisi duzenlenen etkinlik,
21-29 Haziran 2026 tarihleri
arasinda duzenlendi. Dokuz
gun boyunca yuzlerce panel, zirve, ¢alistay ve yan etkinlige
ev sahipligi yapan organizasyon, Birlesmis Milletler Iklim
Degisikligi Cerceve Sozlesmesi (UNFCCC) kapsamindaki
kuresel iklim hedeflerine katki sunan en dnemli uluslararasi
bulusmalardan biri olarak 6ne ¢ikiyor.

Bu yilki programin odak noktalari arasinda iklim finansman,
enerji donusumy, iklim direngli sehirler, doga temelli gozumler
ve dongusel ekonomi yer alirken, Turkiye de etkinlikte iklim
politikalar ve surdurulebilir kalkinma vizyonuyla dikkat
ceken Ulkeler arasinda bulundu. Cevre, Sehircilik ve IKlim
Degisikligi Bakani Murat Kurum, Ust duzey toplanti ve
panellere katilarak Turkiye'nin iklim vizyonunu uluslararasi
kamuoyuyla paylasti. Kurum, iklim krizinin artik gelecegin degil
bugunun sorunu oldugunu vurgulayarak, dunyanin birgok
bolgesinde yasanan asir hava olaylarinin, kurakliklarin, sellerin
ve dogal afetlerin ortak bir mUcadeleyi zorunlu kildigini ifade
etti. Bakan Kurum, iklim degisikligiyle mucadelede yalnizca
hedef belirlemenin yeterli olmadidin, somut uygulamalarin
ve guglu finansman mekanizmalarinin da hayata gegirilmesi
gerektigini belirtti. Ozellikle gelismekte olan Ulkelerin iklim
finansmanina erisiminin artirimasinin dnemine dikkat geken
Kurum, kuresel dayanismanin guglendirilmesi ¢agrisinda
bulundu.
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Considered one of the
world's most comprehensive
independent climate events,
the London Climate Action
Week brings together
representatives from the
public and private sectors,
finance, academia, and
civil society each year
to strengthen global
collaborations to combat
climate change. This year's
event was the seventh of
them and took place between
June 27 and June 29, 2026.
Hosting hundreds of panels, summits, workshops, and side
events over nine days, the event stands out as one of the
most important international gatherings that contribute to
global climate goals under the United Nations Framework
Convention on Climate Change (UNFCCC).

This year's program focused on climate finance, energy
transition, climate-resilient cities, nature-based solutions, and
the circular economy, and Turkiye was among the countries
that attracted attention at the event for its climate policies
and its vision of sustainable development Murat Kurum, the
Minister of Environment, Urbanization and Climate Change
attended high-level meetings and panels to share Turkiye's
climate vision with the international public. Kurum emphasized
that the climate crisis is no longer a problem of the future,
but of today, stating that extreme weather events, droughts,
floods, and natural disasters experienced in many parts of
the world necessitate a joint effort. The Minister Kurum noted
that setting targets alone is not enough in the fight against
climate change; adding concrete steps must be taken and
strong financing mechanisms must be implemented as well
Underlining the importance of improving access to climate
finance, particularly for developing countries, Kurum called
for strengthening global solidarity.



Londra'daki temaslarda Turkiye'nin COP31Iklim Zirvesine
ev sahipligi de gundeme geldi. Kurum, Turkiye'nin iklim
diplomasisinde aktif bir rol Ustlendigini belirterek, COP37in
iklim eylemlerinin hizlandiriimasi ve Ulkeler arasinda daha
guclu is birliklerinin kurulmasi agisindan 6nemli bir firsat
olacagini sayledi. Turkiye'nin surdurudlebilir kalkinma hedefleri
dogrultusunda yesil donusum, enerji verimliligi ve iklim direncli
sehirler konusunda galismalarini kararlilikla surdurdogunu
vurgulad.

Etkinliklerin 6ne ¢ikan basliklarindan biri ise Sifir Atik
yaklasimi oldu. Kuresel dlgekte karsilik bulan Sifir Atik
hareketi, Londra Iklim Eylem Haftas kapsaminda dizenlenen
cesitli oturumlarda ornek uygulamalar arasinda gosterildi.
Kaynaklarin verimli kullaniimasi, atik olusumunun onlenmesi
ve dongusel ekonomi modellerinin yayginlastirimasi gibi
konular, iklim politikalarinin ayrilmaz bir pargasi olarak ele
alindi. Hafta boyunca gerceklestirilen gorusmelerde, atik
yonetiminin yalnizca cevresel bir mesele olmadigl; ayni
zamanda ekonomik kalkinma, kaynak guvenligi ve iklim
dedisikligiyle mucadele agisindan stratejik dnem tasidigi
vurgulandi. Bu kapsamda Turkiye'nin Sifir Atik modeli, bircok
Ulke tarafindan dikkatle takip edilen basarili uygulamalar
arasinda yer ald.

Londra'da verilen ortak mesaj ise oldukga netti: Kuresel
sicaklik artisini sinirlandirmak ve iklim krizinin etkilerini
azaltmak icin hukumetler, 6zel sektor ve toplumun tum
kesimleri birlikte hareket etmek zorunda. Turkiye de
bu suUrecte hem iklim diplomasisi hem de Sifir Atik gibi
oncu projeleriyle uluslararasi is birliklerini guglendirmeyi
ve surdurulebilir bir gelecek icin somut adimlar atmay!
surduruyor. Londra Iklim Eylem Haftasinda ortaya konan
gorusler, 6numuzdeki donemde gergeklestirilecek COP31
sureci igin 6nemli bir hazirlik nitelidi tasirken, Turkiye'nin
kuresel iklim gundemindeki etkin rolund bir kez daha gozler
onune serdi.

Referanslar / References:
https://cop31.tr/news/bonn-electrification-target-2026

During the discussions in London, Turkiye's hosting of the
COP31 Climate Summit was also mentioned. Kurum said
that Turkiye played on active role in climate diplomacy
and that COP37 would be an important opportunity
to accelerate climate actions and establish stronger
cooperation among countries. He highlighted that Turkiye
is resolutely continuing its efforts in green transformation,
energy efficiency, and climate-resilient cities in line with its
sustainable development goals.

One of the highlights of the event was the Zero Waste
approach. The Zero Waste movement, which has gained
traction on a global scale, was presented as a model
practice in various sessions held as part of London
Climate Action Week. Issues such as the efficient use of
resources, the prevention of waste generation, and the
promotion of circular economy models were addressed as
an integral part of climate policies. During the discussions
held throughout the week, it was underlined that waste
management is not merely an environmental issue, but
also holds strategic importance in terms of economic
development, resource security, and combating climate
change. In this context, Turkiye's Zero Waste model has
become one of the successful practices closely followed
by many countries.

The common message delivered in London was quite clear:
Governments, the private sector, and all segments of society
must work together to limit global temperature increase and
mitigate the effects of the climate crisis. Turkiye, through its
pioneering projects such as the Zero Waste and the climate
diplomacy, continues to foster international collaborations
and take concrete steps into a sustainable future. The
views expressed at London Climate Action Week serve as
important preparation process for the upcoming COP37,
and once again highlight Turkiye's active role in the global
climate ogenda.

https://iklim.gov.tr/londra-iklim-eylem-haftasi-basladi-haber-4945
https:/iklim.gov.tr/ulusal-iklim-finansmani-kapasitesinin-guclendiriimesi-projesi-basladi-haber-4934
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Akgansa'ya Altin Cekul'de Cifte Odul
Akcansa Receives Two Awards at Altin Cekiil (Golden Plumb)

AKCANGLD

Akgansa, 31 Altin Cekul Uluslararasi Yapi Katalogu Odulleri
kapsaminda iki ayri kategoride Tesvik OdulU kazanarak

onemli bir basariya imza atti.

Sirket, lletisim ve Pazarlama Kategorisi Toplumsal Sosuyal
Sorumluluk Alt Kategorisinde Yapay Resif projesiyle; Caremix
Urunuyle de 'Yapida Yenilikgi Urin Kategorisinde Tegvik

0Oduli'nun sahibi oldu.

Akgansa, ‘Gelecek icin sorumlu galisma’ ilkesiyle cevresel
etkinin azaltiimasindan toplumsal fayda saglamaya kadar

genis ve kapsamli olumlu etki yaratmaya odaklaniyor.

Sirketin biyocesitliligi desteklemek Uzere Marmara Adasi
Gundogdu Koyu Kalkindirma ve Guzellestirme Dernegi is
birliginde hayata gecirdigi ‘Marmara Adalari Yapay Resif
Projesi’ bu yil 31'si duzenlenen Altun Cekul Uluslararasi Yapi
Katalogu Odulleri kapsaminda ‘lletisim ve Pazarlama Kategorisi
- Toplumsal Sasyal Sorumluluk Alt Kategorisi'nde Tesvik

0dulu'ne layik gorildy. Deniz ekosisteminin korunmasing
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Akcansa has achieved a significant success and has
been granted two Encouragement Awards in two different
categories at the 31 Golden Plumb International Building
Catalog Awards.

The company received an Encouragement Award in the
Subcategory "Social Responsibility of Communication and
Marketing Category” for its Artificial Reef project and also
in the “Innovative Product in Construction Category” for its
Caremix product.

Akgansa, guided by its principle of “Working responsibly for
the future’, focuses on creating a broad and comprehensive
positive impact, from reducing environmental impacts to
providing social benefits.

To support biodiversity, the ‘Marmara Islonds Artificial Reef
Project’, implemented by the company in collaboration with
the Marmara Islands Gundogdu Village's Development and
Beautification Association, was gronted an Encouragement
Award in the Subcategory “Social Responsibility of
Communication and Marketing Category” at the 37 Golden



katki saglamayi amaglayan proje, cevresel surdurulebilirlige

yonelik yenilikei yaklagimiyla juri tarafindan takdir edildi.

Akgansa ayrica Caremix Grunutyle Yapida Yenilikei Urin
Kategorisi'nde Tesvik Odulu kazanarak, Urun gelistirme
ve inovasyon alanindaki ¢calismalarinin basarisini ortaya
koydu. Belirli arandaki cimentonun, kalker filleri (cok ince
boyuttaki kirma kum) ile yer degistirdigi bir beton olan
Caremix, yapi sektorunde katma deger yaratan yonuyle

farklilasiyor.

Plumb International Building Catalog Awards this year. With
the intention of contributing to the protection of the marine
ecosystemn, the project was appreciated by the jury for its
innovative approach to environmental sustainability.

Akgcansa also won an Encouragement Award in the
Innovative Product Category in Construction for its Caremix
product, demonstrating the success of its efforts in product
development and innovation. Caremix, a concrete in which a
certain percentage of cement is replaced by limestone fillers
(very finely crushed sand), differentiates in the construction
industry with its value-added properties.
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Oyak Cimento, 2026'min Ilk Ceyreginde de
Operasyonel Karliligin Korudu

(ovak) ‘ CiMENTO

OYAK Cimento, 2026 yili birinci
ceyrek finansal sonuclariniagiklad!.
Yilinilk aylarinda etkili olan olumsuz
hava kosullari, deprem bolgesi
basta olmak Uzere i¢ pazardaki
yavaslama, mevsimsellik etkisi
ve sektor genelinde artan maliyet
baskilarina ragmen OYAK Cimento,
%24 FAVOK marjiile sektordekilider
konumunu surdUrerek yatinmcising
guven verdi.

2026 ninilk ceyreginde 10,7 milyar
TL net satig geliri elde eden Sirket,
sektorel gorunume paralel hacim
daralmasina ve ozellikle komsu
cografyalarda yasanan askeri ve
siyasi gelismelerin enerji maliyetleri
Uzerinde yarattigl baskiya ragmen, mevcut olgegiyle
sektordeki en yuksek FAVOK marjini (%24) elde ederek,
2,6 milyar TL FAVOK acikladi.

OYAK Cimento, 2026 yili ilk geyrek finansal sonuclarini
Kamuyu Aydinlatma Platformuna (KAP) agikladi. Agiklanan
verilere gore sirket, 2026 yililk geyrekte toplam 10,7 milyar
TL net satis rakamina ulast. 2026'nin ilk ceyreginde sektor
genelinde talep tarafinda daha temkinli bir gorunum one
cikarken, OYAK Cimento yaygin tesis agi ve etkin lojistik
kabiliyeti sayesinde faaliyetlerini dengeli sekilde surdurdu.
Sirket, degisen piyasa dinamiklerine hizll uyum saglayabilen
yonetim madeli ve etkili gider yonetimi sayesinde operasyonel
olarak karlihgini korudu.

Ozellikle enerji verimliligi, alternatif yakit kullanim, dijitallesme
ve Uretim optimizasyonuna dair attigi adimlarla sektore yon
veren ve liderlik eden Sirket, 2,6 miluar TL FAVOK ve %24
FAVOK marji ile ik geyredi tamamladi.

Ote yandan, Turkiye'de bir sanayi Ureticisi tarafindan tek

bir lokasyonda ve 0z tuketim amaciyla hayata gegirilen
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OYAK Cimento announced its financial
results for the first quarter of 2026.
Despite adverse weather conditions
in the early months of the year, a
slowdown in the domestic market,
particularly in the earthquake-
stricken region, seasonality effects,
and increasing cost pressures across
the industry, OYAK Cimento maintained
its leading position in the industry
with a 24% EBITDA margin, instilling
confidence in its investors.

The Company generated a net sales
revenue of TL 107 billion in the first quarter
of 2026, and, despite a contraction in
volume in line with the sectoral outlook
and the pressure on energy costs created
by militory ond political developments in neighboring regions, the
Company achieved the highest EBITDA margin in the industry
(P49) with its current scale, reporting an EBITDA of TL 26 billion.

OYAK Cimento announced its financial results for the first
quarter of 2026 in the Public Disclosure Platform (KAP)
According to the data disclosed, the Company achieved total
net sales of TL 10.7 billion in the first quarter of 2026. While a
more cautious outlook prevailed on the demand side across the
industry in the first quarter of 2026, OYAK Cimento maintained
its operations in a balonced manner due to its widespread
network of plants and efficient logistics capabilities. Because
of its managerment model that can quickly adapt to changing
market dynamics and its effective expense management, the
Company has maintained its operational profitability.

The Company leads and steers the industry especially with its
steps in energy efficiency, use of alternative fuels, digitalization
and production optimization, completing the first quarter with
EBITDA of TL 26 billion and an EBITDA margin of 24%.

On the other hand, the Company put into operation the Ankara
Beypazan Solar Power Plont in April — a project that is the



en buyuk yenilenebilir enerji projesi olma ozellidini tasiyan,
olgedi ve niteligi itibariyla da gimento sektorunde benzeri
bulunmayan Ankara Beypazari Gunes Enerjisi Santralini
Nisan ayinda devreye alan sirket, bu yatinmi sayesinde
toplam yenilenebilir enerji kullanim oranini %25'e gikararak

ikinci ceyrek ve yilin geri kalanr igin umut verdi.

“Disiplinli Maliyet Yonetimi Anlayisimiz
Sayesinde Sektorde Pozitif

Yénde Ayristik”

OYAK Cimento Yonetim Kurulu = .
Baskan Yardimcisi ve CIMPOR Global
CFO'su Eralp TUNCSOY, ilk ceyrek
sonuglarina iligkin su degerlendirmede
bulundu: "2026'nin ik ceyredinde,

AR &l @

mevsim normallerine kiyasla %33,
bir 6nceki seneye kiyasla da %100
artan bir yagis gorduk. Bu durum,
deprem balgesinde azalmaya
baslayan talep ve bolgede yasanan
jeopolitik gelismeler kaynakli artan
enerji maliyetleriyle de birleserek,
sektor genelinde karliliklari olumsuz
etkiledi. Ancak bu donemde dahi, %24
marjla operasyonlarini surdiren OYAK
Cimento, disiplinli maliyet yonetimi
sayesinde sektordeki en yuksek marjlari elde etmeye
devam etti. Bizler, bir yandan mevcut operasyonlarimizdaki
verimliligi artirmaya devam ederken, diger yandan uzun
vadeli buyume ve surdurulebilirlik hedeflerimize odaklanmaya
devam ediyoruz. Zira Nisan ayinda tam kapasite devreye
aldigimiz 115 MW buyuklugundeki Beypazari GUnes Enerjisi
Santrali yatinmimiz, yalnizca enerji maliyetlerimizi optimize
eden bir proje degil; ayni zamanda karbon notr yolculugumuz
acisindan da stratejik bir esik niteligi tagiyor. Oz tiketim
amaciyla hayata gecirilen en buyuk yenilenebilir enerji
projesi olma ozelligi tasiyan bu santral, tesislerimizin
toplam enerji kullaniminda yenilenebilir enerji payini %25
yUkseltecek. Alternatif yakit kullanimindaki guglu seviyemiz
ve yenilenebilir enerji yatinmlarimiz, bizi operasyonel
anlamda sektorde ayristiran en onemli basliklar arasinda
yer almaya devam edecek. TCC ve OYAK'In butunlesik
sinerjisi ile CIMPOR'un global dlgekteki bilgi birikimi, OYAK
Cimento'ya hem finansal gug hem de stratejik hareket alani
kazandirdi ve kazandirmaya da devam edecek. Onimizdeki
donemde de ilk geyrekte yasanilan olumsuzluklar telafi
ederek, yilin baginda belirledigimiz sene sonu hedeflerimizi

gerceklestirebilmek icin tum gayreti gosterecegiz.”

-
-

largest renewable energy project implemented by an industrial
producer in Turkiye at a single location and for self-consumption
purposes, and which is unparalleled in the cement industry for
its scale and quality - has increased its total renewable energy
usage rate to 25% through this investment, giving hope for the

second quarter and the rest of the year.

“Because of our disciplined cost management
approach, we have managed to positively
differentiate ourselves in the industry.”

Eralp TUNCSOY, Vice Chairman of the
Board of Directors of OYAK Cimento
and CFO of CIMPOR Global. provided

remarks on the results for the first

& quarter: “In the first quarter of 2026,

we experienced a rainfall that was
33% higher than seasonal averages
and 100% higher than the previous
year. This, combined with declining
demand in the earthquake-affected
region and rising energy costs due
to geopolitical developments in the
areq, negatively impacted profitability
across the industry. However, even
during this period, OYAK Cimento—
which continued to operate with a
24% margin—managed to achieve the highest margins in
the industry because of its disciplined cost management.
While we continue to improve efficiency in our current
operations, we also remain focused on our long-term growth
and sustainability goals. In fact, our investment in 715 MW
Beypazarn Solar Power Plant, which we put into operation
at full capacity in April, is not only a project that optimizes
our energy costs but also represents a strategic milestone
in our carbon neutrality efforts. This power plant, which is
the largest renewable energy project implemented for self-
consumption, will increase the share of renewable energy in
the total use of energy by our plants to 25%. Our strong use
of alternative fuels and our investments in renewable energy
will continue to be among the most important factors that
differentiate us operationally in the sector. The integrated
synergy of TCC and OYAK, combined with CIMPOR's global
know-how, has provided and will continue to provide OYAK
Cimento with both financial strength and room for strategic
moves. In the coming period, we will make every effort
to compensate for the setbacks experienced in the first
quarter and to achieve our year-end targets that we set at

the beginning of the year”
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“Surdirulebilir Buyime Yaklasimimizi ilk
Ceyrekte de Koruduk”

QYAK Cimento Ulke CEQ'su Murat Selaise 2026 yiliilk geyrek
performansina iliskin su gorusleri paylasti: "2026'nin ilk
ceyreginde sektor genelinde daha temkinli bir talep ortam
one ¢ikmasina ragmen, OYAK Cimento clarak operasyonel
gUcUmuzu ve surdurulebilir buyume yaklasimimizi korumayi
basardik. TUrkiye'nin yedi bolgesine yayilan entegre tesis
agimiz, gUglu saha organizasyonumuz ve Uretim kabiliyetimiz
sayesinde degisen piyasa kosullarina hizll uyum saglayarak
faaliyetlerimizi kesintisiz sekilde surdurduk. Bugun geldigimiz
noktada OYAK Cimento’nun en onemli fark yaratan
alanlarindan biri; verimlilik, dijitallesme, surdurulebilirlik ve
operasyonel optimizasyon basliklariniayni anda yonetebilen
butuncul is modeli. Ozellikle enerji verimliligi ve alternatif
yakrtkullanimina yonelik galismalarimiz, maliyet yénetimimizi
desteklerken gevresel hedeflerimiz agisindan da Gnemli katki
saglyor. ilk geyrekte ihracat hacmimizde yakaladigimiz artis
da operasyonel esnekligimizin ve genis cografyalara erisim
kabiliyetimizin dnemli gdstergelerinden biri oldu. Ontmuzdeki
donemde de TUrkiye ekonomisine, Uretime ve surdurulebilir
buyumeye duydugumuz guvenle yatinmlarimiza ve dondsum
projelerimize kararlilikla devam edecegiz

“We have maintained our approach to
sustainable growth in the first quarter as well”

Murat Selg, Country CEO of OYAK Cimento, provided remarks
on the performance in the first quarter of 2026: "Despite a
more cautious demand environment across the industry in
the first quarter of 2026, OYAK Cimento has managed to
maintain its operational strength and sustainable growth
approach. With our integrated network of plants spread
across seven regions of Turkiye, our strong field organization,
and our production capabilities, we have been able to adapt
quickly to changing market conditions and continue our
operations uninterrupted. Today, one of the most important
differentiating factors for OYAK Cimento is its holistic
business model, which simultaneously manages efficiency,
digitalization, sustainability, and operational optimization. Our
efforts, particularly those focused on energy efficiency and
the use of alternative fuels, boost our cost management while
also making a significant contribution to our environmental
goals. The improvement in our export volume in the first
quarter was also a key indicator of our operational flexibility
and our ability to reach wide geographical areas. In the coming
period. we will continue our investments and transformation
projects with determination, with the confidence we have in
the Turkish economy, production, and sustainable growth.”

Seza Cimento, Elazig Ingaat Fuari'nda
Sektor Profesyonelleriyle Bulustu

5

Seza Cimento, alaninda bolgenin en kapsamli fuari olan
Elazi§ Ingaat Fuarina katildi. Fuarda insaat ve gayrimenkul
sektorunun temsilcileri ile bir araya gelen Seza Cimento
yetkilileri, gri cimentanun yani sira dusuk karbonlu yesil
¢imento Urdnlerini de tanittl.

Prof. Dr. Yasemin Acgik: “Sektorun ihtiyaglarini
dogrudan dinledik”

Fuari dederlendiren Seza Cimenta Yonetim Kurulu Baskani
Prof. Dr. Yasemin Acik, “Seza Cimento olarak Elazig'da
uretmenin, bu sehirde deger yaratmanin ve bolgenin
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Seza Cimento participated in the Elozig Construction Expo,
the most comprehensive fair in the region in the field. At
the Expo, the representatives from Seza Cimento met with
representatives of the construction and real estate industries
and introduced their grey cement products as well as their
low-carbon green cement products.

Prof. Dr. Yasemin Acik- “We listened directly to
the needs of the industry.”

Seza Cimento's Chairman of the Board Prof. Dr. Yasermnin Agik
evaluated the Expo: ‘At Seza Cimento, we bear the responsibility



kalkinmasina katki sunmanin sorumlulugunu tasiyoruz.
Elazi§ insaat Fuari da UrUnlerimizi tanitmanin yani sira
sektorunihtiyaglarinidogrudan dinledigimiz, yeni baglantilar
kurdugumuz ve 6numuzdeki donem igin guglu is birliklerinin
temelini attigimiz bir bulusma noktasi oldu. Bu degerli
organizasyonun hayata gecirimesinde emegdi gecen Elazig
Belediyesi'ne, fuar organizasyon ekibine ve standimizi
ziyaret eden sehir yoneticilerine ve tum sektor temsilcilerine
tesekkur ediyorum” dedi.

10 yildir Elazig'dan dinyaya ulasiyor

2016 yilinda Baskil'de kurulan ve bu yil 10'uncu yasini
kutlayan Seza Cimento'da gunde 5.500 ton Klinker ve
7.500 ton gimento Uretimi gergeklestiriliyor. Endustri 4.0
odaginda kurulan fabrikada Robolab, SCADA ve Expert
sistemleriyle Uretim suregleri izlenebilir, kontrol edilebilir
ve surdurulebilir kalite anlayisiyla yonetiliyor. Sirket, tum
gri cimento tuUrlerini Uretmesinin yani sira yesil cimento
Urunleriyle de dusuk karbonlu tretim modeline odaklaniyor.

2030a kadar tamamen dijital, dusUk karbonlu ve rekabet
gucu yuksek bir uretim modeline gecmeyi hedefleyen
Seza Gimento, yenilenebilir enerji, Ar-Ge, dijitallesme ve
yesil dondsum yatinimlariyla Elazi§'dan dunyaya uzanan
guclu bir sanayi madeli olusturuyor. GUNUMUZ itibariyla 22
ulkeye ihracat gerceklestiren Seza Cimento, basta bolge
olmak Uzere yurtici pazarinin gelisimine de katki sagliyor.

for manufacturing in Elozig, creating value for this city, and
contributing to the development of the region. The Elazij
Construction Expo served as a meeting point where, in addition
to showcasing our products, we directly listened to the needs
of the industry, established new connections, and laid the
foundation for strong collaborations for the future. | would like
to thank Elazig Municipality, the team organizing the expo, and
the city officials and all representatives who visited our booth
for their efforts in making this valuable event a reality.”

It has been exporting to the globe from Elazi§
for 10 years

Seza Cimento, incorporated in Baskil in 2016 and celebrating
its 10th anniversary this year, manufactures 5,500 tons of
clinker and 7500 tons of cement per day. In this factory,
buift with a focus on Industry 4.0, manufacturing processes
are monitored, controlled, and managed with a sustainable
quality opproach using RobolLab, SCADA, and Expert systemns.
In addition to manufacturing all types of grey cement, the
company also focuses on a low-carbon production model
with its green cement products.

Intending to transition to a fully digital, low-carbon, and highly
competitive production model by 2030, Seza Cimento is
creating a strong industrial model extending from Elazi§ to
the world through its investments in renewable energy, R&D,
digitalization, and green transformation. Currently exporting to
22 countries, Seza Cimento contributes to the development
of the domestic market, especially in the region.
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(imko'dan Enerji Dontstimii ve Alternatif Yakat
Kullanimima Yonelik Adimlar

Cimko, gcevresel, sosyal ve yonetisim
alanlarindaki performansini, stratejik
onceliklerini ve hedeflerini kamuoyuyla
paylastidi “Bizimle guglenir” temal 2025
Surdurulebilirlik Raporu'nu yaymlad.
Seffaflik ve hesap verebilirlik ilkeleri
dogrultusunda Turkiye Surdurlebilirlik
Raporlama Standartlari (TSRS) dikkate
alinarak ve Kuresel Raporlama Girigimi
(GRI) Standartlar’na uygun olarak
hazirlanan raporda, Cimka'nun karbon
yonetimi, enerji donusumu, dijital Uretim
teknalgjileri, sosyal sorumluluk projeler,
is saghgr ve guvenligi gibi basliklarda
yUuruttugu somut uygulamalars,
performans gostergelerine ve gelecek

hedeflerine yer verildi.

“Surdurulebilirligi, rekabet gucimzd artiran
stratejik bir unsur olarak konumlandiriyoruz”

Cimento sektorunun yuksek enerjiihtiyaci ve karbon yogun
Uretim yapisina dikkat geken Cimko CEQ'su Dr. Onder Kircs,
2025 yili, surdurulebilirlik alaninda attigimiz adimlari daha
sistematik, dlgulebilir ve entegre bir yapiya kavusturdugumuz
bir dénem oldu. Hayata gegirdigimiz uygulamalarla Uretim
sureclerimizde fosil yakitlara clan bagimliligi azaltirken
alternatif yakit kullanimini artirdik. Atik 1si geri kazanim
sistemlerimiz sayesinde Uretimden acida ¢ikan enerjinin
yeniden degerlendirimesine katki sagladik. Kiresel dlgekte
dedisen regulasyonlar ve dzellikle sinirda karbon dizenlemeleri
dogrultusunda, is modelimizi dedisen gerekliliklere uyumlu
hale getirmeye yonelik calismalarimizi surduruyoruz. Bu
kapsamda surdUrulebilirligi, rekabet glcUmuzu ve operasyonel
dayanikliigimizi destekleyen stratejik bir unsur olarak

degerlendiriyoruz” dedi.
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Cimko has published its 2025
Sustainability Report, themed
'Strengthened by Us," in which
it provides its performance
in environmental, social, and
governance areas, as well as its
strategic priorities and goals, with
the public. This report is prepared
in accordance with the principles
of transparency and accountability,
taking into account the Turkish
Sustainable Reporting Standards
(TSRS) and the Global Reporting
Initiative (GRI) Standards, including
Cimko's concrete practices,
performance indicators, and
future goals in areas such as
carbon management, energy transition, digital production
technologies, social responsibility projects, and occupational
health and safety.

“We position sustainability as a strategic element
that enhances our competitiveness.”

Highlighting the cement industry's high energy demand
and carbon-intensive manufacturing processes, Cimko's
CEO Dr. Onder Kirca said, "2025 was a period in which we
made the steps we took in the field of sustainability more
systematic, measurable, and integrated. With the practices
we have implemented, we have reduced the dependence
on fossil fuels in our manufacturing processes and
increased the use of alternative fuels. Through our waste
heat recovery systems, we have contributed to the reuse
of the energy released from production. In light of changing
global regulations, particularly the carbon border adjustment
mechanism, we are continuing our efforts to adapt our
business model to evolving requirements. In this context,
we consider sustainability a strategic element that supports
our competitiveness and operational resilience.”



Alternatif yakit isil ikame orani S yilda %63
artt

Uretim sureclerinde kaynak verimliligini artirmak ve karbon
emisyonlarini azaltmak amacliyla alternatif hammadde ve
yakit kullanimini gelistirmeye yanelik galismalarin sonuglarini
almaya devam eden Cimko, 2025 itibariyla 130 bin tona yakin
alternatif yakit ve 70 bin tona yakin alternatif hammadde
kullandi. Alternatif yakit tedarikinde biyokUtle icerigine sahip
atiklarla birlikte yUksek kalorifik degere sahip atiklari dncelikli
olarak tercih eden Cimko'nun, 2025 yilinda fabrikalara ait
agirlikl ortalama alternatif yakit isil ikeme orani yuzde 17.2
seviyesine ulasirken, bu oran 2020 baz yilina kiyasla yaklasik
yuzde 63 artis gosterdi. Ayni donemde biyokutleye dayaliisi|
ikame oraninda ise 2020 baz yilina kiyasla yaklasik yuzde
174 artig kaydedildi.

Enerji ddnusumu tarafindaki yatinmlarina hiz veren Cimko,
toplam 49 MW kurulu guce sahip gunes enerjisi kapasitesi
ve yenilenebilir enerji projeleriyle portfoyunu guclendirdi.
Tesislerde kurulu olan Atik Isi Geri Kazanim Sistemleri
(WHRYJ ile yillik 69 bin MWh enerji tasarrufu saglayan Cimko,
toplam elektrik tuketiminin yaklasik yuzde 25'ini yenilenebilir
enerji yatinmlari ile karsiladi ve bu sayede 65 bin ton CO,
emisyonunun onune gegildi.

Hazir beton tesislerinde kullanilan suyun %63'0
geri kazanildi

2021 yilindan bu yana su ayak izini duzenliolarak hesaplayan
Cimko, Uretim sUreglerinde olusan atik suyun geri kazanimina
yonelik projeleri hayata gecirirken, 2025 yilinda ¢imento
fabrikalarinda yaklasik 190 bin m3 su geri kazanarak Uretim
sureglerinde yeniden kullanima kazandirdi. Bu miktar,
fabrikalarda kullanilan toplam suyun yaklasik %14'Une karsilik
geliyor. Hazir beton tesislerinde ise kullanilan suyun %63'0
geri kazanilarak yeniden degerlendirildi. Cimko raporlanan
uygulama ve performans sonuglari dogrultusunds, ilk
raporlama yilinda CDP Iklim Degisikligi ve Su Guvenligi
Programlarinda A Listesinde yer ald..

Toplumsal yatinmlara 37 milyon TL kaynak
ayrildi

Cimko, surdurulebilirlik yaklasimini yalnizca gevresel
performansla sinirlamayip, insan ve toplum boyutunu da
kapsayan butuncul bir yaklasimla ele aliyor. Bu kapsamda
Cimko, 2025 yilinda toplumsal yatinm alanina 37 milyon TL
kaynak ayirarak faaliyet gosterdigi bolgelerde sosyal fayda
odakli projelere destek verdi.

Bu yaklasimin en énemli unsurlarnindan birini, uluslararasi is
birlikleriyle hayata gecirilen egitim projeleri olusturdu. Cimkonun

The rate of thermal substitution of alternative
fuels has increased by 63% in 5 years.

Cimko is reaping the rewards of its efforts to improve
the use of alternative raw materials and fuels in order to
increase resource efficiency and reduce carbon emissions
in manufacturing processes. In 2025, Cimko used nearly
130,000 tons of alternative fuels and nearly 70,000 tons of
alternative raw materials. Cimko primarily chooses waste with
high calorific value, along with waste containing biomass,
in the supply of alternative fuels, and achieved an increase
in the weighted average rate for thermal substitution of
alternative fuels in its factories to 172 percent in 2025,
representing an increase of approximately 63 percent
compared to the 2020 base year. During the same period,
the biomass-based thermal substitution rate increased by
approximately 174 percent compared to the 2020 base year.

Cimko, speeding up its investments in energy transition, has

strengthened its portfolio with solar energy capacity and
renewable energy projects totaling 49 MW of installed power.
With its Waste Heat Recovery (WHR) Systems installed in its
plants, Cimko achieved an annual energy saving of 69,000
MWh, meeting approximately 25% of its total electricity
consumption with renewable energy investments and thus
preventing 65,000 tons of CO, emissions.

63% of the water used in ready-mix concrete
plants is recovered.

Having regularly calculated its water footprint since 2027,
Cimko has implemented projects aimed at recovering
wastewater generated in its manufacturing processes, and in
2025, it recovered approximately 190,000 m3 of water in its
cement plants, making it available for reuse in manufacturing
processes. This amount corresponds to approximately 4%
of the total water used in the plants. In ready-mixed concrete
plants, 63% of the water used was recovered and reused.
In line with the reported practices and performance results,
Cimko is included in the A List of the CDP Climate Change
and Water Security Programs in its first reporting year.

TL 37 million has been allocated for
community investments.

Cimko does not limit its sustainability approach to
environmental performance alone, but takes a holistic
opproach that also encompasses the human and social
dimensions. In this respect, Cimko has allocated TL 37 million
to community investment in 2025, funding social benefit-
centered projects in the regions where it operates.

One of the most important elements of this approach has

been education projects implemented with international
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UNICEF ile birlikte yuruttugu MakerUp programi, gocuklarin ve
genclerin 271. yuzyll becerilerinin gelistirimesine katki saglayan
¢alismalar arasinda yer aldi. Program kapsaminda katiimcilarin
yaratici dusunme, problem ¢ozme, dijital okuryazarlik ve
Uretim odakli becerileri gelistirilirken, aynizamanda uygulamali
0grenme modeliyle cocuklarin patansiyellerini kesfetmeleri
desteklendi. MakerUp programi, Gaziantep ve Adiyaman'da
acllan merkezler araciidiyla egitime erisim ve beceri geligimine
katki sunmay! hedefleyen uygulamalar kapsaminda Cimkonun
toplumsal etki yaklasiminin 6nemli bir pargasi oldu.

Egitim alanindaki bir diger onemli galisma ise SosyalBen Vakfi
is birligiyle Hatay ve Adiyaman'da hayata gegirilen Becerive
Yetenek Merkezleri (BEYEM) oldu. Bu merkezler araciligiyla
2.800 ogrenciye ulasilirken, gocuklarin bilim, teknoloji ve
Uretim odakli becerilerini gelistirmeye yonelik uygulamali
egitimler desteklendi.

Cimko, bu projelerle cocuklarin ve genglerin gelisimine katki
saglamay ve faaliyet gosterdigi bolgelerde sosyal geligimi
desteklemeyi amacliyor. Birlesmis Milletler Kuresel Ilkeler
Sazlegmesi (UN Global Caompact) imzaciligiula ise sosyal
ve yonetisim alanindaki tashhutlerini uluslararasi ilkeler
dogrultusunda desteklemeyi surdurdu.

collaborations. The MakerUp program, conducted by Cimko
together with UNICEF, has been among the efforts that
contributed to the development of 21st century skills of
children and young people. Program was intended to develop
participants' creative thinking, problem-solving, digital literacy
and production-oriented skills; at the same time, children were
supported in discovering their potential through a hands-on
learning model. The MakerUp program, implemented through
centers opened in Gaziantep and Adiyaman, has become an
important part of Cimko's social impact approach, aiming to
contribute to access to education and skill development.

Another significant initiative in the field of education was the
Skill and Talent Centers (BEYEM] established in Hatay and
Adiyaman in collaboration with the SocialBen Foundation.
These centers reached up for 2800 students, supporting
practical training aimed at developing children's skills in
science, technology, and production.

With those projects, Cimko aims to contribute to the
development of children and young people and to support
social development in the regions where it operates. By
being a signatory to the United Nations Global Compact,
it continues to support its commitments in the social and
governance fields in line with international principles.

Cimko, Uluslararasi Kalkinma Finansmani
Devleriyle Guglerini Birlestirdi

@ cimko

Cimko, strdurulebilirlik vizyonunu kuresel dlgekte tescillemeye
devam ediyor. Sirket, uluslararasi sermaye piyasalarinda
gerceklestirdidi basaril tahvil ihraglarinin ardindan, Aimanya
merkezli kalkinma finansmani kurulusu DEG ve Fransa Kalkinma
Ajansinin (AFD) istiraki olan Fransiz kalkinma finansman
kurulusu Proparcao ile stratejik bir is birligi protokolune imza att.
Sanko Holding Yonetim Kurulu Baskani Adil Sani Konukoglu,
DEG CEO'su Roland Siller ve Proparco Uretim, Tarim ve Hizmet
Sektorleri Kuresel Bagkani Reza Hassam Dayanin katilimiyla
duzenlenen torenle resmiyet kazanan bu anlasma, Cimko'nun

buyume stratejisinin yeni bir kilometre tasini olusturuyor.
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Cimko continues to fortify its sustainability vision on a
global scale. Following its successful issuance of bonds
in the international capital markets, the Company signed a
strategic cooperation protocol with DEG, a Germany-based
development finance institution, and Proparco, a French
development finance institution affiliated with the French
Development Agency (AFD). This agreement, formalized at @
ceremony attended by Sanko Holding Chairman Adil Sani
Konukoglu, DEG CEO Roland Siller, and Proparco Global Head
of Manufacturing, Agriculture and Services Reza Hassam
Dayo, marks a new milestone in Cimko's financial discipline
and sustainable growth strategy in global markets.
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CiMKO EUROBOND SIGNING CEREMONY

CiMKO TAHVIL IHRACI IMZA TORENI
June 13, 2026

Uluslararasi Piyasalarda Given ve Oduilli
Finansman Basarisi

Daha 6nce gerceklestirdigi 300 milyon ABD dolar tutarindakiilk
tahvilinraciyla finans dUnyasinin saygin arganizasyonlarindan
“Global Banking & Markets Awards: CEE, Central Asia &
TUrkiye 2025" kapsaminda "Yilin En Basarili Yuksek Getirili
Tahvil ihraci” 6dulune layik gordlen Cimko, kuresel finans
cevrelerinin odaginda yer almayr surduruyor. Bu basarinin
ardindan gerceklestirilen ilave ihraglarla birlikte 2030 vadeli
tahvilinin toplam nominal tutarini 38S,9 milyon ABD dolarina
yukselten sirket, uluslararasi standartlardaki kurumsal
yonetim kalitesini bir kez daha kanitlamis oldu. DEG ve
Proparco tarafindan satin alinan ilave tahvillerle saglanan
guclu kaynak, sirketin yesil donusum ve surdurulebilirlik
yatinmlarina dogrudan katki saglayacak.

Surdurulebilir Gelecege ve Yurt Digi
Yatinmlarina Kuresel Fon

Strategjikis birligi kapsaminda elde edilen finansman, Cimkonun
dusUk karbonlu ekonomi gegis planlarini ve gevre dostu
teknoloji yatinmlarini desteklemek amaciyla kullanilirken,
Cimko, s6z konusu finansman ile karbon azaltim stratejileri,
on kalsinasyon yatirimlari, enerji verimliliginin artirimasi ve
emisyonlarin minimize edilmesi gibi kritik surdurulebilirlik
projelerine hiz verecek. Bu hamle, Cimko'nun kuresel
standartlarda Uretim yapma kabiliyetini artirirken, uluslararasi
pazarlardaki rekabetcigucund ve yurt disi yatinm firsatlaring
olan acik durusunu da pekistirecek.

Trust and Award-Winning Financing Success in
International Markets

With its initial issuance of bonds amounting to USD 300
million, Cimko was granted the "Most Successful High-Yield
Bond Issuance of the Year" award at the "Global Banking
& Markets Awards: CEE, Central Asia & Turkey 2025," a
prestigious event in the financial world. Cimko continues
to be a focus for global financial circles. Following this
success, the company increased the total nominal value
of its 2030 maturity bonds to USD 389.9 million with
additional issuances, once again demonstrating the quality
of its corporate governance to international standards. The
strong funding provided by the additional bonds acquired by
DEG and Proparco will directly contribute to the company's
green transition and sustainability investments.

Global Fund for Sustainable Future and Foreign
Investments

While the funds generated as part of the strategic
cooperation will be used to support Cimko's low-carbon
economy transition plans and environmentally friendly
technology investments, Cimko will accelerate critical
sustainability projects such as carbon reduction strategies,
pre-calcination investments, enhancing energy efficiency
and minimizing emissions with such funds. This move will
enhance Cimko's ability to produce in accordance with global
standards, while also strengthening its competitiveness
in international markets and its openness to overseas
investrment opportunities.
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Anlasmanin dnemine ve Cimko'nun gelecek vizyonuna deginen
Sanko Holding Yonetim Kurulu Baskani Adil Sani Konukoglu,
is birligine dair sunlari soyledi:

"Gimko olarak, uluslararasi sermaye piyasalarinda elde ettigimiz
basarilar, Kuresel finansin saygin kuruluglari olan DEG ve
Proparca ile imzaladigimiz bu stratejik is birlidi anlasmasiyla
bir adim daha ileriye tasimanin gururunu yasiyoruz. Tahvil
ihraglarimiza gosterilen bu kuresel ilgi, sirketimizin finansal
disiplinine, kurumsal yonetim standartlarina ve en dnemlisi
surdurulebilir biyume stratejimize duyulan guveni gosteriyor.
Surdurulebilirligi bir is modeli alarak benimsiyor, bu dogrultuda
karbon azaltimive enerji verimliligi yatinmlarimiza kararlilikla
devam ediyoruz. DEG ve Proparco ile gergeklestirdidimiz bu
is birligi, sadece cevre dostu projelerimize guglu bir kaynak
yaratmakla kalmayacak, ayni zamanda uluslararasi yatirimci
tabanimizi cesitlendirerek kuresel pazarlardaki varligimizi
daha da derinlestirecektir. Cimko olarak, kuresel finansal
ekosistemle kurdugumuz bu guclu baglar sayesinde, yurtdigl
yatinmlarina ve kuresel dlgekteki yeni blyume firsatlarina
her zaman acik bir vizyonla ilerlemeyi strdurecegiz."

DEG CEO'su Roland Siller konuya iliskin su degerlendirmede
bulundu: “DEG olarak, Cimko'nun ESG ve dusUk karbonlu
surdurulebilirlik yolculugunu destekleme konusunda stratejik
bir ortak olarak hareket etmekten buytk mutluluk duyuyoruz.
Buislemle, sadece sermaye saglamanin cok dtesine gecen
kararliigimizi bir kez daha teyit ederken; Cimko'nun karbon
azaltm yol haritasinin uygulanmasini, raporlama ve yonetisim
standartlarinin giclendiriimesini destekliyoruz. Ozel sektarin
deneyimli bir is ortagi olarak, bu ig birligi surdurulebilir is
modellerinin yatinm yapilabilirligine yonelik guclu bir mesaj
niteligi tagimaktadir”

Proparco Uretim, Tarim ve Hizmet Sektérleri Kiresel Bagkan
Reza Hassam Daya sunlari kaydetti:

‘Ortagimiz DEG ile birlikte, Cimko'ya yonelik bu stratejik
yatinm aracilijiyla Sanko Grubu ile olan ortakhigimizi
guclendirmekten memnuniyet duyuyoruz. Cimenta gibi
karbon azaltim donusumunde kritik SGneme sahip sektarlerin
karbonsuzlastirma surecini desteklemek, ekonomik buyumeuyi
surdururken iklim hedefleriyle uyumlu donusumu mumkan
kilmak Proparco’nun oncelikleri arasinda yer almaktadr.
Endustriyel liderligi surdurulebilirlik konusundaki guclu
bagliligiyla birlestiren bir grubu desteklemekten gurur duyuyor;
iklim, toplum ve Turkiye ekonomisiigin pozitif deger yaratmak
adina Sanko Grubu ile is birligimizin devamini diliyoruz.”
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Adil Sani Konukoglu, Chairman of the Board of Sanko
Holding, commented on the importance of the agreement
and Gimko's future vision, with remarks on the cooperation:

'"As Cimko, we are proud to take our achievements in
international capital markets a step further with this
strategic cooperation agreement signed with DEG and
Proparco, reputable institutions of global finance. This global
interest in our bond issuances demonstrates confidence in
our company's financial discipline, corporate governance
standards, and, most importantly, our sustainable growth
strategy. We embrace sustainability as a business model
and are resolutely continuing our investments in carbon
reduction and energy efficiency. This cooperation with
DEG and Proparco will not only create a strong source of
funding for our environmentally friendly projects, but will
also diversify our base of international investors and further
deepen our presence in global markets. At Cimko, we will
continue to move forward with a vision that is always open
to foreign investments and new growth opportunities on a
global scale, through these strong ties we have established
with the global financial ecosystem.”

DEG's CEO Roland Siller commented on the matter: ‘As DEG,
we are delighted to act as a strategic partner in supporting
Cimko's ESG and low-carbon sustainability journey. As such,
we reaffirm our commitment, which goes far beyond simply
providing capital, and we support Cimko in the implementation
of its carbon reduction roadmap and the strengthening of
its reporting and governance standards. As an experienced
business partner of the private sector, this cooperation sends
a strong message about the potential of making investments
in sustainable business models.”

Proparco Global Head of Manufacturing, Agriculture and
Services Reza Hassam Daya provided the following remarks:

“Together with our partner DEG, we are pleased to strengthen
our partnership with the Sanko Group through this strategic
investment in Cimko. Supporting the decarbonization
process of industries that are critical to the carbon reduction
transition, such as cement, and enabling a transition aligned
with climate goals while sustaining economic growth, are
among Proparco’s priorities. We are proud to support a group
that combines industrial leadership with a strong commitment
to sustainability, and we look forward to continuing our
collaboration with Sanko Group to create positive value for
the climate, society, and the Turkish economy.”



Oyak Cimento, Yesil Dontisimle Sektore
Yon Veriyor

(OYAK) ‘ CIMENTO

OYAK Cimento'nun finansal
performansininyanisira gevresel ve
sosyal etkiyonetimindeki bagarisini
gozler 6nune seren "2025 Entegre
Raporu” kamuoyuyla paylasildi.
"Yesil Yeni Altndir’ mottosuyla
sekillenen rapor; alternatif ham
madde kullanimindan yenilenebilir
enerji yatinmlarina kadar, sirketin
hem Turkiye'de hem de kuresel
pazarlarda yarattigi yuksek katma
degeri ve endUstriye yon veren
sonuglarini belgeliyor.

Raporda One Cikanlar:

Cevre ve DusUk Karbon OdakKii
Dev Yatinm: 2025 yilinda cevre
ve dusuk karban odakli projelere
aktarilan toplam yatirim tutar
3,49 milyar TL seviyesine ulastu.

Yenilenebilir Enerjide Tarihi Pay: Hayata gegirilen gevre
odakli yatinmlar iginde en buyuk payl, %85,6 gibi yuksek

bir aranla yenilenebilir enerji projeleri ald.

Sanayide Dev Gunes Enerjisi Hamlesi: Sanayi sektord
icin 0z tuketim amagli hayata gegirilen en buyuk gunes
enerjisi santrallerinden biri yil sonu itibariyla basariyla
devreye alind!.

Surdurtlebilir Urin Gelirlerinde Buyuk Bagar::"Yesil Cimento
Mevzuat!" ile uyumlu dusuk klinker igerikli Urun gelistirme
calismalar sayesinde, surdurdlebilir Grinlerden elde edilen
gelirin toplam gelire orani %34,8 seviyesine yukseldi.

Net Sifir Taahhudu ve Uluslararasi Standartlar: Sirketin
orta ve uzun vadeli deger yaratma hedefleri; Bilim Temelli
Hedefler Girisimi (SBTi) onayli 2050 Net Sifir vizyonu,
Uluslararasi Entegre Raporlama Cergevesi ve GRI
Standartlari ile uyumlu olarak hazirlanmistir,

OYAK Cimento published its "2025
Integrated Report" which showcases
the company's financial performance
as well as its success in environmental
and social impact management. Built
around the motto ‘Green is the New
Gold’, the report documents the high
added value and industry-leading
results created by the company
both in Turkiye and in global markets,
ranging from the use of alternative raw
materials to investments in renewable
energy.”

Highlights of the Report:

Massive Investment with a Focus
on Environment and Low Carbon: The
total investment allocated to the projects
focused on the environment and low
carbon reached TL 349 billion in 2025.

Historic Share in Renewable Energy: Renewable energy
projects accounted for the largest share of environmentally
focused investments, with a rate as high as 85.6%.

Massive Industrial Move in Solar Energy: One of the largest
solar power plants ever implemented for self-consumption
purposes in the industrial sector was successfully putinto
operation by the end of the year.

Great Success in Proceeds from Sustainable Products:
Based on the efforts for the development of low-clinker
content products compliant with ‘Green Cement Regulations,
the rate of proceeds from sustainable products to total
revenue has increased to 34.8%.

Net Zero Commitment and International Stondards: The
company's medium- and long-term goals to create value
are aligned with the Science-Based Targets Initiative (SBTJ)
approved 2050 Net Zero vision, the International Integrated
Reporting Framework, and GRI Standards.
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Turkiye gimento ve beton sektordnun onct kurulusu
OYAK Cimento, 1 Ocak 2025 - 37 Aralik 2025 donemini
kapsayan faaliyetlerini, stratejik dnceliklerini ve gevresel,
sosyal ve yanetisim (CSY) performansini seffaf bir sekilde
paydaslarina sundugu 2025 Entegre Raporunu kamuoyuyla
paylasti. Uluslararasi Entegre Raporlama Cercevesive GRI
Standartlar ile uyumlu olarak hazirlanan rapor, Sirket'in kisa,
orta ve uzun vadeli deger yaratma hedeflerini butuncul bir
yaklasimla ele aliyor.

Karbon Notr Gelecege Dogru

2025 yilini, zorlu kuresel ekanomik kosullar, jeopolitik
gelismeler ve enerji maliyetlerindeki dalgalanmalara ragmen
operasyonel dayanikliigini korudugu ve is madelini daha
cevik, verimli ve surdurulebilir bir yapiya donusturdugu bir
yil olarak tamamlayan OYAK Cimenta, "Yesil Yeni Altindir”
vizgyonu dogrultusunda stratejik adimlar atmaya devam
ediyor. Sirket, Bilim Temelli Hedefler Girigimi (SBTi) anayh
2050 Net Sifir hedefleri dogrultusunds; enerji verimliligi,
alternatif yakit ve ham madde kullanimi, yenilenebilir enerji ve
dijitallesme alanlarindaki yatinmlarini kararlilikla sarduroyor.
Bu vizyonun en somut gostergelerinden biri alarak, 2025
yiinda ¢evre ve dusuk karbon odakli toplam yatinimlarin
tutar 3,48 milyar TL seviyesine ulagti. Bu yatirnmlar
icerisinde en buyuk payl, %85,6 araniyla yenilenebilir
enerji projeleri olusturdu. Sirket, sanayi sektoru igin 6z
tuketim amacl hayata gecirilen en buyuk gunes enerjisi
santrallerinden birini de yil sonu itibariyla devreye alarak
surdurulebilir enerji donusumunde onemli bir kilometre
tasina imza attu.

OYAK Cimento, operasyonel iyilestirmelerin yani sira ran
portfoyunu de donusturerek surdurulebilir rekabet gucund
artingor. "Yesil Cimenta Mevzuat!" ile uyumlu sekilde dusuk
klinker igerikli Grun gelistirme ¢alismalarina odaklanan Sirket,
surdurulebilir Granlerden elde edilen gelirin toplam gelire
oranini %348 seviyesine tasiyarak pazardaki 5ncu konumunu
guglendirdi.

"Sektdrumuzdeki dénusume yon veriyoruz"

Raporun sunusunda dederlendirmelerde bulunan OYAK
Cimento Yonetim Kurulu Bagkani Suat Calbiyik, 2025 yilinin
OYAK Cimento igin dayanikliigin ve surdurdlebilir yonetim
anlayisinin 6n plana ciktigi bir donem oldugunu belirtti. Calbiyik,
"OYAK Cimento olarak temel dnceligimiz sektorimuzdeki
donusume yon vermek, deder zincirimizin her agsamasinda
kalici fayda Uretmek ve Ulkemizin sanayi gucunu kuresel
oOlcekte temsil etmek aldu. Bugun OYAK Cimento; surdurulebilir
sehirler igin ¢ozUm gelistiren, teknolojiyle guclenen, dusuk
karbonlu uretim yetkinligini artiran ve gelecedin ihtiyaclarina
yanit veren entegre bir sanayi sirketi alma yolunda kararliikla
ilerlemektedir" ifadelerini kulland..
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OYAK Cimento, a leading company in Turkish cement and
concrete industry, has released its 2025 Integrated Report,
which transparently presents its operations, strategic priorities,
andenvironmental, social and governance [ESG) performance for
the period covering January 1, 2025, to December 37 2025, for
its stokeholders. Prepared in accordance with the International
Integrated Reporting Framework and GRI Standards, the report
addresses the Company's short-, medium-, and long-term goals
to create value with a holistic approach.

Towards a Carbon Neutral Future

Having completed 2025 as a year in which it maintained
its operational resilience and transformed its business
model into a more agile, efficient, and sustainable structure
despite challenging global economic conditions, geopolitical
developments, and fluctuations in energy costs, Oyak
Cimento still tokes strategic steps in line with its vision of
‘Green is the New Gold" vision. In line with the Science-
Based Targets Initiative (SBTi-approved 2050 Net Zero
goals, the company is resolutely continuing its investments
in energy efficiency, the use of alternative fuels and raw
materials, renewable energy, and digitalization. As one of
the most concrete indicators of this vision, the total amount
of investments focused on the environment and low carbon
emissions reached TL 3.49 billion in 2025. Renewable energy
projects accounted for the largest share of these investments,
at 85.6%. The company also achieved a significant milestone
in sustainable energy transition by putting into operation one
of the largest solar power plants for self-consumption in the
industrial sector by the end of the year.

OYAK Cimento is enhancing its sustainable competitiveness
by transforming its product portfolio as well as implementing
operational improvements. Focusing on developing low-
clinker content products in compliance with the "Green
Cement Legislation," the company has reinforced its leading
position in the market by increasing the ratio of revenue from
sustainable products to total revenue to 34.8%.

“We guide the transformation of our industry”

OYAK Cimento’s Chairman Suat Calbiyik provided remarks at the
presentation of the report, and stated that 2025 was a period for
OYAK Cimento in which resilience and sustainable management
would come to the forefront. Calbiyik said- 'At OYAK Cimento, our
main priority has been to lead the transformation of our industry,
to generate lasting benefits at every stage of our value chain,
and to represent our country's industrial strength on a global
scale. Today, OYAK Cimento is committed to moving forward
on its path to becoming an integrated industrial company that
develops solutions for sustainable cities, is empowered by
technology, enhances its low-carbon production capabilities,
and responds to the needs of the future.”



“Gelecegin Uretim modelini sekillendiriyoruz”

Sirketin stratejik hedeflerine iligkin goruslerini paylasan
OYAK Cimento Ulke CEQ'su Murat Sela ise atilan adimlarin
bugunun performansini guclendirirken gelecegin Uretim
modelini de sekillendirdigini vurguladi. Sela, “Yenilenebilir
enerji, dijitallesme, enerji verimliligi ve operasyonel
surekKlilik alanlarinda attigimiz adimlar, surdurulebilir
bir gelecek vizyonumuzun ayriimaz parcalaridir. 2025
yilinda gergeklestirdigimiz gevre odakli yatinmlarla, OYAK
Cimento'yu yalnizca ¢imento Ureten bir sirket olmanin
Otesine tasima hedefimizi guclendirdik” dedi.

“We shape the production model for the future.”

Sharing his views on the company's strategic goals, OYAK
Cimento's Country CEO Murat Sela emphasized that the
steps taken strengthen today's performance while also
shaping the production model for the future. Sela said: “The
steps we have taken in the areas of renewable energy,
digitalization, energy efficiency, ond operational continuity
are integral parts of our vision of a sustainable future. With
the environment-focused investments we made in 2025, we
have strengthened our goal of transforming OYAK Cimento
from being merely a cement-manufacturing company.”

(imkonun 2024 Strdiirtlebilirlik Raporu
Dutnyanin En lyileri Arasinda Secildi

@ cimko

Cimko, surdurUlebilirlik ilkelerini

is kulturunun merkezine alarak v
yuruttugu gevresel ve toplumsal
sorumluluk odakili faaliyetlerini
uluslararasi alanda 6nemli bir
basariyla taclandirdi. Cimko
2024 Surdurulebilirlik Rapory,
dunyanin en prestijli iletisim
platformlarindan League of
American Communications
Professionals (LACP) tarafindan
duzenlenen 2025/26 Inspire Awards Kurumsal Yayincilik

Kategorisinde kuresel dlgekte dnemli bir derece elde etti.

Farkli sektorlerden yaklasik 1.500 bagvurunun kabul edildigi ve
kuresel dUzeyde yogun katilimla gergeklesen organizasyonda
Cimko, bagimsiz juri heyetinin degerlendirmesi sonucunda
en yuksek derece olan Platinum Odul'in sahibi oldu. Sirketin
surdurdlebilirlik vizgonunu ve stratejik adimlarini kamuoyuyla
paylasan rapor, uluslararasi degerlendirme surecinde 100
Uzerinden 99 toplam skor elde ederek dunya genelindeki
en iyi calismalar listesinde 14. sirads, Turkiye'de ise en iyi
bes rapar arasinda yer ald..

Cimko has crownedits environmental
and social responsibility-focused
operations with a significant
international achievemnent, placing
sustainability principles at the
heart of its business culture.
Cimko's Sustainability Report for
2024 received a significant global
award in the Corporate Publishing
Category of the 2025/26 Inspire
Awards, organized by the League of
American Communications Professionals (LACP), one of the

world's most prestigious communication platforms.

The event received approximately 1500 applications from
different sectors and saw intense global participation, and
Cimko was awarded the highest degree, the Platinum Award,
as a result of the evaluation by an independent jury. The
report, which shared the company's sustainability vision and
strategic steps with the public, achieved a total score of 99
out of 100 in the international evaluation process, ranking
14th in the list of best studies worldwide and among the top

five reports in TUrkiye.
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LACP jdrisinin metrik bazl detayll dederlendirmesinde
Cimko 2024 Surdurulebilirlik Raporu; Ik izlenim kriterinde
30 Uzerinden 30, Genel Anlatim ve Igerik Kalitesinde 10
Uzerinden 10, Genel Gorsel Tasarimda 10 Uzerinden 10 tam
puan aldi. Rapor, Mesaj Netligi ve Organizasyan alaninda 20
Uzerinden 20 tam puana ulasirken, Algilanan Alaka Duzeyi ve
Guncellik kriterinde 10 Uzerinden “10; Yaraticilik baslidindaise
20 Uzerinden 19 puan elde etti. Kazanilan bu basgari, Cimkonun
kurumsal durusunun, seffaflik yaklasiminin ve surdurdlebilirlik
alanindaki kararliiginin uluslararasi duzeyde tescili niteligi
tasiyor. Cimko, sektdrune ve gelecede deder katma hedefi
dogrultusunda; yerel kurumlar, daha surdurulebilir, daha
seffaf ve daha guclu yarinlara katki sunmaya devam ediyor.

Inthe LACP jury's detailed metric-based evaluation, Cimko's
Sustainability Report for 2024 received a perfect score of
30 out of 30 in the First Impression criterion, 10 out of 10
in Overall Narrative and Content Quality, and 10 out of 10 in
Overall Visual Design. The report received a perfect score
of 20 out of 20 in Message Clarity and Organization, 10 out
of 10 in Perceived Relevance and Timeliness, and 19 out of
20 in Cregtivity. This achievement serves as international
recognition of ¢imko's corporate stance, transparency
approach, and commitment to sustainability. In line with
its goal of adding value to industry and the future, Cimko
continues to contribute to more sustainable, transparent,
and stronger tomorrows for local institutions.

Cimento Sektoriinde Gugla Yapilanma
Strong Structuring In Cementlndustry

Sabanci Holding, Akgansa'daki yuzde 33,72 oranindaki
paylarinin tamamini 427,9 milyon dolar bedelle Heidelberg
Materials AG'ye devretti.

Heidelberg Materials, hisse devriisleminin tamamlanmasinin
ardindan Akcansa'daki payini yuzde 79,44'e yukselterek
sirketin ana hissedari oldu.

Yeni yonetim yapilanmasi kapsaminda Akgansa Yonetim
Kurulu BagkaniHakan Gurdal olurken, Yonetim Kurulu Bagkan
Vekilligi gorevini Christian Mikli Ustlendi. Yonetim Kurulu
Uyeligine secilen Tayfun Ones ise Akgansa Genel MUdury
olarak sirketin operasyonlarina liderlik edecek.
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Sabanci Holding transferred all of its shares (39.72%) in
Akecansa to Heidelberg Materials AG for $427.9 million.

Following the completion of the share transfer transaction,
Heidelberg Materials increased its shares in Akgansa to
79.44%, becoming the company's main shareholder.

As part of the new management structure, Hokan Gurdal
became the Chairman of the Board of Directors of Akcansa,
while Christian Mikli assumed the role of Vice Chairman of the
Board. Tayfun Ones, who was elected as a Board Member,
will lead the company's operations as the General Manager
of Akgansa.



(imentoda Giig Birligi Resmilesti

Union of Forces in Cement is Formalized

BTICIM

EGE Bolgesinin sanayi kuruluglanindan Bati Anadolu Sirketler
Toplulugu, cimento operasyonlarini daha entegre, verimli
ve rekabetgi bir yapi altinda toplamak amaciyla yuruttugu
birlesme surecinde onemli bir adim atti. Gerceklestirilen
unvan degisiklikleriyle sirketlerin yeni organizasyon yapisi
icindeki rolleri daha net sekilde tanimlandi.

Bu kapsamda Batistke Soke Cimento Sanayii Turk Anonim
Sirketi'nin unvani Baticim Cimento Sanayi Anonim Sirketi,
Baticim Bati Anadolu Cimento Sanayii Anonim Sirketi'nin
unvani ise Batigim Bati Anadolu Sanayi ve Ticaret Anonim
Sirketi olarak degistirildi. S6z kanusu degisiklikler, birlesme
sUreci kapsaminda olusturulan yeni operasyon modelinin
kurumsal cercevesini tamamlayan adimlardan biri olarak
hayata gegirildi. Yeni yaplanma kapsaminda cimento faaliyetleri
Baticim Cimento Sanayi A.S. ¢atisi altinda yurutulecek.
Boylece Bornova ve Stke'deki meveut Uretim altyapisi ile
Aliaga'da hayata gegirilmesi planlanan yillik 3,5 milyon ton
kapasiteli yeni yatinmin ayni operasyon modeli igerisinde
yonetimesihedefleniyor. Bornova, Stke ve Aliaga'yi kapsayan
entegre yapi ile Uretim, lojistik ve ticari faaliyetlerin daha
koordineli sekilde yonetiimesi; liman baglantili altyapinin
guclendirilmesi ve uluslararasi pazarlardaki rekabet gucu
ile ihracat kabiliyetinin artirimasi hedefleniyor.

Bati Anadolu Companies Group, an industrial organization in
the Aegean Region, has taken a significant step in its merger
process aimed at bringing its cement operations together
under a more integrated, efficient, and competitive structure.
The changes in names have defined more clearly the roles of
the companies in the new organizational structure.

In this respect, the nome of Batiscke Soke Cimento Sanayii
Tdrk Anonim Sirketi was changed into Baticim Cimento
Sanayi Anonim Sirketi, and the name of Batigim Batt Anadolu
Cimento Sanayii Anonim $irketi was changed into Batigim
Bati Anadolu Sanayi ve Ticaret Anonim Sirketi. The changes
were implemented as one of the steps to complete corporate
framework of the new operational model creates as part of the
merger process. In this new structure, cement operations will
be conducted under the roof of Batigim Cimento Sanayi A.S. So,
itis intended to manage existing manufacturing infrastructure
in Bornova and S6ke and a new investment with an annual
capacity of 3.5 million tons that is planned to be implemented
in Aliaga within the some operational model. The integrated
structure encompassing Bormova, S6ke, and Aliaga is intended
to manage manufacturing, logistics, and commercial activities
in a more coordinated manner, to strengthen port-related
infrastructure, and improve competitiveness and export
capabilities in international markets.
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Global Haberler
Global News

TURKIYE

MEDCEM GIMENTO GRUBU GLASGOW
TERMINALI iLE AVRUPA'DAKI LOJIiSTiIK GUCUNU
ARTIRIYOR

Medcem Cimento Grubu, Birlesik Krallik'in Glasgow kentinde
yeni bir terminal yatinmi gergeklestirerek Avrupa'daki
operasyonel altyapisini guglendirmistir. Bu stratejik yatinm
sayesinde sirket, Birlesik Krallik ve Kuzey Avrupa pazarlarina
daha hizli, esnek ve surdurulebilir sevkiyatimkani saglayarak
mUsteri portfoyund ve pazar payiniartirmay! hedeflemektedir.
Terminal, teslim surelerinin kisaltiimasi, stok yonetiminin
iyilestiriimesi, maliyet optimizasyonu ve lojistik kaynakli
karbon emisyonlarinin azaltimasina katki saglayacaktir.

Glasgow terminaliayni zamanda Medcem'in Avrupa tedarik
zincirini daha dayanikli ve cevik hale getiren 6nemli bir adim
olarak gorulmektedir. Modern altyapisi ve yuksek ellegleme
kapasitesiyle bolgesel talebe etkin sekilde cevap verecek
olan tesis, sirketin uluslararasi rekabet gucunu artirirken
TUrk gimento sektorunun kuresel pazarlardaki kanumunu da
desteklemektedir. Medcem, surdurdlebilirlik odakl buyume
stratejisi dogrultusunda Avrupa'daki varligini guglendirmeye
ve kuresel pazarlarda uzun vadeli deger yaratmaya devam
etmektedir.

Kaynak:https://yatirimlar.com/haber/medcem-cimento-
grubu-glasgow-terminali-ile-avrupa-daki-lojistik-gucunu-
artiriyor_247706

OYAK CIMENTO'YA WCA'DAN iKi ODUL

OYAK Cimento, Dunya Cimenta Birligi (WCA) tarafindan
duzenlenen WCA Health & Safety Awards kapsaminda is
sagligi ve guvenligi alanindaki PROJE2425 ¢alismasiyla en
buyuk odule layik gorulmustur. Sirket ayrica Aslan Cimento
Fabrikasi'nda yurutulen “Future of Cement: CarbonlLess”
projesi ile alternatif yakitlar ve tamamlayici gimentolu
malzemeler (SCMJ kullanimi yoluyla karbon azaltimina
uonelik calismalari sayesinde “Iklim Eylemi” kategorisinde
Ozel Takdir OdUlU kazanmistir, Bu basarilar, OYAK Cimento'nun
hem c¢alisan guvenligi hem de cevresel surdurulebilirlik
alanindaki ¢alismalarinin uluslararasi duzeyde takdir edildigini
gostermektedir.
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TURKIYE

MEDCEM CEMENT GROUP SCALES UP ITS
LOGISTICS POWER IN EUROPE WITH THE
GLASGOW TERMINAL

Medcem Cement Group has fortified its operational
infrastructure in Europe by investing in a new terminal in
Glasgow, United Kingdom. With this strategic investment, the
company has been able to provide faster, more flexible and
sustainable shipping options to the UK and Northern European
markets, aiming to improve its customer portfolio and grow
market share. The terminal will contribute to shorter delivery
times, improved inventory management, cost optimization, and
a reduction in carbon emissions from logistics.

The Glasgow terminal is also regarded as a significant
step in making Medcem's European supply chain more
resilient and agile. With its modern infrastructure and high
handling capacity, the facility will effectively respond to
regional demand, improving the company's international
competitiveness and leveraging the position of the
Turkish cement industry in global markets. In line with its
sustainability-focused growth strategy, Medcem continues
to strengthen its presence in Europe and create long-term
value in global markets.

Source: https://yatirimlar.com/haber/medcem-cimento-
grubu-glasgow-terminali-ile-avrupo-daki-lojistik-gucunu-
artiriyor_247706

OYAK CIMENTO RECEIVES TWO AWARDS FROM WCA

OYAK Cimento has been awarded the top prize at the WCA
Health & Safety Awards, organized by the World Cement
Association (WCA), for its PROJE2425 project in the field
of occupational health and safety. The company has also
received a Special Recognition Award in the “Climate Action”
category for its project "Future of Cement: CarbonLess” at the
Aslan Cement Plant, focusing on carbon reduction through
the use of alternative fuels and supplementary cementitious
materials (SCM). Such achievernents demonstrate that OYAK
Cimento's efforts in both workers’ safety and environmental
sustainability are recognized internationally.



Sirket, yapay zeka destekli izieme sistemleri, IZGEM program,
ISG Odak, ISG Focus ve e-EKED gibi dijital uygulamalarla is
sagligrve guvenligi sureclerini guglendirirken, operasyonlarinda
"sifir is kazas!” hedefi dogrultusunda ilerlemektedir. OYAK
Cimento Ulke CEQ'su Murat Sela, sirketin “sifir atik, sifir kirlilik
ve sifir emisyon” vizyonu dogrultusunda yapay zekayr tum
tesislerde otonom karar destek mekanizmasina donusturmeyi
hedeflediklerini ve dijitallesme, operasyonel mukemmellik
ile karbon emisyonlarinin azaltimasina yonelik yatinmlara
devam edeceklerini belirtmistir.

Kaynak: https://www.ekonomigazetesi.com/sirket-haberleri/
oyak-cimentoya-wcadan-iki-odul-780395

IRLANDA

CEMVISION, MANNOK ILE STRATEJIK BIR
ORTAKLIK KURDU

Cimento sektorunun karbondan arindiriimasini hizlandirmak
amaciyla Cemvision ve Mannok (Cimsa Grubu'nuN bir pargasi),
stratejik ortaklik kurmak Uzere bir Mutabakat Anlagmasi
(MQU)imzalad. Buis birligi ise, Cemvision'n yeni nesil gimento
teknolgji platformu Re-ment ile Cimsa Grubunun kuresel
endUstriyel ayak izini bir araya getiriyor. Bu is birliginin temel
odak noktasi, Cemvision'in buyuk olcekli ingaat projeleri
icin pazara sundugu Urunud olan Re-ment Massive'in ticari

anlamda musterilerin begenisine sunulmasidir.

Sirketler, Cemvision'in ticari buyumesinin temel taslarindan
biri olarak ¢ok yillik bir ticari surum anlasmasi Uzerinde
galisarak, demonstrasyon asamasindan tam endustriyel
Uretime gecisi mumkun kilacaklar. Bu ortaklik ayni zamanda
Mannok ve Cimsa'nin Avrupa ve Akdeniz'deki yerlesik
dagium agi Uzerinden, Turkiye, Ispanya ve Italya da dahil
olmak Uzere yeni stratejik pazarlara giris yolunu da agiyor.
Cemvision CEQ'su Oscar Hallen konusmasinda "Mannok
ve daha genis Cimsa Grubu ile olan is birligimiz, ¢cigir agan
gimento teknolgjisini ve buyuk dlcekliendustriyel kapasiteyi
bir araya getiriyor. Hep birlikte Re-ment Massive'i birden
fazla cografyaya yaymak icin gereken kosullar yaratiyoruz.
Bu ortaklik, inovasyondan endustriyel etkiye gecisle ilgilidir”

demistir.

The company is strengthening its occupational health
and safety processes through digital applications such as
Al-powered monitoring systems, the IZGEM program, ISG
Odak, ISG Focus, and e-EKED, while making firm steps into
its goal of "zero workplace accidents” in its operations. OYAK
Cimento's Country CEO Murat Sela said that, in line with the
company's vision of ‘zero waste, zero pollution, and zero
emissions”, they intend to transform artificial intelligence
into an autonomous decision support mechanism in all their
facilities and will continue to invest in digitalization, operational
excellence, and the reduction of carbon emissions.

Source: https;//www.ekonomigazetesi.com/sirket-haberleri/
oyak-cimentoya-wcadan-iki-odul-78095

IRELAND

CEMVISION ENTERS STRATEGIC PARTNERSHIP
WITH MANNOK

Cemvision and Mannok [part of Cimsa Group) have signed
a Memorandum of Understanding (MOU)J to establish a
strategic partnership with the ambition to accelerate the
decarbonisation of the cement industry.The partnership
brings together Cemvision's next-generation cement
technology platform, Re-ment, with the global industrial
footprint of Cimsa Group. A central focus of the colloboration
is the commercial rollout of Re-ment Massive, Cemvision’s

go-to-market product for large-scale construction.

The companies will work towards a multi-year commercial
offtake agreement as a cornerstone of Cemvision's
commercial scale-up, enabling the transition from
demonstration to full industrial production. The partnership
also creates a pathway into new strategic markets -
including Turkiye, Spain, and Italy - through Mannok
and Cimsa's established European and Mediterranean
distribution network."Our collaboration with Mannok and
the wider Cimsa Group brings together breckthrough
cement technology and large-scale industrial capability.
Together, we are creating the conditions required to
scale Re-ment Massive into multiple geographies. This
partnership is about moving from innovation to industrial

impact,” says Oscar Héllén, CEO of Cemvision.
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Cimsa'nin Ingiltere ve Irlanda merkezli istiraki Mannok'un
CEQ'su Dara O'Reilly su yorumda bulunmustur: "Cemvision'in
yenilikgi teknolojisini Mannok'un endUstriyel yetenekleri ve
uluslararasi ayak iziyle birlestirmenin onemli bir potansiyel
tasidigini goruyoruz. Bu is birligi, cimento sektdrunde yesil

donusume dnculuk etme hedefimizle ortusuyor”

Kaynak: https://www.worldcement.com/europe-
cis/05052026/cemvision-enters-strategic-partnership-

with-mannok/

AMERIKA

ACA UYELERI, CIMENTO POLITIKASI KONUSUNDA
ABD'Li YASA YAPICILARLA LOBi YAPACAK

Amerikan Cimento Birligi (ACA) Gyeleri, birligin 2026
“Cement Fly-in" organizasyonu kapsaminda 3-4 Haziran
tarihlerinde Washington DC'de yasa yapicilar ve ABD yonetimi
yetkililerigle bir araya gelecek.

Etkinlik sirasinda gundeme getirilecek baslica konular arasinda
yerli cimento Uretimine destek, sanayi izinleri reformu ve
mevcut Kara Ulasimi Yeniden Yetkilendirme Yasasinin 30
EylUl tarihinde suresi dolmadan dnce “BUILD America 250
Yasasinin” kabul ediimesi yer alacak.

ACA Uyeleri ayrica, gelismis ¢cimento teknolgjilerine ve
karban yonetimi girisimlerine yapilan yatinmlarin yani sirg,
cimentonun ABD altyapisi ve ulusal guvenlik agisindan
hayati bir malzeme olarak kabul edilmesi igin de caba
gostereceklerdir.

ACA Baskanive CEO'su Diane Tomb, ABD gimento sektordnun
artan altyap talebini karsilamak i¢in inovasyona, verimli
teknolojilere ve yerli Uretim kapasitesine yatirim yapmaya
devam ettigini soyledi.

Kaynak: : https://www.cemnet.com/News/story/181450/
aca-members-to-lobby-us-lawmakers-on-cement-policy.
html

GLOBAL

GCCA ve GCCSI, kiresel gcimento ve beton endistrisinde
karbon yakalama ve depolama kullanimini gelistirmek
amaciyla ortaklik kurduklarini duyurdu.

/
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Dara O'Reilly, CEO of Mannok, Cimsa's UK and Irish based
subsidiary, commented: "We see significant potential
in combining Cemvision’s innovative technology with
Mannok'’s industrial capabilities and international footprint
This collaboration aligns with our ambition to drive green

transformation in the cement industry.”

Source: https://www.worldcement.com/europe-
cis/05052026/cemvision-enters-strategic-partnership-

with-mannok/

UNITED STATES OF AMERICA

ACA MEMBERS TO LOBBY US LAWMAKERS ON
CEMENT POLICY

Members of the American Cement Association (ACA)
will meet lawmakers and US administration officials in
Washington DC on 3-4 June as part of the association’s
2026 Cement Fly-in.

Key issues raised during the event will include support
for domestic cement production, industrial permitting
reform and passage of the BUILD America 250 Act ahead
of the expiration of the current Surface Transportation
Reauthorization on 30 September.

ACA members will also advocate for recognition of cement
as a critical material for US infrastructure and national
security, alongside investment in advanced cement
technologies and carbon management initiatives.

ACA president and CEO Diane Tomb said the US cement
industry continued to invest in innovation, efficient
technologies and domestic manufacturing capacity to
meet rising infrastructure demand.

Source: https://www.cemnet.com/News/story/181450/
aca-members-to-lobby-us-lawmakers-on-cement-policy.
html

GLOBAL

GCCA and the GCCSI announce partnership to advance
the use of carbon capture and storage across the global
cement and concrete industry



GCCA (Global Cement and Concrete Association) ile Global
CCS Institute, gcimento ve beton sektorunde karbon
yakalama ve depolama (CCS) teknolojilerinin geligtirimesi
ve yayginlastiriimasi amaciyla iki yillik bir ig birligi anlasmasi
(MoU)imzalamistir. Ortaklik kapsaminda taraflar, teknik bilgi
paylasimi, kapasite gelistirme, politika ¢alismalari ve paydas
katiimiyoluyla sektdrun karbonsuzlagsmasini hizlandirmayt
hedeflemektedir. CCS'nin, cimento sektérdnun net sifir
emisyon hedeflerine ulasmasinda kritik bir teknoloji oldugu
vurgulanmistir,

Anlasmanin ilk somut adimi olarak, sektor liderleri, kamu
otoriteleri ve dider dnemli paydaslari bir araya getirecek Ust
duzey bir danisma yuvarlak masa platformu kurulacaktir.
Bu platformun amaci, CCS yatinmlarini hizlandirmak, sektor
ile politika yapicilar arasindaki koordinasyonu guclendirmek
ve cimento sektorunun karbonsuzlagma surecine destek
vermektir. Taraflar ayrica CCS teknolgjilerinin tanitiimasi,
teknik ve mevzuatsal bilgi paylasimi yapiimasi ve CCS'nin
kuresel cimento sektdru icin temel bir emisyon azaltim
araci olarak desteklenmesi konusunda birlikte galigacaktir.

Kaynak: https://gccassaciation.org/news/gcca-and-the-
gcesi-announce-partnership/

AFRIKA

DANGOTE CEMENT LONDRA BORSASINA KAYIT
OLMAYI DUSUNUYOR

Dangote Cement'in, Afrika genelindeki genigleme stratejisini
desteklemek amaciyla, uluslararasi sermaye piyasalarina
daha genis erisim saglamak icin gimento faaliyetlerinin
bir bolumunu Londra'da halka arz etmeyi dusundugu
bildiriliyor. Financial Times'in bir raporuna gore onerilen
bu hamle, Afrika'nin en buyuk cimenta Ureticisinin daha
derin kuresel sermaye havuzlarina ulasmasina ve yatirimci
tabanini Afrika pazarlarinin disina genisletmesine olanak
taniyacak.

Dangote Cement su anda Nijerya, Etiyopya, Senegal,
Tanzanya ve Zambiya'daki faaliyetler de dahil olmak Uzere
10'dan fazla Afrika Ulkesinde yaklasik 55 milyon ton kurulu
gimento Uretim kapasitesine sahiptir. Sirketin piyasa degerinin
yaklasik 10-11 milyar dolar civarinda oldugu tahmin ediliyor.

Raporda, Londra Borsasinda islem gérmenin, Avrupa ve
Kuzey Amerika'dan kurumsal yatinmcilari cekerek sirketin
degerleme katsayllarini artirabilecegi ve ayni zamanda
uzun vadeli yabanci sermayeye ulasimi guclendirebilecedi
belirtildi.

The GCCA (Global Cement and Concrete Association) and the
Global CCS Institute have signed a two-year Memorandum
of Understanding (MoU) to improve and expand carbon
capture and storage (CCS] technologies in the cement and
concrete industry. Through this partnership, the intent of the
parties is to accelerate the decarbonization of the industry
through technical knowledge sharing, capacity building,
development of policies, and stakeholder engagement. It is
underlined that CCS is a critical technology for the cement
industry to achieve its target of net-zero emissions.

As the first concrete step of MoU, a high-level consultative
roundtable platform will be established, bringing together
industry leaders, public authorities, and other key
stakeholders. The aim of this platform is to speed up CCS
investments, strengthen coordination between the industry
and policymakers, and support the decarbonization process
of the cementindustry. The parties will also work together on
the introduction of CCS technologies, the sharing of technical
and regulatory information, and the support of CCS as a
key emission reduction tool for the global cement industry.

Source: https://gccassociation.org/news/gcca-and-the-
gccesi-announce-partnership/

AFRICA

DANGOTE CEMENT REPORTEDLY CONSIDERING
LONDON LISTING

Dangote Cement is reportedly considering listing part of
its cement business in London as the company seeks
wider access to international capital markets to support
its pan-African expansion strategy.According to a report
by the Financial Times, the proposed move would allow
Africa’s largest cement producer to access deeper global
capital pools and broaden its investor base beyond
African markets.

Dangote Cement currently has an installed cement
production capacity of around 55Mta across more
than 10 African countries, including operations in
Nigeria, Ethiopia, Senegal, Tanzania and Zambia. The
company is estimated to have a market capitalisation
of approximately USS10-T1bn.

The report suggested that a London listing could
improve the company’s valuation multiples by
attracting institutional investors from Europe and
North America, while strengthening access to long-
term foreign capital.
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Borsada bu potansiyel islem gorme durumu, Dangote
Grubunun uluslararasi sermaye piyasalariyla etkilesimini
artirmasindan kaynaklaniyor. Nisan ayinda Dangote Fertiliser'in
0zel bir tahvil ihraci yoluyla 750 milyon ABD dolar elde ettigi
ve bunun da Holdingin uluslararasi barg piyasasindaki ilk
buyuk islemi oldugu bildirildi. Dangote Grubu Finans Direktord
Murat Erden, Bloomberg'de yaptidi bir sdyleside grubun enerjj,
gubre ve sanayi faaliyetlerindeki genislemeyi desteklemek
icin ek tahvil inraglarini da arastirdigini soyledi.

Sirketin cimento genisleme stratejisi, Afrika genelinde
altyapi talebinin artmasi ve Nijerya'daki yerel ¢cimento
kapasitesinin yerel talebi asmaya devam etmesi nedeniyle,
giderek bolgesel pazar buyumesine ve ihracat gelisimine
odaklanmaktadir.

Kaynak: https://www.cemnet.com/News/stary/181314/
dangote-cement-reportedly-considering-london-listing.ntml

ISPANYA

CIMSA'NIN BUNOL FABRIKASI iCIN YENI
HIDROJEN TESISI

Fusion Fuel Green, kendi istiraki olan Bright Hydrogen
Solutions'in Ispanya'nin Bufiol kentindeki bir ¢cimento
fabrikasinda 2 MW'lik “yesil” hidrajen Uretim tesisiicin ingaat
ve isletme hizmetleri saglayacagini duyurdu. Bu tesis, Bright
Hydrogen Solutions'in Ispanya subesiyle yapilan bir ingaat
sozlesmesi kapsaminda Cimsa Cementos Espafia igin insa
edilecek. Yapilan basin agiklamasina gore proje, hidrojenin
alternatif bir yakit kaynag olarak cimento Uretim surecine
entegre ediimesini amaglyor.

Ingaat hizmetleri, Bright Hydrogen Solutions'in Ispanya'da
kayrth subesitarafindan sunulacak. Tedarik, mihendislik ve
isletme hizmetleri, Bright Hydrogen tarafindan yonetilen
bir proje sirketiyle yapilacak ayri anlasmalar kapsaminda
saglanacak. Bu prajede Bright Hydrogen Solutions'in hidrojen
ekipmani tedarikgisi olan Sungrow Hydrogen ile olan acentelik
anlasmasindan faydalanilacak.

Fusion Fuel ve Bright Hydrogen Solutions'in CEO'su Frederico
Figueira de Chaves yorumlarinda "Bu proje, hidrojen sektorinun
giderek daha fazla ihtiyag duydugu turden bir endUstriyel
uygulamayr temsil etmektedir; bu uygulama ise gercek
endustriyel talep, uzun vadeli ticari yapilar ve emisyon
azaltmizor endUstriyel faaliyetlere entegrasyon ozelliklerini
barindirmaktadir” demistir.

/
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The potential listing comes as the wider Dangote Group
increases its engagement with international capital
markets. In April, Dangote Fertiliser reportedly raised
USS750m through o private bond placement, marking
the conglomerate’s first major international debt market
transaction.Dangote Group CFO Murat Erden told
Bloomberg that the group was also exploring additional
bond issuances to support expansion across its energy,
fertiliser and industrial businesses.

The company's cement expansion strategy has
increasingly focused on regional market growth and
export development as infrastructure demand rises across
Africa and domestic Nigerian cement capacity continues
to exceed local demand.

Source: https://www.cemnet.com/News/story/181314/

dangote-cement-reportedly-considering-london-listing.htmi

SPAIN

NEW HYDROGEN FACILITY FOR CIMSA'S
BUNOL PLANT

Fusion Fuel Green has announced that its subsidiary Bright
Hydrogen Solutions will provide construction and operation
services for a 2ZMW ‘green” hydrogen production facility at
a cement plant in Bufiol, Spain. The facility will be built for
Cimsa Cementos Esparia under a construction agreement
with Bright Hydrogen Solutions’ Spanish branch. The project
aims to integrate hydrogen as an alternative fuel source
in the cement production process, according to a press
release statement.

Construction services will be provided by Bright Hydrogen
Solutions’ Spanish-registered branch. Supply, engineering
and operation services will be delivered under separate
agreements involving a project company managed by Bright
Hydrogen. The project will utilise Bright Hydrogen Solutions’
agency agreement with Sungrow Hydrogen, a hydrogen
equipment supplier.

Frederico Figueira de Chaves, CEO of Fusion Fuel and Bright
Hydrogen Solutions, said "This project represents the type
of industrial application the hydrogen sector increasingly
needs with real industrial demand, long-term commercial
structures and integration into hard-to-abate industrial
operations.”



Kaynak: https://www.globalcement.com/news/20807-
new-hydrogen-facility-for-cimsa-s-bunol-plant?utm_
source=newsletter&utm_medium=email&utm_
content=566620&utm_campaign=GCW761

ISVICRE

SALTX VE HOLCIM, TAMAMEN ELEKTRIKLI BiR
SURECLE PORTLAND KALITESINDE CIMENTO
KLINKERiI URETTI

SaltX Technology ve Holcim, Isvec'in Hofors kentindeki
SaltX test ve arastirma merkezinde endustriyel olcekte
yapllan testlerin ardindan, tamamen elektrikli bir sure¢ yoluyla
Portland kalitesinde Klinker Uretmeyi basardi. Holcim'in gimento
ham maddesi yalnizca elektrik kullanilarak kalsine edildi ve
ardindan SaltX'in yeni elektrikli klinker reaktoru kullanilarak
sinterlendi. Sirket, bunun fosil yakitla ¢aligan bir firina olan
ihtiyaci ortadan kaldirdigini ve gimento Uretimine 'temelden
yeni bir yaklasim' getirdigini soyluyor. Elde edilen klinkerin
endustriyel kalite gereksinimlerini karsiladig bildiriliyor. SaltX
CEO'su Lina Jorheden verdigi agiklamada “Bu adim, tamamen
elektrikli bir cimento Uretim surecinin sadece mumkun olmakla
kalmayip, endUstriyel ortamda da hayata gecirilebilecedini
gosterme yolunda atiimis 6nemli bir adimdir. Hem kalsinasyon
hem de sinterleme sureglerinin elektrikle gerceklestiriimesi,
bu donusumu mumkun kilmanin anahtardir ve elde edilen
sonuglar gimento Uretimine yonelik yeni bir yaklasimi ortaya
koymaktadir.” demistir.

Holcim MAQER Ventures Baskani Bengt Steinbrecher
ifadesinde "SaltX, kendi elektrifikasyon cozUmlerinin Portland
kalitesinde klinker Uretebildigini gostermistir. Bu adim, onlarin
teknolgjisinin guclu bir dogrulamasi olup, gelecektekigimento
Uretimiigin endustriyel dlgeklendirme yol haritasinda dnemli
biradimdir” demistir. Elde edilen sonuclar, planlanan pilot tesise
dogru atilmis bir adimdir. SaltX, proje ilerledikge gelismeler
hakkinda daha fazla bilgi paylasacaktir.

Kaynak: https://www.saltxtechnology.com/cision/saltx-and-
holcim-have-produced-portland-quality-cement-clinker-
in-a-fully-electrified-process/?utm_source=chatgpt.com

Source: https://www.globalcement.com/news/20807-
new-hydrogen-facility-for-cimsa-s-bunol-plant?utm_
source=newsletter&utm_medium=email&utm_
content=566620&utm_campaign=GCW761

SWITZERLAND

SALTX AND HOLCIM HAVE PRODUCED PORTLAND-
QUALITY CEMENT CLINKER IN A FULLY
ELECTRIFIED PROCESS

SaltX Technology and Holcim have produced Portland-
quality clinker using a fully electrified process, following
industrial-scale testing at SaltX's test and research centre
in Hofors, Sweden. Holcim’s cement raw meal was calcined
using only electricity and then sintered using SaltX's new
electric clinker reactor. The company says it eliminates
the need for a fossil-fuel powered kiln and demonstrates
a ‘fundamentally new approach’ to cement production.
The resulting clinker reportedly meets industrial quality
requirements. CEO of SaltX Lina Jorheden said “This
marks a major step forward in demonstrating that a
fully electrified cement process is not only possible but
can be implemented in an industrial setting. Electrifying
both calcination and sintering is key to enabling this
shift, and the results demonstrate a new approach to
cement production.”

Head of Holcim MAQER Ventures Bengt Steinbrecher said
‘SaltX demonstrated that their electrification solution
is able to produce clinker of Portland quality. This is a
strong validation of their technology and an important
step on the industrial scale-up roadmap for future cement
production."The results are a step forward toward the
planned pilot plant SaltX will provide further updates about
the development as the project progresses.

Source: https//www.saltxtechnology.com/cision/saltx-and-
holcim-have-produced-portlond-quality-cement-clinker-
in-a-fully-electrified-process/?utm_source=chatgpt.com
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APPLIED CLAY SCIENCE
BUILDINGS

Unverdi M, & Mardani, A. (2026) Limestone calcined cloy
cement (LC3J: The evolution of a ternary binder from laboratory
innovation to sustainable industrial application. Sustainability,
18(7), 3473.

Kuresel gimento endustrisinin karbonsuzlastiriimasina
yonelik acil gereksinim, geleneksel mineral katkilarin/
tamamlayici cimentolu malzemelerin (SCM) giderek sinirli
hale gelmesiyle daha da kritik bir boyut kazanmaktadir.
Kiregtasi-kalsine kil cimentosu (LC3), %50'ye varan Klinker
ikamesine olanak saglamasi ve CO, emisyonlarinda yaklasik
%40 oraninda azalma potansiyeli sunmasi nedeniyle
surdurdlebilir baglayici sistemler arasinda dne ¢ikan bir
alternatif olarak degerlendirilmektedir.

Mevcut derleme calismalari cogunlukla malzemenin
temel ozelliklerine odaklanirken, bu ¢alisma hidratasyon
termodinamidi ile yeni nesil surdurulebilir muhendislik
uygulamalari arasindaki iliskiyi elestirel bir bakis acisiyla
ortaya kaymaktadir. Calismada, 2000-2026 ylllari arasinda
yaymlanmis 135 guncel kaynagin yapilandiriimis bibliyografik
analizi Uzerinden LC3'Un laboratuvar olgekli bir yenilikten,
buyuk olgekli endUstriyel Uretime ve dongusel ekonomi
uygulamalarina entegre edilebilecek yuksek potansiyelli
bir baglayici sisteme donusum sureci ele alinmaktadir.

Bu kapsamda ozellikle alumina-karbonat sinerjisi
vurgulanmaktadir. Soz konusu reaksiyon mekanizmasi
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Limestone Calcined Clay Cement (LC3]): The Evolution
of a Ternary Binder from Laboratory Innovation to
Sustainable Industrial Application

Unverdi, M, & Mardani, A. (2026). Limestone calcined clay
cement (LC3): The evolution of a ternary binder from laboratory
innovation to sustainable industrial application. Sustainability,
18(7), 3473,

The urgent need to decarbonize the global cement industry
is compounded by the declining availability of conventional
supplementary cementitious materials (SCMs). Limestone-
calcined clay cement (LC3) emerges as a highly sustainable
alternative, enabling up to 50 percent clinker replacement
and an approximate 40 percent reduction in carbon dioxide

emissions.

Unlike existing reviews that focus on basic material
properties, this paper critically bridges the gap between
fundamental hydration thermodynamics and next-
generation sustainable engineering applications. Through
a structured bibliographic analysis of 135 contemporary
sources published between 2000 and 2026, it traces the
evolution of LC3 from a laboratory innovation to a highly
promising solution for large-scale industrial implementation
and circular economy integration. The discussion highlights

the synergistic alumina carbonate reaction.

This reaction forms carboaluminate phases. These phases
significantly densify the microstructure and enhance long
term durability. Key engineering properties are examined,



sanucunda karboalUminat fazlari olusmakta; bu fazlar
¢cimento hamurunun mikroyapisini yogunlastirmakta,
bosluk yapisiniiyilestirmekte ve uzun donem dayaniklilik
perfarmansina katki saglamaktadir.

Temel muhendislik 6zellikleri kapsaminda LC3 sistemlerinin
reolojik davranigi, yuksek su ihtiyacina bagl islenebilirlik
sorunlari, karbonatlasmaya karsi duyarliigi ve agresif cevresel
kosullarda sergiledigi yuksek KlorUr direnci karsilagtirmali
olarak deg@erlendirilmektedir. Saha uygulamalarina gegis
sureci ise flas kalsinasyon teknalojilerindeki gelismeler,
yasam dongusu degerlendirmesi (LCA) yoluyla gevresel
ayak izinin azaltilmasi ve uUretimin endustriyel dlgekte
olceklenebilirligi cercevesinde incelenmektedir.

Son olarak bu derleme, LC3 sistemlerinde bilinen sorunlar
yalnizca tekrar etmekle yetinmemekte; mevcut ampirik
iyilestirme stratejilerinin sinirliiklarini da ortaya koymaktadir.
LC3'Un 3B beton yazdirma gibi gelismekte alan surdurulebili
yap! teknolgjilerine entegrasyonunu desteklemek amaciyla,
molekuler duzeyde tasarlanmig gevre dostu kimyasal katkilara
ve saha verileriyle kalibre edilmis dayaniklilik modellerine
odaklanan hedefli bir arastirma gundemi 6nerilmektedir.

Anahtar Kelimeler: Kirectagi-kalsine kil gimentosu (LC3),
DUsuk karbonlu baglayici, Mikroyapisal gelisim, Dayaniklilik
performansi, Surdurulebilir yapr malzemeleri, 3B beton
yazdirma

https://www.mdpicom/2071-1050/18/7/3473
https://doi.org/10.3390/su18073473

Matschei, T, Braymand, S, Garg, N., Huet, B, Jansen, D,
Myers, R. J., Scruggs, B, Bernard, E, Bertolg, J, Cazacliy,
B. Ellwood, L, Felten, C, Ferrara, G, Garboczi, E., Gholizadeh
Vayghan, A, Hafez, H., Hanein, T, Kanavaris, F, Mahoutian, M,
.. Suraneni, P.(2026). Test methads for CO, mineralization in
cement-based materials: A review by RILEM TC 309-MCP.
Materials and Structures, 59(4), Article 175.

CO,, cesitliyap malzemeleriigerisinde kati karbonat fazlari
seklinde absorbe edilip mineralize edilebilmektedir. Cimento
esaslive diger yapi Urunlerinde COz iceriginin ve CO, tutulum
miktarnnin dogru sekilde dlcuimesi; yeni mineral karbonatlagma
UrUnlerinin, Uretim sureglerinin ve uygulamalarnin gelistirimesi
ve belgelendiriimesi agisindan 6nem tasimaktadir.

Bununla birlikte, dlgum surecioldukea karmasiktir Numuneler
ince tozlardan blok numunelere kadar degisebilmekte, fark

contrasting rheological challenges from high water demand
and carbonation susceptibility against its exceptional

chloride resistance in aggressive environments.

The transition to field application is thoroughly assessed,
emphasizing technological advances in flash calcination,
environmental footprint reduction through life cycle

assessment (LCA), and production scalability.

Finally, rather than restating known challenges, this review
exposes the limitations of current empirical mitigation
strategies. It proposes a targeted research agenda
focused on molecular-level green admixture design and
field calibrated durability models to support the integration
of LC3 into emerging sustainable technologies such as 3D

concrete printing.

Keywords: Limestone-calcined clay cement (LC3), Low-
carbon binder; microstructural evolution; durability
performance; sustainable construction; 3D concrete printing
https://www.mdpi.com/2071-1050/18/7/3473

https://doi.org/10.3390/5u18073473

Test methods for CO, mineralization in
cement-based materials: A review by RILEM
TC 309-MCP

Matschei, T, Braymand, S., Garg, N., Huet, B, Jansen, D,
Muyers, R. J., Scruggs, B, Bernard, E., Bertala, J,, Cazacliy,
B. Ellwood, L, Felten, C. Ferrara, G, Garboczi, E., Gholizadeh
Vayghan, A, Hafez, H. Hanein, T, Kanavaris, F, Mahoutian, M,
..Suraneni, P.(2026). Test methods for CO, mineralization in
cement-based materials: A review by RILEM TC 30S-MCP.
Materials and Structures, 59(4), Article 175.

Recycled concrete aggregates (RCA) possess high
porosity, high water absorption, and adhered old mortar,
so recycled aggregate concrete (RAC) often shows reduced
mechanical performance and durability. These deficiencies
limit the use of RCA in sustainable composite binders
such as limestone calcined clay cement (LC3), where
RCA incorporation can compromise the durability and
sustainability advantages of LC3. In this study, a crystalline
admixture (CA] was used to pre-treat RCA. Although CA is
known to enhance the permeability resistance of ordinary
Portland cement concrete, its effect and mechanisms
in LC3-based RAC, particularly for chloride transport,
remain insufficiently understood. The influence of CA
treatment on the permeability and resistance to chloride

ingress of LC3-based RAC is evaluated using rapid chloride
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duzeylerde heterojenlik gosterebilmekte ve bunyelerinde
farkl kati karbonat fazlar bulunabilmektedir. Ayrica kullanilan
olgum yontemleri, girisim etkilerine karsi duzeltme yapimasini
gerektirebilmektedir. COz iceriginin ne zaman ve numunenin
hangi bolumunden 6l¢uldugu de sonuglarin dogrulugu
acisindan kritik oneme sahiptir.

Bir numunenin kati CO; icerigini belirlemek igin ¢cok sayida
yontem kullanilabilmekte; bu verilerden hareketle CO,
tutulum miktar hesaplanabilmektedir. Bu calismada, stz
konusu amacla kullanilan enilgiliyontemlere yonelik elestirel
bir derleme sunulmaktadir. En yaygin kullanilan yontemler
termogravimetrik analiz ve yanma analizidir. Bununla birlikte,
difraksiyon temelli yontemler, spektroskopik analizler, yas
kimyasal yontemler ve diger karakterizasyon teknikleride CO,
iceriginin belirlenmesinde kullanilabilmektedir. Calismada, farkli
deney yontemlerinin avantajlari ve sinirliliklari tartigiimaktadir.
Numune hazirlama, sonuglarin yorumlanmasi, lcum sinirliliklar,
olasi girisim etkileri ve tamamlayici yontemlerin birlikte kullanimi
ozellikle vurgulanmaktadir. Ayrica, olgulen kati CO; iceriklerinin
hesaplanan CO, tutulum miktarina donusturuimesinde dikkate
alinmasi gereken temel hususlar ele alinmaktadir.

Anahtar Kelimeler: -
https://link springer.com/article/101617/s11527-026-03064x

https://doi.org/101617/s11527-026-03064-x

Deb, S, Mahajan, Y, Sharma, V, Kapse, M, & Ghosal. A. (P026)
Machine learning-based optimization of sustainable concrete
mix for strength prediction. Discover Sustainability.

Bu ¢alisma, insaat sektoru acisindan kritik bir performans
parametresi olan beton basing dayaniminin tahmin edimesinde
makine 6grenmesi algoritmalarinin kullaniminiincelemektedir.
Geleneksel beton karisim tasarimi yontemleri buyuk olcude
kapsamli laboratuvar deneylerine dayandigindan hem
maliyetli hem de zaman alici bir sUreg olusturmaktadir.
Arastirmanin temel amaci, tasiyici guvenligi ve yapisal
butdnlugu korurken malzeme kullanimini optimize edebilecek
daha verimli tahmin modelleri geligtirmektir.

Calismada, gimento, yuksek firin cirufu (BFS), ugucu kUl
ve agregalarin farkli oranlarina bagl olarak beton basing
dayanimini tahmin etmek amaciyla CatBoost, XGBoost
ve LightGBM gibi gelismis makine ¢grenmesi modelleri
kullanilmistir. Model sonucglarinin yorumlanabilirligini
artirmak igin Agiklanabilir Yapay Zeka (XAl) yaklagimlarindan
yararlanimistir. Bu kapsamda, SHapley Additive exPlanations
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migration (RCM) tests, sorptivity measurements, mercury
intrusion porosimetry (MIP), and backscattered electron
(BSE) imaging to characterize transport properties, pore
structure, and interfacial transition zone (ITZ) evolution
at different RCA replacement ratios. The results show
that CA treatment markedly improves the resistance
to chloride ingress of LC3-based RAC and reduces its
water-accessible porosity. The main mechanisms are as
follows. First, the high pozzolanic reactivity of calcined
cloy in LC3 promotes effective filling of pores at the RCA
surface and in the surrounding paste, and the secondary
hydration products refine the critical pore diometer and
pore-size distribution. Second, carboaluminate phases
such as hemicarboaluminate (Hc) and monocarboaluminate
(Mc) further densify the microstructure and increase the
chloride-binding capacity of the matrix, thereby suppressing

chloride migration.

Keywords: -

https://link.springer.com/article/10.1617/s11527-026-
03064x

https://doi.org/10.1617/511527-026-03064-x

Machine learning-based optimization of
sustainable concrete mix for strength
prediction

Deb, S, Mahajan, Y, Sharma, V, Kapse, M, & Ghosal A. (P026)
Machine learning-based optimization of sustainable concrete
mix for strength prediction. Discover Sustainability.

This study investigates the application of machine
learning algorithms in predicting the compressive strength
of concrete, a crucial performance parameter in the
construction industry. Traditional concrete design methods
rely heavily on extensive laboratory testing, making them
costly and time-consuming. The research aims to develop
more efficient predictive models to optimize material usage

while maintaining structural integrity.

The study employs advanced machine learning models,
including CatBoost, XGBoost, and LightGBM, to estimate
concrete strength based on varying proportions of
cement, blast furnace slag (BFS), fly ash, and aggregates.
To enhance model interpretability, Explainable Artificial
Intelligence [(XAl) techniques, such as SHapley
Additive exPlanations (SHAP) and permutation-based

characterization, were utilized to assess the influence



(SHAP) ve permutasyon temelli degisken onem analizi
kullanilarak, her bir karisim bileseninin basing dayanimi
Uzerindeki etkisi degerlendirilmistir.

Sonuglar, makine 6grenmesi modellerinin beton karigim
bilesenleri ile basing dayanimi arasindaki karmasik ve
dogrusal olmayan iligkileri etkili sekilde yakalayabildigini
gostermektedir. Bu modeller, dogruluk bakimindan geleneksel
tahmin yaklasimlarina gore daha basaril sonuclar vermekte;
beton basing dayaniminin tahmini igin daha guvenilir, hizli
ve verimli bir alternatif sunmaktadrr.

Anahtar Kelimeler: https://link springercom/article/1071007/
s43621-026-03227-4

https://doi.org/10:1007/s43621-026-03227-4

Souza, S. M. C, Moreirg, L. D, Medeiros, D. L, Santos, T A,
& Costa, . das M. [2026) Life cycle assessment of ternary
cement production based on calcined clay and marble

residue. Buildings, 16(9), 1848

Cimento endUstrisi, yuksek CO, emisyonlari ve dogal kaynak
tuketimi gibi cevresel etkiler nedeniyle, Uretim sureclerine kati
atiklarin dahil edimesi yoluyla malzeme donguselligini artirmaya
yonelik stratejiler gelistirmektedir. Bu kapsamda mermer
atigi (MR), cimentolu malzemelerde kullanilabilecek bir bilegen
olarak, ozellikle kismi cimento ikamesi potansiyeli agisindan
arastiriimaktadir. Bu yaklasim, mermer atiklarinin inert atik
olarak dUzenli depolama sahalarinda biriktirilmesini azaltmasi
bakimindan da dnem tasimaktadir. Teknik uygulanabilirlik
acisindan umut verici sonuclar elde edilmis olsa da, bu
teknalojinin gegerliliginin ortaya kanulabilmesi igin gevresel
agidan da dederlendiriimesi gerekmektedir.

Bu ¢alisma, dongusel ekonomiilkelerini desteklemek amaciyla,
UclU gimento Uretiminde kalker filler yerine mermer atiginin
kullanimini Yagam Dongusu Degerlendirmesi (LCA) yontemiyle
incelemektedir. Arastirmada Ug farkl formulasyonun gevresel
etkileri kargilastirimistir: referans sistem olarak geleneksel
Portland cimentosu (OPC), kalsine kil ve kalker filler iceren
kiregtasi-kalsine kil gimentosu (LC3) ve kalker filler yerine

%15 oraninda mermer atigr kullanilan LC3-R formulasyonu.

Besikten kapiya yaklasimiyla yurotulen LCA galismasi,
hammadde ¢ikarimindan gimento Uretimine kadar olan suregleri
kapsamaktadir. Dederlendirmede OpenLCA v2.3 yazilimi ve
Ecoinventv36 veri tabani kullanimistir incelenen cevresel etki

kategorileri; abiyotik kaynak tuketimi (ADP), fosil yakit kaynakli

of individual components on compressive strength. The
results confirm that machine learning models effectively
capture complex nonlinear relationships between concrete
mix components and compressive strength. These models
outperform conventional prediction approaches in terms
of accuracy, providing a more reliable and efficient
alternative for estimating concrete strength.

Keywords: https://link.springer.com/article/10.1007/
543621-026-03227-4

https://doi.org/10.1007/543621-026-03227-4

Life Cycle Assessment of Ternary Cement
Production Based on Calcined Clay and
Marble Residue

Souza, S. M. C, Moreirag, L. D, Medeiros, D. L, Santos, T A,
& Costa, I. das M. [2026). Life cycle assessment of ternary
cement production based on calcined clay and marble

residue. Buildings, 16(9), 1848

The cement industry has been seeking strategies to ensure
the circularity of materials through the incorporation of
solid waste into its processes, driven by the environmental
challenges associated with cement production, such as
high CO, emissions and resource consumption. In this
context, marble residue (MR) has been investigated for
application in cementitious materials, including as a partial
cement substitute, which also mitigates MR deposition as
aninert waste in landfills. Although its technical feasibility
has shown promising results, environmental justification
is still necessary to validate this technology.

This research presents a Life Cycle Assessment (LCA) of
MR as a substitute for limestone filler in ternary cement
production, promoting circular economy principles.
The environmental impacts of three formulations were
compared: Ordinary Portland Cement (OPC), used as
the reference; limestone calcined clay cement (LC3),
composed of calcined clay and limestone filler; and LC3-
R, which incorporates 15% MR in place of limestone filler.

The cradle-to-gate LCA included raw material extraction
through to cement production, using Openl.CA (v2.3) and
the Ecoinvent database (v3.6). The impact categories
analyzed included abiotic depletion (ADP), abiotic
depletion of fossil fuels [ADP-ff). global warming potential
(GWP 1000, ozone layer depletion (ODP), human toxicity
potential (HTP), and acidification potential (AP). Results
showed that LC3-R had the lowest environmental
impacts, with reductions up to 39% compared to OPC
and 11% compared to LC3. A sensitivity analysis was
conducted for environmental and economic dimensions
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abiyatik kaynak tuketimi (ADP-ff), kiresel isinma potansiyeli
(GWP 1008), 0zon tabakas! incelme potansiyeli (ODP), insan
toksisite patansiyeli (HTP) ve asitlesme potansiyelidir (AP).

Sonuglar, en dusuk gevresel etkinin LC3-R formulasyonunda
elde edildigini gostermistir. LC3-R, OPC'ye kiyasla %3975,
LC3e kiyaslaise %11e varan oranlarda gevresel etki azaltimi
saglamistir. LC3-R baglaminda mermer atiginin tagima
mesafesinin etkisini dederlendirmek amaciyla gevresel
ve ekonomik boyutlari kapsayan bir duyarlilik analizi de
gerceklestirimistir. LC3-R formulasyonunun, OPC'ye kiyasla
ilave 400 km'ye kadar, LC3'e kiyaslaise ilave 100 km'ye kadar
cevresel agidan uygulanabilirligini korudugu belirlenmistir.
Ayrica bu formulasyonun ekonomik agidan da rekabetci
oldugu ortaya konmustur.

Elde edilen bulgular, mermer atiginin LC3 ¢imentosuna
dahil edilmesinin cevresel etkilerin azaltimasina ve kaynak
verimliliginin artinimasina katki sagladigini gostermektedir.
Bu nedenle LC3-R formulasyonu, dongusel ekonomi
yaklasimi kapsaminda mermer atiklarinin gimento Uretiminde
degerlendiriimesi agisindan 6nemli bir potansiyel sunmaktadir.

AnahtarKelimeler: Yagam dongusu dederlendirmesi, Dongusel
ekonomi, Kati atik, Kirectasi-kalsine kil cimentosu (LC3),
Mermer atigi

https://www.mdpi.com/2075-5309/16/9/1848

https://doi.org/10.3390/buildings16091848

Avci E, Sidimi, E, Asaam, N, Dag, A, Tugrul, A, & Perumal, P,
(2026) Quarry waste clays as supplementary cementitious
materials: Mineralogical evolution and pozzolanic
performance after thermal activation. Applied Clay Science,
287, Article 108085.

Bu calisma, surdurulebilir baglayic sistemlerde alternatif
tamamlayici cimentolu malzeme (SCM) alarak kullanilmak
Uzere termal olarak aktive edilmis tas ocagl atiklarinin
potansiyeliniincelemektedir. Caligma kapsaminda Istanbul'un
Avrupa yakasinda yer alan bir kum ocagindan kilce zengin
Uc farkli malzeme alinmistir: iki dogal ortu kili —Sari Tabaka
(YL]) ve Mavi Tabaka (BL)— ile kum yikama islemi sirasinda
olusan proses kaynakli camur atigi (TA).

Tum numuneler 150 pm altina elenmis, kurutulmus ve 800
°C'de 2 saat sureyle kalsine edilmistir. Faz donusumlerini
ve amorf faz gelisimini degerlendirmek amaciyla mineralojik
analizler (XRD), kimyasal analizler (XRF) ve termal/
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to assess the influence of MR transportation distances
in the LC3-R context. The LC3-R formulation remained
environmentally viable up to an additional 400 km
compared to OPC, and up to 100 km compared to LC3,
being also competitive in the economic dimension. The
results highlight the benefits of incorporating marble
residue into LC3 cement, contributing to environmental
impact reduction and promoting resource efficiency
within a circular economy approach.

Keywords: Life cycle assessment, Circular economy, Solid
waste, Limestone calcined clay cement (LC3), Marble
residue

https.//www.mdpi.com/2075-5309/16/9/1848

https.//doi.org/10.3390/buildings16091848

Quarry waste clays as supplementary
cementitious materials: Mineralogical evolution
and pozzolanic performance after thermal
activation

Avci E, Sidimi, E, Asaam, N, Dag, A, Tugrul, A, & Perumal, P.
(2026) Quarry waste clays as supplementary cementitious
materials: Mineralogical evolution and pozzolanic
performance after thermal activation. Applied Cloy Science,
281 Article 108085.

This study investigates the potential of thermally activated
quarry waste as alternative supplementary cementitious
materials (SCMs) for sustainable binder systems. Three
clay-rich materials were collected from a sand quarry
located on the European side of Istanbul: two natural
overburden clays (Yellow Layer-YL and Blue Layer-BL)
and one process-derived sludge waste (TA) generated
during sand washing. All samples were sieved (<150
pm), dried. and calcined at 800 °C for 2 h. Mineralogical
(XRD), chemical (XRF). and thermal (TG, FTIR) analyses
were conducted to evaluate phase transformation and
amorphous phase development. Pozzolanic reactivity was
assessed by the R3 test, including heat release and bound
water measurements. Results showed that the TA sample
exhibited the highest reactivity due to its kaolinite content
and fine, homogeneous particle structure. In contrast, the
BL somple demonstrated limited reactivity owing to the
dominance of thermally stable phases such as muscovite
and albite. Mortar specimens prepared with 20 % SCM
replacement were tested for compressive strength at 7,
14, and 28 days using both CEM | and CEM Il binders. The
TA-C mixture achieved a compressive strength index (CSI)
of 102.9 % with CEM | at 14 days, indicating strong early-
age performance, while YL-C showed the highest 28-day
strength with CEM II (CSI = 979 %). These findings confirm



spektroskopik analizler (TG, FTIR] gerceklestiriimistir.
Puzolanik reaktivite, 1si aciga gikisi ve bagli su miktari
olcumlerini igeren R3 testi ile degerlendirilmistir.

Sonuglar, TA numunesinin kaalinitigerigi ile ince ve homojen
tane yapisi nedeniyle en yuksek reaktiviteyi gosterdigini
ortaya koymustur. Buna karsilik BL numunesi, muskovit ve
albit gibi termal olarak kararli fazlarin baskinligi nedeniyle
sinirli reaktivite sergilemistir.

%20 SCM ikamesiyle hazirlanan harg numunelerinde hem
CEM Ihem de CEM Il baglayici sistemlerikullanilarak 7,14 ve
28 gunluk basing dayanimlari belirlenmistir. TA-C karisim,
CEM I ile 14 gunde %102,9 basing dayanim indeksi (CSI)
degerine ulasarak guclu erken yas performansi gostermistir.
YL-C kanigimi ise CEM Il ile 28 gunde en yuksek dayanim
performansini sergilemis ve %9739 CSI dederine ulagsmistir.
Bu bulgular, uygun sekilde termal olarak aktive edilen gamur
esasli SCM'lerin geleneksel sistemlerin performansina
ulasabilecedini, hatta bazi kosullarda bu performansi
asabilecegini gostermektedir. Calisma, tas ocadl camur
atiklarinin kaynak verimli ve dusuk karbonlu gimentolu
malzemeler igin uygulanabilir bir strateji sundugunu ortaya
koymaktadir.

Anahtar Kelimeler: Kalsine kil, Tsmamlayici gimentolu
malzemeler (SCM), Tas ocagi camuru, Puzolanik reaktivite,
Termal aktivasyon

https://www.sciencedirect.com/science/article/pii/
S0169131725003504

https://doi.org/101016/j.clay.2025108085

that sludge-based SCMs, when properly activated, can
match or even exceed the performance of conventional
systems, offering a viable strategy for resource-efficient
and low-carbon cementitious materials.

Keywords: Calcined Clay, Supplementary cementitious
materials (SCMs), Quarry sludge, Pozzolanic reactivity,
Thermal activation

https://www.sciencedirect.com/science/article/pii/
S0169131725003904

https://doiorg/10.1016/j.clay.2025.108085
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e CONSTRUCTION AND BUILDING MATERIALS
e CEMENT AND CONCRETE RESEARCH

e HYBRID ADVANCES

e CEMENT AND CONCRETE COMPOSITES

Lu J, Chen, J, Lee, C. H, Li Y, Ruan, H.D, & Jiang, S. Y. (2026)
Feasibility of fly ash-based gecpolymer as a sustainable
alternative to cement in concrete production. Construction
and Building Materials, 503, 145743.

Bu calisma, beton Uretiminde ¢imentoya surdurulebilir bir
alternatif alarak superhidrofobik ugucu kUl esasli jeopolimerlerin
potansiyelini degerlendirmektedir. PFDS, CS ve WENS
kullanilarak gelistirilen Ug farkl Uretim yontemi, gimento
numunelerinin fiziksel, kimyasal ve mekanik ozellikleri Uzerindeki
etkileri acisindan karsilastinimistir. FA-PFDS ve FA-WFENS
numuneleri, dusuk yuzey enerjili gruplarla gergeklestirilen
yuzey modifikasyonu sayesinde belirgin bir siperhidrafobiklik
sergilemis, bu durum islanabilirlik testleriile dogrulanmistir. Su
emme ve basing dayanimi dederlendirmeleri, 6zellikle FA-PFDS
ve FA-WENS ile modifiye edilen ugucu kulun, modifiye edilmemis
ugucu kule kiyasla daha yuksek su direnci ve daha iyi mekanik
performans gosterdigini ortaya koymustur. Buna karsilik FA-CS,
su emilimini etkili bir sekilde azaltamamisg ve basing dayanimini
olumsuz etkilemistir. XRD ve FTIR analizleriyle gerceklestirilen
mikroyapisal incelemeler bu sonuglar desteklemistir Ozellikle
%40 oraninda FA-PFDS ve FA-WFNS iceren gimento numuneleri
sirasiyla 16,3 MPa ve 15,1 MPa basing dayanimina ulasmisg, bu
degerler %40 araninda modifiye ediimemis ugucu kuliceren
numunenin (12,6 MPa) dayanimini asmistir. Elde edilen bulgular,
madifiye edilmis ugucu kul esasli jeopolimerlerin geleneksel
¢imentoya kiyasla umut verici, dayanikli ve surdurulebilir bir
alternatif sundugunu gostermektedir.

Ayrica bu yaklasim, beton Uretiminde cevresel etkilerin
azaltiimasina ve endustriyel yan Urunlerin daha etkin
degerlendiriimesine katki saglayabilecek onemli bir segenek
olarak tne ¢ikmaktadir.

Anahtar Kelimeler: Cimento, Beton uretimi, Ugucu kUl
esaslijeopolimer, SUperhidrofobiklik, Strdurulebilir alternatif

https://www.sciencedirect.com/science/article/pii/
S0950061826000437 https://doi.org/10.1016/j.
conbuildmat. 2026145143
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Feasibility Of Fly Ash-Based Geopolymer as a
Sustainable Alternative to Cement in Concrete
Production

Lu J, Chen, J, Lee, C H, Li Y, Ruan, H. D, & Jiang, S. Y. (2026),
Feasibility of fly ash-based geopolymer as a sustainable
alternative to cement in concrete production. Construction
and Building Materials, 508, 145743

This study evaluates the potential of superhydrophobic
fly ash-based geopolymers as sustainable substitutes
for cement in concrete production. Three fabrication
methods using PFDS, CS, and WFNS, were compared
for their effects on physical, chemical, and mechanical
properties of cement specimens. FA-PFDS and FA-WFNS
demonstrated significant superhydrophaobicity, attributed
to surface modification with low-energy groups, as
confirmed by wettability tests. Water absorption and
compressive strength assessments revealed that
modified FA, particularly FA-PFDS and FA-WFENS, exhibited
enhanced water resistance and mechanical performance
compared to unmodified FA. In contrast, FA-CS did not
effectively decrease water absorption and adversely
affected compressive strength. Microstructural analysis
via XRD and FTIR supported these findings. Notably,
cement specimens containing 40 % FA-PFDS and
FA-WFENS achieved compressive strengths of 16.3 MPa
and 1571 MPa, respectively, surpassing those with 40 %
unmadified FA (12.6 MPa)

These results indicate that modified FA-based geopolymers
offer a promising, durable, and sustainable alternative to
conventional cement.

Keywords: Cement, Concrete production, Fly ash-based
geopolymer, Superhydrophobicity, Sustainable alternative

https://www.sciencedirect.com/science/article/pii/
S0950061826000437 https://doi.arg/10.1016/j.
conbuildmat 2026.145743



Vallieres, P. L, Graveline, C, Daoust, K, de Lacaillerie, J. B. D.
E, Tagnit-Hamou, A, & Claverie, J. P. (2026). Increasing the
metakaolin content of blended cements by cationic latex
adsorption: Towards more sustainable concrete. Cement
and Concrete Research, 204, 108190.

Metakaolin (MK), yaygin bulunabilirligi ve dusuk karbon ayak
izi nedeniyle beton Gretiminde Portland cimentosunun (PC)
yerine kullanilabilecek umut verici bir ek baglayici malzeme
(SCM) olarak kabul edilmektedir. Ancak yuksek MK ikame
oranlarina (%30 ve Uzeri) ulasmak, islenebilirlik, hidratasyon
kinetigi ve nihai mekanik ozellikler Gzerinde olumsuz etkiler
nedeniyle zorluk yaratmaktadir. Bu calismads, katyonik lateks
nanaparcaciklarinin MK yuzeyine guglu sekilde adsorplanarak
deflokule (topaklanmamig) MK dispersiyonlari olusturdugu ve
bu sayede MK'nin gimento farmulasyonlarina %60 kadar
ikame oranlarinda islenebilirlik kaybi olmadan dahil edilebildigi
gosterilmistir. MK'nin sulfat anyonlarini tutma egilimine
karsin, %71.3 lateks ile kaplanan MK'nin bu clumsuz etkiden
bagimsiz hale geldigi belirlenmistir. Bunun sanucunda, %60
MK iceren karisimlarin hidratasyon kinetigi saf Portland
¢imentosuna oldukga benzer hale gelmistir. Dikkat cekici
sekilde, %50-60 MK iceren harclarin basing dayanimlari
Portland gimentosu esasli harglarla karsilastirilabilir seviyede
kalirken, %30-40 MKiceren formulasyonlarda ise %20'ye
varan dayanim artisi elde edilmistir.

Bu bulgular, katyonik lateks nanoparcaciklarinin yuksek
MK igerikli gimenta sistemlerinin (%60'a kadar) islenebilirlik
ve hidratasyon Uzerinde olumsuz etki olusturmadan ve
hatta mekanik performansi iyilestirerek formule edilmesini
mUmkun kildigini gostermektedir.

Anahtar Kelimeler: Cimento, Metakaolin, Lateks, Dispersiyon,
Sulfatlama, Adsorpsiyon

https://www.sciencedirect.com/science/article/pii/
50008884626000591

https://doi.org/101016/j.cemconres.2026:108190

Vallieres, P. L, Graveline, C, Daoust, K, de Lacaillerie, J. B. D.
E, Tagnit-Hamou, A, & Claverie, J. P. (2026). Increasing the
metakaolin content of blended cements by cationic latex
adsorption: Towards more sustainable concrete. Cement
and Concrete Research, 204, 108190.

Increasing the Metakaolin Content of Blended
Cements by Cationic Latex Adsorption: Towards
more Sustainable Concrete

Vallieres, P. L, Graveline, C, Daoust, K, de Lacaillerie, J. B. D.
E, Tagnit-Hamou, A, & Claverie, J. P. (2026). Increasing the
metakaolin content of blended cements by cationic latex
adsorption: Towards more sustainable concrete. Cement
and Concrete Research, 204, 108190.

Metakaolin (MK) is a promising supplementary
cementitious material (SCM] for replacing Portland cement
(PC] in concrete due to its wide availability and low carbon
footprint. However, achieving high PC substitution levels
with MK (2 30 wt%) remains a challenge, as elevated
MK contents are known to adversely impact workability,
hydration kinetics, and the final mechanical properties
of concrete. In this study, we demonstrate that cationic
latex nanoparticles adsorb strongly onto the surface of
MK resulting in deflocculated MK dispersions that can be
incorporated into cement formulations at substitution rates
as high as 60 wt% without loss of workability. Although
MK is known to trap sulfate anions, MK coated with 1.3
wt% latex is found to be immune to this phenomenon. As
a result, the hydration kinetics of formulations containing
60% MK closely match those of pure PC. Remarkably,
compressive strengths of mortars with 50-60% MK
were comparable to those of PC-based mortars, while
formulations containing 30-40% MK exhibited strength
increases of 20%.

These findings show that cationic latex nanoparticles
enable the formulation of high-MK-content cements (up
to 60 wt%)] with no detrimental effects on workability or
hydration, and with improved mechanical performance.

Keywords: Cement, Metakaolin, Latex, Dispersion, Sulfation,
Adsorption

https://www.sciencedirect.com/science/article/pii/
S0008884626000591

https://doi.org/10:1016/j.cemconres.2026.1087190

Increasing the Metakaolin Content of Blended
Cements by Cationic Latex Adsorption: Towards
more Sustainable Concrete

Vallieres, P. L, Graveline, C, Daoust, K, de Lacaillerie, J. B. D.
E, Tagnit-Hamou, A, & Claverie, J. P. (2026). Increasing the
metakaolin content of blended cements by cationic latex
adsorption: Towards more sustainable concrete. Cement
and Concrete Research, 204, 108190.
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Metakaolin (MK), yaygin bulunabilirligi ve duguk karbon ayak
izi nedeniyle beton Uretiminde Portland gimentosunun (PC)
yerine kullanilabilecek umut verici bir ek baglayici malzeme
(SCM) olarak kabul edilmektedir. Ancak yuksek MK ikame
aranlarina (%30 ve Uzeri) ulasmak, islenebilirlik, hidratasyon
kinetigi ve nihai mekanik dzellikler Uzerinde olumsuz etkiler
nedeniyle zorluk yaratmaktadir. Bu calismada, katyonik lateks
nanoparcaciklarinin MK yuzeyine guclu sekilde adsorplanarak
deflokile (topaklanmamis) MK dispersiyonlari olusturdugu ve
bu sayede MK'nin gimento formulasyonlarina %603 kadar
ikame oranlarinda islenebilirlik kaybr olmadan dahil edilebildidi
gosterilmistir. MK'nin sulfat anyonlarini tutma egilimine
karsin, %1.3 lateks ile kaplanan MK'nin bu olumsuz etkiden
bagimsiz hale geldigi belirlenmistir. Bunun sonucunda, %60
MK iceren karigimlarin hidratasyon kinetigi saf Partland
cimentosuna oldukga benzer hale gelmistir. Dikkat cekici
sekilde, %50-60 MK igeren harclarin basing dayanimlari
Portland ¢gimentosu esasliharglarla karsilastirlabilir sevigede
kalirken, %30-40 MKiceren formulasyonlarda ise %20'ye
varan dayanim artisi elde edilmistir.

Bu bulgular, katyonik lateks nanoparcaciklarinin yuksek
MK igerikli gimento sistemlerinin (%60 kadar) iglenebilirlik
ve hidratasyon uUzerinde olumsuz etki olusturmadan ve
hatta mekanik performansi iyilestirerek formule edilmesini
mumkun kildigini gostermektedir.

Anahtar Kelimeler: Cimento, Metakaolin, Lateks, Dispersiyon,
Sulfatlama, Adsorpsiyon

https://www.sciencedirect.com/science/article/pii/
S0008884626000591

https://doi.org/10:1016/j.cemconres.2026.1087190

Srivastava, J, & Bansal, T. (2026). Application of advanced
non-destructive testing for detection of corrosion-induced
damage in graphene oxide based concrete composite. Hybrid
Advances, 100652.

Beton yapisal elemanlarda korozyon kaynakli hasar ve
¢atlaklarin erken tespiti ve gergek zamanl degerlendiriimesi,
katastrofik gocme riskinin azaltiimasi agisindan buyuk
onem tasimaktadir. Bu amagla, bu galismada grafen oksit
esasl ¢cimento kompozitinde (GOCC) korozyon kaynakl
hasarin gercek zamanli olarak tespiti icin piezoelektrik
transduser tabanli elektro-mekanik empedans (EMI) teknigi
adi verilen ileri bir tahribatsiz test yontemi uygulanmistir.
Oncelikle, GOCC kip numuneleri gimento agirhigina gore
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Metakaolin (MK] is a promising supplementary cementitious
material (SCM) for replacing Portland cement (PC) in
concrete due to its wide availability and low carbon footprint
However, achieving high PC substitution levels with MK (=
30 wt%] remains a challenge, as elevated MK contents are
known to adversely impact workability, hydration kinetics,
and the final mechanical properties of concrete. In this
study, we demonstrate that cationic latex nanoparticles
adsorb strongly onto the surface of MK, resulting in
deflocculated MK dispersions that can be incorporated
into cement formulations at substitution rates as high as
60 wt% without loss of workability. Although MK is known
to trap sulfate anions, MK coated with 1.3 wt% latex is found
to beimmune to this phenomenon. As a result, the hydration
kinetics of formulations containing 60% MK closely match
those of pure PC. Remarkably, compressive strengths of
mortars with 50-60% MK were comparable to those of
PC-based mortars, while formulations containing 30-40%
MK exhibited strength increases of 20%.

These findings show that cationic latex nanoparticles
enable the formulation of high-MK-content cements (up
to 60 wt%) with no detrimental effects on workability or

hydration, and with improved mechanical performance.

Keywords: Cement, Metakaolin, Latex, Dispersion, Sulfation,
Adsorption
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50008884626000591
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Application of Advanced Non-Destructive Testing
for Detection of Corrosion-Induced Damage in
Graphene Oxide Based Concrete Composite

Srivastava, J, & Bansal, T [2026). Application of advanced
non-destructive testing for detection of corrosion-induced
domage in graphene oxide based concrete composite. Hybrid
Advances, 100652

The early detection and evaluation of corrosion-induced
domage and cracking in concrete structural members in
real-time is of significant importance to reduce the risk
of the catastrophic failure. For this purpose, this paper
describes the application of an advanced non-destructive
testing approach known as piezoelectric transducer-
based electro-mechanical impedance (EMI) technique to
the detection of corrosion-induced domage in graphene
oxide based concrete composite (GOCC) sample in real-



%0, %0.07, %0.02, %0.03, %0.04 ve %0.0S oranlarinda
grafen oksit (GO) igerecek sekilde hazirlanmis ve basing
dayanimlari belirlenmistir. Daha sonra, korozyon kaynakii
hasarin tespiti ve degerlendirilmesi igin optimum GO orani
kullanilarak silindirik GOCC numuneleri hazirlanmis ve bu
numunelere gomull piezo sensar (EPS) yerlestirilmigtir.
Karozyonun dederlendiriimesinde tepe rezonans dedisimi,
genlik degisimi, kok ortalama kare sapma (RMSD) ve esdeger
rijitlik kaybi gibi nitel, nicel ve mekanik parametre analizleri
gerceklestirimistir. Ayrica korozyon hizini belirlemek ve EMI
sonuglariylailiskilendirmek igin gravimetrik analiz yapilmistir.

Basin¢ dayanimi sonuclarina gore, %0.03 GO igeriginde
betonun maksimum dayanim degerine ulastigi belirlenmistir.
EPS sensorleri, korozyonun baslangig asamasini frekans
ve genlik degdisimleri Uzerinden etkin bir sekilde tespit
etmistir. Klasik beton (CC) ile GOCC karsilastirldiginda, ilk
10 guniginde CC'nin %48 oraninda rijitlik kaybr gosterdidi,
GOCC'ninise %40 kayip yasadigi belirlenmistir. Esdeger rijitlik
parametresi, GOCC'de korozyon kaynakli hasarin net bir
gastergesiolmustur. CC numuneleri yaklasik 60 gun (1440
saat] icinde ciddi karozyon ve gatlak olugsumu gosterirken,
GOCC numunelerinde ¢atlak olusumu 82 gune (1968 saat)
kadar gecikmistir; bu durum korozyon baslangic suresinde
yaklasik %37'lik bir artisa isaret etmektedir. Ayrica GOCC,
%20-25 daha dusUk kutle kaybi ve %35-40 daha dusuk
korozyon hizi gostermistir. Genel olarak, GOCC geleneksel
betona kiyasla daha yuksek korozyon direnci sergilemis
ve daha az pas olusumu gostermistir.

Anahtar Kelimeler: Grafen oksit, Korozyon kaynakli hasar,
EMI teknidi, Beton kompozitler, Piezoelektrik sensar

https://www.sciencedirect.com/science/article/pii/
52773207X26000540

https://doi.org/101016/j.hybadv.2026:100652

Atinafu, D. G, Kim, Y.U, Jung, J. H, & Kim, S. (2026). Paraffin-
infused mineral-modified biochar reinforced cement for
advanced thermal buffering, strength, and sustainability.
Cement and Concrete Composites, 106567

Biyochar gibi biyo-bazl malzemeler, hem karban yakalama
hem de cimento esasli kompozitlerde takviye edici katki
olarak umut vericiadaylar olarak ortaya ¢ikmistir. Bu ¢alisma,
tekrarl termal gevrimler altinda termomekanik testler,
mikroyapisal analiz ve dayaniklilik degerlendirmesi yoluyla
yeni, surdurdlebilir ve ¢ok yonlu bir biyo-bazli gimento

time. Firstly, the GOCC cube samples were prepared with O,
0.07 0.02 0.03 0.04 and 0.05% percentages of graphene
oxide (GO) by weight of cement to estimate the compressive
strength. Further, GOCC cylindrical samples were prepared
for the optimum percentage of GO for the detection and
evaluation of corrosion-induced damage using embedded
piezo sensor (EPS) The changes in resonance peak, amplitude,
root-mean square deviation [RMSD) and deterioration in terms
of equivalent stiffness were estimated by performing the
qualitative, quantitative and equivalent stiffness parameters
analyses. Furthermore, gravimetric analysis was performed
to identify the corrosion rate and correlated with the EMI
results. The findings and analysis from compressive strength
testing results indicates that at 0.03% of GO, concrete attains
its maximum compressive strength. The EPS effectively
captured the changes in the initiation phase of corrosion
in terms of frequency and amplitude shifts. On comparison
between CC and GOCC., it is found that CC shows a rapid
stiffness loss (48%) compared to GOCC (40%) in first 10
days. The equivalent stiffness parameter provides a clear
indication of corrosion-induced domage in GOCC. CC samples
exhibited severe corrosion and cracked after around 60 days
(1440 h), whereas GOCC delayed cracking to up to 82 days
(1968 h), indicating around 37% longer corrosion initiation
time. Additionally, GOCC exhibited (20-25) % lower mass
loss and (35-40) % reduced corrosion rates compared to
CC, demonstrating enhanced corrosion resistance. Overall,
GOCC exhibited better corrosion resistance than conventional
concrete, with reduced rust formation.

Keywords: Graphene oxide, Corrosion-induced domage, EMI
technique, Concrete composites piezoelectric sensor
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Paraffin-Infused Mineral-Modified Biochar
Reinforced Cement for Advanced Thermal
Buffering, Strength, and Sustainability

Atinafu, D. G, Kim, Y. U, Jung, J. H. &Kim, S.[2026). Paraffin-
infused mineral-modified biochar reinforced cement for
advanced thermal buffering, strength, and sustainability.
Cement and Concrete Composites, 106567.

Bio-based materials such as biochar have emerged
as promising candidates for both carbon capture and
reinforcement in cement-based composites. This study
introduces a novel, sustainable, and multidirectional bio-
based cement mortar through thermomechanical testing,
microstructural analysis, and durability assessment
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harci gelistirmektedir. Montmorillonit ve biyochar'dan (1:3
agirlik orani) olusan biyomineraller, parafin ile birlestirilerek
termal yonetim ve enerji tasarrufu saglayabilen cimento
kompozitleri gelistirimistir. Basing dayanimi sonuglari, yuzey
muhendisligi uapiimis mineraliceren (CMB) ve igermeyen (CCB)
kompozitlerde kantrol numunesine (CCC) kiyasla sirasiyla
%15.2 ve %71 araninda artis oldugunu gostermektedir. Bu
artig, X-isini kinnimi (XRD) ve BET yuzey alani analizleri ile
dogrulanan heterojen ¢ekirdeklenme, gozenek kapanmasi
ve i¢ kurleme etkilerine baglanmistir. BET sonuglari, CMB'nin
CCC'ye ve biyochar igermeyen kompozitlere (CMT) kiyasla
sirasiyla %377 ve %486.3 daha dusUk 6zgul yuzey alanina sahip
oldugunu gostermektedir. Termal analizler, CCC'nin aksine tum
modifiye numunelerin, saf parafine (21.9 °C) aldukga yakin
(111 °C) faz gecis pikleri sergiledigini ortaya koymustur. 1000
termal gevrim boyunca yapilan kararlilik dederlendirmesinde
CMB'nin, 11.5 °C'de genis bir pik korudugu ve CSB'ye gore 1.3
°C daha dusuk sicaklikta stabil kaldigl, aynizamanda gizli isinin
%79.0'unu muhafaza ettigi belirlenmistir. CMB ayrica Ustun is!
yaliuimi géstermis; CMT'ye kiyasla isililetkenligi %29.9, CCC'ye
kiyasla %14.5 oraninda azaltmistir. CSB'ye gore yalnizca %57,
CCB'ye gore ise %4.4'luk kugUk bir artis gozlenmistir.

Bu sonuglar, biyomineral esasli cimento kompazitlerinin ic
mekan uygulamalari ve zemin isi regulasyonu gibi alanlarda
kullaniimak Uzere, geleneksel ince agrega betonuna kiyasla
%50'ye kadar daha dusuk CO, emisyonu saglayabilen gevre
dostu ¢cozumler sundugunu gostermektedir.

Anahtar Kelimeler: Biyomineral esasli gimento kompozitleri,
Biochar, Cimento hidratasyonu, Termal tamponlama, Heterojen
cekirdeklenme
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Yu, K., Tang, Z., Kuang, H., Xue, Z, Deng, B, Mg, C, ... &
Wang, F. (2026). Exceptional high-temperature-resistant
engineered geopolymer composites: Roles of LCP fiber
and micromechanism. Cement and Concrete Composites,
106638S.

MuUhendislik gimento kompoziti (ECC), olaganustu
deformabilitesi ve c¢atlak kontrol kapasitesi ile dayanikli
altyapr uygulamalarr igin umut verici bir malzeme olarak
kabul edilmektedir. Ancak geleneksel sentetik liflerin dUsUk
erime noktasi (genellikle 200 °C'nin altinda) ECC'nin yangin
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under repeated thermal cycling. Biominerals composed of
montmorillonite and biochar (1:3 wt%) were integrated with
paraffin to develop cementitious composites capable of
thermal management and energy savings. Compressive
strength results show notable enhancements in composites
with and without surface-engineered mineral (CMB and
CCBJ, with increases of 15.2% and 71%, respectively, over
the control (CCC) This is attributed to heterogeneous
nucleation, pore closure, and internal curing, as confirmed
by X-ray diffraction and BET surface area analysis, which
shows CMB as 377% and 46.3% lower specific surface
area than CCC and composites without biochar (CMT),
respectively. Thermal analysis reveals that, unlike CCC, all
modified specimens exhibit clear phase-transition peaks,
within 11 °C of those of neat paraffin (219 °C). Stability
evaluation over 1000 thermal cycles indicates that CMB
retains a broad peak at 115 °C, 1.3 °C lower than CSB, while
maintaining 79.0% of its latent heat. CMB also demonstrates
superior thermal insulation, reducing thermal conductivity
by 29.9% compared with CMT and by 14.5% relative to
CCC, with only a slight increase compared with CSB (5.7%)
and CCB (4.4%)

These results highlight the potential of biomineral-based
cementitious materials as eco-friendly solutions, providing
up to 50% lower CO, emissions than conventional fine
aggregate concrete for applications such as interior
finishing and thermal floor regulation.

Keywords: Biomineral-based cement composites, Biochar,
Cement hydration, Thermal buffering, Heterogeneous
nucleation
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Exceptional High-Temperature-Resistant
Engineered Geopolymer Composites: Roles of LCP
Fiber and Micromechanism

Yu, K., Tang, Z.,, Kuang, H.,, Xue, Z, Deng, B, Mg, C,, ... &
Wang, F. (2026). Exceptional high-temperature-resistant
engineered geopolymer composites: Roles of LCP fiber
and micromechanism. Cementand Concrete Composites,
106639.

Engineered cementitious composite (ECC). recognized for
its exceptional deformability and crack-control capacity,
represents a promising material for resilient infrastructure.
However, the low melting point (typically below 200 °C) of
traditional synthetic fibers limits ECC's application in the



veya yuksek sicaklik riski bulunan ortamlardaki kullanimin
sinirlandirmaktadir. ECC'nin yuksek sicaklik dayaniminin
artirlmasi uzun suredir 6Gnemli bir muhendislik problemi
olarak one ¢ikmaktadir. Bu galismada, yuksek erime
noktasina sahip sivi kristal polimer (LCP) lifleri ve dusuk
kiriima tokluguna sahip jeopolimer matrisin entegrasyonu
ile yeni bir dusuk lif icerikl muhendislik jeopolimer kompoziti
(LCP-EGC) geligtirilmis ve ECC'nin yuksek sicaklik dayanimi
yeni bir seviyeye tasinmistir. Sadece %1 hacim oraninda lif
icerigi ile LCP-EGC, 300 °C'ye maruz kaldiktan sonra bile
belirgin gerinim sertlesme davranigl ve Ustun ¢atlak kontrol
kabiliyeti sergilemis; %4 ¢cekme deformasyonu ve 60 pm
¢atlak genisligi dederlerine ulasmistir.

Yuksek sicaklik altinda gerinim sertlesme davranisini
kontrol eden mekanizmalar, lif, matris ve lif-matris ara yuzey
ozelliklerini kapsayan cok olgekli analizlerle agiklanmistir.
Ayrica LCP-EGC, 0.2 W/(mK) gibi dustk bir 1sil iletkenlik
degeriile UstUnisil yalium kapasitesi gostermistir. Bir vaka
analizinde, LCP-EGC kompozit plakalarin yangin sonrasi
malzeme maliyet kaybinin, benzer isil iletkenlige sahip
polietilen lif takviyeli ECC'ye kiyasla yaklasik %27 oraninda
azaltlabilecegi belirlenmistir. Bu bulgular, yuksek sicaklik
dayanimli ve dayanikli yapisal tasarimlarin gelistirimesi
icin hem teorik anlayis hem de pratik uygulama stratejileri
sunmaktadir.

Anahtar Kelimeler: Yuksek sicaklikta gerinim-sertlesme,
LCP lifleri, MUhendislik jeopolimer kompoziti, Mikromekanizma,
Isil yalium

https://www.sciencedirect.com/science/article/pii/
50958946526001800

https://doi.org/101016/j.cemconcomp.2026.106639

scenarios prone to fire or elevated temperatures. Enhancing
the high-temperature resistance of ECC has long been a
persistent challenge. This study pioneered the integration
of high-melting-point liquid crystal polymer (LCP] fibers
and low-fracture-toughness geopolymer matrix, developing
a novel class of low content fiber-reinforced engineered
geopolymer composites (LCP-EGC] that pushed the high-
temperature-resistance of ECC to a new level. With only 1
vol% fiber content, LCP-EGC retained pronounced strain-
hardening characteristics and excellent crack-control
ability even after exposure to 300 °C, achieving a tensile
strain of 4% and a crack width of 60 pm.

The underlying mechanisms governing the high-
temperature strain-hardening response of LCP-EGC were
revealed through multiscale analysis covering fiber, matrix,
and fiber-matrix interface properties. Furthermore, LCP-
EGC exhibited excellent thermal insulation ability, with a
thermal conductivity as low as 0.2 W/[m-K). A case analysis
revealed that the post-fire concrete material cost loss of
LCP-EGC composite slabs can be reduced by approximately
27% compared to polyethylene fiber-reinforced ECC with
similar thermal conductivity. These findings can offer both
theoretical insight and practical strategies for advancing
high-temperature-resistant and resilient structural designs.

Keywords: High-temperature strain-hardening, LCP fibers,
Engineered geopolymer composite, Micrornechanism, Thermal
insulation
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S09589465260013800
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Tirkce 0z

Kirectasi Kalsine Kil Cimentasu (LC?), Klinker tUketimini
ve karbon salimlarini 6nemli 6lgUde azaltma potansiyeli
sayesinde son yillarda en fazla ilgi goren dusuk karbon
ayak izine sahip baglayici sistemlerinden biri haline gelmistir.
Bununla birlikte, yuksek kaalinit icerikli kil kaynaklarinin
sinirl rezervi, dusuk kaliteli ve alternatif kil kaynaklarinin
LC? karisimlarinda muhendislik esasl degerlendiriimesine
yonelik butuncul yaklasimlarin gelistiriimesini gerekli
kimistir. Bu derleme galismasinda LC® teknolojisi, hammadde
secimi, mineralojik ve fiziksel karakterizasyon, resktivite
degerlendirmesi, plastisite, 6gutme stratejileri, sulfat dengesi,
analitik dogrulama yontemleri ve uzun dénem dayaniklilik
mekanizmalari kapsaminda irdelenmistir. Ayrica, kalsine
kil esasli baglayicilarin standardizasyonuna iliskin guncel
gelismeler degerlendiriimistir ve performans esasli beton
tasarimi ve farkl yapr malzemelerindeki uygulama alanlari ele
alinmistir. Derleme, LC® performansinin dederlendirimesinde
kaoliniticeriginin tek basina yeterli bir gosterge olmadigini
ve mineraloji, olusan amorf faz miktari, plastisite, tane
boyutu dagilimi (PSD), sulfat dengesi ve baglayici tasarim
parametrelerinin birlikte ele alinmasi gerektigini ortaya
koymaktadir. Bunun yaninds, cok parametreli dayaniklilik
odakli yaklasimlarla hizli performans degerlendirme
yontemlerinin gelistirimesinin gelecekteki arastirmalar
agisindan kritik oldugu vurgulanmaktadir. Son olarak, kagir
harglari, seramik yapistiricilar, U¢ boyutlu baskilanabilir
(3BB) betonlar ve diger dzel amagl yapi malzemeleri
degerlendirilerek LC® teknolojisinin dusUk karbon ayak
izine sahip ve uygulamaya 6zgu yeni nesil baglayicilarin
gelistirimesindeki potansiyeli ortaya konulmustur.

Anahtar Kelimeler: Kiregtasi Kalsine Kil Cimentosu (LC?);
Kalsine Kil; DUsUk Kaliteli Killer; Performans Esasli Baglayici
Tasarimi; Surdurulebilir Yapr Malzemeleri

31/181/15

Abstract

Limestone Calcined Clay Cement (LC%) has emerged as one of
the most promising low-carbon binder systems in recent years
due to its significant potential to reduce clinker consumption
and carbon emissions. However, the limited reserves of high-
kaolinite clay resources have necessitated the development of
comprehensive engineering-based approaches for evaluating
low-grade and alternative clay sources in LC® mixtures.
This review comprehensively examines LC® technology
with respect to raw material selection, mineralogical and
physical characterization, reactivity assessment, plasticity,
grinding strategies, sulfate optimization, analytical validation
methods and long-term durability mechanisms. In addition,
recent developments in the standardization of calcined clay-
based binders are reviewed together with performance-
based concrete design approaches and the application
potential of LC® in different construction materials. The review
demonstrates that kaolinite content alone is not a sufficient
indicator for evaluating LC® performance and highlights the
need to consider mineralogy, the amount of amorphous
phase formed, plasticity, particle size distribution (PSD),
sulfate balonce and binder design parameters in an integrated
manner. Furthermore, the development of rapid performance
evaluation methods supported by multi-parameter durability-
oriented approaches is emphasized as a critical research
priority for future studies. Finally, the application potential
of LC3 technology in masonry mortars, tile adhesives, three-
dimensional printable (3DP] concrete and other specialized
construction materials is discussed, highlighting its potential
for the development of low-carbon, application-specific next-
generation binder systems.

Keywords: Limestone Calcined Clay Cement (LC®): Calcined
Clay; Low-Grade Clays; Performance-Based Binder Design;
Sustainable Construction Materials



1. GIRIS

Iklim degisikliklerini kantrol etme amaciyla benimsenen kuresel
karbon hedefleriigin cabalar dikkate alindiginda, enerji girdisi
yogun olan tretim sektorlerinde dusuk karbon ayak izine
sahip teknolojilerin gelistiriimesi bir tercinten gok zorunluluk
hale gelmistir. Portland cimento (PC) endustrisinde, Klinker
Uretimi kaynakli meydana gelen kirectasinin kalsinasyonu
ve yuksek sicakliklarda gerceklestiriimesi gereken pisirme
suregleri, kiresel insan kaynakli karbondioksit (CO.)
salimlarinin yaklasik %8'ini meydana getirmektedir. Bu
nedenle Portland gimento (PC) endustrisi sera gazi salimlarinin
azaltlmasina yonelik stratejilerin odaginda bulunmaktadir
(Andrew, 2018; GCCA 2027; Gartner ve Hirao, 2015). Bununla
birlikte, kuresel nufus azalan bir ivmeyle de olsa buyumeye
devam etmekte, kentlesme, altyapr yatinmlari ve insanhigin
yeni ihtiyaclari nedeniyle kuresel PC talebinin gelecek
yillarda yuksek seviyelerde devam edecegi beklenmektedir
(Cement Technology Roadmap, 2018). Bu kapsamdas, PC
Uretiminde karbon salimlarinin azaltimasi yalnizca cevresel
bir gereklilikten ziyade ayni zamanda sektdrun surdurdlebilir
buyumesi agisindan da temel bir zorunluluk durumundadir.

PC sektorunun karbon ayak izinin azaltimasina yonelik
en etkili yaklasimlardan biri klinkeri bir miktar tamamlayici
cimento malzemelerle (TCM) yer degistirmektir. Bu amacla
ugucu kil (UK), 6gutdimis grantle yiksek firn curufu (OGYFC),
silis dumani (SD) ve dogal puzolanlar uzun yillardir PC
endustrisinde kullaniimaktadir. Ancak soz edilen TCM'lerin
buyuk balumu farkl endustrilerin yan Urunu niteligindedir
ve bagl olduklari sektorlerdeki teknolojik donusumler ve
bolgesel kaynaklarin farkllasmasi nedeniyle ilerleyen yillarda
yeterli miktarda ve surdUrulebilir sekilde teminine yonelik
¢ekinceler artmaktadir. Bu durumda daha yaygin rezervleri
olan, ekonomik olarak erisilebilir halde ve mevcut PC Uretim
altyapisiyla uyumlu bir sekilde kullanilabilecek alternatif
hammaddelere olan ilgi son yillarda oldukga artmistir (Gartner
& Hirao, 2015; K. Scrivener vd., 2018; Snellings, 2016).
Bu kapsamda gelistirilen Kiregtas! Kalsine Kil Cimentosu
(Limestone Calcined Clay Cement, LC3), dusuk Klinker
oraninda yaygin hammadde potansiyeline sahip olmasi
ve dusuUk karban ayak izi sayesinde son yillarda ilgi goren
harman baglayici sistemlerinden biri oimustur. PC icerisindeki
klinkerin yaklasik yarisinin kalsine kil ve kiregtasi ile ikame
edildigi bu harman baglayicilar, uygun bir tasarim ile karbon
salimlarini azaltmanin yaninda mekanik ozellikler, dayaniklilik
ve uzun donemli muhendislik ozellikleri bakimindan geleneksel
PC karisimlarr ile benzer ozelliklere getirilebilmektedir. Bu
acidan LC® badlayicilari, surdurulebilir PC Uretiminin en
onemli uygulanabilir adaylarindan biri olarak hem bilimsel
arastirmalarda hem de enduUstriyel uygulamalarda giderek
daha fazla ilgi cekmektedir (Avet & Scrivener, 2018; K.
Scrivener vd,, 2019; Zunino ve Scrivener, 2021).

LC® karigimlarina ait 6ncU arastirmalar daha cok yuksek
kaolinit icerigine sahip hammaddeler Uzerinde yapilmistir
(Brikivd, 2021; Vizcaino Andrés vd, 2015). Bu arastirmalarda
yUksek derecede rafine kaolin igerigine sahip Killerin
kullanilmasi bu 6zgun harman baglayici tipinin potansiyelini
tam olarak ortaya ¢ikarmak adina gok onemli olmustur.
Ote yandan, yuksek derecede rafine kaolin rezervlerinin

1. INTRODUCTION

Considering the global carbon reduction targets adopted
to mitigate climate change, the development of low-carbon
technologies in energy-intensive manufacturing sectors
has become a necessity rather than an option. In the
Portland cement (PC) industry, the calcination of limestone
associated with clinker production, together with the high-
temperature kiln process, accounts for approximately 8%
of global anthropogenic carbon dioxide (CO,) emissions.
Consequently, the Portland cement industry has become
one of the primary targets of strategies aimed at reducing
greenhouse gas emissions (Andrew, 2018; GCCA 2027 Gartner
ve Hirao, 2015). Meanwhile, although the global population
is expected to continue growing at a slower rate, ongoing
urbanization, infrastructure development, and emerging
societal demands are anticipated to sustain a high global
dernand for Portland cement in the coming decades (Cement
Technology Roadmap 2078). In this context, reducing carbon
emissions associated with Portland cement production is
not only an environmental necessity but also a fundomental
requirement for the sustainable growth of the cement industry.

One of the most effective approaches to reducing the carbon
footprint of the Portlond cement industry is the partial replacement
of clinker with supplementary cementitious materials (SCMs). Fly
ash (FA), ground granulated blast-furnace slag (GGBFS), silica
fume (SF), and natural pozzolans have long been employed for this
purpose. However, most of these SCMs are by-products of other
industries, and concerns regarding their long-term availability
and sustainable supply are increasing due to technological
transformations in the corresponding industrial sectors and
regional variations in resource availability. Consequently, there
has been growing interest in alternative raw materials that possess
abundant reserves, are economically accessible, and can be
readily incorporated into existing Portland cement production
infrastructure (Gartner & Hirao, 2015; K. Scrivener vd, 2018;
Snellings, 2016). Within this context, Limestone Calcined Clay
Cement (LC% has emerged as one of the most promising blended
binder systems in recent years because of its abundant raw
material potential, even at low clinker contents, and its significantly
reduced carbon footprint. In these blended binders, approximately
half of the clinker is replaced by calcined cloy and limestone. When
appropriately designed, LC® systems can substantially reduce
carbon emissions while achieving mechanical performance,
durability, and long-term engineering properties comparable to
those of conventional Portland cement systems. Accordingly,
LC? binders have attracted increasing attention in both scientific
research and industrial applications as one of the maost viable
pathways toward sustainable Portland cement production (Avet &
Scrivener, 2018; K. Scrivener vd, 2019; Zunino ve Scrivener, 2021)

Early studies on LC? mixtures were predominantly conducted
using raw materials with @ high kaolinite content (Briki vd, 2027
Vizcaino Andrés vd, 2015). The use of highly refined kaolin
clays in these studies was instrumental in fully demonstrating
the potential of this novel blended binder system. However, the
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siniflrolmasy, kagit, tarim, seramik gibi gesitli endustrilerden
yogun talep gérmesi ve rafine hale getirimesi sirasinda daha
yUksek maliyetlere sebep olmasi gibi nedenler bu yaklasimin
genel olarak surdurulebilirligini sinirlayan kritik noktalardir.
Ancak buna karsilik Turkiye'de ve DUnya'da daha az rafine
kaolin iceren dogal killer genis rezerv alanlarinda gnemili
bir potansiyel sunmaktadir. Bunun yaninda, madencilik
faaliyetleri sonucu olusan yuksek miktardaki yan drunler
ile secici olarak ayrigtiriimig ingaat ve yikinti (IYA) atiklarinda
bulunan atik kil kaynaklari (6rnegin bazi duvar elemanlari
ve seramik atiklart), LC® igin alternatif hammadde kaynagi
sunmanin yaninds, gevresel sorunlarin ¢cdzumune de katki
saglayabilecek onemli bir firsat olarak degerlendirimektedir.
Bununla birlikte s6zU edilen hammadde adaylari, mineralajik
yapi, kimyasal kompozisyon, kil plastisitesi, 6gutulebilirlik,
reaktivite patansiyeli ve kalsinasyon ihtiyaci agisindan onemli
farkliliklara sahip olabilmektedir. Bu nedenle dusuk kaliteli ve
alternatif kil kaynaklarinin sadece puzolanik aktivitelerinin
derecelendirimesinden ziyade, baglayici tasarimini dogrudan
etkileyen fiziksel, kimyasal ve mineralojik ozellikleriile uzun
donemli etkiler bakimindan kapsamli bir degerlendiriime
gerektirmektedir (Alujas vd, 2015; Avet vd, 20716, Fernandez
vd, 2011; Hanein vd, 2022). Bununla birlikte son yillarda LC?
baglayicilarinailiskin cok sayida degerliarastirma ve derleme
calismasi yayimlanmistir. Son yillarda yayimlanan derleme
gahgmalar agirlikl olarak LC,'Un hidratasyon mekanizmalar,
mikroyapisal gelisimi, mekanik ve dayaniklilik performansiile
cevresel etkilerine odaklanmistir (Barbhuiya vd., 2023; Ghazy
vd, 2025; Hanein vd,, 2022). Bu galigmalarin buyuk bolumu
performans odakli olup hammadde secimi, dusuk Kaliteli Kil
karakterizasyonu, plastisite, 6gutme, endustriyel kalsinasyon
ve baglayici tasarimini birlikte degerlendirmemektedir. LC3
baglayicilarinin endustriyel olgekte yayginlastirilabilmesi
icin yalnizca uygun baglayic bilesiminin belirlenmesine degil
ayni zamanda hammaddelerin muhendislik esasli yonetim
ile degerlendirimesine ihtiyag bulunmaktadir. Bu cergevede
harman olarak tasarlanan LC® baglayicilarinin hammaddeden
baslayarak hedeflenen son Urune kadar uzanan butunlesik
bir malzeme olarak ele alinmasi gerekmektedir.

Bu calisma, LC? teknolojisini hammaddeden uygulamaya
kadar farkl yonleriyle degerlendiren anlatisal bir derleme
olarak hazirlanmistir. Literatur degerlendirmesinde basta
Web of Science, Scopus ve ScienceDirect veri tabanlarinda
yer alan hakemli bilimsel yayinlardan yararlanimistir.
Ayrica, ilgili standartlar (TS EN, ASTM ve RILEM), teknik
raporlar ve gerekli gorulen tez ¢aligmalari, kanunun teknik
altyapisini desteklemek ve uygulamaya yonelik bilgileri
tamamlamak amaciyla degerlendirmeye dahil edilmistir.
LiteratUr seciminde, dusuk kaliteli ve alternatif kil kaynaklar,
karakterizasyon yontemleri, kalsinasyon, reaktivite, 6gUtme,
performans ve muhendislik uygulamalarini ele alan galigmalar
esas alinmistir. Ik olarak dusuk kaliteli ve alternatif Kil
kaynaklarinin mineralojik ve fiziksel dzellikleri, reaktiviteleri
ve karakterizasyon yontemleri degerlendirilmistir. Ardindan
hammaddelere ait 6gutme stratejileri, endUstriyel kalsinasyon
suregleri, baglayici tasarimlari ve dayaniklilik odakili
performans yaklasimlar tartisiimistir. Devaminda ise LC®
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limited availability of highly refined kaolin reserves, their extensive
demand from industries such as paper, agriculture, and ceramics,
and the additional costs associated with beneficiation and refining
have emerged os critical factors limiting the overall sustainability
of this approach. In contrast, naturally occurring cloy deposits
containing lower amounts of refined kaolin are widely distributed
in Tdrkiye and worldwide, representing a substantial untapped
resource. Furthermore, cloy-rich by-products generated from
mining activities, together with waste clay resources recovered
from selectively separated construction and demolition waste
(CDW), such as fired clay masonry units and ceramic wastes,
offer not only alternative raw material sources for LC® production
but also o promising opportunity to contribute to waste
valorization and environmental sustainability. Nevertheless,
these potential raw materials may differ considerably in terms of
mineralogical composition, chernical composition, clay plasticity,
grindability, reactivity potential, and calcination requirements.
Therefore, low-grode ond alternative clay resources should
not be evaluated solely on the basis of their pozzolanic
activity. Instead, they require a comprehensive assessment
that also considers the physical, chemical, and mineralogical
characteristics directly governing binder design, together with
their long-term implications for material performance (Alujas
vd, 2015; Avet vd, 2016; Fernandez vd, 2071: Hanein vd, 2022)
Recent review articles have primarily focused on the hydration
mechanisms, microstructural development, mechanical and
durability performance, and environmental impacts of LC,
(Barbhuiya vd, 2023; Ghazy vd, 2025; Hanein vd, 2022)
However, these studies are largely performance-oriented and do
not provide an integrated assessment of raw material selection,
low-grade cloy characterization, plosticity, grinding strategies,
industrial calcination, and binder design. Widespread industrial
implementation of LC® binders requires not only the identification
of an appropriate binder composition but also the engineering-
based evaluation and management of raw materials. Accordingly,
LC3 binders should be regarded as integrated material systems
encompassing the entire process from raw material selection to
the development of the final engineered product

This study was prepared as a narrative review that
comprehensively examines LC® technology from raw
materials to engineering applications. The literature
survey was primarily based on peer-reviewed publications
indexed in the Web of Science, Scopus, and ScienceDirect
databases. In addition, relevant standards (TS EN, ASTM,
and RILEM), technical reports, and selected theses were
incorporated to strengthen the technical background and
complement application-oriented aspects of the review.
The literature selection focused on studies addressing
low-grade and alternative clay resources, characterization
techniques, calcination processes, reactivity assessment,
grinding strategies, performance evaluation, and
engineering applications. The review first examines
mineralogical and physical characteristics, reactivity, and
characterization methods of low-grade and alternative
clay resources. It then discusses grinding strategies for
raw materials, industrial calcination processes, binder



badlayicilari ile Uretilen betonlarin mekanik ozellikleri ile
dayaniklilik performanslari birlikte ele alinmistir. Son olarak
LC?® baglayicilarinin yuksek miktarda klinker gerektiren
diger muhendislik uygulamalari ve potansiyeli ortays
konmustur. Bu kapsamda U¢ boyutlu yazdirilabilir betonlar
(3BB), ince katmanli ve genel amagli kagir harglar, seramik
yapistiricilari, karbon yakalama potansiyeli ve diger guncel
uygulama alanlarina iliskin hususlar ele alinmistir. Bu
calisma LC2 bagdlayicilarini yalnizca dusuk karbon ayak
izine sahip harman bir baglayic sistemi alarak degil, ayni
zamanda hammaddenin muhendislik esasl yonetimiile farkli
uygulamalardaki yapr malzemelerine uzanan butunlesik bir

malzeme teknolojisi olarak ortaya koymayi amacglamistir.

2. LC3 BAGLAYICILARININ TEMEL
BILESENLERI VE MALZEME TASARIMI

21 Kalsine Kil Uretiminde Kullanilabilecek Kil
Kaynaklari

Kalsine kil, LC® harman c¢imentasunun temel bilesenini
olusturmaktadir ve LC® badlayicilarinin teknik performansi
kadar endUstriyel uygulanabilirligini de etkileyen en onemli
parametrelerden biridir. Buna bagli olarak LC®'te kullanilacak kil
kaynagdinin secimi sadece mekanik ve dayanikliik performans
acisindan dedil ayni zamanda hammaddenin surekliligi,
uretimin maliyeti ve bolgesel uygulanabilirlik bakimindan
da 6nem arz etmektedir. LC® alaninda ilk calismalar,
harman Karigimlarin teknik potansiyelini ortaya koyabilmek
amaclyla yuksek kaoliniticerigine sahip rafine kaolin killerle
gerceklestiriimistir (Cancio Diaz vd., 2017; (Cancio Diaz
vd., 2017; Vizcaino Andrés vd, 2015). Bu ¢alismalar, LC3
baglayicilarinin hidratasyon mekanizmasinin ve performans
sinirlarinin belirlenmesinde dnemli rol oynamistir. Ancak
yuksek kaalinitigerigine sahip rafine kaolinlerle Uretilen bu
harman cimentolarin hammadde acisindan PC sektoruigin
kuresel olgekte surdurulebilir olmadigi da zaman igerisinde
gorulmustur. Yuksek kaliteli kaolin rezervleri PC sektoranun
hammadde intiyaci dikkate alindiginda bircok Ulkede sinirli
haldedir (DPT-7. 1996). Bununla birlikte mevcut yuksek
kaolinit icerigine sahip rafine edilmis kaolinler seramik,
refrakter, kagit, boya ve polimer endustrileri gibi farkl
sektarlerde yogun olarak talep gormektedir. Rafine kaolin
elde etmekicin hammaddelerin zenginlestirimesi, kurutulmasi
ve hazirlanmasi gerekmektedir. Bu islemler ilave enerji, su ve
isletme maliyetleri gerektirmektedir. Dolayisiyla son yillarda
LC?® arastirmalari, yuksek saflikta kaolinlerin kullanimin
ziyade yaygin rezervlere sahip daha dusuk kaoliniticeren
Killer ile alternatif kil kaynaklarinin degerlendirilmesine
yonelmistir (Altuntas vd, 20258s; Blouch vd, 2023; Cardinaud

design approaches, and durability-oriented performance
assessment. Subsequently, the mechanical properties
and durability performance of concrete produced with
LC? binders are comprehensively reviewed. Finally, the
potential of LC? binders for engineering applications that
have traditionally relied on high-clinker cement systems
is highlighted. In this context, three-dimensional printable
concrete (3DPC), thin-bed and general-purpose masonry
mortars, ceramic tile adhesives, carbon capture potential,
and other emerging application areas are critically
discussed. Overall, this review aims to present LC® not
only as a low-carbon blended binder system but also
as an integrated material technology that encompasses
engineering-based raw material management and extends
to g broad spectrum of construction material applications.

2. RAW MATERIALS AND MATERIAL DESIGN
OF LC3 BINDERS

2.1Clay Resources for Calcined Clay
Production

Calcined clay constitutes the principal reactive component
of LC3 binders and is one of the most critical factors
influencing not only their technical performance but also
their industrial applicability. Accordingly, the selection of
a suitable clay resource is important not only from the
perspective of mechanical and durability performance but
also in terms of raw material availability, production cost,
and regional applicability. Early studies on LC® technology
were primarily conducted using highly refined kaolin clays
with high kaolinite contents to demonstrate the technical
potential of these blended cement systems (Cancio Dioz
vd, 2017: Vizcaino Andrés vd, 2015). These pioneering
investigations played a fundomental role in establishing
the hydration mechanisms and performance limits of
LC? binders. Over time, however, it became evident that
blended cements produced from highly refined, kaolinite-
rich kaolin clays are unlikely to provide a globally sustainable
raw material solution for the Portland cement industry.
High-quality kaolin reserves are limited in many countries,
particularly when considered against the large-scale raw
material demand of the cement industry (DPT-7, 1996).
Furthermore, high-grade refined kaolin is extensively utilized
by several industries, including ceramics, refractories, paper,
paints, and polymers. The production of refined kaolin also
requires beneficiation, drying, and processing of the raw
material, resulting in additional energy consumption, water
demand, and processing costs. Consequently, recent LC®
research has increasingly shifted from the use of high-
purity kaolin toward naturally occurring clays with lower
kaolinite contents, as well as alternative clay resources
possessing broader geographical availability (Altuntas vd,
2025¢; Blouch vd, 2023; Cardinaud vd, 2021). This approach
reduces the dependence of LC® technology on a limited
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vd, 2021). Bu yaklasim, LC® baglayicilarinin sadece belirli
hammadde tiplerine bagimliigini azaltmaktadir. Bu sayede,
ozellikle farkl cografyalarda bulunan yerel kaynaklarin
degerlendirilerek PC Uretimi icin daha uygulanabilir hale
getirilmesini mumkun olmaktadir.

Dodal kil kaynaklar olusum sekilleri, mineralojik bilesenlerive
jeolgjik kaynadi bakimindan genis bir gesitlilik gdstermektedir.
YUksek kaolinitigeren killerin yaninda ozellikle son ddnemde
gerceklestirilen galismalar, uygun hammadde karakterizasyonu
ve bagdlayici tasarimi ile farkl kil kaynaklarinin da LC3
karigimlarinda yer alabilecegini gostermektedir. Bu durum,
hammadde seciminde yalnizca yuksek kaolinit derecesini esas
alan geleneksel yaklasimin yerinihammaddenin butuncul olarak
degerlendiriimesine dayanan yeni bir yaklagima biraktigini
gostermektedir. DUsuk kaolinit iceren dogal kil yataklarinin
yaninda ikincil hammadde kaynaklarin da bulunabilirligi LC?
Uretimi agisindan giderek dnem kazanmaktadir. Madencilik
faaliyetleri sirasinda olusan kil igerikli ince taneliyapiya sahip
yan Urudnler, kaalin zenginlestirme sirasinda arta kalan atiklar
ve farkl cevher hazirlama sureclerinden sonra ortaya gikan
malzemeler uygun on islemler sonrasinda kalsine kil Gretimi
icin uygun hale gelmeye aday ikincil hammaddelerdir. Benzer
sekilde, IYA icerisinde secici olarak ayristirimasi halinde
kullanilabilecek pismis kiligeren yapr malzemelerinden tugla,
kiremit ve seramik atiklari da dongusel ekonomi yaklasimi
dikkate alindiginda 6nemli alternatif hammadde kaynaklari
olarak degerlendirilebilir. Bu tip I'YA bilegenlerinin kil kaynag
olarak deg@erlendiriimesi, dogal kaynak tuketimini azaltmanin
yaninda ayni zamanda yuUksek hacimli atiklarin katma
degerli badlayici bilesenlerine donusturulmesi iginde firsat
saglayabilir. Bu derleme kapsaminda, sozu edilen dusuk
kaaliniticeren dogal kil yataklarinda bulunan killer, madencilik
faaliyetleri sirasinda ortaya gikan kil igerikli yan dranler,
kaolin Uretilirken ortaya gikan yan kil Urunleri, farkli cevher
hazirlama sureglerinden sonra ortaya gikan malzemeler ve IYA
icerisinde segici olarak ayristiriimasi halinde kullanilabilecek
pismis Kiliceren yapi malzemeleri bu bolumden sonra “dustk
kaliteli kil" olarak tanimlanacaktir. Bu kapsamda dusuk
kaliteli killer; (i) zenginlestirme veya sUzme isleminden
gecirilmemis, (i) selektif madencilik uygulanmadan dogal
yataktan elde edilmis, (i) herhangi bir kimyasal aktivasyon
veya saflagtirma islemine tabi tutulmamig ve (iv) ocak cikis
maliyeti (ulasim haric) dokme Klinker maliyetinin altinda
olan dogal kil kaynaklari olarak dikkate alinmistir. Burada
yer alan dusuk kaliteli kil tanimi, hammaddenin mUhendislik
performansini degil endustriyel olarak hazirlik ihtiyacini ve
ekonomik erigilebilirligini ifade etmektedir. Ozetle, kullanilan
"dUsUk kaliteli" ifadesi hammaddenin teknik performansinin
yetersizligini dedil yuksek saflikta rafine kaolinlerden farkli
olarak endustriyel olgekte kullanilabilecek dogal ve dusuk
islem maliyetli kil kaynaklarini kapsamaktadir.

Son yillarda ozellikle dusuk Kkaliteli dogal Killer Uzerine
gerceklestirilen calismalar, LC® sistemlerinin geleceginin daha
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range of raw materials while enabling the utilization of locally
available resources across different regions. As a result, LC?
binders can be adapted to regional raw material availability,
thereby improving the technical, economic, and practical
feasibility of low-carbon Portland cement production.

Natural clay resources exhibit considerable diversity in
terms of their geological origin, formation processes, and
mineralogical composition. In addition to kaolinite-rich clays,
recent studies have demonstrated that, with appropriate raw
material characterization and binder design, a wide variety
of clay resources can be successfully incorporated into LC®
systems. This development indicates a shift away from the
conventional approach, which primarily emphasizes high
kaolinite content during raw material selection, toward a more
holistic strategy based on the comprehensive evaluation
of clay resources. Beyond natural clay deposits containing
relatively low kaolinite contents, the utilization of secondary
clay resources has become increasingly important for
the production of calcined clays. Clay-rich fine-grained
by-products generated during mining operations, residual
clay fractions produced during kaolin beneficiation, and
clay-bearing materials originating from various mineral
processing operations represent promising secondary raw
materials that can be utilized for calcined clay production
following appropriate pretreatment Similarly, when selectively
separated from construction and demolition waste (CDW), fired
cloy products such as bricks, roof tiles, and ceramic waste
may also serve as valuable alternative raw materials within
the framework of a circular economy. The utilization of these
CDW-derived materials as clay resources not only reduces
the consumption of natural resources but also provides an
effective route for converting large volumes of waste into
value-added cementitious constituents. For the purposes of
this review, the term "low-grade cloys” refers collectively to
clays obtained from natural low-kaolinite deposits, clay-rich
by-products generated during mining operations, secondary
cloy fractions recovered during kaolin production, cloy-bearing
materials originating from mineral processing activities, and
fired clay products that can be selectively recovered from
construction and demolition waste. Within this review, low-
grade clays are defined as clay resources that (i) have not
undergone beneficiation or particle separation, (i) are extracted
directly from natural deposits without selective mining, (i) have
not been subjected to chemical activation or purification
processes, and (iv)] have a quarry-gate cost (excluding
transportation) lower than that of bulk clinker. It should be
emphasized that the term "low-grade" used throughout this
review does not refer to the engineering performance or
intrinsic quality of the raw material. Rather, it describes clay
resources requiring minimal industrial processing and offering
high economic accessibility. Accordingly, the designation
"low-grade clay" encompasses naturally occurring, low-cost
clay resources suitable for large-scale industrial utilization,
distinguishing them from highly refined kaolin materials rather
than implying inferior technical performance.



yUuksek dereceli hammaddelerden cok mevcuthammaddelerin
dogru degerlendirimesine bagli oldugunu ortaya koymaktadir.
Turkiye gibi farkli jeolojik olusumlarin bir arada bulundugu
ulkelerde ayni bolge igerisinde dahi mineralojik farkliliklar
gosteren kil kaynaklar bulunmaktadir. Bu sebeple tek bir tip
hammadde yaklasimi yerine, yerel kaynaklarin sistematik
olarak karakterize edilmesi ve uygun baglayici tasarimiile
degerlendirilmesi daha gergekgi ve surdurulebilir bir gozum
ortaya koymaktadir. Bu gelismeler, LC® baglayicilarinin
gelecegdinin mevcut hammadde potansiyelinin muhendislik
esasli degerlendirimesine dayandigini ortaya koymaktadir.
Bu yaklasim, dogal ve ikincil kil kaynaklarinin rezerv olarak
surekliligi, islenebilirlik, kalsinasyon parametrelerine uygunluk
ile mineralojik, fiziksel ve kimyasal dzelliklerinin butuncul
olarak degerlendiriimesiniicermektedir. Asagida Tablo 1'de
LC3baglayicilarinda kullanilabilecek baslica kil kaynaklarinin

karsilastirmali degerlendirilmesi sunulmustur.

Recent studies, particularly those focusing on low-grade
natural clays, indicate that the future of LC? technology
depends less on the availability of higher-grade raw materials
than on the effective characterization and engineering-based
utilization of existing clay resources. In countries such as
Turkiye, where diverse geological formations coexist, clay
deposits exhibiting significant mineralogical variations may
occur even within the same geographical region. Therefore,
rather than relying on a single row material type, a more
realistic and sustainable strategy is to systematically
characterize locally available clay resources and incorporate
them into appropriately designed LC? binder systems. These
developments highlight that the future advancement of LC®
technology relies on the engineering-based assessment of
the existing raw material potential. Such an approach requires
the comprehensive evaluation of natural and secondary clay
resources with respect to reserve availability, processability,
suitability for calcination, and their mineralogical, physical,
and chemical characteristics. A comparative overview of the
principal clay resources that can be utilized in LC? binders is
presented in Table 1.

Tablo 1. / Table 1.: LC® baglayicilarinda kullanilabilecek baslica kil kaynaklarinin karsilastirmali teknik dederlendirmesi /
Comparative technical evaluation of the principal clay resources suitable for LC® binders.

Baglica Mineralojik
Ozellik

Principal Mineralogical
Characteristics

Hammadde Grubu

Raw Material
Group

Yuksek kaliteli rafine
kaolin

Yuksek kaolinit icerigi,
dusuk safsizlik

LC® Agisindan
Temel Avantaj

Primary Advantages
For LC?

Yuksek puzolanik
reaktivite, referans

Tasarnm Acisindan
Dikkat Edilmesi
Gereken Hususlar

Key Considerations
For Binder Design

Baslica Sinirlamalar
Main Limitations

Sinirl rezerv, yuksek
maliyet, farkli

Referans degerlerinin
gelistiriimesi ve temel

hammadde sektorlerden talep mekanizmalar igin
. ) . gereklidir.
High-grade refined High kaolinite content High pozzolanic Limited reserves, high
kaolin with low impurity levels reactivity; benchmark cost, and competition Essential for establishing
raw material from other industries reference performance
and fundamental reaction
mechanisms.

DUsUK kaliteli dogal
killer

Kaolinit ile birlikte illit,
smektit, Klorit ve kuvars

Yaygin rezerv, dUsUk
maliyet, yerel kaynaklarin

Mineralgjik heterojenlik,
degisken performans

Kaalinit igerigi tek basina
yeterli degildir. (Blouch

yan Urdnleri

Kaolin beneficiation
by-products

mineralojik yap!

Fine-grained
materials with
variable mineralogical
composition

dederlendirimesi ve
dusUk cevresel etki

Valorization of existing
by-products with
reduced environmental
impact

gibi mineraller igerebilir kullanilabilmesi vd, 2023)
Mineralogical

Low-grade natural May contain kaolinite Abundant reserves, low heterogeneity and Kaolinite content alone

clays together with illite, cost, and suitability for variable performance should not be used
smectite, chlorite, and utilizing local resources as the sole selection
quartz criterion. (Blouch vd,

2023).
Kaolin zenginlestirme | ince taneli, dedisken Meveut atik Urindn Orta seviyede degisken Kimyasal ve mineralojik

kimyasal kompozisyon

Moderate variability in
chemical composition

uygunluk dogrulanmalidir.
(Silva vd, 2024)

Chemnical and mineralogical
suitability should be
verified before use. (Silva
vd, 2024)
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Hammadde Grubu

Raw Material
Group

Madencilik yan
arunleri

Mining by-products

Baglica Mineralojik
Ozellik

Principal Mineralogical
Characteristics

Cevher kakenine bagl
olarak dediskenlik

Mineralogical
composition varies
depending on the parent
ore

LC3 Agisindan
Temel Avantaj

Primary Advantages
For LC®

Atk azaltmi, dongusel
ekonomi, bolgesel
erisilebilirlik

Waste reduction, circular
economy, and regional
availability

Baslica Sinirlamalar
Main Limitations

Yuksek heterojenlik ve
safsizlik riski

High heterogeneity
and potential impurity
content

Tasarim Agisindan
Dikkat Edilmesi
Gereken Hususlar

Key Considerations
For Binder Design

On karakterizasyon

ve uygun kalsinasyon
stratejisi kritiktir. (Altuntas
vd, 2025h).

Comprehensive
characterization and
appropriate calcination
strategies are essential.
(Altuntas vd, 2025b).

Ingaat ve yikinti
atiklari (tugla, kiremit,
seramik vb)

Construction and
demolition waste
(bricks, roof tiles,

Pismis kil esasli
fazlar

Fired cloy-bosed
phases

Atk geri kazanimi, dogal
kaynak tuketiminin
azaltimasi

Waste valorization and
reduced consumption of
natural resources

Kaynaga bagli
dediskenlik, ayristirma
ihtiyaci

Source-dependent
variability and the need
for selective separation

On isleme ve kalite
kontrol sUregleri ile
tamamiayici baglayici
olarak dederlendirilebilir.
(Altuntas vd, 2025a).

Can be utilized as

ceramics, etc.)

supplementary binder
constituents following
appropriate pretreatment
and quality control.
(Altuntas vd, 2025a).

2.2 Kil Mineralojisinin ve Fiziksel Ozelliklerinin
LC3 Baglayici Tasarimindaki Roli

Kalsine kilin LC® karisimlarindaki performansi sadece
mineralojik bilesimle degdil ayni zamanda fiziksel ozellikleriyle
birlikte olusturdugu etkiye bagldir. LC¥'0n sinerjisi geredi
konuile ilgili basat ¢alismalarda hammadde secimi buyuk
olgude kaaliniticerigine dayandiriimistir. Bu durumun temel
nedeni, kaolinitin kalsinasyon sirasinda yuksek puzolanik
aktiviteye sahip metakaoline donusmesiyle portlandit
toketimi, ilave C-(A)-S-H olusumu ve karboaluminat fazlar
olusturmasidir. Bununla birlikte Killer benzer kaolinit aranina
sahip olsalar bile bu killerin diger bilesenleri olan illit, smektit,
muskovit, kuvars, feldspat gibi minerallerin miktarina bagl
olarak farkli kalsinasyon davranisi, hidratasyon kinetigi
ve muhendislik perfarmansi gosterebilmektedir. Ote
yandan kaolinit, yuksek alumina icerigi ve dehidroksilasyon
sonrasinda olusturdugu duzensiz amorf yapi nedeniyle en
yuksek potansiyele sahip kil minerali olarak kabul edilebilir.
illit ve muskovit gibi 2:1tabakali minerallerin ise daha duguk
reaktivite gostermelerine ragmen yeterli miktarda aktif faz
olusturabildikleri ve uygun baglayici tasarimiile clumiu katki
sa@layabildikleri bilinmektedir. Smektit grubu minerallerde
yuksek 06zgul yuzey alani ve su adsorplama kapasiteleri
ozellikle taze hal davranigi Uzerinde belirleyici olmaktadir.
Kuvars ve feldspat gibi reaktif olmayan mineraller ise
dogrudan puzolanik reaksiyona katilmasa da 6gutme, tane
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2.2 Kil Mineralojisinin ve Fiziksel Ozelliklerinin
LC3 Baglayici Tasarimindaki Rolii

The performance of calcined clay in LC® systems is governed
not only by its mineralogical composition but also by the
combined influence of its physical characteristics. Owing
to the synergistic nature of LC® binders, the selection of
clay resources in the pioneering studies was largely based
on their kaaolinite content. This approach stems from the
transformation of kaolinite into highly reactive metakaolin
during calcination, which promotes portlandite consumption,
the formation of additional C-(A)-S-H gel, and the development
of carboaluminate phases. Nevertheless, even clays with
similar kaolinite contents may exhibit markedly different
calcination behaviour, hydration kinetics, and engineering
performance depending on the proportions of accompanying
minerals such as illite, smectite, muscovite, quartz, and
feldspar. Among clay minerals, kaolinite is generally regarded
as the most promising precursor for LC® production because
of its high alumina content and the highly disordered
amorphous structure formed following dehydroxylation. In
contrast, although 2:1 phyllosilicate minerals such as illite
and muscovite generally exhibit lower intrinsic reactivity, they
are capable of generating sufficient reactive phases during
calcination and can make a positive contribution to binder
performance when incorporated into appropriately designed
LC® systems. Smectite-group minerals, owing to their high
specific surface area and water adsorption capacity, exert a
particularly significant influence on the fresh-state behaviour



boyutu dagilimi (PSD) ve paketlenme ozelliklerini etkileyerek
dolayli olarak baglayici performansini degistirmektedir.
Dolayisiyla uygun LC® tasarimi, sadece yuksek reaktif
mineral oranina ulagsmaktan ziyade mineralojik bilesimin

butuncul etkisini degerlendirmeyi gerektirmektedir.

Son yillarda ozellikle Turkiye'de dusuk kaliteli Killer
Uzerine gergeklestirilen calismalar, mineralojik bilesimin
fiziksel ozelliklerden bagimsiz degerlendirilemeyecegini
gastermistir (Altuntas vd., 20253, 2025b). Ayni kil grubu
icerisinde yer alan hammaddeler arasinda sertlik, plastisite,
tane morfolojisi ve viskozite davranigl agisindan dnemli
farkliliklar kaydedilmistir. Bu farkliliklarin 6gutme verimi,
superakigkanlagtiricr ihtiyaci, islenebilirlik ve dolayisiyla
LC? kangimlarinin genel olarak taze hal 6zellikleri Uzerinde
dogrudan etkili oldugu gorilmustur. Ozellikle plastisite
indisinin, tane inceliginden bagimsiz olarak yayilima ve
su ihtiyacini onemli olgUde etkileyebildigi gosterilmistir
(Altuntas vd, 20258, 2025b). Daha yuksek plastisiteye sahip
Killerde karisim viskozitesinin arttigi buna karsilik plastisite
gostermeyen veya dusuk plastisiteli kil kaynaklarinin
akmaya karsi daha dusuk ig direng sergileyerek elverigli
islenebilirlik sagladig rapor edilmistir (Altuntas vd., 20253,
2025b). Benzer sekilde, hammaddenin sertlik derecesi de
yalnizca enerji tuketimini etkileyen bir parametre dedildir ve
0gutme stratejisinin belirlenmesinde temel dediskenlerden
biridir. Farkli sertlik derecelerine sahip Kil, kirectasi ve alci
bilesenlerinin birlikte 6gutulmesi durumunda istenmeyen
tane boyutu dagiimlari (PSD) olugabilmektedir. Bu nedenle
hibrit veya kontrollu 6gutme yaklasimlari daha homojen
baglayici Uretimi agisindan avantaj saglamaktadir. Bu durum,
LC? baglayici tasariminda daha ¢ok mineralojik bilesimin
dikkate alinmasinin yeterli olmadigini ortaya koymaktadir.
Guncel yaklasimin hammadde segiminde mineralojik yapi
ile birlikte plastisite, sertlik, tane boyutu dagiimi (PSD),
morfoloji ve diger fiziksel 0zelliklerin de es zamanli olarak
dederlendiriimesini gerektirmektedir. Baska bir ifadeyle,
mineraloji hammaddenin teorik reaktivite potansiyelini
tanimlarken fiziksel 6zellikler bu potansiyelin dretim
surecinde ne olgude yararlanabilecedini belirlemektedir. Bu
cercevede guvenilir birhammadde seciminde, mineralojik ve
fiziksel 6zelliklerin birbirinden bagimsiz halde dedil birbirini
tamamlayan tasarim parametreleri olarak dikkate alinmasini
gerektirmektedir. Bu anlamda Killere ait mineralojik ve diger
fiziksel ozelliklerin LC® tasarimindaki etkilerini gdstermek

amacyla Tablo 2 ve Tablo 3 sunulmustur.

of LC3 mixtures. Conversely, non-reactive minerals such as
quartz and feldspar do not directly participate in pozzolanic
reactions; however, they can indirectly influence binder
performance by affecting grinding efficiency, particle-size
distribution (PSD), and particle packing characteristics.
Therefore, the successful design of LC® binders should not be
based solely on maximizing the proportion of highly reactive
minerals but should instead consider the combined effects
of the entire mineralogical assemblage.

Recent studies, particularly those conducted on low-grade
clays in Turkiye, have demonstrated that the influence of
mineralogical composition cannot be evaluated independently
of the physical characteristics of the raw material (Altuntas
vd, 20250, 2025b). Significant differences in hardness,
plasticity, particle morphology, and rheological behaviour
have been reported among raw materials belonging to the
same clay group. These variations have been shown to
directly affect grinding efficiency, superplasticizer demand,
workability, and, consequently, the overall fresh-state
properties of LC® mixtures. In particular, the plasticity index
has been demonstrated to exert a substantial influence on
flowability and water demand, independently of particle
fineness. (Altuntas vd, 2025a, 2025b) Higher-plasticity
clays have been reported to increase the viscosity of
fresh mixtures, whereas non-plastic or low-plasticity clay
resources offer lower resistance to flow and consequently
improve the workability of LC® mixtures. (Altuntas vd, 2025a,
2025b) Similarly, the hardness of raw material is not merely
a parameter affecting energy consumption but also one of
the key variables governing the selection of an appropriate
grinding strategy. When clay, limestone, and gypsum with
different hardness levels are ground together, undesirable
particle-size distributions may develop. Consequently,
hybrid or controlled grinding approaches offer advantages
in producing more homogeneous LC? binders. These findings
demonstrate that considering only mineralogical composition
is insufficient for the rational design of LC? binders. Current
approaches to raw material selection require the simultaneous
evaluation of mineralogical composition together with physical
characteristics, including plosticity, hardness, particle-size
distribution, particle morphology, and other relevant physical
properties. In other words, whereas mineralogy defines the
theoretical reactivity potential of a raw material, its physical
characteristics determine the extent to which this potential
can be effectively utilized during processing and binder
production. Therefare, reliable raw material selection should
be based on the integrated assessment of mineralogical
and physical characteristics, which should be regarded as
complementary design parameters rather than independent
variables. To illustrate the influence of mineralogical and
physical characteristics on LC? binder design, Tables 2 and
3 summarize the principal effects of these properties.
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Tablo 2./ Table 2.: LC? baglayici tasariminda baslica kil minerallerinin ve eslik eden diger minerallerin teknik etkileri /
Technical roles of the principal clay minerals and associated mineral phases in LC® binder design

Mineral/Faz Temel Etki Degerlendirme
Raw Material Group Principal Mineralogical Characteristics Primary Advantages For LC®
Kaolinit KarboalUminat olusumu ve erken yas dayanimini igin En 6nemli reaktif fazdir ancak tek basina
katki sadlar. yeterli secim kriteri degildir. (Zunino ve
- ) ) Scrivener, 2024).
Kaolinite Promotes carboaluminate formation and
contributes to early-age strength development. The most important reactive phase; however,
it should not be considered the sole criterion
for raw material selection. (Zunino ve
Scrivener, 2024).
ilit Kaalinite gore daha dusuk dehidroksilasyon ve Dusuk kaliteli killerde yaygin olarak bulunur.
reaktivite gosterir. Uygun kalsinasyon ve karigim Olumsuz degerlendirilmemelidir. (Fernandez vd,
tasarimi ile baglayici performansina katki sagdlayabilir. 20M).
llite Exhibits lower dehydroxylation and reactivity than Commonly found in low-grade clays and
kaolinite. Can contribute to binder performance should not be regarded as inherently
when appropriate calcination and mixture design detrimental. (Fernandez vd, 2071)
are employed.
Smektit Yuksek su adsorpsiyonu ve sisme egilimi nedeniyle Taze hal 6zellikleri agisindan dikkatle
su ihtiyacini, plastisiteyi ve reolojik davranisi belirgin degerlendirilmelidir. (Fernandez vd, 2011).
sekilde etkiler.
Smectite Significantly influences water demand, plasticity, Requires careful consideration because of
ond rheological behaviour owing to its high-water its pronounced influence on fresh-state
adsorption capacity and swelling tendency. properties. (Fernandez vd, 2071)
Muskovit Sinirl puzolanik katkiya sahiptir ve yuksek Tek basina kritik degildir ancak diger minerallerle
miktarlarda bulunmasi aktif faz oranini azaltrr. birlikte degerlendirilmelidir. (Altuntas vd, 2025a).
Muscovite Provides limited pozzolanic contribution, and high Not critical by itself but should be evaluated
contents reduce the proportion of reactive phases. together with the overall mineralogical
composition. (Altuntas vd, 2025a).
Klorit Kalsinasyon davranigini ve termal bozunumu Optimum kalsinasyon sicakliginin
etkileyebilir. DUsuk puzolanik katkiya sahiptir. belirlenmesinde dikkate alinmalidir. (Hosen &
Chlorite May influence calcination behaviour and thermal Chen, 2025)
decomposition. Provides limited pozzolanic Should be considered when determining the
contribution. optimum calcination temperature. (Hosen &
Chen, 2025)
Kuvars Puzolanik reaksiyona katimaz. Ogutme davranigi, Inert faz almasina ragmen baglayici tasarimini
tane boyutu dagiimi (PSD) ve paketlenme yogunlugu dolayli olarak etkiler. (Blouch vd, 2023).
Uzerinde etkilidir.
Although inert, it indirectly affects binder
Quartz Does not participate in pozzolanic reactions. design through its influence on physical
Influences grinding behaviour, particle-size haracteristics. (Blouch vd, 2023)
distribution, and particle packing. charoctenstics. (blouch vo, :
Feldspatlar (Albit, Genellikle dusuk reaktivite gosterir; aluminosilikat YUksek miktarlarda bulunmasi aktif kil fazini
Ortoklaz vb) iskeleti yapilari nedeniyle sinirl katki saglar. seyreltici etkiye sahiptir. (Altuntas vd, 2025b).
Feldspars (albite, Generally exhibit low reactivity and provide High contents dilute the proportion of reactive
orthoclase, etc) only limited contribution because of their stable
aluminosilicate framework. cloy phases. (Altuntas vd, 2025b)
Kalsit LC® sisteminde kiregtas! ile birlikte karboaluminat LC®0n diger bileseni olan kiregtasl miktariyla
olusumuna katki saglayabilir. Dogal kilde yuksek birlikte degerlendirilmelidir. (Hosen ve Chen,
miktarda ise aktif fazi azaltr. 2025).
Calcite May contribute to carboaluminate formation together Should be evaluated together with the
with limestone in LC® systems. High contents in limest tenti ted into the LC?
natural clays reduce the reactive phase fraction. /mes one content INCorporotedinto the
binder. (Hosen ve Chen, 2025)
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Dolomit

Dolomite

Aktif fazi seyreltici etkiye sahiptir. Mg icerigi
nedeniyle hidratasyon Urunlerini dolayh yoldan
etkileyebilir.

Dilutes the reactive phase fraction and may

indirectly influence hydration products because of
its magnesium content.

YUksek miktarda ise baglayici tasariminda
dikkate alinmalidir. (Demiral vd, 2028).

High contents should be taken into account
during binder design. (Demiral vd, 2026).

Hematit / Gotit

Hematite / Goethite

Demir oksit fazlari renk ve kimyasal bilegimi etkiler.

Iron oxide phases mainly influence colour and
chemical composition.

Kimyasal kompozisyonun bir par¢asidir ancak
puzolanik katkisi ihmal edilebilir. (Altuntas vd,
2025b).

Contribute to the overall chemical

composition, whereas their pozzolanic
contribution is negligible. (Altuntas vd, 2025b).

Amorf faz (kalsinasyon
sonrasi)

Amorphous phase (after
calcination]

LC® sistemindeki puzolanik aktivitenin temel
kaynagidir.

Primary source of pozzolanic activity in LC?
systems.

Reaktivite derecesi, alusan aktif faza baglidir.
(Scrivener vd, 2019).

Reactivity depends on the quantity

and characteristics of the amorphous
reactive phase formed during calcination.
(Scrivener vd, 2019)

Tablo 3./ Table 3.: LC2 baglayici tasariminda fiziksel 6zelliklerin etkileri /
Influence of physical characteristics on LC? binder design

Fiziksel Ozellik LC3 Uzerindeki Etkisi Tasarim Agisindan Onemi
Physical Characteristic Influence on LC? Binders Importance For Binder Design
Plastisite Su ihtiyac, viskozite, islenebilirlik ve 6gutulebilirlik Cok yuksek
Plasticity Water demand, viscosity, workability, and Very high

grindability
Sertlik Ogutme stratejisi, enerji tiketimi ve PSD Cok yUksek
Hardness Grinding strategy, energy consumption, and Very high
particle-size distribution (PSD)
Tane morfolgjisi Paketlenme ve akigkanlik YUksek
Particle morphology Particle packing and flowability High
PSD Reaktivite ve dolgu etkisi Cok yuksek
PSD Reactivity and filler effect Very high

Not: LC? baglayici tasariminda hammadde segimi yalnizca kaolinit miktarina bagll hammadde segiminden ziyade ayni zamanda
reaktif ve inert mineral fazlarin birlikte degerlendiriimesi ve bunlara eslik eden plastisite, sertlik, tane boyutu dagilimi (PSD) ve
morfoloji gibi fiziksel dzelliklerle bir arada ele alinmasi gerektirir.

Note: Row material selection for LC3 binder design should not be based solely on kaolinite content from raw material selection but should
instead consider the combined influence of reactive and inert mineral phases together with physical characteristics, including plasticity,
hardness, particle-size distribution (PSD), and particle morphology.
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2.3 LC®Baglayicilarinda Reaktivitenin
Degerlendirilmesi

Kalsine Killerin reaktivitesi bir 5nceki bolumde bahsedilen
hammadde seciminin LC?® baglayicilarinda kullanim
potansiyelini belirleyen temel olcUtlerden biridir.
Bununla birlikte, LC® karisimlarinda dederlendirilen
muUhendislik performansi yalnizca puzolanik reaksiyona
indirgenmemelidir. Kalsine kilin reaktif aluminosilikat fazlar
portlanditi tuketerek C-(A)-S-H olusumunu desteklemekte
ve kalsine kil ve kiregtas! parcaciklari dolgu ve
cekirdeklenme etkileriyle klinker hidratasyonu igin elverigli
bir ortam saglamaktadir. Ayrica kalsine kilden reaktif
alumina ile kirectasindaki karbonat, hemikarboaliminat
ve monokarbosluminat gibi karboaluminat fazlarini
olusturarak ilave hidratasyon urunleri saglamaktadir.
Ozetle LC3®baglayicilarinin dayanim ve mikroyapi gelisimi,
puzolanik reaksiyon, fiziksel dolgu ve cekirdeklenme
etkisi ile kiregtasi/alumina sinerjisinin bir fonksiyonu
durumundadir. Buna bagl olarak tasarim sirasinda, kalsine
kilin bireysel reaktivitesiile LC3 badlayicisi igerisindeki
katkisi birbirinden ayriimalidir. Bireysel reaktivite, kalsine
kilin kontrollt bir ortam icerisinde cozUnme ve reaksiyon
Urund olusturma kapasitesidir. LC® baglayicisi olarak ise
bu potansiyelin klinker, kiregtasl, sulfat, su ve kimyasal
katkilarin bulundugu ortamdaki karsiligidir. Ayni kalsine
Kil, yuksek bireysel reaktivite gostermesine ragmen
yUksek su ihtiyacl, uygun olmayan sulfat dengesi veya
yetersiz portlanditicerigiyle beklenen dayanim gelisimini
gostermeyebilmektedir. Zira yaygin olarak bilinen R®
deneyi en yuksek reaktiviteyi gosteren kilin her zaman en
yuksek ileri yas dayanimini saglayamadigini ve reaktivite
ile performans iligkisinin sistem kosullarina bagli oldugunu
isaret etmektedir (Avet vd., 2018).

Kalsine Killerin bireysel puzolanik reaktivitesini
dederlendiren yontemlerin onemli bir bolumu portlandit
tuketimine veya c¢ozelti kimyasindaki degisime
dayanmaktadir. Frattini yontemi, gimento ve puzolan
suspansiyanundaki Ca®* ve OH- iyonlarinin kireg doygunluk
edrisine gore dedisimini esas almaktadir. EN 196-5
standardi (TS EN 196-5, 2017) kapsaminda kullanilan bu
yaklasim puzalanik davranisina iligkin standartlastiriimis
bir uygunluk kriteridir. Puzolanik malzemelerin etkinliginin
belirlenmesi igin gelistirilen Frattini yontemi TS EN
196-5 gibi standartlardaki (TS EN 196-5, 2011), uygun
uyarlamalarla kalsine killerin puzolanik davranisinin
degerlendiriimesinde de yaygin olarak kullaniimaktadir.
Ancak deneysel veriler, kullanilan cimentonun bilesgimi,
ikame orani, incelik dagilimi ve test suresinden etkilenir.
Chapelle ve maodifiye Chapelle yontemleri, belirli sicaklik
ve sure kosullarinda sisteme baglanan Ca(OH), miktarini
olcerek puzolanik kapasiteyi nicel olarak belirlemektedir.
Ancak bu noktada belirtiimelidir ki dikkate alinan yuksek

31/181/25

2.3 Assessment of Reactivity in LC3
Binders

The reactivity of calcined clays is one of the fundamental criteria
determining the suitability of the raw materials discussed in the
previous section for use in LC® binders. However, the engineering
performance of LC® systems should not be interpreted solely
in terms of pozzolanic reactivity. The reactive aluminosilicate
phases in calcined clay consume portlandite and promote the
formation of C-(Al-S-H gel. while calcined clay and limestone
particles provide favourable conditions for clinker hydration
through filler and nucleation effects. In addition, the reaction
between the reactive alurnina released from calcined cloy and
the carbonate supplied by limestone leads to the formation
of carboaluminate phases, including hemicarboaluminate and
monocarboaluminate, thereby generating additional hydration
products. Overall, the strength development and microstructural
evolution of LC? binders result from the combined effects of
pozzolanic reactions, filler and nucleation mechanisms, and
the synergistic interaction between limestone and reactive
alumina. Consequently, during material design, it is important to
distinguish between the intrinsic reactivity of calcined clay and
its contribution within the LC® binder system. Intrinsic reactivity
refers to the ability of calcined cloy to dissolve and form reaction
products under controlled conditions. In contrast, its performance
within an LC? binder reflects the extent to which this intrinsic
potential is realized in the presence of clinker, limestone, sulfate,
water, and chemical admixtures. Accordingly, a calcined clay
exhibiting high intrinsic reactivity may not necessarily provide
the expected strength development if the systern is constrained
by factors such as excessive water demand, an unsuitable
sulfate balance, or insufficient portlandite availability. Indeed,
the widely adopted R® test has demonstrated that the calcined
clay exhibiting the highest intrinsic reactivity does not always
produce the highest later-age strength, indicating that the
relationship between reactivity and engineering performance
is strongly dependent on the conditions of the binder system.
[Avet vd, 2016) A substantial proportion of the methods used
to evaluate the intrinsic pozzolanic reactivity of calcined cloys
are based on either portlondite consumption or changes in pore
solution chemistry. Among these, the Frattini test assesses
the concentrations of Ca® and OH- ions in @ cement-pozzolan
suspension relative to the lime solubility isotherm. Standardized
under TS EN 196-5 (TS EN 196-5, 2017). this method provides a
standardized criterion for assessing the pozzolanic behaviour of
supplermentary cementitious materials. The Frattini test, originally
developed to assess the pozzolanic activity of supplementary
cementitious materials and standardized in methods such as TS
EN196-5 (TS EN 196-5, 20T1). has also been widely applied, with
appropriate adaptations, to evaluate the pozzolanic behavior of
calcined clays. However, the experimental results are strongly
influenced by the composition of the cement, the replacement
level the particle size distribution (fineness), and the duration of
the test. The Chapelle and modified Chapelle methods quantify
pozzolanic capacity by measuring the amount of Ca(OH); fixed
under controlled temperature and reaction time conditions.
However, it should be noted that the elevated temperature and
artificial lime-rich environment employed in these tests do not
directly represent the hydration conditions encountered in LC?
binder systems. Furthermore, several comparative studies



sicaklik ve yapay kireg ortami gergek LC? hidratasyon
kosullarini dogrudan temsil etmemektedir. Ayrica
karsilastirmall bazi ¢alismalar, Chapelle yonteminin
laboratuvarlar arasi tekrarlanabilirliginin diger yontemlere
gore daha dusuk olabilecegini rapor etmiglerdir (Livd, 2018).
Ote yandan, doymus kireg cozeltisi deneyleri, gozeltideki
Ca®* iyonunu izleyerek dogrudan puzalanik reaksiyon
hakkinda fikir saglamaktadir. Benzer sekilde, elektriksel
iletkenlik yontemi, puzolan ilavesinden sonra doygun kireg
cozeltisindeki iletkenligin azalmasini dikkate almaktadir
(Luxan vd. 1989). Bu yantem dusuk maliyetli ve hizli on
tarama amacuyla yararl olmakla birlikte iyon ¢ozinmes;,
yuzey adsorpsiyonu ve gokelme mekanizmalarinin tam
olarak ayrilmamasindan dolayi igin reaktivitenin nicel
ve tek basina bir gostergesi olarak kullaniimamalidir.
Secici gozunme (Si-Al ¢ozunme) deneyleri dikkate
alindiginda, aktif fazlardan ¢ozunen silisyum ve aluminyum
miktari belirlenerek hammaddenin kimyasal reaksiyon
patansiyeli degerlendirilebilmektedir. Ancak kullanilan
¢cOzUcU malzeme, pH, sure ve sivi/katl orani sonuglari
etkileyen parametrelerdendir. Genel olarak olgme yontemleri
dederlendirildiginde, elektriksel iletkenlik, cozunme, Frattini
ve Chapelle gibi yontemlerin farkl fiziksel veya kimyasal
sureglere duyarh oldugunu anlasiimakta ve sonuclarla
dogrudan esdeger bir kabul ile hareket edilemeyecegi
anlasiimaktadir. Bu sinirlamalar, R® (rapid, robust and
relevant) deneyinin geligtiriimesinde ve uygulanmasinda
belirleyici nedenlerden olmustur. R® yontemi, kalsine kil
veya diger TCM'yi portlandit, alkali, sulfat ve karbonat
iceren kontrollu bir sistemde reaksiyona sokarak agiga
¢ikan toplam isiyr veya olusan bagl suyu dlgmektedir.
Hammaddenin kimyasal reaktivitesi ile standart harg
dayanimi arasinda guclu iligkiler kuran ve bu kapsamda
yurutulen laboratuvarlar arasi galismalarda irdelenen
bu yontemin genis bir TCM grubunda uygulanabilirligini
dogrulamistir (Londono-Zuluaga vd., 2022). R® yontemi,
buyuk olgude hammaddelerin kimyasal reaktivitesini
Kisa sUrede Karsilagtirma imkani saglamaktadir. Isi ¢iKIS!
reaksiyon Kkinetigini, bagl su ise olusan hidratasyon
urunlerinin derecesini gostermektedir. Ancak yine de dikkat
edilmelidir ki, R® yontemi gercek LC? bilesimini butuniyle
temsiletmemektedir. Klinkerin hidratasyonu, sulfat dengesi,
su azaltici katkilar, islenebilirlik ve tane paketlenmesi gibi
etkileri dikkate almak mumkun olmamaktadir. Ancak guncel
genis veri setleri, R® sonuglarinin genel olarak puzolanik
egilimleri basaril sekilde ayirabildigini ancak mineralojik ve
fiziksel ozelliklerle birlikte yorumlanmasinin daha dogru
olacagini isaret etmektedir.

Kalsine killerin baglayici ortamdaki reaksiyon derecesinin
dederlendiriimesinde izotermal kalarimetri, TG/DTG, XRD
ve bagli su olgumleri birbirini tamamlayici nitelikte testler
olarak gorulmektedir (Zunino ve Scrivener, 2027). izotermal
kalorimetri testleri, klinker hidratasyonu, cekirdeklenme,
aliminat reaksiyonlari ve sulfat dengesinin sonucu

have reported that the Chapelle method may exhibit lower
interlaboratory reproducibility than other commonly used
regctivity assessment methods (Li vd, 2018) Saturated lime
solution tests, on the other hand, provide a direct indication of
pozzolanic reactivity by monitoring the concentration of Ca?0]
ions in solution. Similarly, the electrical conductivity method
evaluates the decrease in the electrical conductivity of a
saturated lime solution following the addition of a pozzolanic
material (Luxan vd, 1989) Although this method is inexpensive
and suitable for rapid preliminary screening, it should not be
used as a quantitative or standalone indicator of pozzolanic
reactivity because it does not fully distinguish between ion
dissolution, surface adsorption, and precipitation mechanisms.
Likewise, selective dissolution [Si-Al dissolution] tests evaluate
the chemical reaction potential of a raw material by quantifying
the amounts of silicon and aluminum released from its reactive
phases. However, the results are strongly influenced by
experimental parameters, including the type of solvent, pH,
reaction time, and liquid-to-solid ratio. Overall, these reactivity
assessment methods differ in the physical and chemical
processes to which they are sensitive. Consequently, the results
obtained from electrical conductivity, selective dissolution,
Frattini, and Chapelle tests should not be regarded as directly
equivalent or interpreted interchangeably. These limitations
were among the principal motivations for the development
and adoption of the R® (Rapid, Robust, and Relevant] test. The
R3¥method evaluates the reactivity of calcined clays or other
supplementary cementitious materials (SCMs) by reacting
them in a controlled system containing portlondite, alkalis,
sulfate, and carbonate, and subsequently measuring either the
cumulative heat release or the amount of chemically bound
water formed. Numerous studies have demonstrated strong
correlations between the chemical reactivity measured by
the R® method and the strength development of standardized
mortar specimens. Furthermore, interlaboratory investigations
have confirmed the applicability and robustness of the method
across a wide range of SCMs. (Londono-Zuluaga vd, 2022)
The R® method provides an efficient means of comparing the
intrinsic chernical reactivity of raw materials within a relatively
short testing period. Heat release reflects the kinetics of the
reaction, whereas chemically bound water indicates the extent
of hydration product formation. Nevertheless, it should be
recognized that the R?® test does not fully reproduce the
complexity of an actual LC? binder system. Factors such
as clinker hydration, sulfate balance, chemical admixtures,
workability, and particle packing are not explicitly represented.
Recent studies based on extensive experimental datasets
have nevertheless demonstrated that R° results provide
a reliable indication of the relative pozzolanic reactivity of
calcined clays. However, these results should be interpretedin
conjunction with the mineralogical composition and physical
characteristics of the raw material to achieve a comprehensive
assessment of its suitability for LC® binder applications.

To evaluate the extent of reaction of calcined clays within
binder systemns, techniques such as isothermal calorimetry,
thermogravimetric analysis (TG/DTG), X-ray diffraction (XRD),
and chemically bound water measurements are generally
regarded as complementary characterization methods.
{Zunino ve Scrivener, 2021). Isathermal calorimetry provides
valuable insight into heat evolution and reaction kinetics
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olan 1si geligimini ve reaksiyon Kinetigini incelemeye
yardimci olmaktadir ve sadece puzolanik reaksiyonla
iligkili degildir. Ote yandan, TG/DTG testleriile portlandit
miktarinin izlenmesi, kalsine kilin Ca(OH), tuketimini
dogrulamak icin en guclu yontem olarak gorulebilir.
Ancak kaydedilen dusuk portlandit miktari her zaman
daha yuksek LC® perfarmansi anlamina gelmemektedir.
Karisimda olusan portlandit miktari, klinker hidratasyon
derecesi, karbonatlasma ve karboaluminat olusumu
da sonucu etkileyen parametreler arasindadir. XRD/
Rietveld analizi portlandit azalmasinin yaninda etrenjit,
monosulfat, hemikarboaliminat ve monokarboaliminat
gibi kristalin fazlarlara yonelik degisimi gosterirken, C-(A)-
S-H urunleri gibi amorf veya yari amarf drdnlerin sinirh
Olgude olgulmesi sebebiyle termoanalitik yontemlerle
beraber kullanilmalidir. Dayanim aktivite indeksi (SAI) ve
basing dayanimi gelisimi dikkate alindidinds, hammaddenin
bireysel reaktivitesi degil, baglayici sistemindeki toplam
muhendislik performansi elde edilmektedir. Sanuglar,
puzolanik reaksiyonun yani sira gimento reaktivitesi,
incelik, dolgu ve gekirdeklenme etkileri, kirectasi ve
alumina etkilesimi, su ihtiyaci ve kur kosullarindan da
etkilenmektedir. Bu nedenle SAIl, uygulamaya yakin
dogrulama araci olmakla birlikte dogrudan reaktivite
testi olarak degerlendiriimemelidir. Tablo 4 kalsine Kil
ve LC® baglayicilarinda kullanilabilecek degerlendirme
yontemlerini detaylari ile 6zetlemektedir.

arising from clinker hydration, nucleation effects, aluminate
reactions, and sulfate balance, and therefore does not
exclusively reflect the pozzolanic reaction. In contrast,
monitoring the portlandite content by thermogravimetric
analysis (TG/DTG] is widely regarded as one of the most
reliable approaches for verifying the consumption of
CalOH); by calcined clays. Nevertheless, a lower portlandite
content does not necessarily indicate superior performance
of the LC? binder system. The amount of portlandite formed
depends not only on pozzolanic consumption but also
on the degree of clinker hydration, carbonation, and the
formation of carboaluminate phases. X-ray diffraction
coupled with Rietveld refinement (XRD/Rietveld) enables
the identification of changes in crystalline phases, including
portlandite, ettringite, monosulfate, hemicarboaluminate,
and monocarboaluminate. However, because amorphous
or poorly crystalline hydration products, such as C-(A)-S-H,
can only be quantified to a limited extent, XRD/Rietveld
should be used in conjunction with thermoanalytical
techniques. When considering the strength activity index
(SAl) and compressive strength development, the measured
response reflects the overall engineering performance of
the binder system rather than the intrinsic reactivity of
the raw material. The results are influenced not only by
the pozzolanic reaction but also by cement hydration,
particle fineness, filler and nucleation effects, limestone—
alumina interactions, water demand, and curing conditions.
Therefore, although the SAI provides a valuable validation
tool under application-relevant conditions, it should not
be regarded as a direct measure of pozzolanic reactivity.
Table 4 summarizes the principal methods available for
evaluating calcined clays and LC?® binders, together with
their characteristics, advantages, and limitations.

Tablo 4./ Table 4.:  LC® baglayicilarinda kullanilan reaktivite degerlendirme yontemleri /
Comparison of reactivity assessment methods for LC® binders

Yontem Gdosterge Olgiim yeri Amaci Sinirlamalar
Method Primary Indicator Assessment Level Primary Purpose Main Limitations
R® (is1 agiga cikisl) Kumulatif reaksiyon Hammadde Reaktivite taramasi LC?® kosullarini butunuyle temsil
ISIS| edemez (Londono-Zuluaga vd,
5 ' o ) 2022)
R? (heat release) Raw material Reactivity screening
Cumulative heat Does not fully reproduce the
release conditions of an LC? binder system
(Londono-Zuluaga vd, 2022)
R® (bagl su) Karigimin su badlama Hammadde Reaksiyon Urunu Kurutma ve 6lgUm kosullarina
kapasitesi kapasitesi hassastir (Scrivener vd, 2018).
R® (bound water) Chemically bound Raw materiol Assessment of hydration | Sensitive to drying and
water product formation potential | Measurement conditions
(Scrivener vd, 2018).
Chapelle ve modifiye  Indirgenen CalOH), Hammadde Puzalanik kapasitenin Olusturulan yuksek sicakiiklar
Chapelle miktar nicellestiriimesi gergek sistemi temsil edemez
Raw material (Blouch vd, 2025).
Chapelle and Ca(OH)» consumption Quantification of
modified Chapelle pozzolanic capacity Elevated-temperature test
conditions do not fully represent
actual LC® hydration (Blouch vd,
2025).
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Yéntem

Method

Gosterge
Primary Indicator

Olgiim yeri

Assessment Level

Amaci
Primary Purpose

Sinirlamalar
Main Limitations

Frattini ve EN
196-5

Frattini and EN
196-5

Cozeltideki Ca®* ve OH-
miktar

Ca? and OH-
concentrations in
solution

Cimento/puzolan
karigimi

Cement-pozzolan
mixture

Puzalan derecesi ve
standart uygunlugu

Assessment of pozzolanicity
and compliance with the
standard

Cimento bilesimi, inceligi ve deney
suresinden etkilenir (Scrivener vd,
2018].

Influenced by cement composition,
fineness, and test duration
(Scrivener vd, 2018).

Doymus kireg Cozeltideki Ca®* miktari | Hammadde Portlanditle reaksiyon Cozelti kosullarina ve kinetige
yontemi potansiyeli baglidir (Maravelaki vd, 2025)
Ca®* concentration in Raw material , N
Saturated lime solution Evaluation of the reaction Degendef?f OZ _SO/L_’UO& CO”d’t;OZ_S
solution test otential with portlandite ond reaction Kinetics (Marovelord
uti p ial with p i vd. 2025)
Luxan iletkenlik Elektrikseliletkenlikteki | Hammadde Hizl 6n eleme Cozunme ve ¢okelme etkilerini
yontemi degisim dlgemez (Luxan vd, 1989).
Raw material Rapid preliminary o )
Luxan electrical Change in electrical screening Connot distinguish dissolution and
conductivity test | conductivity precipitation processes (Luxan vd,
1989).
Segici gozunme Reaktif Sive Al Hammadde Aktif aluminosilikat fazin Kullanilan ¢ozUcuye ve deney
tahmini kosullarina duyarlidir (Izadifar vd,
Selective Reactive Si and Al Raw material 2026).
dissolution Estimation of the reactive
aluminosilicate fraction Sensitive to the solvent and testing
conditions (Izadifar vd, 2026).
izotermal Isi geligimi ve Baglayici sistemi Hidratasyon geligimi Puzalanik reaksiyonlari tam olarak
kalorimetri reaksiyon kinetidi ayirt edemez (Livd, 2018).
Binder system Evaluation of hydration -
Isothermal Heat evolution and development Connot completely distinguish
calorimetry reaction kinetics pozzolanic reactions from other
hydration processes (Li vd, 2018).
TG/DTG Portlandit ve bagli su Badlayici sistemi Puzolanik derecenin Karbonatlasma ve baslangigtaki
orani belirlenmesi CH miktarindan etkilenir (Livd,
TG/DTG Binder system 2018).
Portland/tg content Assessmen.t of the.extent Influenced by carbonation and the
and chemically bound of pozzolanic reaction initiol portiondite content (Li vd,
water 2018)
XRD/Rietveld Kristalin fazlarin miktari | Baglayici sistemi CH, AFt/AFm ve Amorf hidratasyon Urinlerine
Karboaliminatlarin izlenmesi | duyarl degildir (Li vd, 2018).
XRD/Rietveld Quantities of Binder system
crystalline phases Monitoring of CH, AFt/AFm, | Limited sensitivity to amorphous
and carboaluminate phases | hydration products (Li vd, 2018)
FTIR Bag ve fonksiyonel Hammadde / Yapisal bozunma Tek basina nicel degerlendirme
grup degisimleri baglayici dogrulamas sinifidir (Altuntas vd, 2025b).
FTIR
Changes in chemica/ Raw material / Verification of structural Limited quantitative capability when
bonds and functional binder system changes used alone (Altuntas vd, 2025b)
groups
Dayanim aktivite Mekanik performans Karisim Nihai dogrulamasi Reaktivite, dolgu ve karakteristik
indeksi UrUnleri birbirinden ayirmaz (Altuntas
Mechanical Mixture Validation of overall vd, 20253)
Strength Activity | performance engineering performance Does not distinguish the
Index (SAl) contributions of reactivity, filler

effects, and hydration products
(Altuntas vd, 20250a)
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2.4 Kil Plastisitesinin LC3 Baglayici Tasarimindaki
Rolu

LC®baglayicilarinin gelistirimesine yonelik arastirmalarin
¢cogu, hammaddenin mineralojik yapisi, kimyasal bilesim,
puzolanik reaktivite ve hidratasyon mekanizmalari Uzerine
yogunlasmistir. Buna karsilik, kilin fiziksel 6zelliklerinden
biri olan plastisite derecesi genellikle yalnizca jeoloji veya
seramik uygulamalari kapsaminda degerlendirilmistir
(Spagnali vd., 2018). Ancak LC? baglayici tasarimindaki
rolt ise sinirli sayida galismada ele alinmistir (Altuntas vd.,,
20253 2025b). Oysa plastisite, kil hammaddesinin yalnizca
sekil degistirme kabiliyetini ifade eden bir 6zellik degildir ve
0gutme davranigl, su ihtiyaci, reolojik ozellikler, islenebilirlik
ve dolayli olarak baglayici performansini etkileyen temel
muUhendislik parametrelerinden biri olarak dikkate alinmalidir.
Bu sebeple plastisite derecesi, LC® sistemlerinde yalnizca
hammadde siniflandirmasinda bir indeks olarak degil ayni
zamanda hammaddenin uygulanabilirligini dederlendiren
fiziksel bir parametre olarak dikkate alinmalidir.

Kil minerallerinin plastisite davranisi daha ¢cok mineralojik
yapllari ve suile etkilesim mekanizmalarina dayanmaktadir.
Kaolinit, illit ve smektit gibi kil tipleri farkli tabakali kristal
yapllari, 6zgul yuzey alanlari ve katyon dedisim kapasiteleri
nedeniyle farkli plastisite dereceleri gostermektedir. Ancak
LC® bagdlayicilari acisindan plastisiteyi belirleyen temel
unsur yalnizca mineral turu ile sinirl degildir. Tane boyutu
dagiimi [PSD), dogal topaklanma derecesi, 6zgul yuzey
alani ve kalsinasyon oncesindeki fiziksel yapi da plastisite
davranisini onemli dlctde belirlemektedir. Bu durumda
plastisite, mineralojik karakterizasyonu tamamlayan
bUtuncul bir fiziksel ozellik olarak karsimiza ¢ikmaktadir.
Kalsinasyon islemi sirasinda kil minerallerinde clugan
dehidroksilasyon ve kristal yapidaki bozulma puzolanik
reaktivitenin yaninda ayni zamanda plastisite davranisini
da 6nemli dlcude dedistirmektedir. Son yillarda farkl kil
tUrleri Uzerinde gergeklestirilen ¢calismalar, kalsinasyon
sicakhginin artmasiyla birlikte plastisite indeksinin azaldigini
ancak belirli sicaklik araliklarinda puzolanik aktivitenin
arttgini gostermektedir (Ghulam Qayoom, 2026). Ancak
optimum sicakhgin Uzerindeki sicakliklarda plastisite
azalmaya devam etse de meydana gelen tane irilesmesi,
topaklasma ve 6zgul yuzey alanindaki azalma puzolanik
performansi yeniden azaltmaktadir. Bu durum, plastisite
degisiminin tek basina reaktivite gostergesi olmadigini
gosterse de diger fiziksel ve kimyasal parametrelerle
birlikte degerlendirildiginde kalsinasyon surecinin izlenmesi
icin pratik bir yol sunmaktadir (Ghulam Qayoom, 2026).

Plastisite ile 6gutme davranigi arasindaki iliski de LC3
Uretimi veya kalsine kilin kullanilabilecegi diger uygulamalar
icinde oldukga dikkat gekicidir. YUksek plastisiteye sahip
Killer, 6gUtme sirasinda daha fazla aglomerasyon egilimi
gostermektedir. Buna bagli olarak ayniincelige ulasabilmek
icin daha yuksek enerjiye ihtiya¢ duyulmaktadir. Buna

31/181/29

2.4 The Role of Clay Plasticity in LC3 Binder
Design

Most studies aimed at the development of LC? binders have
focused on the mineralogical characteristics, chemical
composition, pozzolanic reactivity, and hydration mechanisms
of the raw clay. In contrast, clay plasticity, one of the key
physical characteristics of clay materials, has generally
been considered only in the context of geological or ceramic
applications.(Spagnoli vd, 2018). However, its role in LC?
binder design has been addressed in only a limited number
of studies. (Altuntas vd, 20250 2025b) However, plasticity
is not merely a property that describes the deformability of
clay raw materials; it should also be regarded as one of the
fundamental engineering parameters influencing grinding
behavior, water demand, rheological properties, workability,
and, indirectly, binder performance. Therefore, the degree of
plasticity should be considered not only as an index for raw
material classification in LC? systerns but also as a physical
parameter for evaluating the applicability of the raw material.

The plastic behavior of cloy minerals is primarily governed
by their minerclogical structures and their mechanisms of
interaction with water. Clay minerals such as kaolinite, illite,
and smectite exhibit different degrees of plasticity owing to
differences in their layered crystal structures, specific surface
areas, and cation exchange capacities. However, in the context
of LC3 binders, the factors governing plasticity are not limited
solely to the mineral type. Particle-size distribution, the degree
of natural agglomeration, specific surface area, and the
physical structure prior to calcination also play significant
roles in determining plastic behavior. Accordingly, plasticity
should be regarded as an integrated physical characteristic that
complements mineralogical characterization. During calcination,
dehydroxylation and the disruption of the crystal structure
of cloy minerals not only enhance pozzolonic reactivity but
also substantially modify their plastic behavior. Recent studies
on different clay types have shown that the plasticity index
decreases with increasing calcination temperature, whereas
pozzolanic activity increases within specific termperature ranges.
(Ghulom Qayoom, 2026). However, at temperatures above
the optimum calcination ronge, although the plasticity index
continues to decrease, particle coarsening, agglomeration,
and the reduction in specific surface area lead to a decline
in pozzolanic performance. This indicates that changes in
plasticity alone cannot be regarded as an indicator of reactivity.
Nevertheless, when evaluated together with other physical and
chemical parameters, plasticity provides a practical means of
monitoring the calcination process. (Ghulam Qayoom, 2026)

The relationship between plasticity and grinding behavior is
also of considerable importance in LC?® production and other
applications involving calcined clays. Clays with high
plasticity exhibit a greater tendency to agglomerate during
grinding. Consequently, higher energy input is required
to achieve the same level of fineness. In contrast, as



karsilik Killerin plastik limitleri azaldikga parcaciklarin
kirilmasi da kolaylagmakta ve daha dengeli bir tane
boyutu dagilimi (PSD) elde edilebilmektedir. Bu nedenle
Killerin plastisite ozelligi yalnizca taze hal davranisini degil
ayni zamanda 0gutme stratejilerinin belirlenmesini de
etkileyen dolayli bir Uretim parametresi haline gelmektedir.
Plastisitenin bir diger onemli etkisi karisimlarin reolojik
davranisinda ortaya cikmaktadir. YUksek plastisiteye
sahip Killer daha fazla su adsorpsiyonuna bagli olarak
viskoziteyi arttirmakta ve islenebilirligi olumsuz yonde
etkileyebilmektedir. Buna bagl olarak su ve kimyasal
katkiihtiyaci artmaktadir. Buna karsilik dUsUk plastisiteye
sahip kalsine killer benzer tane inceliginde daha dusuk su
ihtiyaci ve daha uygun yayilma performansi saglamaktadir
(Altuntas vd, 2025a 2025b) S6zU edilen bu bulgular,
plastisite ozelliginin LC? sistemlerinde reaktifligi belirleyen
bir dzellikten daha ¢ok hammaddenin Uretilebilirligini
ve uygulanabilirligini belirleyen bir gosterge oldugunu
ortaya koymaktadir. Ozellikle Atterberg limitleri ile
hesaplanan plastisite indeksinin, tane boyutu dagilimi
(PSD), 6zgul yuzey alani ve termo-analitik verilerle dikkate
alinmasi farkh tur kil kaynaklarinin pratik bir sekilde
on degerlendirimesine olanak saglayabilir. Ozetle, ileri
duzey mineralojik ve kimyasal testler tamamlanmadan
once hammaddenin islemlerine iliskin énemli bilgiler
elde edilmektedir. Bu yaklasim, plastisite derecesini
yalnizca jeoteknik siniflandirmada kullanilan bir 6zellik
olmaktan ziyade LC® baglayici tasariminda hammaddenin
muhendislik esasli dederlendirilmesini destekleyen bir
tasarim parametresi haline getirmektedir. Sekil 1killere
ait plastisite ozelliklerinin LC® baglayici tasarimindaki
¢cok yonlu etkisini siniflandirmaktadir.

the plastic limit of clays decreases, particle breakage
becomes easier, resulting in a more uniform particle-size
distribution. Therefore, the plasticity of cloys should be
regarded not only as a property influencing fresh-state
behavior but also as an indirect processing parameter
affecting the selection of grinding strategies. Another
important consequence of plasticity is its influence on the
rheological behavior of mixtures. Clays with high plasticity
increase viscosity owing to their greater water adsorption
capacity, thereby adversely affecting workability. As a
result, higher water demand and increased dosages
of chemical admixtures are often required. In contrast,
calcined clays with lower plasticity provide lower water
demand and improved flowability at comparable particle
fineness. (Altuntas vd, 20250 2025b) These findings
indicate that within LC® systems, plasticity should be
regarded less as a parameter governing reactivity and
more as an indicator of the processability and applicability
of the raw material. In particular, the plasticity index
determined from the Atterberg limits, when considered
together with particle-size distribution, specific surface
areq, and thermoanalytical data may provide o practical
approach for the preliminary evaluation of different clay
resources. In summary, valuable information regarding
the processability of the raw material can be obtained
before conducting advanced mineralogical and chemical
characterization. This approach transforms the degree of
plasticity from a property used solely for geotechnical
classification into a design parameter that supports the
engineering-based evaluation of raw materials for LC®
binder design. Figure Tillustrates the multifaceted influence
of clay plasticity on LC® binder design.

Sekil 1./ Figure 1.: Killere ait plastisite 6zelliklerinin baglayic tasarimindaki gok yénlu etkisi /
Interrelationships between clay plasticity and LC? binder design

Kil Mineralojisi / Clay Mineralogy
Kaolinit-illit-Smektit vb./ Kaolinite-illite-Smectite etc.
Mineral Tury, Kristal Yapi, Kimyasal Bilesim/ Mineral Type, Crystal Structure, Chemical Composition

Plastisite (LL-PL-PI) / Plasticity (LL-PL-PI)
Sivi Limit (LL) - Plastik Limit (PL) / Liquid Limit (LL)-Plastic Limit (PL)
Plastisite Indeksi (Pl=LL=PL) / Plasticity Index (PI=LL=PL)

Ve

Aglomerasyon Egilimi/ Agglomeration

N
Ogutme / Grinding Su ihtiyaci / Water Demand
Su Adsorpsiyonu / Water Adsorption
Su ihtiyaci/ Water Requirement
Kimyasal Katki Gereksinimi/
Chemical Admixture Requirement

Tendency
Kirilabilirlik / Breakability
Ogutme Verimliligi/ Grinding

4 N\ [

Reoloji / Portal PSD/SSA / PSD/SSA

Viskozite / Viscosity
Akma Davranisi/ Flow Behavior
Yayilma (spread)/ Spread (flow)

Islenebilirlik / Workability

Size Distribution (PSD)

Surface Area (SSA)

Efficiency Aglomerasyon/dagilim /
Enerji Gereksinimi/ Energy Agglomeration/Dispersion
Requirement J U _ J U

Tane Boyutu Dagilimi (PSD) / Particle

Ozgul Yuzey Alani (SSA) / Spesific

~

Uretilebilirlik ve LC3 Tasarimi / Processability and LC3 Design
Proses Verimliligi-islenebilirlik-Su ve Katki Optimizasyonu / Processability-Workability-Water and Admixture Optimization
DusUk CO, Ayak izi-Mekanik Performans ve Dayaniklilik / Low CO, Footprint-Mechanical Performance and Durability
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2.5 Ogutme Stratejileri ve Tane Boyutu
Mihendisligi

Qgutme islemi, kalsine kil Uretiminde hammaddenin
reaktivitesini, islenebilirligini ve baglayici performansini
dogrudan etkileyen temel islemlerden biridir. Kalsine kilin
puzolanik reaksiyonu buyuk clgUde ¢ozUnmeye agik yuzey
alanina baghdir (Vizcaino Andrés vd., 2015). Dolayisiyla
tane boyutu dagiimi (PSD) ve 6zgul yizey alani (SSA)
reaktivite agisindan gok dnemli bir rol oynamaktadir. Bununla
birlikte, LC® baglayicilarinda 6gutme sadece en yuksek
incelige ulagmak amaciyla yapilmamalidir. Ogutme daha
cok mineralajik yapy, plastisite, tane morfolojisi, hedeflenen
baglayici performansi ve enerji tUketimi birlikte dikkate
alinarak yonetiimesi gereken bir tasarim parametresidir.
0Ogutme davranigl, hammaddenin mineralojik yapisi kadar
fiziksel karakteristiklerinden de etkilenmektedir. Ozellikle
plastisite derecesi yuksek olan killer, 6gutme sirasinda daha
fazla topaklanma egilimi gosterebilmektedir ve ayniincelige
ulasabilmek icin daha yuksek enerji gerekmektedir. Buna
karsilik plastisitesi derecesi daha dusuk killer daha kolay
pargalanabilmekte ve daha dengeli bir tane boyutu dagilimi
(PSD) elde ediimesinde daha avantajli olmaktadir Bu nedenle,
ogutme isleminin belirlenmesinde yalnizca mineralojik yapi
ile degerlendirme yapiimamali ayni zamanda 2.4 Bolumunde
tartisildigi Uzere plastisite derecelerinin de dikkate alinmasi
gerekmektedir. Ozellikle Atterberg limitlerinden elde edilen
plastisite indeksinin, 8gutllebilirlik ve 6gutme veriminin
ongorulmesinde pratik bir gosterge olarak kullanilabilecedi
dustnulmektedir. (Altuntas vd., 2025a, 2025b).

LC? karisimlarinda 6gutmenin bir diger dnemliamac, kalsine
kil ile diger baglayici bilesenleri arasinda uygun pargacik
boyutu dagilimini saglamaktir. ince kalsine kil pargaciklari
¢OzUnme hiziniarttirmanin yaninda dolgu ve gekirdeklenme
etkileriyle klinker hidratasyonunu hizlandirmakta ve erken
uas performansina ilave katki saglamaktadir (Vizcaino
Andrés vd,, 2015). Bunun yaninda uygun bir tane boyut
dagilimi (PSD), pargacik paketlenmesini iyilestirerek
bosluk hacmini azaltmaktadir ve hamojen bir mikroyapi
olusumuna katkida bulunmaktadir. Ancak gereginden
fazla ince 6gutme, yuksek su ihtiyaci, artan viskozite
ve enerji tuketimi gibi durumlarla yakindan iligkilidir ve
0gutme optimizasyonunda en yuksek incelikten daha
¢cok hedeflenen baglayici performansini saglayacak
uygun bir dagihm olusturulmalidir. Endustriyel dlgekte
kullanilan 6gutme stratejileri birlikte ogutme (intergrinding),
ayr 6gutme (separate grinding) ve kademeli veya hibrit
ogutme yaklasimlari olarak siniflandiriimaktadir. Birlikte
0gutme dusuk yatinm ve isletme maliyeti nedeniyle tercih
edilmektedir ancak sertlikleri farkl olan bilesenlerde
istenilen tane boyutu dagiimini (PSD) elde etmek zorluklar
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2.5 Grinding Strategies and Particle Size
Engineering

Grinding s one of the key processing steps in the production
of calcined clays, directly influencing the reactivity,
processability, and performance of the resulting binder. The
pozzolanic reaction of calcined clays is largely governed
by the surface area available for dissolution. (Vizcaino
Andrés vd, 2015). Therefore, particle-size distribution
(PSD] and specific surface area (SSA) play critical roles in
determining reactivity. Nevertheless, grinding in LC? binder
systems should not be performed solely to achieve the
highest possible fineness. Rather, it should be regarded as
a design parameter that must be optimized by considering
the mineralogical characteristics, plasticity, particle
morphology, targeted binder performance, and energy
consumption. Grinding behavior is influenced not only by
the mineralogical characteristics of the raw material but
also by its physical properties. In particular, highly plastic
clays exhibit a greater tendency to agglomerate during
grinding, requiring higher energy input to achieve a given
level of fineness. In contrast, clays with lower plasticity
are more readily fragmented and facilitate the attainment
of a more uniform particle-size distribution. Therefore, the
design of the grinding process should not rely solely on
mineralogical characterization but should also take into
account the degree of plasticity, as discussed in Section
24. In particular, the plasticity index derived from the
Atterberg limits may serve as a practical indicator for
predicting grindability and grinding efficiency (Altuntas
vd, 20250, 2025b)

Another important objective of grinding in LC® binder
systems is to achieve an appropriate particle-size
distribution among calcined clay and the other binder
constituents. In addition to increasing the dissolution rate,
finely ground calcined clay particles accelerate clinker
hydration through filler and nucleation effects, thereby
providing additional benefits to early-age performance.
(Vizcaino Andrés vd, 2015) In addition, an appropriate
particle-size distribution improves particle packing, thereby
reducing pore volume and contributing to the development
of a more homogeneous microstructure. However,
excessive grinding is closely associated with increased
water demand, higher viscosity, and greater energy
consumption. Therefore, grinding optimization should focus
not on achieving the highest possible fineness but on
establishing a particle-size distribution that delivers the
desired binder performance. Industrial grinding strategies
are generally classified into intergrinding, separate grinding,
and staged (hybrid] grinding. Intergrinding is widely
preferred because of its lower capital and operating costs;
however, achieving the desired particle-size distribution
becomes challenging when the constituent materials differ



meydana getirmektedir. Buna Karsilik ayri 6gutme teknidi
her bilesenin bagimsiz olarak uygun incelige ulastirimasina
olanak saglamasina ragmen ilave enerji tuketimini meydana
getirmektedir (Tablo 5). Son ylllarda tzellikle farkl sertlik
ve plastisiteye sahip dogal ve alternatif kil kaynaklarinin
degerlendirildigi LC® iceren ¢alismalarda hammaddelerin
hedef incelikteki 6gutme surelerine gore belirlenen hibrit
ogutme tekniginin pratik ve verimli bir yol oldugunu gosteren
caligmalar bulunmaktadir (Altuntas vd., 2025b, 2025a).

significantly in hardness. In contrast, separate grinding
allows each component to be ground independently to
its optimum fineness, although this approach requires
additional energy (Table 5). In recent years, several studies
on LC? systems incorporating natural and alternative
clay resources with different hardness and plasticity
characteristics have demonstrated that hybrid grinding
strategies in which the grinding time of each raw material is
adjusted to achieve the target fineness, provide a practical
and efficient solution. (Altuntas vd, 2025b, 2025a)

Ogiitme Stratejisi

Grinding Strategy

Tablo 5./ Table 5.: LC® badlayicilarinda kullanilan baslica 6gutme stratejileri /
Overview of reactivity assessment methods for LC? binders

Temel Avantaji
Primary Advantage

Baslica Sinirlamasi
Main Limitation

Degerlendirme
Applicability

Birlikte 6gutme

Dustk yatinm ve igletme

Farkli sertlige sahip

Mineralojik ve fiziksel Ozellikleri benzer

PSD and fineness for each
constituent

and greater operational
complexity

(Intergrinding) maliyeti, basit islem bilesenlerde PSD kontrolU hammaddelerde uygulanabilir. (Altuntas vd,
sinirl 2025a).

Intergrinding Lower capital and operating Limited control of particle- Suitable for raw materials with similar

costs; simple processing size distribution (PSD) for mineralogical and physical characteristics

constituents with different (Altuntas vd, 2025a)
hardness

Ayr 6gutme Her bilesen icin bagimsiz PSD | llave enerji tiketimi ve Cok farkli sertlik, plastisite ve 6gutulebilirlige

(Separate grinding) ve incelik optimizasyonu isletme karmasikligi sahip hammaddeler igin daha uygundur.

(Hanein vd, 2022).
Separate grinding Independent optimization of Higher energy consumption

More suitable for raw materials with
substantially different hardness, plasticity,
and grindability (Hanein vd, 2022).

Kademeli / hibrit
ogutme

Staged (hybrid)
grinding

Isletme esnekligi ve hedef
PSD'nin kontrolud

Greater operational flexibility
and improved control of the
target PSD

Hammaddelere yonelik
detayli fizibilite gerektirir.

Requires detailed feasibility
assessment of the raw
materials

Farkli sertlik, plastisite ve 6gutulebilirlige
sahip hammaddeler icin uygundur.
(Hanein vd, 2022).

Suitable for raw materials with different
hardness, plasticity, and grindability
(Hanein vd, 2022).
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3. LC3 KARISIMLARINDA ANALITIK
KARAKTERIZASYON VE MEKANIZMA
DOGRULAMASI

LC® karisimlarinda analitik karakterizasyonun temel amaci
sadece hammaddenin veya hidratasyon Urunlerinin
tanimlanmasindan ziyade, baglayici tasarimi sirasinda
0ngorulen reaksiyon mekanizmalarinin dogrulanmasi ve
performans gelisiminin hangi mekanizmalar tarafindan
meydana geldiginin ortaya konulmasidir. LC® baglayici
sisteminde mekanik ve dayanikliik dzellikleri tek bir reaksiyon
mekanizmasinin sonucu olarak meydana gelmemektedir.
Puzolanik reaksiyon, fiziksel dolgu (filler etkisi) ve kalsine kil—
kirectasl etkilesimi sonucu gelisen karboaluminat olusumunun
birlikte etkisiyle reaksiyon mekanizmalari olusmaktadir.
Bu gercevede herhangi bir analitik yontemin tek basina
kullaniimasi genellikle yetersiz kalmaktadir ve farkli analitik
testlerden elde edilen verilerin birlikte degerlendiriimesi
gerekmektedir. LC® karisimlarinda en temel dogrulanmasi
gereken mekanizmalardan biri puzolanik reaksiyondur.
Kalsine kilde bulunan reaktif aluminosilikat fazlarin portlandit
UrUnleri ile reaksiyona girmesi sonucu yeni C-(A)-S-H
fazlarinin meydana gelmesi karisimlarin dayanim ve mikroyapl
gelisimlerine onemli katki vermektedir. Bu mekanizmanin
dogrulanmasinda termoanalitik yontemlerle gergeklestirilen
portlandit tuketiminin izlenmesiyaygin olarak takip edilen bir
yontemdir. TG/DTG analizleriyle portlandit Urun miktarindaki
dedisim nicel olarak degerlendirilebiimektedir ve hidratasyon
nedeniyle olusan bagl su miktari da reaksiyon derecesini
karsilastirmall gostermektedir. Bununla birlikte portlandit
miktarindaki azalma tek basina puzalanik reaksiyonun
derecesini gdstermemektedir. Bununla birlikte karbonatlasma
ve karisimlardaki portlandit kaynagini olusturan Klinker
miktari dikkate alindiginda termoanalitik bulgularin XRD,
kalorimetri vb. tamamlayici analizlerle birlikte ele alinmasi
gerekmektedir.

LC? karisimlarinin en onemli ozelliklerinden biri, kiregtas
ilavesinin yalnizca dolgu malzemesi degil ayni zamanda
hemikarboaluUminat ve monokarboaluminat gibi kararli
hidratasyon Urunlerini de saglamasidir. Bu nedenle LC®
performansinin degerlenmesinde karboalUminat clusumunun
dogrulanmasi buyuk 6nem gerektirmektedir. Bu mekanizmanin
olculmesinde XRD ve ¢zellikle Rietveld kantitatif faz analizi
temel bir yontem olarak kullanilabilir. Ancak karboaluminat
Urunlerinin derecesi, erken yas hidratasyon gelisimi ve amorf
faz miktar ile birlikte ele alinmadigi sirece mekanizmanin
tamamiyla agiklanmasi zordur. Bu kapsamda XRD verilerinin
termoanalitik analizlerle desteklenmesi daha guvenilir yorum
yaplimasina olanak saglamaktadir. LC® karisimlarinda erken
yas dayanim gelisiminin énemli bir bolumu fiziksel dolgu ve
cekirdeklenme etkileri ile olusmaktadir. ince kalsine kil ve
kirectasi taneleri, hidratasyon UrUnlerinin cekirdeklenmesini
hizlandirmaktadir ve tane paketlenmesini gelistirerek bosluk
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3. ANALYTICAL CHARACTERIZATION
AND MECHANISTIC VALIDATION OF LC3
MIXTURES

The primary objective of analytical characterization in LC?
binder systems is not merely to identify the raw materials
or hydration products, but rather to verify the reaction
mechanisms anticipated during binder design and to
elucidate the mechanisms responsible for performance
development. The mechanical and durability properties
of LC® binder systems do not arise from a single reaction
mechanism. Instead, they result from the combined effects
of the pozzolanic reaction, the physical filler effect, and the
formation of carboaluminate phases through the interaction
between calcined clay and limestone. Consequently,
the use of any single analytical technique is generally
insufficient, and data obtained from complementary
analytical methods should be interpreted collectively. One
of the principal mechanisms that must be verified in LC?
binder systems is the pozzolanic reaction. The reaction
of reactive aluminosilicate phases in calcined clay with
portlandite leads to the formation of new C-(A)-S-H phases,
which make a significant contribution to the strength
development and microstructural refinement of the binder.
Monitoring portlondite consumption using thermoanalytical
technigues is one of the most widely adopted approaches
for verifying this mechanism. TG/DTG analyses enable the
quantitative determination of changes in portlondite content,
while the amount of chemically bound water formed
during hydration provides a comparative indication of the
extent of reaction. Nevertheless, a reduction in portlandite
content alone does not directly reflect the degree of the
pozzolanic reaction. Since portlandite consumption is
also influenced by carbonation and the amount of clinker,
which serves as the primary source of portlandite in the
mixture, thermoanalytical findings should be interpreted in
conjunction with complementary techniques such as XRD
and isothermal calorimetry.

One of the distinguishing characteristics of LC3? binder
systems is that limestone functions not only as a filler
but also as a source of stable hydration products, such as
hemicarboaluminate and monocarboaluminate. Therefore,
verifying the formation of carboaluminate phases is of
fundomental importance when evaluating the performance
of LC® binders. X-ray diffraction (XRD), particularly when
combined with quantitative Rietveld phase analysis,
provides a primary method for assessing this mechanism.
However, the role of carboaluminate formation cannot
be fully understood unless it is interpreted together with
the degree of early-age hydration and the amount of
amorphous phases. Consequently, combining XRD with
thermoanalytical techniques provides a more reliable basis
for mechanistic interpretation. A substantial proportion of
the early-age strength development in LC® binder systems
arises from filler and nucleation effects. Fine calcined



yapisini dizenlemektedir. Ozellikle erken yaslarda gozlenen
dayanim gelisiminin ne kadarinin puzolanik reaksiyondan
ne kadarinin ise dolgu ve ¢ekirdeklenme etkisinden
kaynaklandiginiyalnizca mekanik deneylerle belirlemek dogru
dedildir. Buna bagli olarak bosluk dagiimindaki degisimin civa
intruzyon porozimetresi (MIP) ile incelenmesi ve mikro, meso
ve makro bosluk degisiminin ortaya koyulmasi gerekmektedir.
Bunun yaninda her ne kadar nicel bir degerlendirme imkani
sunmasa da mikroyapi geligimi ise SEM incelemeleri ile
dederlendirilebilecegi belirtiimelidir. SEM goruntuleri
hidratasyon urdnlerinin morfolojisini, reaksiyona girmemis
parcaciklari ve arayizey gecis balgesini (ITZ) izlemeye
olanak vermektedir. Ote yandan SEM ile eg zamanli olarak,
EDS analizleri hidratasyon drunlerinin elementel dagilimi
hakkinda bilgi sadlamaktadir. Analitik karakterizasyonun
bir diger amaci da kalsinasyon igleminin dogru bir sekilde
gerceklestirilip gerceklestiriimediginin ortaya konmasidir. Kil
minerallerinde meydana gelen dehidroksilasyon surecinin
belirlenmesinde TG/DTG ve FTIR analizleri tamamlayici
bilgiler sunmakla birlikte XRD analizleri kristalin fazlardaki
donusumleri ortaya koymaktadir. Benzer sekilde asiri
kalsinasyon sonucu meydana gelebilecek sinterlesme
ve reaktivite kayiplarinin belirlenmesinde de mineralojik
ve termoanalitik bulgular bir arada degerlendiriimelidir.
Son ylllarda ozellikle nukleer magnetik rezonans (NMR)
analizleri, C-(A)-S-H jelindeki aluminyum koordinasyonu
ve silikat zincirlerinin gelisiminin belirlenmesinde yaygin
olarak kullanilmaya baslanmistir. Bununla birlikte NMR
analizleri yuksek maliyetli ve degerlendirme agisindan ileri
duzey karakterizasyon yantemleri oldugundan genel LC®
calismalarinda gogunlukla XRD, TG/DTG ve SEM analizleri
yer almaktadir.

Genel olarak degerlendirildiginde, LC® karisimlarinda
herhangi bir analitik yontemin tek basina bir reaksiyon
mekanizmasini temsil etmesi gugtir. Ornegin TG analizleri
portlandit tuketimini nicel olarak dlgekte ancak karboaluminat
olusumunu dogrudan tanimlayamamaktadir. XRD kristalin
fazlarini belirlemekte ancak amarf hidratasyon drunlerinin
izlenmesi sinirhdir. Benzer sekilde MIP gozenek yapisindaki
gelisimi ortaya ¢ikarirken bunun puzolanik reaksiyon veya
dolgu etkisinin hangisinden kaynaklandigini tek basina
ortaya koyamamaktadir. Bu nedenle guvenilir bir sekilde
mekanizma yorumlari farkli analitik tekniklerden elde
edilen bulgularin beraber ele alinmasi ile yapiimaktadir. Bu
cercevede analitik karakterizasyon, LC® karisimlarinda
yalnizca deneysel dogrulama amaciyla uygulanan bagimsiz
analitik testlerin toplami olarak gorulmemelidir. Analitik
testler, hammaddenin segimi, kalsinasyonun dogrulanmasi,
hidratasyon mekanizmalarinin ortaya konmasi ve baglayici
performansinin yorumlanmasini saglayacak sekilde
butunlesik olarak ele alinmalidir.

clay and limestone particles accelerate the nucleation of
hydration products while improving particle packing and
refining the pore structure. Therefore, it is not appropriate
to attribute the observed early-age strength development
solely on the basis of mechanical test results, since the
respective contributions of the pozzolanic reaction and filler
and nucleation effects cannot be distinguished. Accordingly,
changes in pore structure should be evaluated using mercury
intrusion porosimetry (MIP) to characterize the evolution
of micro-, meso-, and macropores. In addition, although
scanning electron microscopy (SEM) does not provide
quantitative measurements, it represents a valuable tool
for assessing microstructural development. SEM enables
the observation of the morphology of hydration products,
unreacted particles, and the interfacial transition zone (ITZ),
Furthermore, energy-dispersive X-ray spectroscopy (EDS),
performed in conjunction with SEM, provides information
on the elemental distribution within the hydration products.
Another important objective of analytical characterization
is to verify whether the calcination process has been
properly carried out. TG/DTG and Fourier-transform infrared
spectroscopy (FTIR) provide complementary information
for identifying the dehydroxylation of clay minerals, while
XRD reveals the associated transformations of crystalline
phases. Likewise, mineralogical and thermoanalytical
results should be evaluated together to identify sintering
and the loss of reactivity that may occur as a result of over-
calcination. In recent years, nuclear magnetic resonance
(NMR] spectroscopy has increasingly been employed to
investigate the aluminum coordination in C-[A-S-H gels and
the development of silicate chains. However, because NMR is
a costly and advanced characterization technique requiring
specialized interpretation, most LC® studies continue to rely
primarily on XRD, TG/DTG, and SEM analyses.

Overall, no single analytical technique is capable of fully
representing an individual reaction mechanism in LC? binder
systems. For example, although TG analysis quantitatively
measures portlondite consumption, it cannot directly
identify the formation of carboaluminate phases. Likewise,
XRD enables the identification of crystalline phases but
has limited capability for monitoring amorphous hydration
products. Similarly, while mercury intrusion porosimetry
(MIP] reveals the evolution of pore structure, it cannot
independently distinguish whether these changes arise
from the pozzolanic reaction or from filler effects. Therefore,
reliable mechanistic interpretations require the integrated
evaluation of results obtained from multiple complementary
analytical techniques. From this perspective, analytical
characterization in LC® binder systems should not be
regarded merely as a collection of independent analytical
tests performed for experimental verification. Rather,
analytical techniques should be applied in an integrated
manner to support raw material selection, verify the
calcination process, elucidate hydration mechanisms, and
interpret binder performance.
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4. LC3 KARISIMLARINDA SULFAT
DENGESI

LC3 karisimlarinda sulfat miktari, silikat ve alUminat
reaksiyonlari arasindaki dengeyi kuran ve hidratasyon
kinetigini duzenleyerek taze hal davranisini dogrudan
etkileyen temel bir karigim parametresidir (Silva vd,, 2024).
Ince taneli kalsine kilin yuksek 6zgul yuzey alani ve igerdigi
reaktif alumina, geleneksel PC'ye kiyasla sulfatin daha hizli
tukenmesine neden olmaktadir (Silva vd., 2024). Dolayisiyla
LC®karigimlarinda PC igin dikkate alinan sabit algi oranlarinin
dogrudan benimsenmesi ozellikle mineralojik bilesimi ve
fiziksel ozellikleri degisken dusuk kaliteli Killer dikkate
alindiginda guvenilir bir yaklasim degildir. Sulfat miktarinin
kullanilan kilin reaktif alumina icerigi bilinerek amorf faz
orani, inceligi, yuzey ozellikleri ve bunyesinde dogdal olarak
bulunan sulfat fazlari dikkate alinarak yeniden duzenlenmesi
gereklidir. Bilindigi gibi stlfatin esas rolu erken yaslarda
klinkerden kaynaklanan aluminatlarinin reaksiyonunu
kontrol ederek silikat hidratasyonunun saglikli bir sekilde
ilerlemesini saglamaktr. Yeterli stlfat bulundugunda
aluminat fazlar etrenjit (AFt) olusumu sayesinde gegici
olarak kantrol altina alinmaktadir ve alitin hidratasyonu igin
uygun bir reaksiyon araligr meydana gelmektedir. Sulfatin
yetersiz olmasi durumunda ise aluminat reaksiyonlari
erken yasta hizla olusmaktadir. Bu durumda alUminat
iceren Urunlerin silikat yuzeylerine adsorpsiyonu silikat
hidratasyonunun gelisimini baskilamaktadir ve priz sureleri
uygulama aclisindan kabul edilemeyecek duzeyde kisa
hale gelmektedir. Bu durum izotermal kalorimetride
degerlendirmelerinde, silikat ve aluminat piklerinin yeterince
birbirinden ayrilamadigr durumlarda dikkat edilmelidir.
Ana silikat pikinin genis hale gelmesi veya baskilanmasi
ve buna bagli olarak tukenen sulfat ile duzensiz 1si akigl
olusmasi sakincali bir tasarim durumu olarak kaydedilmelidir.
Buna karsilik asiri sulfat kullanimi da her zaman kararli bir
baglayici tasarimi saglamamaktadir. Temel olarak yuksek
alci miktari ana hidratasyon pikini geciktirmektedir. Buna
bagh olarak erken yas i1si aciga gikisini azalmakta ve
aluminat fazlarini gereginden uzun sure baskilamaktadir.
Bunun yaninda erken AFt olusumu ve tane yuzeylerindeki
sulfat adsorpsiyonu topaklanmayr artirarak standart
kivamdaki su ihtiyacini, akma direncini ve viskoziteyi
yukseltmektedir. Ayrica baslangig ve priz sonu surelerini
¢ok uzatmaktadir. Dolayisiyla sulfat optimizasyonunda
esas yaklasim, silikat ve aluminat hidratasyonunu
dengeleyen ve ayni zamanda uygulanabilir taze hal
performansi saglayan etkin sulfat duzeyini belirlemektir.
DUsUk kaliteli ve atik esasli killer kullanildiginda bu denge
daha da karmasik hale gelmektedir. Kaolinit ve amorf faz
miktarindaki degisimler reaktif alumina gikisini ve buna
bagli olarak sulfat talebini degistirmektedir. Kuvars, mika,
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4. SULFATE BALANCE IN LC?

BINDERS

In LC3 binder systems, the sulfate content is a key mixture
parameter that establishes the balance between silicate
and aluminate reactions and directly influences fresh-state
behavior by regulating hydration kinetics (Silva vd, 2024)
The high specific surface area of finely ground calcined clay,
together with its reactive alumina content, results in more
rapid sulfate depletion than in conventional Portland cement
[PC] systems (Silva vd, 2024) Therefore, directly adopting
the fixed gypsum contents used in conventional Portland
cement [PC) systems is not a reliable approach for LC® binders,
particulorly when low-grade clays with variable mineralogical
compositions and physical characteristics are used. Instead,
the sulfate content should be optimized by considering
the reactive alumina content of the clay together with its
amorphous phase content, fineness, surface characteristics,
and naturally occurring sulfate-bearing phases. As is well
established, the primary role of sulfate is to regulate the early-
age reaction of clinker aluminate phases, thereby allowing
silicate hydration to proceed in a controlled manner. When
sufficient sulfate is available, the aluminate phases are
temporarily stabilized through the formation of ettringite (AFt),
providing favorable conditions for alite hydration. In contrast,
under sulfate-deficient conditions, aluminate reactions
proceed rapidly at early ages. Consequently, the adsorption
of aluminate-containing products onto silicate surfaces
suppresses silicate hydration, resulting in setting times that
may become unacceptably short for practical applications.
This phenomenon should be carefully considered when
interpreting isothermal calorimetry results, particularly when
the silicate and aluminate reaction peaks cannot be clearly
distinguished. Broadening or suppression of the main silicate
peak, together with irregular heat-flow profiles associated
with sulfate depletion, should be regarded as indicators of
an undesirable binder design. Conversely, excessive sulfate
addition does not necessarily result in a stable binder system.
High gypsum contents generally delay the main hydration peak,
thereby reducing early-age heat evolution and suppressing
aluminate reactions for an unnecessarily prolonged period.
Moreover, early AFt formation and sulfate adsorption on
particle surfaces promote agglomeration, leading to increased
water demand at standard consistency, higher yield stress,
and greater viscosity. They also substantially prolong both
the initiol and final setting times. Therefore, the fundamental
objective of sulfate optimization is to determine the effective
sulfate level that balances silicate and aluminate hydration
while simultaneously providing acceptable fresh-state
performance. The optimization of sulfate balance becomes
even more complex when low-grade and waste-derived
clays are used. Variations in the contents of kaolinite and



feldispat, klorit ve demir iceren diger fazlar hidratasyon
kinetigini dogrudan degistirebilmektedir. Ayrica Killerin
yuzey puruzIulugu, plastisitesi, sertligi ve tane boyutu
dagiimi (PSD), sulfat adsorpsiyonu, su tutma kapasitesi
ve topaklanma davranisinda gok belirleyici olmaktadir. Atik
tudla gibi onceden isilislem gormus kil kaynaklarinda ise
dogal olarak bulunan anhidrit gibi safsizliklar da toplam
sulfat dengesinde dikkate alinmasi gereken igsel bir sulfat
kaynagi olusturmaktadir. Bu nedenle toplam sulfat miktar
tek basina yeterli bir tasarim gostergesi olarak dikkate
alinirken sulfatin mineralojik formu, ¢cozinme hizi, inceligi
ve baglayiciigerisindeki kullanilabilir aluminatlarla dengesi
de degerlendiriimelidir.

Sulfat optimizasyonunda en yaygin yontem izotermal
kalorimetri testleri ile silikat ve aluminat piklerinin
gozlemlenmesi ve ana hidratasyon pikinin zamaninin
ayarlanmasidir. Bununla birlikte yalnizca kalorimetrik
egrilerle belirlenen sulfat miktari, karsimin su ihtiyacl, priz
davranigi veya reolojik uygulanabilirligi hakkinda yeterli
bir gosterge saglayamamaktadir. Bu kapsamda daha
guvenilir bir optimizasyon yaklasimi olarak kalarimetri
sonuglarinin standart kivam ve Vicat priz sureleriyle ve
tamamlayici realojik dlcumlerle birlikte yorumlanmasi
gerekmektedir. Kalorimetri hesaplari hidratasyon
reaksiyonlarinin dengesini gosterirken, kivam ve priz
deneyleri bu dengenin uygulamadaki karsilidina isaret
etmektedir. Ote yandan reolojik deneyler ise akma gerilmesi,
plastik viskozite, topaklasma ve yapisal toparlanma gibi
parametrelerle guvenilir bir LC® ¢cimentosunu tasarlama
sansi vermektedir. Boylece secilen sulfat miktari sadece
reaksiyon kinetigi bakimindan degil ayni zamanda Uretim

ve uygulama kasullari bakimindan da dogrulanmaktadir.

S. LC® KARISIMLARINDA COK
PARAMETRELI DAYANIKLILIK VE

UZUN DONEM PERFORMANS
DEGERLENDIRMESI iHTiYACI

LC® karisimlarinin dayanikliik performansi son yillarda
yogun olarak arastiriimasina ragmen, ¢galismalarin buyuk
bolumu erken yas dayanikhilik dzellikleri veya tek bir
tasinim parametresi Uzerine odaklanmistir (Barbhuiya vd,,
2023). Buna karsilik, dusuk Klinkerli karigimlarda puzolanik
reaksiyonlarin uzun sure devam etmesi, bosluk yapisinin
ilerleyen kur yasiyla birlikte dedismesi ve karbonatlagsma
ile hidratasyon mekanizmalarinin birbirini etkilemesi
sebebiyle uzun donem perfarmansin bir veya birkag
dayanikliik deneyiile aciklanmasi mumkun degildir. Ozellikle

amorphous phases influence the release of reactive alumina
and, consequently, the sulfate demand. In addition, quartz,
mica, feldspar, chlorite, and other iron-bearing phases may
directly affect hydration kinetics. Furthermore, the surface
roughness, plasticity, hardness, and particle-size distribution
of clays play important roles in sulfate adsorption, water
retention, and agglomeration behavior. For thermally treated
clay resources, such as waste bricks, naturally occurring
impurities, including anhydrite, may also constitute an intrinsic
source of sulfate that should be considered when establishing
the overall sulfate balance. Therefore, the total sulfate content
alone should not be regarded as a sufficient design parameter.
The mineralogical form of sulfate, its dissolution rate, fineness,
and its balance with the available aluminate phases in the
binder system should also be taken into consideration.

The most widely adopted approach for sulfate optimization
is to monitor the silicate and aluminate reaction peaks by
means of isothermal calorimetry and to adjust the timing of
the main hydration peak accordingly. However, the sulfate
content determined solely from calorimetric curves does not
provide sufficient information regarding the water demand,
setting behavior, or rheological performance of the mixture.
Therefore, a more reliable optimization strategy requires the
interpretation of calorimetry results together with standard
consistency, Vicat setting time, and complementary
rheological measurements. While calorimetric analysis
reflects the balance of hydration reactions, consistency and
setting tests indicate how this balance is manifested under
practical application conditions. Rheological measurements,
in turn, provide additional information on parometers such as
yield stress, plastic viscosity, agglomeration, ond structural
build-up, thereby enabling the design of a more robust LC®
binder system. Consequently, the selected sulfate content is
validated not only in terms of reaction kinetics but also with
respect to production and application performance.

5. THE NEED FOR MULTI-PARAMETER
DURABILITY ASSESSMENT AND LONG-
TERM PERFORMANCE EVALUATION OF LC?
BINDERS

Although the durability performance of LC® binder systems
has been extensively investigated in recent years, most
studies have focused primarily on early-age durability
characteristics or on a single transport-related parameter.
(Barbhuiya vd, 2023) In contrast, the long-term performance
of low-clinker binder systems cannot be adequately explained
by one or a few durability tests alone, owing to the continued
progression of pozzolanic reactions, the ongoing refinement
of the pore structure with curing time, and the interaction
between carbonation and hydration mechanisms. In
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dusuk kaliteli ve alternatif kil kaynaklarinin kullanildigi LC?
karisimlarinda, mineralojik yapl, reaktivite ve hidratasyon
Urunlerinin degisimi, dayaniklilik davranisini geleneksel (PC)
karisimlarindan farkl bir mekanizma ile sekillendirmektedir.
Literaturde elde edilen sonuglar, ayni zamanda mekanik
dayanim ile uzun donem dayaniklilik arasindaki iligkinin
her zaman dogrusal olmadigini gostermektedir (Canbek
vd, 2022). Dolayisiyla uzun danem servis performansinin
yalnizca uzun donemli basing dayanimi performansi
Uzerinden yorumlanmasi yaniltici olabilmektedir. Dayanim,
yuk tasiyan kati iskeletin gelisimini temsil etmektedir
ve dayaniklilik performansi basluk yapisi, iyon tasinimi,
alkalilik rezervi ve hidratasyon urunlerinin birlikte kontrol
ettidi daha karmasik mekanizmalarin bir fonksiyonudur. Bu
nedenle LC3 baglayicilarinin uzun donem performansinin
degerlendiriimesinde gok parametreli dogrulama yaklasimi
benimsenmelidir. Karbonatlasma derinligi, su tasinma
mekanizmalari, termogravimetrik analizler ve mikroyap!
karakterizasyonunun birlikte degerlendiriimesi, farkli dUsuk
kaliteli kil kaynaklarinin servis émru performansini guvenilir
bigimde karsilagtirmayr mimkun kilmaktadir. Ote yandan
onemle belirtiimelidir ki, uzun vadede LC® karigimlarinin
yayginlasmasi sadece yeni baglayicilarin geligtirimesiyle
degil ayni zamanda bu baglayicilarin uzun dénem servis
Omrunu erken yasta guvenilir bicimde ongdrebilen hizli ve
performans esasl dogrulama yontemlerinin gelistiriimesine
de bagldr.

6. LC2 CIMENTOSU iLE URETILEN
BETONLARIN MEKANIK VE CEVRESEL
ETKi ALTINDA PERFORMANS ESASLI
DEGERLENDIRILMESI

LC® ¢cimentolari son yillarda dnemli gelismeler gostermis
ve TS EN197-5 (TSE, 2021 ile TS EN 197-6 (TSE, 2023)
standartlarinda tanimlanan yeni kompoze g¢imento
siniflari sayesinde daha yuksek klinker ikame oranlari
ile dusUk kaliteli dogal Killerin ve IYA'dan elde edilen kil
kaynaklarinin PC gimento Uretiminde kullanilabilmesinin
6nU acilmistir. TS EN 197-5 (TSE, 2021), belirli bilesim
kosullarini saglayan kalsine Kkil-kiregtasi iceren cimento
turlerine olanak tanimaktadir. TS EN 197-6 (TSE, 2023) ise
geridonusturulmus ingaat yikinti atiklariniiceren kompoze
cimentolari kapsayarak alternatif mineral bilesenlerin
gimento Uretiminde dederlendiriimesine yonelik onemli
bir standart gelismesi olarak tne ¢ikmaktadir. Bununla
birlikte, baglayici duzeyindeki bu standardizasyonun
beton dlgcegine ayni dlcude yansimadigr gorulmektedir.
Gunumuzde LC® baglayicilarinin Uretimi standart
duzeylerinde tanimlanabilmesine ragmen bu baglayicilarla
uretilen betonlarin performans esasli tasarimina yonelik
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particular, in LC? binder systems incorporating low-grade
and alternative clay resources, changes in mineralogical
characteristics, reactivity, and hydration products govern
durability through mechanisms that differ from those of
conventional Portland cement (PC) systems. Furthermore,
findings reported in the literature indicate that the relationship
between mechanical strength and long-term durability is
not always linear. (Canbek vd, 2022). Therefore, evaluating
the long-term service performance of LC® binder systems
solely on the basis of long-term compressive strength may
be misleading. Compressive strength reflects the development
of the load-bearing solid skeleton, whereas durability is
governed by more complex mechanisms controlled by the
combined effects of pore structure, ion transport, alkalinity
reserve, and hydration products. Consequently, a multi-
parameter validation approach should be adopted for the
assessment of the long-term performance of LC® binders. The
combined evaluation of carbonation depth, water transport
mechanisms, thermogravimetric analyses, and microstructural
characterization enables a more reliable comparison of the
service-life performance of LC® binder systems incorporating
different low-grade clay resources. It should also be
emphasized that the widespread implementation of LC?
binders in the future will depend not only on the development
of new binder formulations but also on the establishment of
rapid, performance-based validation methods capable of
reliobly predicting their long-term service-life performance
at early ages.

6. LC? CIMENTOSU ILE URETILEN
BETONLARIN MEKANIK VE CEVRESEL
ETKi ALTINDA PERFORMANS ESASLI
DEGERLENDIRILMESI

LC3 cements have undergone significant development
in recent years, and the introduction of new composite
cement classes defined in TS EN 197-5 (TSE, 20217) and
TS EN 197-6 (TSE, 2023] has enabled higher clinker
replacement levels, thereby facilitating the use of low-
grade natural clays and clay resources derived from
construction and demolition waste (CDW) in Portland
cement (PC) production. TS EN 197-5 (TSE, 2021) permits
cement types containing calcined clay and limestone that
satisfy specified compositional requirements. TS EN 197-6
(TSE, 2023), on the other hand, covers composite cements
incorporating recycled construction and demolition
waste, representing an important advancement in the
standardization of alternative mineral constituents for
cement production. Nevertheless, this standardization at
the binder level has not yet been reflected to the same
extent on a concrete scale. Although the production of
LC? binders can now be defined within existing standards,



uluslararasi ve ulusal tamamlayici standartlarda hentz agik
ve sistematik bir degerlendirme sansi bulunmamaktadir.
Bu durum, ozellikle yapisal beton uygulamalarinda LC3
ve benzeri gimentolarin yayginlagsmasinin onundeki en
onemli teknik engellerden birini olusturmaktadir (Ozturk
ve Altuntas, 2026). Bilindigi Uzere beton performans
yalnizca baglayict ozelliklerinin bir sonucu degildir.
Buna karsilik, agrega-hamur etkilesimi, arayuzey gegis
bolgesi, su/baglayici orani, baglayici miktari, kimyasal
katkilar, kur kosullari ve gevresel etkiler betonun servis
omrunu belirlemektedir. Bu kapsamda baglayici veys
harg olgedinde dogrulanan puzolanik reaksiyon, dolgu
etkisi ve karboaluminat olusumu gibi mekanizmalarin
LC® ile Uretilen beton olcedinde de degerlendiriimesi
gerekmektedir. Ozellikle dusuk kaliteli ve atik esasli kil
kaynaklarikullanilarak gelistirilen LC?® betonlarinda yalnizca
basing dayaniminin saglanmasi yapisal uygulanabilirlik
acisindan yeterli bir kriter olarak degerlendiriimemelidir. LC®
betonlarin karbanatlasma, klordr etkisi, donma-¢ozulme,
asinma, kimyasal etki ve su gecirimliligi gibi farkli gevresel
etkiler altinda bozulma mekanizmalarinda ele alinmasi
gerekmektedir.

Son yillarda konu ile ilgili olarak Avrupa standardizasyon
¢alismalarinda yasanan gelismeler, LC® teknolojisinin
laboratuvar dlgceginden endustriyel uygulamalara gecisini
destekleyecek onemli bir altyapr olusturmaktadir. Bu
kapsamda hazirlanan prEN 18314 taslagi (CEN, 2027), dogal
puzolanlar ile dogal aktive edilmis puzalanik malzemelerin
beton, harg ve enjeksiyon serbetlerinde kullanimina yonelik
tanimlar, teknik ozellikleri ve uygunluk kriterlerini ortaya
koymaktadir. Kalsine Killerin bu standart kapsaminda
degerlendiriimesi, dusuk Kklinkerli baglayicr sistemlerinin
standardizasyon surecinde dnemli bir gelisme alarak
gorulebilir. Bununla birlikte, s6z konusu standart esas
olarak puzolanik hammaddelerin ozellikleri ve uygunluk
kriterlerine odaklanmaktadir ve bu hammaddeler
kullanilarak uretilen betonlarin farkli cevresel etki
siniflari altindaki performansina iliskin kabul esaslarini
kapsamamaktadir. Bu nedenle, LC? teknolgjisinin yapisal
uygulamalarda yayginlasabilmesi igin farkl dayaniklilik
mekanizmalarinin performans esasl kabul kriterleri ile
iliskilendiriimesi gerekmektedir. Bu yaklasim, sadece
yeni dusUk klinker iceren aday baglayici sistemlerinin
standardizasyonunu degil ayni zamanda dusUk kaliteli
ve alternatif kil kaynaklarinin ingaat muhendisligindeki
beton uygulamalarina guvenilir ve tekrarlanabilir bigimde
aktarilmasina da katki saglayacaktir.

neither international nor national complementary standards
currently provide a clear and systematic framework for the
performance-based design of concretes produced with
these binders. This represents one of the major technical
barriers to the widespread implementation of LC® and similar
cements, particularly in structural concrete applications
(Ozturk and Altuntag, 2026). As is well recognized, concrete
performance is not determined solely by binder properties.
Instead aggregate-paste interaction, the interfacial transition
zone (ITZ), the water-to-binder ratio, binder content, chemical
admixtures, curing conditions, and environmental exposure
collectively govern the service life of concrete. In this context,
mechanisms such as pozzolanic reaction, filler effect, and
carboaluminate formation, which have been validated at
the binder or mortar scale, should also be evaluated at the
concrete scale for LC3-based systems. Particularly for LC®
concretes developed using low-grade and waste-derived
clay resources, achieving the required compressive strength
alone should not be regarded as a sufficient criterion for
structural applicability. The performance of LC? concretes
should therefore be evaluated in terms of their deterioration
mechanisms under various environmental exposures,
including carbonation, chloride ingress, freeze-thaw action,
abrasion, chemical attack, and water permeability.

Recent developments in European standardization have
established an important foundation for supporting
the transition of LC® technology from laboratory-scale
research to industrial applications. In this context, the draft
standard prEN 18374 (CEN, 2027), defines the terminology,
technical requirements, and conformity criteria for the
use of natural pozzolans and natural calcined pozzolanic
materials in concrete, mortar, and grout. The inclusion
of calcined clays within the scope of this standard
represents a significant step forward in the standardization
of low-clinker binder systems. However, the standard is
primarily focused on the characteristics and conformity
requirements of pozzolanic raw materials and does not
establish acceptance criteria for the performance of
concretes produced with these materials under different
environmental exposure conditions. Therefore, the broader
implementation of LC® technology in structural applications
requires the development of performance-based
acceptance criteria that explicitly account for the various
durability mechanisms affecting LC® concretes. Such an
approach would not only facilitate the standardization of
emerging low-clinker binder systems but also support
the reliable and reproducible implementation of low-grade
and alternative clay resources in structural concrete
applications.
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7. LC3 VE KALSINE KiLiN DIGER
POTANSIYEL UYGULAMALARI

7.. Kagir Harglari ve Seramik Yapistiricilar

Kagir harglari ve seramik yapistiricilari, kalsine kil esasli
baglayicilarin en yuksek uygulama potansiyeline sahip
Urun gruplari arasinda yer almaktadir. Yapisal betondan
farkliolarak bu malzemelerde performans yalnizca mekanik
dayanimla tanimlanmamaktadir. Islenebilirlik, su tutma
kapasitesi, kivam homojenligi, acik bekletme suresi,
kaymaya karsi direnc, aderans performansi ve uzun donemli
dayaniklilik gibi cok sayida ozelligin birlikte degerlendirilmesi
gerektirmektedir. Dolayisiyla bu karisimlarda baglayiciyi
olusturan tanelerin mineralojik yapisi, reolojik ozellikleri
ve hidratasyon mekanizmalari performansi dogrudan
belirleyen temel tasarim parametreleridir. Bu kapsamda
degerlendirildiginde, kalsine killer yalnizca dUsUk karbonlu
bir baglayici alternatifi sunmamaktadir. Ayni zamanda
baglayicinin fonksiyonel dzelliklerinin uyarlanmasina
olanak saglayan daha esnek karigim tasarimi imkanina
olanak vermektedir. Kalsine kilin yuksek 0zgul yizey
alani, mineralojik yapisi ve plastisite ozellikleri, su tutma
kapasitesi, kivam kararliigi ve tiksotropik davranis Uzerinde
etkili olmaktadir. Kiregtasinin dalgu etkisi ile birlikte
gelisen karboaluminat olusumu ise araytzey gelisimi ve
aderans performansini desteklemektedir. Bu nedenle
onceki bolumlerde ayrintili olarak ele alinan mineraloji,
plastisite, 6gutme parametreleri ve sulfat dengesi gibi
parametreler, bu tip har¢ karigimlarinda dogrudan uygulama
performansini belirleyen tasarim degiskenleridir. Kagir
harclari ve seramik yapistiricilari, cimento esasl Urunler
icerisinde en karmasik formulasyona sahip karigimlardan
biridir. Bu Urunlerde seluloz eterler, polimer tozlari, nisasta
eterleri, priz duzenleyiciler, reoloji duzenleyiciler ve diger
fonksiyonel kimyasal katkilar ayni anda kullaniimaktadir.
Toplam performans ise bu katkilar ile baglayici faz arasindaki
etkilesim tarafindan belirlenmektedir. Bu alanda devam
eden baglayici tasarimlarinin Klinker ikame oranindan
ziyade kalsine kil mineralojisinin ve fiziksel ozelliklerin
kimyasal katkilarla uyumluluguna da odaklanmasi
gerekmektedir. Ozellikle farkll kil mineralajilerinin katki
ihtiyacl, reoclojik davranig, kivam homojenligi ve uygulama
ozellikleri Uzerindeki etkilerinin ortaya konulmasi esdeger
performansl harg sistemlerinin gelistirimesi agisindan
onemli bir arastirma alani olarak dusunulmektedir.

Kagir harglarinin Urdn grubunda hedeflenen performans
kriterleri yapisal betonlardan farkhdir. TS EN 998
kapsaminda (TS EN 998, 2017a) tanimlanan M5 ve M10 gibi
dayanim siniflarinda hedeflenen mekanik ozellikler yapisal
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7. OTHER POTENTIAL APPLICATIONS OF
LC3 AND CALCINED CLAYS

7.1. Masonry Mortars and Ceramic Tile Adhesives

Masonry mortars and ceramic tile adhesives are among
the product groups with the greatest application potential
for calcined clay-based binders. Unlike structural concrete,
the performance of these materials is not defined solely by
mechanical strength. Instead, multiple properties, including
workability, water retention, consistency stability, open
time, slip resistance, adhesion performance, and long-term
durability, must be evaluated collectively. Consequently,
the mineralogical characteristics, rheological behavior,
and hydration mechanisms of the binder constituents
represent key design parameters that directly govern
performance. From this perspective, calcined clays
provide not only a low-carbon binder alternative but
also greater flexibility in mixture design by enabling
the tailoring of functional binder properties. The high
specific surface area, mineralogical characteristics, and
plasticity of calcined clays influence water retention,
consistency stability, and thixotropic behavior. In addition,
the formation of carboaluminate phases promoted by
the filler effect of limestone contributes to interfacial
development and adhesion performance. Therefore,
the parameters discussed in the preceding sections—
including mineralogy, plasticity, grinding parcmeters, and
sulfate balance—become design variables that directly
determine the application performance of these mortar
systems. Masonry mortars and ceramic tile adhesives are
among the most compositionally complex cement-based
products. These materials simultaneously incorporate
cellulose ethers, redispersible polymer powders, starch
ethers, set regulators, rheology modifiers, and other
functional chemical admixtures. Their overall performance
is governed by the interactions between these admixtures
and the binder phase. Consequently, future binder design
strategies in this field should focus not only on the clinker
replacement level but also on the compatibility of the
mineralogical and physical characteristics of calcined
clays with chemical admixtures. In particular, elucidating
the influence of different clay mineralogies on admixture
demand, rheological behavior, consistency stability,
and application properties is expected to constitute an
important research direction for the development of
mortar systems with equivalent performance.

The target performance requirements for masonry mortars
differ substantially from those of structural concrete. Under
TS EN 998 (TS EN 998, 2077a) strength classes such as
M5 and M10 require lower mechanical performance than



betonlara kiyasla daha dusuktur ve baglayici tasariminda
daha genis bir optimizasyon alani sunmaktadir. Bu durum,
kalsine kil kullaniminin yalnizca klasik LC® bilegimleri ile
sinirlandiriimamasi gerektigini gostermektedir. Ozellikle
dusuk kaliteli dogal Killer ve alternatif kil kaynaklarinin
daha yuksek ikame oranlarinda degerlendirilebilecedi,
baglayicinin performansinin ise mineraloji, reaktivite,
plastisite, tane boyutu dagiimi (PSD) ve kimyasal katkilarla
olan uyumla saglanabilecedi dusunulmektedir. Yapisal beton
uygulamalarinda badlayici tasarimi, tasima gucy, uzun
donem dayaniklilik, donati korozyonu ve deprem guvenligi
gibi kritik performans kriterleri nedeniyle oldukga tedbirli
bir yaklagim gerektirmektedir. Ozellikle yuksek deprem
riskine sahip Ulkelerde, malzeme ozelliklerinin yani sira
uygulama ve isgilikten kaynaklanabilecek dediskenlikler de
dikkate alindiginda yeni tur baglayicilarin yaygin kullanimi
performans esasl dogrulama surecleri gerektirmektedir.
Bunakarsilik, kagir harglari, genel amagli sivalar, ince sivalar,
seramik yapistiricilari ve yapisal olmayan diger gimento
esasl malzemelerde yeni tur baglayicilarin kullanilmasi
insaat muhendisligi alaninda somut olarak gevresel ve
teknik faydalar getirme potansiyeli bulunmaktadir.

Kalsine killer seramik yapistiricilari acisindan
dederlendirildiginde, hedeflenen performans TS EN 12004
standardi (TS EN 12004, 2017b) kapsaminda incelenmektedir.
Bu standartta acik bekletme suresi, kaymaya karsi
direng, baslangig ve uzun donemli aderans dayanimi ile
farkl gevresel etkiler altindaki yapisma performansi gibi
parametreler tanimlanmaktadir. Bu 6zelliklerin énemli bir
bolumu badlayicinin hidratasyon gelisimi, su tutma kapasitesi,
reolojik ozellikleri ve kimyasal katkilarla olan etkilesiminden
etkilenmektedir. Bu nedenle kalsine kil esasli baglayici
karisimlari, sadece karbon ayak izini azaltan bir alternatif
degil ayni zamanda reoloji ve ara yuzey ozelliklerinin beraber
optimize edilebildigi yeni karigimlarin gelistirimesi agisindan
da onemli firsatlar sunma paotansiyeline sahiptir.

7.2. Kalsine Kilin 3BB Beton Uygulamalarindaki
Potansiyeli

Uc boyutlu baskilanabilir (3BB) beton, kalip gerektirmeyen
uretim yaklasimi, geometrik tasarim 6zgurlugu ve dijital
Uretim sureglerine uyumu sayesinde son yillarda beton
teknolojisinin en hizli gelisen arastirma alanlarindan biri
olmustur (Bayrak vd., 2025; lican vd, 2024). Bununla
birlikte, mevcut 3BB karigimlarinin énemli bir bolumu
pompalanabilirlik ve ekstrude edilebilirligi saglayabilmek
amaciyla dusuk agrega/baglayici orani ve yuksek
¢cimento dozajiile tasarlanmaktadir. Bu durum, geleneksel
betonlara kiyasla birim hacim basina daha fazla klinker
tuketimine neden olmaktadir ve 3BB teknolgjisinin cevresel

structural concrete, thereby providing greater flexibility
for binder optimization. This suggests that the use of
calcined clays should not be restricted to conventional
LC% compositions. In particular, low-grade natural clays
and alternative clay resources may be utilized at higher
replacement levels, provided that binder performance is
achieved through an appropriate balance of mineralogical
characteristics, reactivity, plasticity, particle-size
distribution, and compatibility with chemical admixtures.

In structural concrete applications, binder design requires
a highly conservative approach because of critical
performance requirements related to load-bearing capacity,
long-term durability, reinforcement corrosion, and seismic
safety. Particularly in countries with a high seismic risk,
the widespread adoption of new binder systems requires
performance-based validation, taking into account not
only the intrinsic material properties but also the variability
associated with construction practices and workmanship. In
contrast, the use of new binder systems in masonry mortars,
general-purpose renders, finishing renders, ceramic tile
adhesives, and other non-structural cement-based materials
offer significant potential to deliver both environmental and
technical benefits in civil engineering applications.

For ceramic tile adhesives, the target performance is
defined by TS EN 12004 (TS EN 12004, 2017b) This standard
specifies requirements for parameters such as open time,
slip resistance, initial and long-term adhesive strength,
ond adhesion performance under different environmental
conditions. Many of these properties are governed by the
hydration development of the binder, its water-retention
capacity, rheological behavior, and interactions with
chemical admixtures. Consequently, calcined clay-based
binder systems represent not only a low-carbon alternative
but also a promising platform for the development of new
formulations in which rheological behavior and interfacial
properties can be simultaneously optimized.

7.2. Potential of Calcined Clays in 3D Concrete
Printing Applications

Three-dimensional concrete printing (3DCP] has emerged
as one of the fastest-growing research areas in concrete
technology in recent years, owing to its formwork-free
manufacturing approach, geometric design flexibility,
and compatibility with digital construction processes.
(Bayrak vd, 2025; lican vd, 2024) However, o large
proportion of current 3DCP mixtures are designed with
low aggregate-to-binder ratios and high cement contents
to ensure pumpability and extrudability. As a result, they
consume more clinker per unit volume than conventional
concrete, thereby substantially limiting the environmental
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avantajlarini onemli olgude sinirlandirmaktadir (Ghazy vd,,
2025). Bu kapsamda degerlendirildiginde, LC? karigimlari,
3BB teknolgjileriicin alternatif bir baglayicidan ziyade ayni
zamanda 3BB'nin temel tasarim problemlerine cozum
getirebilecek karisim tasarimi olarak karsimiza gikmaktadir.
Klinker oraninin dnemli 6lctde azaltimasi 3BB karigimlarinin
yuksek baglayici ihtiyacindan kaynaklanan karbon ayak
izinin dusurulmesine dogrudan katki saglamaktadir. Diger
taraftan, 3BB teknolojisinde basari olgutleri yalnizca
basing dayanimi ile degerlendirimemektedir. Ekstrude
edilebilirlik (extrudability), sekil koruma (shape retention),
insa edilebilirlik (buildability), agik bekleme suresi (open
time) ve katmanlar arasi bag performansi gibi zamana
bagl reolojik ozellikler de ¢ok kritik rol oynamaktadir
(De Lima De Andrade vd, 2026). Kalsine kilin yuksek
0zgul yuzey alani ve tabakali tane morfolojisi tiksotropik
davranigin gelisimini desteklemektedir. Boylece ekstruzyon
sonrasinda filamentlerin geometrisinin daha iyi korunmasi
ve katmanlarin kararli sekilde Ust Uste insa edilebilmesi
elverigli olmaktadir. Literaturde son yillarda yayimlanan
calismalar LC® karigimlarinin 6zellikle sekil koruma ve insa
edilebilirlik performansini geligtirme potansiyeline dikkat
cekmektedir (De Matos vd., 2023). 3BB betonlarin bir diger
karakteristik problemiise kalip kullanilmamasi ve yuksek
yUzey/hacim orani sebebiyle erken yaslarda meydana
gelen su kaybina bagl boyutsal kararlilik dezavantajidir.
Baski sanrasinda katmanlarin dogrudan gevre kosullarina
maruz kalmasi, plastik ve otojen rotre gelisimini daha fazla
hizlandirmaktadir (Markin vd., 2024). 3BB beton igin bu
durum katman geometrisinde deformasyaonlara neden
olmaktadir. Klinker miktarinin azaltilmasi ve hidratasyon
mekanizmasinin yeniden uyarlanmasl sayesinde LC®
karisimlarinin bu agidan da Gnemliavantajlar saglayabilecedi
dusuntlmektedir.

7.3. Diger Alternatif Yapi Malzemeleri ve Farkh
Kosullardaki Uygulamalar

LC? veya kalsine kil kullanim alanlari yalnizca beton ve
harg karigimlari ile sinirl tutulmamalidir. DugUk karbonlu
baglayici teknolojilerine yonelik artan gereklilik farkl
servis kosullarina sahip yapi trunlerinde uygulamaya 6zgu
baglayici tasarimlarinin gelistiriimesini mumkun Kkilabilir.
Ozellikle prefabrik mimari elemanlar, ince kaplama harclar,
dekoratif cephe Urunleri, diger 6zel amagl cimento esasli
malzemeler kalsine kil teknolojisinin 6nemli uygulama
alanlari arasinda degerlendirilebilir. Bu Urun gruplarinda
performans kriterleri cogu zaman mekanik ozelliklerden
ziyade boyutsal kararlilik, yuzey kalitesi, ince tabaka
uygulanabilirligi, aderans, rotre davranisi ve uzun donem
cevresel etki altindaki performans ile belirlenmektedir.

Benzer sekilde karbon yakalama ve karban mineralizasyonu
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benefits of 3D concrete printing technology (Ghazy vd,
2025) From this perspective, LC? binder systems should
be regarded not merely as an alternative binder for 3D
concrete printing (3DCP), but also as a mixture design
strategy capable of addressing several of the fundamental
challenges associated with 3DCP. The substantial
reduction in clinker content directly contributes to lowering
the carbon footprint resulting from the high binder demand
of 3DCP mixtures. Furthermore, the performance of SDCP
is not evaluated solely on the basis of compressive
strength. Time-dependent rheological properties, including
extrudability, shape retention, buildability, open time, and
interlayer bond performance, also play a critical role (De
Lima De Andrade vd, 2026) The high specific surface
area and plate-like particle morphology of calcined clays
promote the development of thixotropic behavior. As a
result, the geometry of extruded filoments can be better
maintained after extrusion, facilitating stable layer-by-
layer construction. Recent studies have highlighted the
potential of LC? binder systems to improve shape retention
and buildability in 3D concrete printing applications (De
Matos vd, 2023). Another characteristic challenge of
3D-printed concrete is its susceptibility to dimensional
instability caused by early-age moisture loss, resulting
from the absence of formwork and its high surface-to-
volume ratio. Following printing, the deposited layers
are directly exposed to the surrounding environment,
which accelerates the development of both plastic and
autogenous shrinkage (Markin vd, 2024). For 3D-printed
concrete, this may lead to deformation of the printed layer
geometry. By reducing the clinker content and modifying
the hydration mechanism, LC? binder systems are
expected to provide significant advantages in mitigating
these effects.

7.3. Other Alternative Construction Materials and
Applications under Diverse Service Conditions

The application potential of LC® and calcined clays should not be
limited to concrete and mortar systems. The growing demand
for low-carbon binder technologies creates opportunities
for developing application-specific binder systems tailored
to construction products operating under diverse service
conditions. In particular, precast architectural elements,
thin-layer rendering mortars, decorative fogade products,
and other specialized cement-based materials represent
promising application areas for calcined clay technology.
In these products, performance is often governed not only
by mechanical properties but also by dimensional stability,
surface quality, thin-layer applicability, adhesion, shrinkage
behavior, and long-term durability under environmental
exposure.



teknolajileri de LC® veya kalsine kil sistemleri igin yeni
bir arastirma alani olusturmaktadir (Kanagaraj vd.,
2024). Geleneksel karbonatlagma ¢ogunlukla donatili
betonlarda dayaniklilik agisindan olumsuz bir sureg
olarak degerlendirilmektedir. Ancak yapisal olmayan ve
donatisiz cimento esasli Urunlerde kontrolll karbonatlasma
klinker Uretiminin neden oldugu salimlarin azaltimasinda
cevresel etki agisindan oldukga one ¢ikmaktadir. Kalsine
Killi sistemler, Uretim sirasinda klinker kaynakl CO,
emisyonlarinin azaltimasinin yaninda, kontrolld CO, kur
kosullarinda karbonatlagsma reaksiyonlari yoluyla COz'nin
kalsiyum karbonat olusumu seklinde baglanmasina da
katki saglayabilmektedir (Z. Livd, 2025). Sonug olarak, LC?
karigimlarinin gelecegiyalnizca PC'nin belirli oranlarda ikame
edilmesiyle sinirli olarak gorulmemelidir. Esas potansiyel,
mineraloji, plastisite, reaktivite ve reolojik davranisin
birlikte tasarlanabildigi, uygulamaya 6zgu performans
gereksinimlerini karsilayan yeni nesil baglayicr karigimlarinin
gelistirilmesinde yatmaktadir. Bu yaklasim, farkl yapi
malzemelerinin dzellestiriimis dusuk karbonlu baglayici
tasarimlarinin gelistirimesine olanak saglayabilir ve kalsine
Killerin surdurdlebilir yapr malzemeleri alanindaki uygulama
sinirlarini genigletebilir.

8. SONUC VE ONERILER

LC® ve kalsine Killer ile ilgili bu derleme calismasi, s6zu
edilen karisim tasarimlarini sadece dusuk karbon ayak izine
sahip bir baglayici olarak degil ayni zamanda hammadde
karakterizasyonundan performans esasl tasarima ve
farkl yapi malzemelerindeki uygulamalara kadar uzanan
butuncul bir muhendislik tasarimiyla degerlendirilmesi
gerektigini ortaya koymustur. Literaturde LC® karigimlari
uzun yillar daha ¢ok yuksek kaoliniticeren Killer Uzerinden
gelistirilmis olmasina karsilik, san yillarda elde edilen
bulgular dusuk kaliteli dogal Killer ile alternatif ve atik
kokenli kil kaynaklarinin da uygun malzeme tasarimi ile
etkin sekilde dederlendirilebilecegdiniisaret etmektedir.
Bu durum, kalsine Killerin yayginlagsmasinin yalnizca
yeni hammadde arayisina ile ilgili degil ayni zamanda
bu hammaddelerin dogru muhendislik parametreleri ile
karakterize edilmesine bagl oldugunu gostermektedir.

Bu kapsamda derleme ¢aligmasi boyunca vurgulandigi Uzere
LC? performansinin degerlendiriimesinde kaolinit miktari tek
basina yeterli bir segim kriteri olarak dikkate alinmamalidir.
Killerin mineralojik yapisi, olugan amorf faz miktari, plastisite
dereceleri, tane boyutu dagiimi (PSD), 6gutme davranigi
ve sulfat dengesi birlikte degerlendiriimelidir. Hsmmadde

Similarly, carbon capture and mineralization technologies
represent an emerging research direction for LC° and
calcined clay-based binder systems (Kanagaragj vd, 2024).
Although carbonation has traditionally been regarded as a
detrimental process in reinforced concrete due to its adverse
effects on durability, controlled carbonation has gained
increasing attention as a sustainable strategy for non-
structural and unreinforced cement-based products. In such
applications, it offers significant environmental benefits by
partially offsetting the CO. emissions associated with clinker
production. Calcined clay-based systems not only reduce
clinker-related CO> emissions during production but can
also contribute to CO; sequestration through carbonation
reactions under controlled CO, curing conditions, in which
COs is chemically bound in the form of calcium carbonate
[z Livd, 2025) Ultimately, the future of LC® binder systems
should not be viewed merely in terms of partially replacing
Portland cement. Their true potential lies in the development
of next-generation binder systems in which mineralogy,
plasticity, reactivity, and rheological behavior are engineered
in an integrated manner to satisfy application-specific
performance requirements. Such an approach could enable
the design of customnized low-carbon binders for a wide range
of construction materials, thereby expanding the application
scope of calcined clays in sustainable construction.

8. CONCLUSIONS AND FUTURE
PERSPECTIVES

This review demonstrates that LC® and calcined clay-
based binder systems should be regarded not merely as
low-carbon alternatives to conventional cement, but as
comprehensive engineering solutions encompassing raw
material characterization, performance-based mixture design,
and application across a broad range of construction materials.
Although LC® technology was initially developed primarily using
cloys with high kaolinite contents, recent studies indicate that
low-grade natural clays, as well as alternative and waste-
derived clay resources, can also be effectively utilized through
appropriate material design. These findings suggest that the
widespread adoption of calcined clay technology depends not
only on the availability of new raw material sources but also on the
systematic characterization and engineering-based evaluation of
these materials using appropriate design parameters.

As emphasized throughout this review, the kaolinite content
alone should not be regarded as a sufficient criterion for
evaluating the performance potential of LC? binder systems.
Instead, the minerclogical compasition of the cloy, the amount
of amorphous phase generated after calcination, plasticity
characteristics, particle-size distribution, grinding behavior, and
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segimi, kimyasal bilesim uygunlugunun yaninda baglayicinin
uretilebilirligi ve uzun donem performansina alan etkileri
dikkate alinarak gerceklestirimelidir. Bu yaklasim, tzellikle
dUsuk kaliteli ve alternatif kil kaynaklarinin muhendislik
acisindan guvenilir bicimde siniflandirilmasina olanak

saglayacaktir.

Derleme kapsaminda ele alindigi Uzere, ham ve kalsine
edilmis Killere yonelik hizli ve pratik yeni karakterizasyon
yontemlerinin gelistirimesinin de 6énemli bir arastirma
ihtiyaci oldugunu gorulmektedir. Ozellikle plastisite derecesi,
tane boyutu dagilimi (PSD) ve 6zgul yuzey alani gibi kisa
surede belirlenebilen parametrelerin, puzolanik reaktivite
ve performans gostergeleri ile birlikte degerlendirilmesi
laboratuvar ve endustriyel dlgekte hammadde secim
sureclerini 6nemli dlgUde hizlandirabilecek potansiyele
sahiptir. Buna karsilik analitik karakterizasyon yontemlerinin
temel amaci yeni bilgi retmek oclmadigindan bu tip testler
baglayici tasarimina yonelik bulgularin ve varsayimlarin
dogrulanma mekanizmasi olarak gorulmelidir. Bu nedenle
XRD, TG/DTG, MIP, SEM/EDS, NMR ve benzeri yontemlerin
tek basina yorumlanmasi yerine, puzolanik reaksiyon,
dolgu etkisi ve karboalUminat olugsumu gibi temel
LC3 mekanizmalarinin ortaya gikartacak yaklasimlar
benimsenmelidir.

Dayanikliik acisindan LC® karisimlarinin dederlendiriimesinde,
dar parametreli karisim tasarimina dayali performans
gostergesine dair yorumlarin yeterli olmadigi gorulmektedir.
Ozellikle karbonatlagma, klorUr tasinimi, su gegirimliligi ve
mikroyapisal gelisimin birlikte ele alindigi degerlendirme
yaklasimlari, farkl kil kaynaklarinin uzun donem servis
performansinin daha guvenilir bigimde karsilastiriimasina
olanak saglamaktadir. Bunun yaninda uzun donemli
dayaniklilik deney sureleri dikkate alindiginda, servis 6mrinu
erken yaslarda ongorebilecek hizli ve hasarsiz performans
gostergelerinin gelistiriimesi gelecekteki LC® arastirmalarin
oncelikli konularindan biri olarak degerlendirimektedir.

Saon yillarda konu ile ilgili yayimlanan calismalar ve Avrupa
standardizasyon surecindeki gelismeler, LC® karigimlarinin
laboratuvar dlceginden endustriyel uygulamalara dogru
onemli bir dontsum igerisinde oldugunu gostermektedir.
EN 197 standartlari (TSE, 2021; TSE, 2023} ile birlikte prEN
18314 (CEN, 2027) taslaginin da aktive edilmis puzolanik
malzemelere yonelik uygunluk kriterlerini tanimlamasi
kalsine Killerin standartlastiriimasi acisindan ¢nemli
bir gelismedir. Bununla birlikte, dzellikle yapisal beton
uygulamalarinda LC? karigimlarinin yayginlasabilmesi
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sulfate balonce should be assessed collectively. Raw material
selection should therefore be based not only on chemical
suitability but also on its influence on binder processability and
long-term performance. Such an integrated evaluation framework
will enable the reliable engineering-based classification and
utilization of low-grade and alternative cloy resources.

As discussed throughout this review, the development of
rapid and practical characterization methods for both raw
and calcined cloys remains an important research need. In
particular, the combined evaluation of readily measurable
parameters such as plasticity, particle size distribution, and
specific surface area together with indicators of pozzolonic
reactivity and binder performance has the potential to
substantially accelerate raw material screening and selection in
both loboratory and industrial applications. However, because
the primary purpose of analytical characterization techniques
is not to generate new knowledge on their own, these methods
should be regarded as tools for validating the hypotheses and
findings underlying binder design. Accordingly, techniques
such as X ray diffraction (XRD), thermagravimetric analysis (TG/
DTG). mercury intrusion porosimetry (MIP), scanning electron
microscopy coupled with energy dispersive spectroscopy
(SEM/EDS), nuclear magnetic resonance (NMR), and related
methods should not be interpreted in isolation. Instead, they
should be employed within an integrated framework that
elucidates the fundamental mechanisms governing LC?
systemns, including pozzolanic reactions, the filler effect, and
carboaluminate formation.

The evaluation of LC® binder systems from a durability
perspective should not rely on performance indicators derived
from mixture designs with a limited range of parometers. Instead,
integrated assessment approaches that simultaneously
consider carbonation, chloride transport, water permeability,
and microstructural development provide a more reliable basis for
comparing the long-term service performance of different clay
resources. Furthermore, given the extended duration required
for conventional durability testing, the development of rapid and
nondestructive performance indicators capable of predicting
long term service life from early age measurements is expected
to become one of the key priorities in future LC® research.

Recent studies and ongoing developments in European
standardization indicate that LC?® binder systems are
undergoing a significant transition from loboratory-scale
research toward industrial implementation. The inclusion of
LC3-related provisions in the EN 197 stondards (TSE, 2027;
TSE, 2023) together with the draft prEN 18374 (CEN, 2027)
which establishes conformity criteria for activated pozzolanic
materials, represents a major step toward the standardization
of calcined clays. Nevertheless, the widespread adoption



icin badlayici olgegindeki standardizasyonunun yaninda
performans esasli beton tasarim yaklagsimlarinin da

gelistirimesi gerekmektedir.

LC? karisimlarinin gelecedi sadece yapisal betanlarla sinirli
tutulmamalidir. Kagir harglar, seramik yapistiricilar, 3BB
betonlar, prefabrik mimari elemanlar, ince kaplama gerektiren
mineral karisimlar ve kantrollt karbon mineralizasyonu ile
uretilmis uUrdnlerde, kalsine killerin énemli bir potansiyeli
bulunmaktadir. Ozellikle yapisal olmayan gimento esasli
urUnlerde performans gereksinimlerinin daha farkli olmasi
daha yUksek oranda kalsine kil kullanimi icin ¢nemli bir
tasarim esnekligi sunmaktadir. Bu durum ayni zamanda
kalsine killerin puzolanik bir mineral katki olmasinin yaninda
reolojik davranig, su tutma kapasitesi, aderans ve uygulama
performansini sekillendiren fonksiyonel bir baglayicrigeridi
olarak da degerlendirilmesini mumkun kilmaktadir.

of LC® binder systems, particularly in structural concrete
applications, will require not only binder-level standardization
but also the development of performance-based concrete
mixture design approaches.

The future of LC? binder systems should not be confined
to structural concrete applications. Calcined clays offer
considerable potential for use in masonry mortars, ceramic tile
adhesives, three-dimensional concrete printing, prefabricated
architectural elements, thin layer mineral-based materials, and
products incorporating controlled carbon mineralization. In
particular, the less demanding performance requirements of
many nonstructural cement-based products provide greater
flexibility for the incorporation of higher proportions of calcined
clays. This also highlights that calcined clays should be
regarded not only as pozzolanic supplementary cementitious
materials but also as functional binder constituents capable
of influencing rheological behavior, water retention, adhesion,
and application performance.
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