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1. Baskan’in Mesaji

Sektortiimuziin Degerli Temsilcileri,

Elektrik Ureticileri Dernegi olarak, kuruldugumuz 2002
yilindan bu yana, tGlkemizde rekabetci ve seffaf bir piyasa
olusturulmasina katki saglama hedefiyle calismalarimizi
sirdiirlyoruz. Elektrigin tliketicilere vyeterli, kaliteli,
surekli, ekonomik ve c¢evre dostu bir sekilde
sunulabilmesi icin yeni teknolojileri ve is modellerini
sektérimize kazandirma konusunda kararliyiz.

Amaclarimiz dogrultusunda, enerji sektérimiuziin gelecege hazirlanmasi icin 6nemli teknolojileri ve
uygulamalari yerinde gozlemlemek icin Belcika’ya bir teknik gezi dlzenledik. Bu gezide, pil
teknolojilerinin gelisimi ve enerji depolamanin yasam doénglisini uzatma calismalari, ylzer gines
enerjisi teknolojileri, deniz Ustl riizgar santralleri, hidrojen Uretim teknolojileri ve elektrik sebekesi
yonetiminde yapay zeka destekli ¢dziimler gibi alanlarda ileri diizey yenilikleri tanima firsati bulduk.
Turkiye elektrik sektori icin ornek teskil edebilecek bu yenilikleri tilkemize kazandirmak gezi siiresince
ana hedefimizdi. Kamu kurumlari ve 6zel sektoriin yogun ilgisiyle gerceklesen bu gezi, sektore katki
sunma yolundaki kararliigimizi bir kez daha pekistirdi.

Hazirladigimiz Belgika Teknik Gezisi Kitapgigi, bu teknik gezinin detaylarini, ziyaret ettigimiz kurumlari
ve elde ettigimiz kazanimlari sizlerle paylasmak amaciyla olusturuldu. Bu vesileyle, Belgika
programimiza katilimlariyla onur veren basta Enerji ve Tabii Kaynaklar Bakanhg (ETKB) Bakan
Yardimcisi Danismani Sn. Abdiilkadir Ongun, Tiirkiye Elektrik iletim A.S. (TEIAS) Genel Miidiir Yardimcisi
Sn. Deniz Cogkun, Elektrik Uretim A.S. Genel Midir Yardimcisi Sn. Mithat Yiiksel, Enerji Piyasasi
Diizenleme Kurumu (EPDK) Uretim Hidrolik Grup Bagkani Sn. Erengiil Sandir Vural ve EPDK Dijital
Donlsim Grup Baskani Sn. Dr. Okan Yardimci basta olmak tzere, kamu ve 6zel sektorimizin tim
degerli yoneticilerine tesekkiirlerimi sunar, Turkiye elektrik piyasasinin gelecege hazirlanmasi igin her
zaman biyuk bir heyecan ve motivasyonla calisacagimizi belirtmek isterim.

Saygilarimla,
Cem Asik
Elektrik Ureticileri Dernegi

Yonetim Kurulu Baskani
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2. Giris

Elektrik Ureticileri Dernegi’nin Belcika Biiyikelciligi'yle kurdugu yakin iliskiler sonucunda, Belgika’ya 20-
23 Ekim 2024 tarihlerinde kapsamli bir teknik gezi diizenlenmistir. Teknik geziye, Enerji ve Tabii Kaynaklar
Bakanlig (ETKB), Enerji isleri Genel Midirliigii (EIGM), Enerji Piyasasi Diizenleme Kurumu (EPDK),
Tirkiye Elektrik iletim A.S. (TEIAS), Tirkiye Enerji, Niikleer ve Maden Arastirma Kurumu (TENMAK) gibi
degerli kamu kurumlarimizin ve 6zel sektoriin Ust diizey yoneticilerinden olusan yaklasik 40 kisilik bir
heyet katilmistir. Brugge, Briiksel, Genk ve Liége sehirlerinde gerceklestirilen ziyaretler ve toplantilar
kapsaminda, yenilik¢ci enerji coziimleri ve slirdirilebilir teknolojiler yerinde incelenmistir.

Dilinya genelinde enerji sektort, Uluslararasi Enerji Ajansi (IEA) ve diger kuruluslarin raporlarina da
yansidigi tGzere blyuk bir donlsiim sirecindedir. Kiiresel 6lcekte, yenilenebilir enerji kapasitesinin 2030
yilina kadar %80 oraninda artirilmasi hedeflenmektedir. ABD, Cin, Japonya ve Avrupa Birligi gibi bir¢ok
Ulke, ozellikle enerji depolama teknolojilerine yatirim yaparak giines ve rizgar enerjisinin strekliligini
saglamakta ve bu kaynaklarin verimliligini artirmaktadir. 2024 vyl itibariyla, enerji depolama
kapasitesinin diinya genelinde hizla ylkseldigi ve 2030’a kadar daha bliyiik kapasitelerin hedeflendigi
gorilmektedir.

ETKB, tilkemizin de bu dénisiimin bir pargasi olmasi amaciyla, 2022 yilinda Tirkiye Ulusal Enerji Plani’ni
yayimlamis, yenilenebilir enerji hedeflerini ve bu hedeflere ulasmak icin izlenecek yollari belirlemistir.
Bu Plan, daha sonra 2024-2028 Stratejik Planiile glincellenmis ve detaylandiriimistir. Glinimiizde toplam
yaklasik 30 GW olan RES ve GES kapasitesinin 2035 yilinda 120 GW’a ulagsmasinin hedeflendigi
acitklanmustir. Ayrica elektrik depolama igin yaklasik 33 GW 6nlisans verilmistir. Depolama yatirimlarinin
hayata gegmesiyle enerji sistemlerinde sebeke esnekligi ve yenilenebilir kaynaklarin entegrasyonu daha
etkin hale gelecektir. Bu kapasite artisi, yenilenebilir enerji kaynaklarinin sebekeye daha uyumlu bir
sekilde entegre olmasini ve enerji arz-talep dengesinin saglanmasini kolaylastiracaktir.

Enerji sektoriinde vyasanan gelismeler, vyenilikci teknolojilerin hizla yayginlasmasina zemin
hazirlamaktadir. Ozellikle enerji depolama, sebeke yénetiminde yapay zeka uygulamalari ve hidrojen gibi
alanlardaki ilerlemeler, yenilenebilir enerji kaynaklarinin daha verimli ve sirdirilebilir kullanimina
imkan tanimaktadir. Bu teknolojiler, yenilenebilir kaynaklarin entegrasyonunu kolaylastirarak karbon
emisyonlarini azaltmakta ve enerji Uretiminin strdurulebilirligine katki sunmaktadir. Ayni zamanda,
ylzer GES ve off-shore RES gibi ¢ozlimler, cografi kisitlamalari asarak daha genis alanlarda yenilenebilir
enerji Uretimi yapilabilmesine olanak tanirken kara alanlarinin korunmasini da desteklemektedir.

Bu teknik gezide, Tlrkiye'nin yeni agikladigi “Tlrkiye Hidrojen Yol Haritasi” ile ortlisecek hidrojen tesisi
ziyaretleri de gergeklestirilmis; hidrojen tretimi, depolanmasi, dagitimi ve malzeme teknolojilerine dair
son teknolojik gelismeler yerinde gézlemlenmistir. Boylece, lilkemizin hidrojen enerjisindeki stratejik
hedeflerine katki sunacak degerli bilgiler edinilmistir.

Belcika Teknik Gezisi, Tirkiye’nin enerji sektoriindeki donisiim hedeflerine katki saglamak, yeni
teknolojileri yerinde incelemek ve olasi is birligi imkanlarini degerlendirmek agisindan 6nemli bir firsat
sunmustur. Katilimcilar, Belgika’da uygulanan ileri diizey enerji projelerini ilk elden gorerek, Tlrkiye'de
hayata gecirilebilecek stratejiler ve is birligi firsatlari hakkinda kapsamli bilgiler elde etmislerdir.
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Toplantilar ve Teknik Ziyaretler

3.1. Ostend Science Park Ziyareti

3.1.1. Seavolt Toplanti Notlari

Sirket Tanitimi

Seavolt, deniz Ustl ylzer glines enerjisi platformlari konusunda uzmanlagmis bir sirkettir.
Toplantida, ylzer glines enerijisi (Floating Solar PV) teknolojisinin temel 6zellikleri ve offshore
rlzgar santralleriyle ilgili calismalar tanitilmistir.

Offshore riizgar santrallerinin mevcut altyapisini kullanarak, ek kablo maliyetlerini azaltmayi
ve enerji Uretimini ¢esitlendirmeyi hedefleyen yenilik¢i bir yaklasim benimsenmistir. Mevcut
kablo altyapisi kullanilarak yilizer gilines enerjisi platformlari entegre edilmektedir. Bu
entegrasyon, ozellikle ek kablolama ve altyapi maliyetlerini azaltmakta, ayni zamanda rizgar
ve glines enerjisi kaynaklarinin birlesimiyle enerji Gretiminde surekliligi artirmaktadir.

Enerji Piyasasi ve Maliyet Trendleri

Toplantida, kurulu kapasite arttik¢a yenilenebilir enerji kaynaklarinin maliyetlerinde belirgin
bir dusiis yasandigi vurgulanmistir. Ozellikle giines enerjisi ve karasal riizgar enerjisinde
maliyetler hizla azalmaktadir.

Learning rate (6grenme orani), bir Uretim teknolojisinin toplam Uretimi veya kapasitesi ikiye
katlandiginda, maliyetlerin ne kadar azaldigini gosteren bir olcittiir. Temel olarak, bir enerji
kaynaginin kurulu kapasitesi her iki katina ¢iktiginda, maliyetlerin hangi oranda diistigiinii
ifade eder. Ancak, bu maliyet dususleri yalnizca kurulu kapasitenin artisiyla sinirli degildir.
Teknolojik gelismeler, 6grenme oraninin en 6nemli unsurlarindan biridir; daha verimli
teknolojilerin gelistirilmesi ve Uretim sireclerinin optimize edilmesi maliyetlerin azalmasini
saglar.

Electricity from renewables became cheaper as we increased
capacity - electricity from nuclear and coal did not i bota
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Gunes fotovoltaik sistemlerinde 6grenme orani %36 olarak belirtilmistir. Bu oran, kurulu giiclin
her iki katina gikisinda maliyetlerin %36 azaldigini ifade etmektedir; 2010 yilinda megavat-saat
basina 378 dolar olan maliyet, 2019 yilinda 68 dolara kadar diismustar.

Benzer sekilde, karasal riizgar enerjisinde 6grenme orani %23 olarak kaydedilmis ve maliyetler
2010 yilindaki 86 dolar seviyesinden 2019’da 53 dolara inmistir. Buna karsin, offshore riizgar
enerjisi, daha dusuk bir 6grenme oranina sahip olup (%10), maliyetleri daha sinirli bir disis
gostererek 2010’daki 162 dolar seviyesinden 2019’da 115 dolara gerilemistir.

Ote yandan, niikleer enerji ve kdmiir gibi fosil yakitlarin grenme oranina sahip olmadigi ifade
edilmis; nikleer enerjinin maliyeti 2010°dan 2019’a 155 dolar seviyesinde sabit kalirken, kom{r
maliyeti de 111 dolardan 109 dolara gerileyerek yalnizca sinirli bir diisiis gdstermistir.

Bu durum, yenilenebilir enerji kaynaklarinin maliyet verimliliginde sagladigi gelismelerin fosil
yakitlarla kiyaslandiginda ¢ok daha ylksek oldugunu ve kapasite artisiyla birlikte maliyet
avantajlarinin belirginlestigini gdstermektedir.

Teknolojik Yenilikler ve Prototip Testleri

Test Installation - Dimensions 8

floaters metres metres

solar panels

tonnes

-5 SeaVolt

Seavolt, yaklasik 35x35 metre boyutlarinda ve sekiz farkli konfiglirasyonda gilines paneli iceren
bir ylizer prototip gelistirmistir. Prototipin amaci, farkl agilardaki panel yerlesimlerinin enerji
verimliligi Gizerindeki etkisini degerlendirmektir.

Tam Olgekli platformun 500 giines paneli kapasitesine sahip olacagi belirtilmistir. Bu platform,
dalga hareketlerinden minimum etkilenmesi ve vyiksek verimlilik saglamasi amaciyla
tasarlanmistir.

Testler, dalga jeneratorleri kullanilarak gerceklestirilmis ve platformun dalga hareketine karsi
dinamik tepkileri 6lctlmustir. Hidrodinamik testlerde, hareket izleme sistemleri kullanilarak
detayli analizler yapilmistir.
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e Sunumda tanitilan gorselde Seavolt’'un vylzer gilines enerjisi platformuna dair test
kurulumunun boyutlari ve tasarim detaylari yer almaktadir. "Proof of Concept" asamasinda
kullanilan prototip, 7 metre yiksekliginde, 9x9 metre taban boyutlarina sahip ve yaklasik 25
ton agirligindadir. Bu prototip Uzerinde toplamda 8 adet glines paneli bulunmaktadir. Tam
Olcekli tasarim ise, 35x35 metre boyutlarinda, 16 metre yliksekliginde ve 18 adet yiizer destek
Unitesine (floater) sahiptir. Bu tasarim, daha blyk bir ylizey alanina yayilarak daha fazla giines
paneli tasiyabilir ve ylksek enerji Gretim kapasitesine ulasmayi hedeflemektedir.

e Yizer platformlarin dizayni, su ylzeyi lizerindeki etkiyi minimuma indirmek amaciyla “elevated
truss” konsepti kullanilarak gelistirilmistir. Bu sayede, platformun su ylizeyiyle temasi
azaltilarak cevresel etkiler en aza indirilmektedir.

3.1.2. Tractebel Toplanti Notlari
1. Sirket Tanitimi

e Tractebel, deniz (stl enerji projelerinde uzmanlasmis ve diinya genelinde genis hizmet
portféyl sunan bir mihendislik ve danismanlik firmasidir. Sirket, offshore riizgar enerijisi,
hidrojen entegrasyonu, dalga ve gelgit enerjisi gibi yenilik¢i coziimler sunmaktadir.

e Sirket, 25 GW Uzerinde offshore enerji projelerine katkida bulunmus ve 130’dan fazla projeyi
tamamlamistir. Bu projeler arasinda SeaMade, Northwind ve C-Power projeleri 6ne
cikmaktadir ve mihendislik tasarimi, fizibilite calismalari ve saha yonetimi gibi hizmetleri
kapsamaktadir.

2. Offshore Hidrojen Uretimi ve ERM Dolphyn Projesi

Dolphyn

The combination of Offshore Wind and Hydrogen is a game
changer in the energy transition. The Dolphyn project aims
at developing decentralized hydrogen production on the
floating foundations of offshore wind farms,

United Kingdom
4 GW (400 turbines)
+ Concept selection and feasibility

* Design of topside structures and
systems

+ Design of electrical system with
battery storage

« System IMWM engineering

- Integration with floater
subsystems
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Tractebel, offshore rlizgar enerjisiyle entegre hidrojen lretimi lzerine ¢alismakta olup, 400
MW kapasiteli Offshore Hidrojen Uretim Platformu gelistirmistir. Bu platform, yesil hidrojen
Uretimi icin elektroliz sistemlerini icermekte ve enerji fazlasini hidrojene doénistirmeyi
hedeflemektedir.

Dolphyn projesi, offshore riizgar enerjisi kullanarak deniz suyundan yesil hidrojen tretmeyi
hedefleyen yenilik¢i bir girisimdir. Bu proje, ylzer riizgar tiirbinleri Gzerinde entegre edilen
elektrolizorler ve tuzdan arindirma Uniteleri araciligiyla, deniz suyunu hidrojen ve oksijene
ayirarak hidrojen iretimini gerceklestirmektedir. Uretilen hidrojen, boru hatlariyla karaya
tasinarak eneriji tiretimi, ulasim, sanayi ve 1sinma gibi ¢esitli alanlarda kullanilabilecektir.

Sunumda, hidrojen entegrasyonu konusunda teknik fizibilite saglanmis olsa da ekonomik
karhlik ve bankaca kabul edilebilirlik agisindan hala belirsizliklerin devam ettigi vurgulanmistir.
Hidrojen sikistirma, depolama ve tasima sireclerinin maliyetli oldugu ve genel sistem
verimliliginin %20-23 seviyesinde kaldigi belirtilmistir.

Kablo Kurulumlari ve Teknik Zorluklar

Tractebel, yaptigi sunumda deniz alti kablo kurulumlarinda Belgika’nin Offshore Grid
projesinde Elia’ya mihendislik destegi sagladigini belirtmistir.

Offshore kablo kurulumlarinin, biyik olcekli altyapinin tasinmasi ve kurulumu sirasinda ciddi
lojistik zorluklar yarattig belirtilmistir. Ozellikle derin denizlerde kurulum sirasinda kullanilan
yapilar ve malzemeler biyilik teknik karmasikliklara neden olmaktadir. EPClI (Engineering,
Procurement, Construction, Installation) streclerinde, kurulum asamasi 6nemli bir problemdir
ve bu asama proje basarisini dogrudan etkilemektedir.

Sunumda, offshore projelerde yasanan en biiylk sorunlardan birinin deniz alti kablo arizalari
oldugu ve sigorta taleplerinin %80’inin bu sebepten kaynaklandigi ifade edilmistir.

3.1.3. Jan De Nul Group Toplanti Notlari

Sirket Tanitimi

Jan De Nul Group, kiiresel 6lgekte altyapi ve deniz miihendisligi hizmetleri sunan bir firmadir.
Sirket, 6zellikle deniz (istl enerji projelerinde, tarama (dredging), agir kaldirma (heavy lift) ve
deniz alti kablo doseme gibi alanlarda uzmanlasmistir.

Toplantida, sirketin Avrupa’daki biyik offshore riizgar projelerinde rol aldigi ve farkh tilkelerde
cok sayida proje tamamladigi vurgulanmistir.

Sirket, Avrupa’nin en blylk offshore riizgar projelerinden bazilarina katilmistir. Bunlar
arasinda Doggerbank A, Hornsea 1, ve Kriegers Flak projeleri yer almaktadir. Bu projelerde agir
kaldirma operasyonlari, tirbin kurulumlari ve deniz alti kablo déseme ¢alismalarini
gerceklestirmistir.
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2. Teknik Zorluklar ve C6ziim Stratejileri

e Yapilan sunumda offshore projelerde karsilasilan teknik zorluklar ele alinmistir. Ozellikle, deniz
alti kablo déseme siirecinde karsilasilan sorunlar ve cevresel faktorlerin projelere etkisi
tartisilmistir.

e Sirket, deniz dibindeki jeolojik kosullarin zorluklarina yénelik ¢dziimler gelistirmistir. Ornegin,
deniz alti kablo koruma sistemleri ve yenilik¢i stabilizasyon teknikleri kullanilarak riskler
minimize edilmistir.

3.1.4. Blue Bridge — Offshore Dalga Simulasyonu

e Katilimcilara, similasyon havuzunun 6zellikleri tanitilimis, dalga jeneratorlerinin farkli yonlerde
dalgalar olusturabildigi ve gesitli su ylzeyi olglimlerinin yapilabildigi belirtilmistir. Farkli tipte
dalga kosullari yaratmak icin dalga jeneratorleri ve akinti sistemleri kullanilmaktadir.

®eud ’
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3.2. Belgika Sistem Operatoru (Elia) Danigsman Sirket Toplantilari

3.2.1. N-SIDE Toplantisi

Sirket Tanitimi

2000 yilinda Belgika'da Universite kokenli bir spin-off olarak kurulan N-SIDE, enerji ve yasam
bilimleri alanlarinda uzmanlasmis bir teknoloji sirketidir. Sirketin Belgika, Japonya ve ABD'de
ofisleri bulunmaktadir.

N-SIDE, karmasik enerji piyasasi sorunlarini ¢ézmek icin karisik tam sayili programlama,
stokastik optimizasyon ve makine 6grenimi teknikleri gibi gelismis optimizasyon yéntemleri
kullanmaktadir. Bu yontemler, 6zellikle arz-talep dengesi ve piyasa eslesme algoritmalari gibi
kritik stireglerde daha dogru tahminler ve verimli karar destek sistemleri saglar.

Optimizasyon ve Teknik Coziimler

Toplantida, N-SIDE’in Avrupa, Asya ve Amerika pazarlarinda kapsamli optimizasyon ¢oziimleri
sunarak, enerji piyasalarinin etkin yonetimini sagladigi aktariimistir.

Avrupa'da SDAC ve (Single Day Ahead Coupling) SIDC (Single Intraday Ahead Coupling) eslesme
algoritmalarini saglayan N-SIDE, EPEX SPOT ve diger borsalarla is birligi yapmaktadir.

Belcika’da Elia ile CRM acik artirmalarini temizlerken, Birlesik Krallik’ta National Grid ESO igin
yardimci hizmet pazarlarini yonetmektedir. Japonya'da JEPX, Hindistan’da ise IEX icin
gelistirdigi algoritmalarla biyulk piyasa hacimlerini yonetmekte, Hindistan'da piyasanin %90'ini
kapsamaktadir.

N-SIDE’In ¢ozimleri, dinya genelinde iki milyardan fazla insanin faydalandigi eneriji
piyasalarinda sosyal refahi maksimize etmektedir.

Giin igi ve Giin Oncesi Piyasa (Market Coupling) Siiregleri
SDAC (Single Day-Ahead Coupling):

Toplantida, SDAC (Single Day-Ahead Coupling) sirecinin, farklh bolgelere ait toptan elektrik
piyasalarini sosyal refahi maksimize eden ortak bir algoritma aracihigiyla birlestirdigi
aktarilmistir. Bu entegrasyon sayesinde, sinir 6tesi iletim kapasitesinin en verimli sekilde tahsis
edildigi ve ticaretin genel verimliliginin artirildig belirtilmistir.

SDAC'in, Avrupa elektrik piyasasinda 6nemli bir yapi tasi oldugu ve 27 llkeyi kapsadigl
vurgulanmis; arz ile talep dengesinin optimize edilmesine katki sagladig ifade edilmistir.

2023 yili verilerine gore, SDAC araciligiyla ticareti yapilan enerji hacminin 1696 TWh oldugu ve
bu miktarin Avrupa’nin toplam elektrik tiiketimine yakin oldugu belirtilmistir. Ayrica, SDAC’nin
piyasa maliyetlerini minimize etmek yerine sosyal refahi maksimize etmeyi hedefledigi ve
glnlik oturum basina ortalama 11 milyar Euro fayda sagladigi bilgisi paylasilmistir.
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Market coupling allows for a more efficient of cross-zonal capacity N-SIDE %7,;

Level of efficient use of cross-zonal capacity in the DA market timeframe, per border in Europe, in 2020 (%)
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Not coupled

e Mavirenkle gosterilen sinirlar, eslesmis (coupled) piyasa bolgelerini temsil ederken, sari renkle
gosterilen sinirlar eslesmemis (not coupled) bolgeleri ifade etmektedir. Eslesmis bolgelerde,
sinir Otesi kapasite kullaniminda %90'in Gzerinde verimlilik saglandigi goriilmektedir.

e Market coupling, sinir oOtesi elektrik ticaretinin daha verimli olmasini saglamaktadir.
Eslesmemis bolgelerde ise verimlilik dismekte ve kapasite kullanim oranlari %60'in altina
inmektedir.

e Avusturya, Cek Cumhuriyeti ve Polonya gibi bolgelerde kapasite kullanim verimliligi diistiktr,
buna karsin Almanya, Fransa ve italya gibi lilkelerde yiiksek verimlilik elde edilmistir.

e Toplantida, Almanya ve Danimarka gibi lilkelerde dénem donem yogun riizgar enerijisi tretimi
nedeniyle asiri arz olustugu ve bu durumun negatif fiyatlara yol actig1 aktariimistir.

e 2024 yih yazinda Yunanistan'da iletim kisitlari ve yenilenebilir enerji Giretiminin yogunlugu
nedeniyle tavan fiyatlarin (7000 euro/MWh’ye kadar) ve bazen negatif fiyatlarin gozlemlendigi
ifade edilmistir. Ozellikle iletim kapasitesi sinirlamalari ve komsu ilkelerle baglanti
eksikliklerinin bu duruma neden oldugu vurgulanmistir.

e Negatif fiyatlarin, sistemdeki esneklik eksikligi ve yenilenebilir enerji entegrasyonunun bir
sonucu oldugu ve Avrupa ulkelerinin cogunda gecerli oldugu bilgisi paylasiimistir.

e Nikleer santraller gibi esnek olmayan Uretim kaynaklarinin, kapatma maliyetleri nedeniyle
Uretime devam etmeyi ve negatif fiyatlari kabul etmeyi tercih ettigi belirtilmistir.

SIDC (Single Intraday Coupling)

e Toplantida, SIDC (Single Intraday Coupling) sisteminin, giin ici ticaretin daha esnek ve verimli
bir sekilde yapilmasini sagladigi ve piyasa katiimcilarina gercek zamanl fiyat sinyalleri ve
ticaret firsatlari sundugu aktariimistir.
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SIDC (Single Intraday Coupling) enables intraday cross-border trading N-SIDE
across Europe ~

Two components

e The continuous SIDC has been operational since June 2018, using

XBID
¢ Intraday auctions {IDAs) went live on June 13th, 2024, using
Euphenua
10:00 12:00 15:00 22:00
1z ] |1z : [z

e SIDC, Avrupa enerji piyasalarinda sinir Otesi ticaretin entegrasyonunu ve verimliligini
artirmaktadir.

e Sistem, Continuous SIDC (XBID) ve Intraday Auctions (IDA) olmak Uzere iki bilesenden
olusmaktadir.

e Continuous SIDC, “ilk gelen, ilk hizmet alir” prensibiyle calismakta olup, 2018 yilindan beri
operasyoneldir. Ancak bu sistemde sinir 6tesi kapasite fiyatlandirlmamaktadir. Bu nedenle
sistem operatérleri (TSO'lar) igin tikaniklik ranti olusmamakta, piyasa katiimcilarina fiyat
sinyali saglanmamaktadir.

e Diger bilesen olan Intraday Auctions (IDA), Euphemia algoritmasini kullanarak Haziran 2024’te
devreye girmistir. Gln ici kapasite tahsisini optimize ederek sosyal refahi artirmayi
amaclamaktadir. IDA, maliyet bazlh siralama yaparak kapasiteyi verimli bir sekilde tahsis
etmekte ve sinir 6tesi kapasitenin daha etkin kullanilmasina olanak tanimaktadir.

e IDA, daha kisa zaman ¢ozunlrligi (15 dakika) ile galistigi icin, 6zellikle yenilenebilir enerji
kaynaklarinin planlanmasi ve kullanimi agisindan avantaj saglamaktadir. Bu kisa vadeli
yaklagim, piyasanin daha esnek ve hizli yanit verebilmesine katkida bulunmaktadir.

4. Dengeleme Piyasalari

e N-SIDE, enerji piyasasinda dengeleme siireclerine odaklanarak sistem operatorlerine destek
saglayan ¢ozimler gelistirmektedir.

e Sirketin sundugu hizmetler arasinda dengesizlik tahmini, dinamik rezerv boyutlandirma,
dengeleme piyasasl tasarimi ve ihale temizleme siiregleri bulunmaktadir. Bu ¢ozimler,
piyasada etkinlik ve verimlilik saglamak amaciyla optimize edilmistir ve Avrupa enerji
piyasasinda yaygin olarak kullaniimaktadir.
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Balancing markets ensure the physical
availability and economic dispatch of

assets capable of delivering balancing
services to TSOs

EUD Uyelerine Ozeldir.

N-SIDE j

Balancing Capacity Markets
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Dengeleme Kapasite Piyasalari (Balancing Capacity Markets):

Toplantida dengeleme kapasite piyasalarinin, sistem operatorlerine dengeleme hizmeti
sunabilecek varliklarin fiziki erisilebilirligini ve ekonomik sevk edilebilirligini saglamak amaciyla
kuruldugu aktarilmistir.

Bu piyasalar, sistem operatorleri tarafindan rezerve edilen varliklarin garanti altina alinmasini
ve bu varliklar karsihginda kapasite 6demesi yapilmasini igermektedir. Siirecin genellikle sistem
tarifesi veya sebeke licretleri Gizerinden finanse edildigi ve ulusal sistem operatorleri tarafindan
yaratalduga belirtilmistir.

Dengeleme Enerji Piyasalari (Balancing Energy Markets):

Toplantida, dengeleme enerji piyasalarinda merit order yontemi kullanilarak enerji tedariki
gerceklestiriimekte oldugu belirtilmistir. Piyasada dengeleme hizmet saglayicilarinin (BSP’ler)
enerji teklifleri degerlendirilmektedir.

En uygun fiyat-enerji miktar ciftine gére enerji aktivasyonu yapilmakta ve BSP’lerin teklifleri
dengeleme piyasa fiyatina goére 6denmektedir. Piyasa katilimcilarinin dengesizlikleri ise,
aktivasyon maliyetine bagli olarak belirlenen dengesizlik fiyatina gore hesaplanmaktadir.

Kesinti Planlama (Outage Planning)

Toplantida, N-SIDE’In sundugu kesinti planlama ¢oziimlerinin yaslanan sebeke varliklarinin
bakimi, yenilenebilir enerji kaynaklarinin artisi ve operasyonel belirsizliklerle basa ¢cikmaya
odaklandigi belirtilmistir.

Bu ¢ozimlerin, enerji gecisini desteklemek, maliyetleri optimize etmek ve operasyonel
kesintileri en aza indirmek icin stratejik bir yaklasim gerektirdigi ifade edilmistir.
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EUD Uyelerine Ozeldir.

Sebekede yer alan birgok varligin eskimekte oldugu ve daha sik bakim gerektirdigi aktariimis;
bu durumun kesinti planlamasini karmasik hale getirdigi ve daha 6zenli bir bakim programi
gerektirdigi vurgulanmistir. Bakim g¢alismalarinda yeterli ekip bulunamamasi ve elektrifikasyon
icin nitelikli personel gereksinimi oldugu da belirtilmistir.

. e N-SIDE [
Maintenance and Outage Planning Optimization -

Turning business & data input into an optimized work and outage planning

Business input Algorithm Qutputs
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) 1
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[
r_'[\'j K
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(G ) =1
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(==}
Power flow solver powered by e
Data input
Maintenance neads and - E;L_Ei ey numbers
outage requests |
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@ ; ) Planned Works  Constraints MIP Gap Runtime
State of the grid s

24

N-SIDE’In Bakim ve Kesinti Planlama Optimizasyonu ¢6zimdi, is ve veri girdilerini kullanarak
sebeke operatoérlerine kapsamli bir planlama araci sunmaktadir. Bu siirecte, hedeflerin
belirlenmesi, kisitlarin modellenmesi ve karar degiskenlerinin tanimlanmasi gibi asamalar yer
alr.

Bakim ihtiyaclari ve sebeke durumu gibi veriler analiz edilerek, IBM CPLEX tabanli optimizasyon
algoritmasi ile glic akisi simiilasyonlari yapilir. Bu sayede, optimize edilmis bakim ve kesinti
planlari olusturulur.

N-SIDE’in ¢6zim{i, 10.000’den fazla planlanmis isi ve 1 milyonun Gzerinde kisiti kapsamakta ve
%2’den disik bir optimizasyon hatasi (MIP Gap) saglamaktadir. Calisma siresiise 1 saat ile 24
saat arasinda degismektedir. Bu slireg, operatorlerin bakim maliyetlerini azaltmasina,
operasyonel verimliligi artirmasina ve sebeke performansini optimize etmesine olanak
tanimaktadir.

Avrupa Enerji Pazarlarindaki Entegrasyon Calismalar

Toplantida, Avrupa enerji piyasalarindaki entegrasyon ¢alismalarinda, farkl tlkelerin kendi
yerel ¢cozlimleri ve kurallari nedeniyle gesitli zorluklar yasandigi belirtilmistir. N-SIDE, bu farkli
ulusal ¢ozimleri daha genis Avrupa standartlarina uyarlamak amaciyla harmonizasyon
¢ahismalari yurattigind ifade etmistir.
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Entegre edilmis Avrupa enerji piyasasinin ekonomik verimlilik sagladigi vurgulanmis; IGCC
(International Grid Control Cooperation) platformu sayesinde ters yonli aktivasyonlarin
onlenmesi ile 2023 yilinda 620 milyon Euro tasarruf saglandig bilgisi paylasiimistir.

3.2.2. Ampacimon Toplantisi

Sirket Tanitimi

Ampacimon, enerji iletim hatlarinin dinamik olarak izlenmesi ve kapasite optimizasyonu
alaninda uzmanlagmis Belgika merkezli bir teknoloji sirketidir. Ampacimon, dogrudan hat
Gzerine yerlestirilen sensor tabanli sistemler gelistirerek, gercek zamanl oOlgim ve analiz
yapma kapasitesine sahiptir.

Toplantida, Ampacimon’un gelistirdigi ¢oziimlerin hat tizerindeki titresim, sicaklik ve riizgar hizi
gibi verileri Olcerek sebeke operatoérlerine daha dogru ve gilivenilir bilgi sagladigi belirtilmistir.
Bu teknolojiler, 6zellikle yaslanan enerji altyapilarinin verimli bir sekilde kullanilmasini
saglarken, ayni zamanda vyenilenebilir enerji kaynaklarinin entegrasyonunu da
kolaylastirmaktadir.

Dinamik Hat Derecelendirme (Dynamic Line Rating, DLR)

Ampacimon’un sensor tabanli DLR teknolojisi, hat kapasitesini gercek zamanli veriler
kullanarak optimize etmektedir. Geleneksel statik hat derecelendirme yontemlerinin aksine,
DLR teknolojisi cevresel kosullara dayali olarak hattin maksimum tasima kapasitesini dinamik
bir sekilde hesaplamaktadir.

Coziimler ve Teknolojiler

GridBoost: Enerji iletim hatlarinin tasima kapasitesini sensér tabanli ve sensoérsiiz tekniklerle
artirmayi hedefleyen bir ¢ozimdir. DLR yontemi kullanilarak, hatlarin gercek zamanl olarak
degerlendirilmesi saglanmaktadir.

GridLife: Kablolardaki izolasyon hatalarini ve iletken yorulmasini tespit eden bir ¢6zimdir. Bu
¢6zUm, varlik dmrini uzatmayi ve beklenmedik arizalari 6nlemeyi amaglamaktadir.

GridVisor: Hat Uizerindeki arizalarin ve olaylarin tespit edilmesini saglayan bir ¢dzimdur. Ariza
tespiti ve olay izleme Ozellikleri, operatorlerin kesinti slrelerini minimize etmesine olanak
tanimaktadir.

GridBoost Lite: Sensorsiiz bir ¢6ziim olarak hava durumu verilerini kullanir ve sabit rizgar hizi
ile sicakhk o6lciimlerine dayanarak kapasite artirrmi saglamaktadir. Hat derecelendirmesi
genellikle %10’un (lizerinde bir kapasite artisi ile glincellenmektedir. Her saatlik
glincellemelerle birlikte 10 gilinliik tahminler sunulmakta, boylece operatérlerin daha kisa
vadeli planlama yapmasina imkan taninmaktadir.

GridBoost Advanced: Cevresel veriler ve riizgar hizi 6lgimlerini de iceren daha kapsamli bir
¢6zUmdiir. Bu segenek, riizgar hizini da dikkate aldigindan %15’in (zerinde kapasite artisi
sunmaktadir.
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e GridBoost DLR: Sensor tabanh dinamik hat derecelendirme sunarak en yliksek dogrulugu ve
kapasite artisini saglamaktadir. Hat Gzerine yerlestirilen sensorler, riizgar hizi, iletken sicaklig
ve gevresel faktorleri dogrudan 6lgmektedir. Bu sayede %40’ In {izerinde kapasite artislari elde
edilebilir. Gergek zamanl glincellemeler her 5 dakikada bir yapildigindan, operatérlerin anlik
kararlar almasina ve sebeke performansini maksimize etmesine imkan tanimaktadir.

4. Tahminleme ve Makine Ogrenimi

e Toplantida, Ampacimon’un tahminleme c¢o6zimlerinin makine 6grenimi ve yapay zeka
teknolojileri kullanilarak gelistirildigi belirtilmistir.

e Sirket, hava durumu verileri, sensor olcimleri ve ge¢cmis operasyonel veriler kullanarak
dinamik kapasite tahminleri yapmaktadir.

Wind speed Histogram -
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e Toplantida, rizgar hizi histogrami detayh olarak anlatiimistir. Ampacimon’un dogrudan hat
Uzerine yerlestirdigi sensorler, riizgar hizini yiiksek dogrulukla 6lgmektedir. Bu sensorler,
titresim ve hat hareketlerini analiz ederek riizgar hizi tahminini dogrudan yapmaktadir.

e Ampacimon’un sensérleri, dogrudan riizgar hizini dlgerek yerel kosullara dair daha dogru ve
glvenilir veriler sunmaktadir. Bu veriler mavi histogramda gosterilirken, kirmizi histogram hava
durumu saglayicilarinin sundugu model tabanh tahminleri temsil etmektedir. Hava durumu
verileri, genellikle dusik rtzgar hizlarim (0-2,5 m/s) oldugundan duisiik ve yuksek rizgar
hizlarini (2.5-10 m/s) iyimser sekilde tahmin etmektedir. Bu hatali tahminler, hattin
kapasitesinin yanlis degerlendirilmesine ve diisilik kapasite kazanimlarina yol agabilir.

e Ampacimon, makine 6grenimi tabanh bir geri bildirim doénglisi kullanarak bu tahminleri
dizeltmekte ve sensor verilerine dayali daha dogru 6ngoriiler sunmaktadir. Bu yaklasim,
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tahminleme sirecinde riskleri azaltarak sebeke operatorlerine daha glvenilir kapasite
tahminleri saglamakta ve hattin performansini optimize etmektedir. Bu yéntem, hava durumu
saglayicilarinin model tabanli tahminlerine kiyasla daha dogru sonuglar vermektedir.

5. Ekonomik Kazanimlar ve Proje Ornekleri

e Ampacimon’un ¢oziimleri, DLR teknolojisi sayesinde iletim hatlarinin tasima kapasitesini
artirarak ek yatirim ihtiyaci olmadan mevcut altyapinin verimli kullanimini saglar. Toplantida,
ABD’deki PPL Electric Utilities ile yapilan projelerde yillik 23 milyon dolardan fazla tasarruf elde
edildigi belirtilmistir. Fransa’nin RTE ve Belgika’nin Elia operatérleri, Ampacimon’un sensor
tabanli izleme sistemleri ile iletim hatlarinin kapasitesini %10 ila %30 oraninda artirmayi
basarmistir.

e Toplantida, Ampacimon’un diinya genelinde 4.500 kilometre uzunlukta olmak tzere 130’dan
fazla iletim hattini ve 630’dan fazla varligi stirekli izledigi bilgisi verilmistir. Sirketin, 100 ¢alisani,
40’tan fazla aktif musterisi ve 24 iilkede 12 patenti oldugu bilgisi paylasiimistir.

3.2.3. Qualitics Toplantisi
1. Sirket Tanitimi

e Qualitics, endistriyel altyapi denetimleri icin drone tabanli otonom veri toplama ve analiz
¢Ozimleri sunan bir sirkettir.

e 2018 yilinda gelistirilmis olan bu teknoloji, enerji iletim hatlarinin ve altyapinin hizli ve givenli
bir sekilde denetlenmesini saglamaktadir.

2. (Coziim Bilegenleri

Q.
Qualitics provides an
leRieR=lsls| audit solution of industrial infrastructure
A2\
Al-automated data capture Al-based processing Automated defects reporting
Powered by our proprietary acquisition device for drone Trained with our dataset of images Validated by our experts
[ ] L -8
Partner of. *;‘;;-em: @ oMExomM & 7Tia  SEMI S
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3.3.

EUD Uyelerine Ozeldir.

Toplantida, Qualitics’in sundugu (¢ ana ¢6ziim bileseni ele alinmistir:

Al-Automated Data Capture (Yapay Zeka Destekli Otonom Veri Toplama): Qualitics’in 6zel
drone cihazlar kullanarak otomatik veri toplama sagladigi belirtilmistir. Drone cihazlarinin
yaklasik 5 dakikada ucusa hazir hale geldigi ve glivenli mesafeler koruyarak denetim yaptigi
vurgulanmistir.

Al-Based Processing (Yapay Zeka Tabanl Veri isleme): Toplanan gériintiiler ve verilerin, genis
bir veri seti kullanilarak egitilmis yapay zeka algoritmalari ile analiz edildigi belirtilmistir. Bu
analiz slrecinin altyapidaki kusurlar ve potansiyel sorunlari hizli bir sekilde tespit ettigi ifade
edilmistir.

Automated Defects Reporting (Otomatik Kusur Raporlama): Analiz edilen verilerin, Qualitics
uzmanlari tarafindan dogrulandigi ve altyapinin durumunu 6zetleyen detayli raporlarin
hazirlandigl aktarilmistir. Bu silire¢ sayesinde, hatalarin ve sorunlarin hizli bir sekilde
raporlanmasi saglanmaktadir.

Avantajlar ve Uygulama Alanlari

Toplantida, drone tabanli denetim sistemlerinin, insan tirmanisina dayali geleneksel denetim
ihtiyacini azaltarak zaman tasarrufu sagladigi ve glivenlik risklerini minimize ettigi
vurgulanmistir.

Kopriler, tineller, binalar, trafo merkezleri, sogutma kuleleri ve beton yapilar gibi biyiik
altyapi projelerinde uygulamalar yapilmaktadir. Sirketin bu uygulamalari daha da genisletmeyi
planladigi belirtilmigtir.

Toplantida, denetim sikhiginin cevresel kosullara, 6zellikle kirlilik gibi faktorlere bagli olabilecegi
tartisilmistir. Bu faktorlerin, drone denetimlerinin planlanmasinda dikkate alinmasi gerektigi
ifade edilmistir.

Energyville Ziyareti

Energyville, enerji inovasyonu ve sirdirilebilirlik alaninda faaliyet gosteren Belgika merkezli
bir arastirma ve gelistirme kurulusudur.

Enerji teknolojileri, akilli sebekeler, batarya depolama sistemleri, hidrojen liretimi ve eneriji
verimliligi gibi konularda 6nci ¢alismalar yuritmektedir.

Universiteler ve sanayi ortaklariyla is birligi icinde calisan Energyville, yenilik¢i ¢oziimler
sunarak Avrupa’nin enerji gecisine ve karbon notr hedeflerine katki saglamayi amaclamaktadir.

3.3.1. Battery Storage Sunumu

1. Enerji Depolama Teknolojilerinin Genel Durumu

Toplantida, bataryalarin enerji dénisiim sistemlerinin merkezinde yer aldigina, yenilenebilir
enerji kaynaklarinin entegrasyonu icin kritik bir rol oynadigina deginilmistir. Energyville, enerji
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yogunlugu yiksek, yeni nesil batarya teknolojilerinin gelistirilmesine odaklanarak batarya
performansini iyilestirmeyi ve maliyet optimizasyonunu saglamayi hedeflemektedir.

e Kati Elektrolitler ve Yeni Nesil Bataryalar: Energyville, Gen. 4c ve Gen. 5 bataryalar lizerinde
calismalar ylritmekte; ylksek hiz performansi, uzun ¢evrim omri ve maliyet etkin Uretim
siireclerine odaklanmaktadir. Ozellikle kati elektrolit teknolojisi, lityum metal bataryalarin
enerji yogunlugunu artirarak (>1070 Wh/L) yenilik¢i ¢o6ziimler sunmaktadir. Ayrica sivi
elektrolitlere kiyasla daha yliksek termal ve kimyasal stabilite saglamaktadir.

o Toplantida, Energyville’in Belgika merkezli bir startup olan Solid Lab ile is birligi yaptig
belirtilmistir. Solid Lab, kati elektrolit teknolojisini 6lceklendirmekte ve hiicre ile modiil Gretimi
gerceklestirmektedir. Bu is birligi sayesinde, laboratuvar dlceginde gelistirilen teknolojilerin
endistriyel Olgekte Uretimi ve ticarilestiriimesi hedeflenmektedir.

2. Batarya Teknolojilerinde Yeni Malzeme Calismalari

e Toplantida, batarya teknolojilerindeki yenilikci malzeme tasarimi ve sentez calismalari
aktarilmistir. Lityum-iyon, sodyum-iyon ve lityum-silfir bataryalar icin farkh malzeme
stratejileri ele alinmis; her batarya tiri icin performans iyilestirmeleri ve kararhlik saglayan
gelismis ¢oziimler Gzerinde durulmustur.

Design & Synthesis of Inorganic Materials
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Active materials lonogel, thiophosphate
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Cobalt-Free Layered Oxides, Titanates Titanates, composites @

Core-shell architectures

e Lityum-iyon Bataryalar: Toplantida, lityum-iyon bataryalarin cekirdek ve kabuk yapi
tasariminda yapilan yenilikler ele alinmistir. Ozellikle batarya malzemeleri ve hiicre
seviyesindeki arastirmalar aktarilmistir. ince lityum elektrotlar ve lityum metalin korunmasinin
kontroll Uizerine calismalar yapilmaktadir. Elektrotlarin 3D baskisi ve mikro ekstrizyon
yontemleriyle elektrot yapilarinin optimize edilmesi hedeflenmektedir. Ayrica, LFP ve NMC gibi
aktif malzemeler Gzerinde durulmustur.
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e Sodyum-iyon Bataryalar: Sodyum-iyon bataryalarda, molekiiler ve makroskopik vyapi
iyilestirmeleri Gizerinde durulmustur. Malzeme inovasyonu ve hiicre seviyesinde optimizasyon
cahismalari yapilmaktadir. Elektrolit ve elektrot malzemelerinin performansini artirmak igin
yeni malzemeler ve yapilar izerinde durulmustur.

e Lityum-Silfiir Bataryalar: Lityum-silfir bataryalarin gelisiminde, katot katki maddeleri ve
ylzey alani iyilestirmeleri one c¢ikmistir. Cok katmanh vesikiler oksit katkilari, katot
performansini artirarak daha yiliksek enerji yogunlugu saglamaktadir. Yeni malzemelerin
kullanimiyla enerji yogunlugunun ve ¢evrim émrindn artirilmasi hedeflenmektedir.

3. Kati elektrolitler ve yeni nesil bataryalar (Gen. 4c ve Gen. 5 bataryalar)

Building better batteries

Cost effectiveness vs. high energy density

s metzl-air,
=
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e Sunumda, batarya teknolojilerinin gelistirilmesinde iki ana strateji vurgulanmistir.

e Performansa Yonelik Tasarim, yiksek enerji yogunluguna odaklanirken maliyet kisitlamasini
azaltmayi hedeflemektedir.

o Maliyete Yonelik Tasarim, diistik maliyetli ¢ozlimler sunarak enerji yogunlugunda kaybin tolere
edilmesini icermektedir.

e Bustratejiler kapsaminda, 2023'ten 2032'ye kadar olan siirecte gelismis lityum-iyon bataryalar,
kati hal elektrolitler ve lityum-silfiir gibi yenilikci teknolojilerle, 800 Wh/L’den 1200 Wh/L'ye
kadar enerji yogunlugu saglanmasi planlanmaktadir.

o Gen 3 (2023-2024): Gelismis lityum-iyon bataryalar (Advanced Li-ion) ve ilk yenilikgi
¢ozlimler.

o Gen 4 (2025-2028): Kati elektrolitlerin kullanimi ve lityum metal anotlar (zerine
odaklaniimstir.
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o Gen 5 (2029-2032): Yuksek nikel katotlar, metal-hava bataryalari ve Li-S (lityum-sulfir)
dontsim kimyasi gibi yenilikgi teknolojiler devreye alinmistir.

4. Batarya Yonetim Sistemleri (BMS) ve Akilli Sensor Teknolojileri

e Batarya yonetim sistemleri (BMS), bataryalarin givenli ve verimli calismasini saglamak
amaciyla gelistirilmis ¢ok yonli bir kontrol altyapisi sunmaktadir. Energyville, yenilikci BMS
teknolojileriyle batarya performansini artirmayi ve 6mriinii uzatmayi hedeflemektedir.

e BMS, farkli batarya kimyalari ve sistem konfiglirasyonlari icin modiiler ve esnek bir tasarima
sahiptir. Bu sayede, hibrit batarya sistemleri ve ¢coklu kimya destegi saglanabilmektedir.

e Sistemin igerisinde yer alan akilli algoritmalar; voltaj dengeleme ve sarj durumu (SoC)
tahminlerinde hassas olglimler yaparak, enerji kayiplarini en aza indirir ve bataryanin genel
verimliligini artirir.

e BMS, sicaklk, voltaj ve akim olciimlerini siirekli izleyerek olasi riskleri tespit etmekte ve
glvenlik protokollerini devreye almaktadir. Bu sayede, bataryanin asiri isinma veya asiri sarj
gibi durumlara karsi korunmasi saglanmaktadir.

e Toplantida, geleneksel BMS’in voltaj, akim ve sicakligi disaridan 6lgmesi nedeniyle dogrulukta
sapmalara yol acabilecegi belirtilmistir. Hlicrelerin icine sensorlerin eklenmesiyle daha dogru
durum tahmini ve sicaklik 6lglimleri yapilabilecegi belirtilmistir.

Fast Modelling of Li-ion batteries for Advanced BMS

» Transition of P2D battery model solving strategies to accelerate
the computation Highlights:

* A novel model order reduction using a galvanic pseudo-potential
to address diverging currents
* Replacing iterative calculations with random initialization by a
[ | maore robust approach
* Applicable for general P2D models
Results:
*  More robust P2D Model solving method
* 7—12 % acceleration in P2D model computation time
Future objectives:
* Developing a Safe Operating Area (SOA) estimation algorithm
_ _ based on aging models
w o = W s * Coupling with battery state estimation
* Battery control loop based on the estimated SOA

Contraller Battery

Mk

PhD rasearcher: Keivan Haghverdi; Promotor: Prof. D B A. Eichel (FZ siilich; RWTH)
Co-promators: Ir 6. Mulder (viTo}, Prof Dr PH.L Motten & Dr. DL Danilov {FZ Jiilich)

e Energyville, hiicre Uretim hattina elektroniklerin entegre edildigi yeni nesil BMS'ler
gelistirmektedir. Bu sayede performansin artiriimasi ve AB dizenlemelerine uygun
bataryalarin saglanmasi hedeflenmektedir.

e Energyville, gelismis batarya yonetim sistemleri icin P2D modellerini optimize ederek,
hesaplama hizini %7-12 oraninda artirmayi basarmistir.
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e Yeni modelleme yaklasimi, akim sapmalarini gidermek ve daha saglam ¢6ziimler sunmak
amaciyla galvanik pseudo-potansiyel kullanmaktadir. Gelecekte, safe opening area tahmin
algoritmalari ve batarya durum tahmini entegrasyonlariyla kontrol doéngisinin daha da
iyilestirilmesi planlanmaktadir.

5. Batarya Testi ve Sistem Entegrasyonu

https://vito.be/=n/application-area/battery:

= 150 14001 Jabil Hasselt IS0 17025 partner

= IR AN T

e Energyville, batarya test siirecleri ve sistem entegrasyonuna yonelik kapsaml bir altyapiya
sahiptir. Batarya Test Laboratuvari, uluslararasi kalite standartlarina (ISO 9001, ISO 14001, ISO
45001) uygun olarak performans ve gilivenlik testleri sunmaktadir.

e Laboratuvarlar, mikroskopi (SEM, TEM) ve spektroskopi (FTIR, Raman) gibi gelismis analiz
teknikleriyle donatilmis olup batarya bilesenlerinin detayli karakterizasyonu yapilmaktadir.
Testler, farkh sicaklik ve nem seviyelerinde gerceklestiriimekte ve bataryalarin asiri sicak veya
soguk ortamlardaki performansi degerlendiriimektedir. Toplantida, ger¢cek diinya
uygulamalarini simile etmek icin 25°C ve Uizeri sicakliklarda testler yapildigi belirtilmistir.

e Ayrica, 85 m?'lik kuru oda, hiicre montaji ve kati elektrolit calismalari icin kontaminasyon riskini
minimize eden ideal kosullar sunmaktadir. Prototip hiicreler, model ve sistem seviyesinde test
edilmekte; performans, givenlik ve ¢evrim 6mru analizleri yapilmaktadir.

o Gelecek calismalar arasinda, akilli sensoérlerin entegrasyonu ve model tabanh kontrol
stratejileriyle test stireglerinin iyilestirilmesi yer alirken, yeni nesil bataryalar ve hibrit sistemler
icin standart test protokollerinin gelistiriimesi hedeflenmektedir.
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Siirdiirilebilir ve Ekonomik Batarya Coziimleri

Toplantida, batarya geri donlisimi ve malzeme kurtarma calismalari hakkinda bazi
zorluklardan bahsedilmistir.

Energyville, batarya geri donisiimi konusunda dogrudan geri dontisiim yéntemleri kullanarak
kobalt, nikel ve lityum gibi degerli metallerin yeniden kazanimini hedeflemektedir. Ozellikle
kobalt, nikel ve lityum gibi degerli metallerin geri kazanimi 6nceliklidir.

Omriiniin %80'ini dolduran bataryalar, ikinci hayat uygulamalari kapsaminda sabit enerji
depolama sistemlerinde kullanilmaktadir.

Gelismis goruntileme teknikleri ve yapay zeka tabanli analizler, bataryalarin ayristiriimasini
hizlandirmakta ve geri kazanim verimliligini artirmaktadir. Bu c¢alismalar, c¢evresel
surdirdilebilirligi saglamak ve dongisel ekonomiye katkida bulunma amaci tasimaktadir.

3.3.2. Hidrojen Sunumu

Hidrojen Stratejileri ve Uretim Hedefleri

Hidrojen sunumunda, Avrupa’nin karbon nétr hedeflerine ulasma stratejilerinden ve hidrojen
teknolojilerindeki yeniliklerden bahsedilmistir.

Avrupa’da hidrojen (retim kapasitesinin 2025-2030 doneminde 6 GW’tan 40 GW’a kadar
artmasi hedeflenmektedir. Yesil hidrojen Uretimi, altyapinin gelistirilmesi, endustriyel
uygulamalar ve Avrupa H2 ekosistemine gegis planlari ele alinmistir.

Hidrojenin enerji depolama, mobilite ve sanayi gibi sektérlerdeki rolii vurgulanarak,
maliyetlerin disurilmesi ve sirdurilebilirlik saglanmasi hedeflenmistir. Ayrica, yatirim
tesvikleri ve regiilasyonlarla desteklenen biylk Olgekli projeler, Avrupa’nin hidrojen
pazarindaki bliyiimesini hizlandirmayi amaclamaktadir.

Hidrojen Uretim Teknolojileri: Alkaline Water Electrolysis (AWE) vs. ve PEM-Technology
Toplantida, yesil hidrojen Gretiminde kullanilan AWE ve PEM teknolojilerinden bahsedilmistir.
AWE, kanitlanmis ve verimli bir teknoloji olsa da esnek degildir (%60-75 verim).

PEM Teknolojisi, daha esnek ve kompakt olmasina ragmen, platin/iridyum gibi pahali metaller
kullanildigindan sermaye yogun ve yeni bir teknolojidir.

AWE, blyiik 6lgekli ve glivenilir tesisler igin uygundur; PEM ise daha hizli yanit ve kiigik alan
gerektiren uygulamalarda tercih edilmektedir.
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Expected electrolyser market

Push to accelerate by current geo-political issues,
from 80 to 150 GW by 2030
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Piyasanin Gelisimi ve Yesil Hidrojen

2030 yihina kadar, kiiresel jeopolitik gelismelerin etkisiyle elektroliz pazarinin hizla biyiimesi
ongorialmektedir. Kurulu elektroliz kapasitesinin 80 GW’dan 150 GW’a c¢ikariimasi
planlanirken, teknolojik dagilimda ALK ve PEM teknolojileri %48’er pay ile en yaygin kullanilan
yontemler olarak 6ne ¢ikmaktadir. SOEC ise %5 oraninda daha kiiglik bir paya sahiptir, ancak
gelecekte potansiyel vaat eden bir teknoloji olarak degerlendirilmektedir.

Tesis Olceklerine bakildiginda, biyik olgekli (>200 MW) tesisler %90’k bir payla pazarin
c¢ogunlugunu olusturmaktadir. Bu blyiime, Avrupa'nin yesil hidrojen hedeflerine ulasmasina
onemli bir katki saglayacaktir.

Toplantida, yesil hidrojen Uretimi igin birlikte galisarak elektroliz teknolojilerini gelistirmekte
olan IMEC ve VITO arastirma enstittilerinden bahsedilmistir.

IMEC, elektrolizor ve yakit hiicreleri icin nanoteknoloji ve ince film ¢oziimleri saglarken, VITO
basingh elektrolizor yiginlari igcin membran ve elektrot teknolojileri Gizerinde yogunlasmaktadir.
Ortak arastirmalar, malzeme gelistirme ve performans iyilestirmeleri ile hidrojen
teknolojilerinin ilerlemesine katkida bulunmaktadir.
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Green H, production by electrolysis
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e Toplantida, “Hyve” projesinden s6z edilmistir. Hyve Projesi, IMEC, VITO, John Cockerill,
Bekaert, DEME ve Colruyt Group gibi birgok ortagin is birligiyle, yesil hidrojen Uretimi igin
yenilik¢i bir ¢6zim sunmaktadir.

e Projeyle is birlikleri yapilarak teknolojinin ticarilestiriimesi ve 6lgeklendirilmesi
hedeflenmektedir.

e Projede, rizgar ve glines gibi yenilenebilir enerji kaynaklari kullanilarak suyun elektroliz
edilmesiyle hidrojen Uretilmektedir. IMEC ve VITO, malzeme gelistirme ve elektroliz
teknolojilerinde arastirma saglarken, John Cockerill elektrolizér ekipmanlarinin dretimi ve
sistem tasarimini Ustlenmektedir. Bekaert ise yiksek performansh elektrot malzemeleri
tedarik ederek siirece katkida bulunmaktadir.

e Uretilen hidrojen, sanayi, ulasim ve enerji depolama gibi cesitli alanlarda kullanilmak tizere
depolanmaktadir. DEME ve Colruyt Group, yenilenebilir enerji saglamak ve hidrojen Uretim
sureclerini desteklemek amaciyla projeye katilmaktadir. Bu is birligi, yesil hidrojen Gretiminin
Olceklendirilmesini hedefleyerek, Avrupa'nin siirdiirilebilir enerji hedeflerine ulagmasina katki
saglamaktadir.
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Low cost H, generation

CAPEX
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e Sunumda, glinimiizde hidrojen tretim maliyetlerinin oldukca yiiksek oldugu, bunun biyik bir
kisminin CAPEX ve eneriji verimliliginden olustugu belirtilmistir.

e Sermaye maliyetlerinin distrilmesi, verimliligin artirilmasi ve elektroliz stirecinin daha fazla
yenilenebilir enerji kullanimiyla desteklenmesi sayesinde gelecekte hidrojen (iretim
maliyetlerinin 6nemli dlcide azalacagi aktarilmistir. Bu iyilestirmeler, hidrojenin genis capta
benimsenmesine ve yesil enerji hedeflerine ulasilmasina katki saglayacaktir.

e Toplantilarda vurgulanan oOnemli noktalar arasinda, hidrojen Uretiminin ekonomik
fizibilitesinin artirilmasi igin verimliliginin artirilmasi ve maliyetlerin diistiriilmesi gerektigi 6ne
citkmistir.

e Hidrojen dretimi icin gerekli enerjinin yenilenebilir kaynaklardan saglanmasi, karbon
emisyonlarinin azaltilmasi ve gergekten "yesil" hidrojen elde edilmesi agisindan kritik
gorlilmektedir. Ayrica, teknolojik gelismelerin yani sira piyasa kosullarinin uygun olmasi ve
yasal dizenlemeler ile tesviklerin saglanmasi gerektigi belirtilmistir. Bu kapsamda, fosil
yakitlara karsi rekabetci bir alternatif sunulabilmesi icin dusik maliyetli ve strdurilebilir
hidrojen tretimi hedeflenmistir.
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3.4. Rely & CRM

3.41. Rely Sunumu
1. Sirket Tanitimi

e Rely, endistriyel 6lgekte yesil hidrojen lretimi icin yenilikci teknolojiler gelistirmekte olan bir
sirkettir. Sirketin temel hedefi, hidrojenin ekonomik ac¢idan uygulanabilir ve siirdirilebilir bir
enerji kaynagi haline gelmesidir.

2. Yesil Hidrojen

e Toplantida, yesil hidrojenin genis olgekli Gretimi ile ilgili karsilagilan zorluklar tartisiimis ve bu
zorluklara yonelik yaklasimlar ele alinmistir.

e Yesil hidrojenin sirdirilebilirlik ve emisyon azaltimi acisindan sundugu firsatlar
vurgulanmistir. Ancak belirsiz piyasa kosullari ve ylksek maliyetlerin genis ¢apli uygulamalari
zorlastirdigl belirtilmistir.

e Bu baglamda, glivenilir teknolojilerin gelistiriimesi ve siireglerin hizlandirilmasinin énemine
dikkat cekilmistir.

3. Entegre Coziimler

e Rely, OEM ve EPC modellerini birlestirerek pazarin ihtiyaglarina entegre ¢6ziimler sunmayi
hedeflemektedir. Sirket, standartlastirilmis UGrlinler ve optimizasyon siiregleri ile hem
maliyetleri diistirmeyi hem de Uretim silireglerini hizlandirmayi planlamaktadir.

Improving efficiency and affordability by optimizing the entire
value chain
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Sirket, rlzgar, glines, sebeke ve nikleer enerji kaynaklarina entegre ederek elektroliz yoluyla
hidrojen Uretmekte ve bunu e-metanol, e-dogalgaz gibi Urlinlere donistlirmektedir. Deger
zinciri optimizasyonu ile tesis dengeleme, operasyon ve bakim sireglerinde verimlilik
saglanmakta; bu sayede glbre, celik ve ulasim gibi zor dekarbonize edilen sektorlere ¢oziimler
sunulmaktadir.

Ozetle hidrojen, yenilenebilir enerjinin daha genis bir enerji ekosistemine entegre edilmesini
ve fosil yakitlara bagimliligin azaltilmasini saglayan bir kdpri teknolojisi olarak gorilmektedir.

Hedef Pazarlar ve Ekonomik Uygunluk

Sirketin hedef pazarlari arasinda Kuzey Amerika, Orta Dogu, Kuzey Afrika, Avustralya ve
Avrupa’nin belirli bolgeleri yer almaktadir. Bu bélgelerin yenilenebilir enerji ve hidrojen talebi
acisindan yiksek potansiyele sahip oldugu degerlendirilmektedir.

Uriin ve siireglerde standartlastirma saglanarak sermaye harcamalarinin (CapEx) azaltilmasi ve
tesis kurulum stirelerinin hizlandirilmasi amaglanmaktadir.

Global projelerde esneklik ve maliyet avantaji saglanarak rekabet giict artirilmaktadir.

Toplantida, yesil hidrojenin dogal gaza kiyasla daha pahali oldugu; ancak karbon
fiyatlandirmasi ve iklim degisikligi nedeniyle karbonsuzlastirmanin gerekliligi vurgulanmistir.

3.4.2. CRM & JEMA Sunumu

Sirket Tanitimi

CRM, malzeme bilimi ve mihendisligi alaninda uzmanlasmis bir arastirma merkezidir. Celik,
metal geri donlstiim, hidrojen depolama ve batarya malzemeleri gibi bircok alanda Ar-Ge
faaliyetleri yuritmektedir. Sirket, malzeme inovasyonu ve surdurilebilir liretim ¢éziimlerine
odaklanarak endustriyel uygulamalar gelistirmektedir.

JEMA, endistriyel glic kaynaklari, enerji depolama ve plazma teknolojileri alaninda ¢éziimler
sunan bir firmadir. Ozellikle yiiksek performansli giic sistemleri, mikro sebeke teknolojileri ve
parcacik hizlandirici ¢ozlimlerinde 6ne ¢ikmaktadir. JEMA’nin uzmanlik alanlari arasinda enersji
gegisi projeleri ve elektrifikasyon ¢ozlimleri yer almaktadir.

JEMA, 1 kW’tan 3 MW’a kadar genis bir gli¢ araliginda, 0,1 A’dan 30 kA’ya kadar akim ve 0,5
V’'tan 30 kV’a kadar gerilim saglayan yiksek performansh giic ¢ozimleri sunmaktadir.
Sistemler, %97'nin lzerinde verimlilik ve 107° seviyelerine kadar uzun dénem kararlilik
sergileyerek endustriyel projelerde yliksek glivenilirlik saglamaktadir.

Endiistriyel Gii¢ Coziimleri

Toplantida, plazma teknolojisi alaninda Chalmers Universitesi ile yapilan is birligi anlatilmistir.
Cimento icin 300 kW kapasiteli yiksek voltajli bir glic kaynagi saglandigi belirtilmistir. Bu
¢6ziimde, SiC teknolojisi ve ultra hizh regillasyon sistemi kullanilarak yiksek performans ve
glvenilirlik saglanmistir.
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JEMA’nin teknoloji ¢oziimleri CERN icin gelistirilmistir ve parcacik hizlandirici sistemlerinde
kullanilmaktadir. Bu gli¢c kaynaklari, yiksek hassasiyet ve stabilite gerektiren bilimsel arastirma
projelerinde kritik bir rol oynamaktadir.

JEMA’nin magnet teknolojisi, tibbi ve endistriyel uygulamalar icin IBA’ya yonelik 6zel ¢cozlimler
icermektedir. Cyclotron sistemleri ve 1sin tarama teknolojileri, 6zellikle kanser tedavilerinde
proton terapisi gibi alanlarda kullaniimaktadir.

Depolama ve Hidrojen Teknolojileri

Toplantida Jema’nin John Cockerill (MiRIS) igin sundugu endiistriyel enerji depolama sistemi
¢O6ziminden bahsedilmistir. Bu proje kapsaminda, 400 kW kapasiteli ¢ift yonli AC/DC
dondsturdciler kullanilarak enerji depolama ve yonetimi saglanmistir. Bu donistirtciler, hem
enerji depolama sistemlerine glic saglamakta hem de sebekeye enerji aktarimi
yapabilmektedir. Bu ¢6zim, biylik Olcekli batarya depolama projelerinde enerji esnekligi ve
verimlilik sunmaktadir.

Amonyak ve metaller arasindaki etkilesimin arastiriimasi (hidrojen depolama ve tasimaciligi
icin dnemlidir) ve gelik Gretiminde dogrudan hidrojen indirgemesi teknolojilerinin gelistiriimesi
gibi hidrojenle ilgili ¢esitli projeler gelistirildigi bilgisi paylasiimistir.

Tesis Turu

Tur esnasinda, dncelikle alkalin elektroliz siirecinin temel prensipleri hakkinda bilgi verilmistir.
Alkalin elektrolizorlerinin, suyu hidrojen ve oksijene ayirmak igin iki elektrot arasinda akim
uygulanmasiyla calistigi aciklanmistir. Bu siirecte, su molekillerinin parcalanarak bir tarafta
hidrojen, diger tarafta oksijen gazlarinin Gretildigi belirtilmistir.

Elektrolit olarak %30'luk potasyum hidroksit (KOH) ¢dzeltisinin kullanildigi belirtilmistir. Bu
¢Ozeltinin, iyonik iletkenligi saglayarak elektrotlar arasinda elektrik akiminin gegisini mimkiin
kildigi agiklanmistir.

Tesiste, laboratuvar 6lceginden endustriyel 6lcege kadar uzanan kapsamli bir arastirma ve
gelistirme sireci yiritildigu gézlemlenmistir. ilk asamada, elektrolizér bilesenlerinin tek
hicreli konfiglirasyonlarda laboratuvar Olceginde test edildigi belirtilmistir. Bu testlerle,
bilesenlerin temel performans kriterlerini karsilayip karsilamadigi arastiriimaktadir. Uygun
bulunan bilesenlerin, daha sonra pilot 6lgekli test tezgahinda degerlendirmeye alindig! ifade
edilmistir.

Tur sirasinda incelenen bu test tezgahinda, 10 hiicreden olusan bir yigin (stack) kullanildigi ve
her bir hiicrenin yaklasik 600 cm? alana sahip oldugu belirtilmistir. Bu tezgdhin, 500 A/m? ile
10.000 A/m? arasinda degisen akim yogunluklarinda test yapabildigi ve toplamda yaklasik 15
kW glice ulastig agiklanmustir.

Pilot olcekli testlerde basarili olan bilesenlerin son olarak endustriyel olgekli tesislerde
dogrulama testlerine tabi tutuldugu belirtilmistir. Bu sirecte, bilesenlerin gercek diinya
kosullarinda performans ve dayaniklliklarinin degerlendirildigi ifade edilmistir.
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Bilesenlerin uzun vadeli performansini ve olasi degradasyonunu degerlendirmek amaciyla
hizlandirilmis stres testlerinin uygulandig ifade edilmistir. Bu testlerle, bilesenlerin zaman
icinde gosterdigi performans kayiplarinin simile edildigi belirtilmistir.

Hidrojen ve oksijen karisimlarinin %4'lik bir orandan itibaren patlayici 6zellik gosterdigi
belirtilmistir. Bu nedenle, gaz saflik sensorleri ile strekli olciimler yapildigi ve hidrojen
konsantrasyonunun %2'yi asmasi durumunda sistemin otomatik olarak kapatildigl ifade
edilmistir. Tesiste, tavanlarda ve kritik noktalarin lizerinde hidrojen dedektérlerinin bulundugu
ve bu dedektérlerin 200 ppm seviyesinde hidrojen tespit ettiginde alarm sistemlerini devreye
soktugu belirtilmistir.

Elektrolitin, bir sirkiilasyon pompasi yardimiyla hiicreler arasinda dolastirildigi ve bu sayede
gazlarin elektrolitten ayrilmasinin saglandigi aciklanmistir. Gaz yikli elektrolitin, hidrojen ve
oksijen ayiricilarina yonlendirildigi ve burada gazlarin yergekimi etkisiyle elektrolitten ayrildig
belirtilmistir.

Testlerin, 30 bar basinca ve 80°C sicakliga kadar gerceklestirilebildigi ifade edilmistir. Bu
kosullarin, endistriyel uygulamalardaki gercek calisma sartlarini simile etmek icin 6nemli
oldugu belirtilmistir.

Sistemin gece boyunca sirekli ¢alisip calismadigl sorulmus ve otomatik kontrol ve glvenlik
sistemleri sayesinde siirekli calismanin mimkin oldugu ifade edilmistir.
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4. Gala Yemeqi

Belcika enerji sektoériindeki paydaslarimizla bir araya geldigimiz Gala Yemegi organizasyonu, Briiksel’in
onde gelen mekanlarindan Belgaqueen Restaurant’ta buytk bir katilimla gergeklesmistir.

Bu Ozel etkinlikte, T.C. Belgika Bulylkelgisi Sn. Bekir Uysal, Ticaret Musaviri Mehmet Kayis, Belgika
Blylikelgiligi Ticaret Misaviri Gerard Seghers, Wallonia Yatirim Ajansi Direktéri Yves Richard ve
Flanders Yatirim Ajansi Direkt6ér Yardimcisi gibi Ust diizey temsilcilerin yani sira, geziye katilan kamu
yoneticileri ve enerji sektorimiiziin yoneticileri de yer almistir.

Sektoriimuziin uluslararasi is birligini gliclendirmek ve gelecekteki projelere dair goris alisverisinde
bulunmak amaciyla diizenlenen gala yemegi, katilimcilar arasinda verimli ve yapici diyaloglara sahne
olmustur.
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6. Sunumlar

6.1. Seavolt Genel Sunum

 SeaVolt

Offshore
Floating
Solar PV

AGENDA

®eld
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SeaVolt — Who we are

Technology & Concept

Development Updates

Diversification within PV market
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CNGiIC

TRACTEBEL S DEME Jan De Nul
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Complementarity of solar and wind Road to Net Zero - no single source REN

s Poamms

mEmF

Hybridization to tackle intermittency

Diversity of generation - stability

Complementarities
Standalone or Add-on to existing OWF
Known site data
W EIA leading to similar site selection
- Optimized use of existing infra (multi-use)
I I Synergies in O&M and supply chain
l . ' I it - Easier for PPAs

- More reliable creation of addt’| capacity

[ ——— ]

= SeaVolt

Electricity from renewables became cheaper as we increased m
capacity — electricity from nuclear and coal did not

Price per megawatt hour of electricity SITR/MWh
This is the global weighted-average of the .\.-.’-.u
Ievelized costs (LCOE), without subsidies

\
\

\ Solar Photovoltaic (PV)
$250

\

$180 MNuclear energy
s o g 1> e —
s150 ® §155
Offshore wind ]
$120 ® 5115 Became wgnicantty cheapes
' $111 #— @ $109
F5T o8
b0
90
586
o o}
0 ® S4B/ MW
ane
$40
srring £31
® 553
550 = SeaVolt
5000 MW 20,100 M 00 MOV, 2,000,000 MW
10,000 MW 100,000 MW 1.000,000 MW
C lative installed capacity (in
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Solar PV is the most prominent
renewable energy technology:

One of the few ren. Energy sources which costs reduced amidst a
challenging macroeconomic environment

Scalability, through fast and simple PV deployment

Onshore PV Orshore Wind  OffshoreWind  Hydro Powar

Histarical PV panel prices by W {Inflation adjusted) Historical and expected evolution of PV solar cell parformance

nce requirad when
d to wind

Floating Offshore PV — An additional / complementary solution

Floating Offshore PV (FOPV) can support bottlenecked countries to meet their decarbonization targets
economically while bypassing land availability constraints.

Adopts the benefits of highly-competitive and reliable renewable
energy source

Bypasses onshore land constraints, given offshore area availability

Modular solution, allowing to be mare efficient than offshore wind
for low installed capacities

r SeaVolt
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Innovation trajectory

/Proof of Concept LCOE Assessment

Technical feasibility assessmen Financial feasibility study

2019-2024

-4 SeaVolt MEEEE

Catching The New Energy Wave

TECHNOLOGY
PROVIDER

Full scale demonstrator

2 ¥ MNext steps:
lnnovatlon Trajeuorv - Go for integration in existing Offshore Windfarm
“Tech n0|0gy Readiness Level” - Secure {internal OWF) network connection

- Secure permitting
2019 2023 2024
‘ Fyndamenta ’ Applied research Test installation ‘ Fulhsca e Commercialization
research I demonstrator
TRL 1-2 TRL 3-4 TRL 5-6 TRL 7-8 TRLY
Test installation Full scale design
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ks -

RNt 2 = i -
& '0' kWp or £500 sélar panels -

The current modelling:
* Modular design 3
Patented concept &' :

* North Sea Offshore conditions

Design, Engineering, System-Integration Offshore & Marine Offshore & Marine
¥* Offshore Wind
¥» Offshore Solar
¥ Offshore Hydrogen

> T&I Contractor » T&I Contractor
* Developer » Developer

75

®eid

Elektrik Ureticilri Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

The current modelling:
* Modular design

« Patented concept

* North Sea Offshore conditions

£ SeaVolt

SeaVolt Concept: State-of-the-Art Design Factors -

Elevated Truss Floater
# Clearance from water (offshore suitability]
7 Results confirmed by Simulation, Lab testing and Field testing

Maximized surface :

» Best-in-class “Instailed capucity per Floater weight”
= Square surface to accomodate PV panels

= Compact floater design

Interconnection of Flaating Solar Units by mooring lines
F Avoiding complex fixed interconnection system

# Reducing forces on structure by damping the water
#  Making use of anchor synergies

Modular:

» Limited unit size (limiting complexity)

» Maximizad potential of commodotization (easler Go-To-Market)
» Reduced cost

Eco-friendly:
~ Interdistances allow to mitigate local effects
# Elevated Truss {avoiding impact on water surface)

Health and Safety by design
= All relevant processes run as frem test installation
> Assess/mitigate internal and external risks
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Test Installation

- SeaVol

Catchuniy Tru o Binorgy Vs

Floating PV lab @ sea

Testing for:

+  PVtechnology
+  Hydrodynamical
+  Materials
Structural health
Aquaculture
Fouling

Coating

Seavolt Concept — state-of-the-art design factors
Best in Class :
+ “Installed Capacity per L8
Floater Weight”
\ Square surface

Elevated truss
+ Clearance from the water

Transparant individual floaters

+ Reducing mechanical stress * Interdistances mitigating local effects

* H&S processes run as from test

: i llation
Interconnection of floaters installatio _
e : = Assessment of internal & external
= by mooring lines using <k
risks.

demping of the water.
Anchoring synergies
*  Limited unit size

* Maximised commodotisation
and cost reductions
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Fabrication, Transport & Installation

Test Installation - Dimensions

Full Stale— =

Proof of Cancept

floaters metres metres
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Test Results — Hydrodynamic behavior

Limited/Low impact on

v" Dverall production: ~5%

v" Motion: < 3%

¥ Cooling: (requires more accuracy)

Technologies under development

oJ SeaVOlt &"% SOLARDUCK OCEANS OF ENERGY

g Tha M Enangy Wave

Assembly of individual [ | floaters Assembly of connacted /\ flaaters Assembly of connected| |floaters  Assembly of individual () floaters

ABOVE THE WAVES ABOVE THE WAVES CN THE WAVES ON THE WAVES
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Safety for visit!

Respect Quay border
No highly fenced quay wall
No access to the floater

Move OR observe, not
simultaneously.

= SeaVolt

Conclusions

¥" Solar panel electricity production is effective
v" Hydradynamic behavior is under control

¥ Panel cleaning is not a priarity

Focus for next steps (full-scale):

~ Full-scale steel floater

= Mooring / Anchoring system
# Dynamic cabling

80

®eild

Elekiik Uretciri Dermei EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

6.2. Tractebel Offshore Wind Sunumu

Offshore Eng rgy

October 2024

O O of ©

PUBLIC X INTERNAL L CONFIDENTIAL

r2022

Key figures

) . 5
. . s L
[} * 8 .
[ ] ._'~. .. .
. . “ @
et < .
® L . ®
L L %
‘e
: . . ,
L * ®
® Offices
® Projects
® Ofishore Wind projecls
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r —_—

Your independent partner in energy and beyond

Global Power Infrastructure

Clties & Territarles

cly and Sanitatior

2zalination

Business Area: Global Power

CHIEF OFFICER

EA GLOBAL POWER
" —ye e
| |
!
! i INTEGRATION
FINANCE
— Mlearchca ina of
OFFSHORE
TRANSMIEEION LOW CARBON,
& DISTRIBUTION GREEM GAE,
REMEVUABLES POWER T X - H2 ATER W s

W Sucport Furchions

B commesos

B OoorranalSippat

-
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r.

ractebel Offshore Universe - Integrated Teams

Local subsidiaries
Offices wor dwide

Offshore Structural Design &
Engineering Naval Architect Experts in Water

st varers | OVERDICK

Specialists of Marine Engineering
« Metocean Studies

Naval architecture 3 m:“m‘
TRACTEBEL
OFFSHORE
Specialists OBM expertise © | Detailed Offshore Planning & Operations
- Performance and lfetime Laborelec - TaI supervision activities
enhancement OFF5HORE - survedllance
= Vessel conlracls
Research & Innovation Hub Independent compatence for g
Qfshore Wind Farm Projects a

TRACTEBEL

‘lh’#‘;’éﬁﬁf’m OVERDICK m - @ = ‘% IMDC Laborelec
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Tractebel in offshore energy

4%

Covering
25+G\." 125 experts the entire project h tl}e foref_ront
130+ projects - of innovation
life-cycle

= Consultancy/Advisory services
* Lender’s Engineer
* Owner's Engineer
= Contractor’s Engineer — supporting EPC/EPCIs
» Design Works — oss & Cables
* Innovation

rServic:e Portfolio e

- Consultancy/Advisory services

Technical Consultancy « Lender’s Engineer

« Owner’s Engineer

« Contractor’s Engineer

Design & Engineering <|: + Design Works
« Innovation
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Our I'I'Il.lltidiSCipl nary approach b B

permits elaboration
o PMO tyy
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I Our Added Value: R
Be present throughout the entire life cycle of a project

orEne

EPC work HV-MY

rSome of our clients PR
in offshore energy

<=skyborn  “cilagroup ——EnBW 5 SMULDERS ?:.':'EDF

t;‘ Le réseau )-}_
' == DEME de annot seamade @) MACQUAREE

d'electricite

Rl ksctenst voar Ondememznd
I

ad Nederland

@C-Power e-on \émﬁETXIF RWE
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I TRACTEBEL

We are Developer Agnostic

Tractebel is and acts as an independent and distinct legal entity from other
ENGIE entities

Integrity, Data sensitivity, Confidentiality through Ethical/Chinese Walls:

¢
a I

Non-Disclosure Agreements (NDAs)

Prevention of Conflict of Interests

IT Firewalls
Employee Contracts

Commercial Counterparts

orEne

Tailor-made Measures

=l

I TRACTEBEL

EXPERTS IN WATER

|

. . Multi-use of
Offshore wind Subsea power cables Woave & Tidal energy, offshore space

(fixed & floating) (AC & DC) Floating PY (aquaculture, nature inclusive design,

marine spatial plan...}
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Current Offering in Offshore Wind L
Eite assessment & Design Wind Turbines Generators. Subsea power cables Sub-structures and Offshare substation
Basis Toundations Supporting services

Desktop and fea sibiity studies
OWF layout and wind resourcs

* WTG technology
+ Wind resounce assessmant

* Marine engnearing subtea
cables {Cabla routes, CBRA,

Fix foundation
+ Gaotechnical & geophyacal

= Beour assessmoent and
profection design
Jacket foundation

« Crwmer's engineering 3nd

A e s gy e Aokl e BAT) data snatysis anl soil * Topedo structurd design oo
pssussmants : :'::h::‘;‘r"‘cm = R ot i O + HVACHVEC dason Cogrednalion of Ste
IFF;?E, a;‘s;p‘s;ﬂ:?fﬂu: o Cn i e e e + FEED Mathod Statement Isrtz;ﬂ: gations & desktop

o 4 » HVAG & HVEC cabie design & + Monopiles desi Satopes
gﬁ:mf" “‘_"’"m 2 cakuiations « dacke: design a + Coordnaion and technical

i ooy e - Grid conecticn & stabiity + GEF design oams S m

Aucion design and tander critenn

+ FEED Method Statemants

= FEED Method Statement

* Weathet down time & workabilty

= Contract management
« Cartifiestion follow-up

Sie condtions PR . + Gonstictability assassment « Interface Managemant
¥ Metocesn and Hydrmdynamics * Floater dewion (CFD coupied . Ofihors Cllant represertative » GiSand Synnpps
¥ Gacablensen: Sacka §hd modst WTGH loatermoaang) ., CAPEX & OPEX & DEVEX P
pectschnics * Moering and anchoring design . ciap plans
¢ Eeabed memha f - CFD anaiysis loacirg and + Repowering shrabegy
maphodynamice ot oy « Decarmmizsioning pian
T e e avsasas: | * FEED Method Statemert
Emviranmartal & scology )
¥ Environtal fmpact Assdeement o~
and perrnithing 1 / /‘-m.‘:_—_-—_-
o Pature nehshy o Dosigl LS b
¢ Enviranmentsl monitofhg pans = ,///
{bird, water guailty...} F”
¢ Plums mu:blmg]v:]g- R
+ Hoise moceling - — /
s A s ]
777777777
’ /’f/ y‘éff; 77 s
— — .
T ot T T 77 f 7 "////74, i
T i, S i

storage, weather down time and mooring |

1 ineering Mooring and Anchoring design

FD models (floater and WTG)

ibility analysis (weather downtime, load-out and transportation
on strategy...)

tugal

wined — UK
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Subsea Cables and interconnectors (AC & DC) TRACTEBEL

Comsultancy and engineering services:

d m n 5,
salinity, temperatur and water

plumes & Turbidity Sediment transport

SRR
e e

iy [y |

2 i an a as
P

®eild
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Livibude ftlagres]

et
Lanphse |ugreo

B80%of claims in offshore
wind are related to .
subsea cables failures! 4

St warn aght I

orEne

EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

Port Market trends and our solutions ™=«

MNature based solutions

~ Current offering
- Facilities™w

Port & Marine Facilities : Specialist marine studi
Harbar and port design Metocean studies (measurement campaigns)

Marine offloading fadlities
Araato s walls and je aig Wave transformation modelling study
Port & te Hydrodynamic (cumrents) medelling study
nechanical s : o
Wave penetration-and harbor tranguillity
ninal design

s channel and navigation Sediment transport study (plume dispersion and sedimentationy

edamation Staticand dynamic mooring studies

Recirculation and thermal dispersion study

Nayigation simulations

Terminal operation simulations {(operability studies)
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Project Achievements

“With its international,

®eid §
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TRACTEBEL

r

Experience in Belgium
C-POWER
BELWIND
NORTHWIND
NOBELWIND
RENTEL
NORTHER
NORTHWESTER 2
SEAMADE - ZONE MERMAID

SEAMADE - ZONE SEASTAR

DEVELOPED ZONE: 2262 MW = NETHERLANDS
A ' 1 Seamade/Mermaid (2020)

Northwester 2 (2( | sELGIUM
Nobelwind (2017) [

Belwind (2010)
Seamade/Seastar (
Northwind (2014)
Rentel (

C-Power (2

Norther (2019}
Modulair Offshore Grid

TO BE DEVELOPED ZONES

B NOORDHINDER NORTH
TERRITORIAL SEA

C NOORDHINDER SOUTH

FAIRYBANK
D FamvsA § FrANCE
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Consulting Services for Metocean and SRR

AL N

Wind Measurement Studies for Offshore i

)< | e e

Wind Site Investigation in Tiirkiye

* Project duration: 2024-2026

+  Country: Tirkiye

« Client: Directorate General of Foreign
Relations of the Ministry of Energy and Natural
Resources Deparlment

« Consultant: IMDC lead of Consortium with U-
Sens, Akrocean and Engie Impact

Scope of services:

= TASK 1: Met ical ancl O phic Data inon, Analysis and
Reporting

+  TASK 2 Review of Legiskative, Reg v F snd Project Financial
Feasihility

= TASK 2.A Technical, economic end financigl teasibility assessment for patential
coffshore wind power projects in three development zones

=  TASK 2.B Reviewing Exisiing Legistalion
. TASK 2.C Preparation of a Preliminary Auction Design

Uemsbmr s

e +  TASK 2 Ground Conditions Cata Acquisition Strategy and Management
Source: Potertial offshore wind concessions sekected by DGEA from IPA 2010 . TASK 4: Grid C tien Feasibility A t

= TASK 5 Training and Knowledge Developmeant

«  TASK 6. Development of Website content

r's Engineer &
artner

s the latest offshore wind farm to be installed in

0D 2021). Tractebel provided project
manag@ent and site supervision services and Tractebal
were a jof the EPC Consortium

. SeaMade (Otary & Engie)
BELGIUM
2 % 246 MW

Development studies
A ol e

= Tender suppont ement Assistance
Owner's Engineer
Design and Consultancy Services

= Layaut aptimization site conditions

. otual design founoation
onmental impacl study
soment (DD foundation)
Wermaid
Seamade
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C-Power

The first offshore wind farm in Belgium, Tractebel was
invalved lro}h the feasibility up to commissioning.

- SOCOFE... .

BELGIUM |

Consultancy Sarvices fi:rc

Management'

+ Embedded project development
Pre-design and wind resource
assessment
Basic design
Praparation of EPC contract and
specification
Call for tender and bid comparison
Construction management and
suplrvisiq"_li:_l_

CLIENT=—"{ \\;IV DEME -\ggl-‘"'- innogy - Marguerite

Elia - BOG & MOG

Offshore Grid and Modular Offshore grid (1 & 1), operated
by the Belgian TSO Elia, collects and exports the power
produced by the majority of the Belglan offshore wind
farms to the shore.

CLIENT Elia (National Transmission System
Operator)
LOGATION BELGIUM

220kV AC submarine power cable

Two cablas from the OSY Platform te
onshore “plug” cable from Rentesl to
onshore.

Owner engineer and marine
consultant

Owner's engineer for Belgian
Offshore Grid (BOG) and marine
consultant for Modular Offshore Grid
(MOG)

®eud "
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Wind op Zee
Borssele | + 1l

In order to participate in the Dutch Government tender,
Tractebel supported a Client to prepare the technical
stud‘l'gm

CLIENT Confidential

THE NE;I'HBRLAWDS
2 3% 350 MW
15 km

Consultancy Seryices
Technical due diligence concemning:
+ Marine Works Package
Management
Foundation design
Wind Resource Assessment
Energy yield estimation
Miscellaneous

Vind Flost Atlantic Is the first pre-commercial, floating
Swind fasm with third party financing. The floating array of
2 turbines has a total capacity of 25MW.
CLIENT Engie - EDPR - Repsol
LOCATION Portugusse Coast
ER Owner's Engineer
g Multi Contract Technical assistance:
* Floating foundation design review
Installation expertise & assistance
WTG quayside installation

Electrical design and grid connection

Design basis, WTG & floating foundation
certification

Contractual review & advice for marine
installation contract

Construction management and supervision
Interface Management

HSE Management

Project Management

System Integration

95
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I-Windﬂoat Atlantic e

Consultancy Services for Due Diligence

Technical Due Diligence concerning:

e Floating foundation system

® Mooring & anchoring system

e WTG & Energy yield

e Construction and marine installation process
e CAPEX & OPEX evaluation

r Windfloat Atlantic fracTeEs

Consultancy and OE Services during Project Development and Procurement
Technical assistance in the following fields:
e Floating foundation design review, procurement assistance
e Grid connection studies & technical assistance
# Cable supply technical assistance
e Quayside WTG assembly technical assistance
e Turbine — foundation implementation assistance
e Risk assessment/management (methodology & review)
e Interfacing expertise/assistance for project planning

» Electrical design and grid connection
e Design basis, WTG & floating foundation certification
e Contractual review & advice for marine installation contract

orEne
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Consultancy and OE Services during fabrication

Technical assistance in the following fields:
e Cable supply technical assistance
e Turbine - foundation fabrication assistance

» Risk assessment/management (methodology & review)
e Interfacing expertise/assistance for project planning, interfacing,

due diligence
» Follow up floating foundation certification
e FAT/ITP testing for cables,
e FAT/ITP testing for WTG,
e FAT/ITP testing for foundation coating

rWindeoat Atlantic

Construction management support

# Project management

e Interface management

e Contract follow-up (incl. claim management)
e Project planning follow-up

e Certification follow-up

e Environmental Impact Management

» HSE Project Management and safety coordination

97

®eld

EUD Uyelerine Ozeldir.

TRACTEBEL

e Emergency plans

& QA inspection

e Construction follow-up

e Budget and Invoicing follow-up
e Follow-up Commissioning

e Take Over Management

e Punch List follow-up

e O&M assistance

Elekerik Uretcieri Dernegi EUD Belgika Teknik Gezi Raporu
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rWindfloat Atlantic

Platform fabrication & assembly INgZ Vil

WFAL + WEAD

& de Aa Maitew s

rWindfloat Atlantic TRACTEBEL

Platform fabrication
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rWindfloat Atlantic TRACTEBEL

Platform fabrication & assembly

rWindfloat Atlantic TRACTEBEL

Quay side installation challenges

orEne
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rWindfloat Atlantic TRACTL

Quay side installation challenges

QUAY WALL

rWindfloat Atlantic TRAGTESEL

Quay side installation challenges
TEMPORARY OR MOBILE CONSTRUCTION SITE (TOMCs)

100
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rWindfloat Atlantic TRACTL

Quay side installation challenges

rWindfloat Atlantic TRACTL

Transport & Installation Support

101
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r —_—

Typical Structure - EPCM

TRACTEBEL Inteparsans
wanfication Sady +3

Eammn

e .. e d L= “r e
miere S - s

oo S i _"___- | - : - bl
= [ 1111

Contractor 1

_J‘ Contractor 2

/ Confractor 3
-
OE/EPCM Contractor .. I

Dolphyn

The combination of Offshore Wind and Hydrogen is a game
changer in the energy transition. The Dolphyn project aims
at developing decentralized hydrogen preduction on the
fleating foundations of off shore wind farms.

United Kingdom

4 GW (400 turbines)

+ Concept selection and feasibility

*  Design of topside structurss and
systems

- Design of electrical syatem with
battery storage

+ System inhmj‘un engineering

+ Integration with floater
subsystems

102
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OE Services for
Changua Phase Il

Tractebel is providing OE services for the 0SS, Subsea
Cables and SCADA packages.
CLIENT SINOTECH

LOCATION Taiwan
CAPACITY 500 MW

DISTANCE FROM 45 km north of Taipei
SHORE

SERVICES Tractebel is praviding ‘echnical
PROVIDED Assistance services for the:
- Basic Design of 500MVA 055,
SCADA and Subsea Cable
package;
Drafting of the Invitation to
Te| {ITT) for 0SS, SCADA and
SMC pachkage;
Procurement support
(clarification, evaluation and
nagotiation)
Construction follow up and
commissioning support up until
r{Fi] '

Sylwin Alpha HVDC
offshore substation
de5|gn

Lsyiwn Alpha was at the time of installation the largest and
heaviest HVDC substation in the world. Innovative and

TENNET
North Sea - GERMANY
864 MW

Dasign of:

-+ Floatover,

+ Overall

- Foundation ﬂlslgn

= Transport and installation
enginsering
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HV/MV Equipment of
Merkur Offshore Wind
Park

Tractebel was a part of the EPC consortium.

CLIENT GeoSea (DEME)
LGCATION North Sea - GERMANY

CAPACITY 396 MW
68 Wind turbines

DISTANCEFRCM 45 km north of Borkum
SHORE

SERVICES EPC Contractor for:
PROVIDED + Project management related to
HV/MV squipment
- Basic and detailed engineering of
HV/MV squipment
* Procurement, testing and
commissioning of HVY/MY
equipment

TRACTEBEL

Oi:e*iWin
"France Round!ll

The 2 LEMiprojects shall, once finishe
largest wing farms in French waters.

CLIENT || LEMS (ENGIE & E

LCCATION | FRANCE
CAPATITY 2 x 500 MW

DISTANCE FR¢
el : :.'Q Tréport: 15 km

SERVICES

design during bid

Design Basis Man

Foundation Pacl

Pre-FEED study: EIfe

SCADA design, RF|

estimations and H

Decommissioning

FEED Study (Integiation, OHVS, inter-
array cables, GHSEF DS M)

®eud -
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SERVICES:
PROVIDED Basic .hsl.n for monopiles
- Basic design package for TP
+ Tender design for WTG and TP
- Geotschnical engineering
* Transport & Instailation design

issessed the effect
and limits of XL monoplles rar a conﬂdential site.

CLIENT Confidentinl
GERMANY

I:Inﬂgn Services:
Lond determination
Pressure determination

+ Slamming force calculation
nondinear waves
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TRACTEBEL M. .M e

Balt E ag'q,-c le .

Bamc Eagle is :-Zj the hlgge!l wind farms in Germany

under development at the moment and shall supply power
to 475.000 households.

Iherdroin
GERMANY

+ Gable Burial Risk Assesament (CBRA)

to define a et depth of lowsring
which is practichlly and
economically achievable whilst
providing adeguate protection to the
[

Cabie self burial study Iin difficuit soll
conditions

A1 GOV 4.1. ‘on
DC Su -#} rine

Th!'undenﬂter Midi-Provence intercon
Me 400 kV station of Feuillagls

RTE

1000 MW

160 km

- Drafting the specificatians of geaphysical
and geotech surveys

- Bid analysis
Sea work monitoring

* Analysis of the results & proposal for the |

“implementations of submaring

-
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TRACTEBEL

HVDC UK-France
Interconnector

The UK-France HVDC connector forms the connection
between the UK and the European mainland, running
through the Eurotunnel.

CLIENT Elec Link
UNITED KINGDOM - FRANCE

+ 55 km long 500 MW DC cable

+ HVDC convertar stations

+ 400kV AC cable batween
converter and networks

+ Feasibility Study

+ Budget sstimation

+ Teachnical specifications
+ Tendering documents

107
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TRACTEBEL

Baltic Offshore
Wind Farm

Assessment of existing and compilation of missing
documentation of the wind farm on foundations, cable
laying, the offshore transformer platform, technical and
health and safety standard.

Energie Baden-Wiirttemberg AG
Baltic Sea - GERMANY
48 MW

Due Diligence

+ Review and organization of the
documentation
Set-actual-comparison
Checking of standards and
obligations

Random check of actual

construction

Flc ' A §
Substructure
Floatingwind is becoming increasingly impart.

~ “Identifying the right technology for the specific sTtemw
environment is paramount. Tfactebel supported several

developers making th Is.
CLIER Confidpntial

FRANCE
Consultancy Services
Technical due diligence conceming:
* Floater
Mooring systam
Anchoring system
Mast
Other specific sub-system
General installation process
O&M Strategy
Energy yisld calculation
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Tl"ar.:tahd_l- is at the I’or_eirdr_lt-_of offshore wind development
in South East Asia with several projects in Vietnam,
supporting the energy transition in the country and the
region. .

CLIENT Super Energy

LCCATION Bac Lieu, Soc Trang - VIETNAM

bwnor'. Engineer Services
Project management
+ Detailed design nv}wv

Construction management and
monitoring up to taking over

+ Inspection and witnessing of teats

TRACTEBEL

Tra Vinh No.3 (V1 -3)
Phase 1

Tractebel is at the forefront of offshore wind development
in South East Asia w[‘lh several projects in Vietnam,
supporting the energﬁ‘bnnslﬂon In the country and the
region.
GLIENT Refrigeration Electrical
~ __ Engineering Corporation

LOCATION . Tra Vinh - VIETNAM

438 MW (12 WTGs)

1 km

Owmer's Enginesr Service
+ Basic design review
EPC procurement support
+ Doetailed design review
+ Site supervision
1-year O&M monitoring support

®eud -
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TRACTEBEL

Blanchard Tidal
nergy

idal energy is one of the other technologies allowing the
"harvesting of energy from the oceans. Tractebel remains
at the forefront of all technological developments in this
field.

CLIENT French State
Raz Blanchard - France
4 x 1.4 MW Oceade Tidal Turbines

Pilot Project
Pre-feasibility study
Technical audit
Foundation design

TRACTEBEL

Ben Tre Wind Farm

Tractebel is at the forefront offfshore wind development
projects in Vietnam,
in the country and the
region. \
CLIENT
LCCATION
CAP,
DISTAN
SHORE

basic design
project licenses and
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Innovation
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400 MW Offshore H, Production Platform

MPVAQUA Project Complamantarity of salar and wind
waim

Lkl

Full scale demonstrator
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Selected References
Studies and Ccncept Design References:

» 2 GW Compression and Storage Hub

+ 400 MW H,; Production Platform Study

+ 100 to 1000 MW Modular H, Topsides

« Offshore H, and Ammonia Production Concept

+ Liquefied H, Offshore Plant Concept Design

+ Energy Export Concept Evaluations (Hybrid H, and Electricity)
+ Floating Offshore H, Production Plant

« Various Feasibility Studies

Offshore Hydrogen
Platforms

Engineering Services:
Feasibility Assessment /| CAPEX & Layout ™
Concept & Basic Design
Structural Design & H2 system integration
Main Plant and Utilities Design
Electrolyser Integration Design
HV, MV, LV, Electrical System
SCADA System
Foundation and Geotechnical
Transport and Installation
FMEA, HAZID, HAZOP, RAMS
Detailed Design

®eud N
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Our Strengths

Energy yield & wind resources assessment and LCOE, OPEX, CAPEX calculations and O&M
annual energy production calculations capabilities

Wind farm layout optimization Wind turbine knowledge

Structural design Metocean, subsea soil interaction and blue

Detailed engineering of HVDC and AC offshore energy knowledge

high voltage substations Infield and export cabling

Offshore wind Innovation and other renewable Periodic Inspections and Yield optimisation

HyHZREOHERPALIIGCS Root Cause Analysis of failures

Floating wind expertise

Thank you!

Mert Candarli

Business Development & Sales Manager
Offshore Renewables

mob. +32 479 13 15 91

mert. candarli@tractebel engie.com

www.tractebel.com

in]©) J
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6.3. Tractebel Innovation & System Integration & De-risking
Technical Expertise Sunumu

O

PUBLIC I INTERNAL L CONFIDENTIAL

115

®eid

Elektri Ureticiler Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

I We have a long-standing history in offshore TRACTEBEL
industry, starting from Belgium

e AR T

—HETHERLANDS

B mOcRDMINDER MOSTH
TERRITOSIAL SEB
8 WOCRDHINDER SOUTH

D Fusvmanx

TRACTEBEL
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Country Categorization

Category 1

~ England

~ Scotland

- Germany

» Netherlands
~ Belgium

» France

» Denmark

» Norway

~ Taiwan

- China

Fowec

Reports

Category 2

» South Korea
» Portugal

» Japan

» USA

Markets to Watch
China
Japan
Vietnam
Philippines
South Korea
Australia
India
Colombia
Brazil
Europe
South Africa
MENA
USA

Small Islands Developing States

®eid

Elektrik Ureticileri Dernegi

EUD Belgika Teknik Gezi Raporu

Category 3

~ Australia
Ireland

» Brazil

» India

~ Italy

» Poland

» Lithuania
~ Estonia

i}

' GLOBAL OFFSHORE WIND
REPORT 2024
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Category 4

~ Greece

» South Africa
~ Colombia
~ Spain

~ Turkey

» Canada
- Sweden
» Finland

-~ Romania
» Malta

~ Latvia

~ Other exotics
» (St Lucla, Cyprus,
Jersey. )

orEne
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I We Know the Key Challenges of the CAPEX TRACTER.
intensive offshore industry ‘

Heavy capital investments & OPEX
Contractual complexity

Unclear regulations

Lack of incentives

Supply Chain issues
Short-termism

«  Over-optimism

Scalability/Applicability
Technical: Turbines, Substructures, Electrical, T&l, O&M, Grid Constraints

TRACTEBEL

We Effectively Handle Technical Complexity

Technical Complexity:

Wind / Solar PV / H2 / Substation (HVDC) / Hybrid
System Integration:

Holistic approach

Advisory / OE | EPCM

Lead Engineer
De-risking:

Combining 20+ years of experience

Designer

Innovation management
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r —_—

Offshore Takes a Long Time

LB~ i tee K oa

i e S Conceptual Financial Detailed Eng,
rl:tn_ .n;::‘foi ﬁunit-iTh: b _:1' Englneering Close Gonstruction Opereign g Sl B
RREER L & Planning (FID) & Commiss

~ 7-8 years ~ 4 years (up to) 40 years

Single full EPCI (historically)

&
2
&

=l

TRACTEBEL

Execution of all the desktop studies

1o DA

\
\ Vs

7

[

orEne
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We are active across the entire Value Chain

STRATEGY

+ Digital Tools
« Masler Plans

* Road maps

« Technical & Regulatory

+ Master Plans & Policy Studies
+ Due Diligence

+ Pre-Feasibility & Feasibility Studies
+ Conceptual Design (Pre-FEED)

Consultancy + Power System Development & Economics
« Emvironmental Impacl Assessment & Licensing
Training for Planning, Preject Management & Operation, Sustai Develop Risk Manag 1 & Safety Consuling

OPERATION “ IMPLEMENTATION
+ Dismantling

* Waste Managament
+ Soil Remediation

+ Site Redevelopment

* Strategic &M Engineering
= Simulators & Training
+ Operation Support Solutions
* Modification, Renovation,
Lifetime Extension .
* Power System Operalion & Control -

Basic Design

Offshore Packages - Overview

Number of olfshore substations

* Wind Turbine Generator — WTG 35
e Foundation — FOU 0
* Offshore Substation - (F)OSS == |

* Submarine Cable - SMC

® Transport & Installation — T&I

e Ports & related infrastructure

@ onshore Connection 2004 2006 2017 2018 2019 )U‘Ll 201 '.'UL"I 2023

TRACTEBEL

. 120
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Offshore substation additions by distance to shore in Europe

LLM 2026 2006 207

2028 2099 2030

T
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>

Offshore
Substations
(0SS)

Our Strengths Are Multidimensional
OSS Design

Owner’s
Engineering

Safety by | Transversality | International In-house “ETPC)
Design & Local Expertise

Innovation

orEne

=l
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I Our 0SS Experience Spans Over 6 Categories TRACTEBEL

W Sales / Tender Preparation
Engineering design
Procurement

Testing & Commissioning

Contract management

Trends

I Our return of experience - 0SS TRACTEBEL

Sales / Tender Preparation

e Scope split

Alignment on all fronts

Procurement Strategy

Budget

Planning

&
2
&

122

®eld

Elekerik Uretcieri Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

I Our return of experience - 0SS TRACTEBEL

Engineering Design

Heli Deck

e Subcontracting

Interfaces Top Deck

e Design review meetings

) . Mezzanine Deck
@ Timing for testing:
s FAT, HAT, SAT
Main Deck
e Equipment dimensioning
Lower Deck

I Our Experience Has Taught Us to be Mindful of TRACTEBEL
the Practical Aspects in an 0SS Design

e HV GIS — Mind the floor deflection

o Steel floor = Much more deflection than concrete floor

Deflecticn J
S R

e HV GIS is intended to be installed on a concrete floor

e Transformer

@ Paint, corrosion

e Steel Quality Procedures

® Steel structures vs. Transformers

123
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r

Every OSS is Bespoke (Electrical) TRACTEBEL

Cooler Bank Power Transformer 2

Power Transformer 2
HV Gas Insulated Swilchgear

Small Transformer Room 1

Control & Monitoring
Room

Small Transformer Room 2

Power Transformer 1
Day Crew Area

Water Treatmant Room i - "!!‘.)11.;..!‘:‘:'1'” 5 ""'.’ S—
] . ’] T & wind Turbine :
4 e " SCADA Room 1

Storage Room
MV Gas Insulated Swilchgear

Every OSS is Bespoke (Structural)

T

TRACTEBEL

ENGIE
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Grid Infrastructure

e Grid Connection Configuration

@ Transmission

connected to DSO grid

@ Distribution
® Expansion

e Modernization

I Stating the Obvious! TRACTEBEL
A well-designed 0SS reduces the final investment
Design hours Impact on
(cumulative) CAPEX
3
>t t
FEED/ Detailed FEED/ Detailed
Conceptual Design Conceptual Design

Phase Phase Phase Phase I
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rWe Support Project Bankability ; i

1. Utilities & Logistics Technological

e Core technology

2. Offtake Risk ® Sealsiin Business Model
. . e Challenges with ® Price
3. Construction Risk integration ® O&M
e Offtake
@ Utilities

4. Technology Risk

5. O&M Risks Project Execution
6. Price Risk @ |dentify, Reduce,
Mitigate remaining risks i
2
I We play a key role in project de-risking TRACTEBEL

e All steps of project development cycle
e Proven and/or in-house developed tools
# Not one single EPC/EPCI is addressing full scope

@ Role of independent engineering contractor:

> Safety @gﬂo@b
Y

< Schedule ;.g:ﬁ

- Contractual «gﬁ’

= Technical Integration oqd‘

Covering the different stages of the project de-risks the project

: J
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r —_—

We can also take on EPC-M

TRACTEBEL Swreizods 8 - . [

— . = = 1:——;- = = 7
e =S e e e e el e
= l

by | | sl e e T S
. :

]:-—-———

rOur Service Offering TRACTEBEL

I

Project Technical Co?ermg = At the forefront
g a 5 the entire project i P
Diversity expertise of innovation
life-cycle

» Consultancy/Advisory services
* Lender’s Engineer

= Owner’s Engineer

» Contractor’s Engineer — supporting EPC/EPCls
» Design Works (Detailed Design) I

®eud -
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We Innovate

I —_—

We Manage Innovation (like no one)

Challenges:
Inadequate benchmarking
End-to-End Processes
Development
Testing
Refinement
Validating
Varying TRL Levels

Complacency

- Risks are being pushed down I l

®eud -
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MPVAQUA Project Complamantarity of salar and wind =
2025 2027 2030
I ] 1
I ] a
10 MW 1GW I
= @ D

TRACTEBEL S DEME (R 4npen
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rlndustrial Scale Offshore H2

® Production
e Compression
e Liquefaction

e Storage

¢ Transportation
¢ Re-gasification

o Utilization

r —

We look at industrial Scale H2

» Sending Electrons or Molecules?
o Centralized or Decentralized production?

o Retrofit existing O&G platform or
newbuild?

o Floating or bottom-fixed?
o Small or large scale?
o H,Transport via pipeline or tank vessel?

o H; Production

130
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rOffshore H2 Compressmn |
& Storage Hubs

We are Tractebel

®eud -
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6.4. Jan de Nul Group Genel Sunum

Global
experience and
family owned.

132
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Who we are.

P

* Family = Total * Strong * People & = State of the
. Solutions Financial Culture. Art Assets.
* Business. 4
Provider. Partner.
5t generation firmly in = Wa thive on comples - Hetdabedres *  Est. 7,000+ » 2B mainvessels
contral inter-cisciplinary prejects employees
High gouescy.
+ 5 generation active in . ..band are enally exciled = 130+ auxilairy
AnDUt trAnSport an: - i it
the company {staliation opportunities - it bt GG B0+ nationalities vessels
; i 151 PROJECTS IN EUROPE
. 46 Difshore services and dredging
ds = 53 Civil construction
s 41 Environmental remediation
11 Project development
39 PROJECTS IN AMERICA /
Offshore services and dredging i
23 PROJECTS TN ASTA

Offshore services and dredging

£ PROJECTS IN AFRICA
{Hifshore services and dredging

133
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PROFIT RESERVATION

STRONG SOLVENCY-RATIO
€é > THANKS TO COMPLETE

EUD Uyelerine Ozeldir.

TURNOVER: 5 YEAR COMPARISON IN MILLION EURD

[MILLICN EURD)
1.908
EBITOA
(MILLICGN EU&D)
%

18%
EBITOA
MARGIN 2022

2018

m9 2020

0

NET PROFIT

2022

Total solutions provider.

* Civil
Constructions

.

+ Design and construction of
onshaore infrastructure,

buildings and foundations

®eid
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* Marine
Works.

+ Concept realisation, design,
expansion and mainenance
of ports, rivers and
coastlines.

134

* Circular
Solutions.

+ The answer to
environmental issues.
Reconversion of sites and
maximal valonsation and
reuse of sediments,

EUD Belgika Teknik Gezi Raporu

* Offshore
Energy.

= Full balance of plant,
design, installation and
cable connectians of all
aspects of offshore energy
prajects.



EUD Uyelerine Ozeldir.

Offshore division.

* Services & * Rock * Renewables. * Submarine
contracting. installation. cables.
* We prepare the seabed for = We stabilize, reinforce and + Thanks to our versatile iR e
the installation of offshore protect offshore structures fleet, we are able to install
structures, with gravel, rocks or any offshare structure,
CONCrete.

Constructing the
Energy
Fransition.

135
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Found
T Fountation
agtam
cabies pipalines

Constructing the Energy Transition

15. Hydrostectric Pawer Statian

Offshore Renewables.

Les Alizés.

Vole au Vent. Voltaire.

i,

Rambiz.

Gulliver.

136
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PROJECT HIGHLIGHTS
OFFSHORE RENEWABLES.

UNITED STATES OF AMERICA
+ Ocean Wind
*  Coastal Virginia Offshore Wind pilot project

Project highlight: Germany.

Gode Wind 3 & Borkum Riffgrund 3 OWF
T&I Foundations, Secondary Steel, Substation & EPCI scour protection

137
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Project highlight: France.

Saint-Nazaire OWF
T&I WTG

Project highlight: USA.

Coastal Virginia Offshore Wind - Pilot OWF
Trans-Atlantic voyage, installation of all | nts incl. scour pr

138
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Offshore Cables.

Fleeming Jenkin Isaac Newton Connector
= A — s
Willem de Vlamingh Symphony
“"-‘ i ‘:‘:t'-
ey S i -l IE : _—
Sunfis Moonfish Swordf' 3
h
e ! f*E‘
UTV1200 Starfish

PROJECT MIGHLIGHTS
OFFSHORE CABLES.

UNITED KINGDOM/TRELAND |THE NETHERLANDS
+  Greenlink Interconnector Project ||+ Hollandse Kust North & West-Alpha

UNITED STATES OF AMERICA
*  Vineyard Wind

TATWAN
+  Formosa I OWF

GREECE UNITED ARAB EMIRATES
+  Peleponese - Crete Interconnector | +  Lightning Project

139
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Subsea Rock.

[ el 8 1 ﬁﬂ
|

loseph Plateau. Simon Stevin.
hrae™ i
i
Daniel Bernoulli. Adhémar de Saint-Venant.

Tiger. La Boudeuse. Pompei.

140
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PROJECT HIGHLIGETS wurmo vaoone| ossss
SUBSEA ROCK. el el

SENEGAL/MAURITANIA

]UNI’I‘ED ARAB EMIRATES

+ Lightning Project

TAIWAN :

+ (Changhua 1 and 2a Offshore
Wind Farm

\ X
4
e T-——
AUSTRALIA
Vincent Anchar Remediation

Project highlight: UK.

Doggerbank A OWF
T&I scour protection

141
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Project highlight: UK.

Hornsea 1 OWF

Rock installation works for CPS stabilization

Offshore Services.
: [ ]
xl Y = ii . L ¥ o, = /ﬁﬁ
. P
Adhibvirdu Daniel Bernoulli. Backhoe Dredger.

Saint-Venant.

Cutter Suction Trailer Suction Split Hopper
Dredger. Hopper Dredger. Barge.
142
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PROJECT FIGHLIGHTS BT EANC/UNTTD K1NGDON

|+ Nemo interconnector

OFFSHORE SERVICES.

+  Parc éolien en mer de Saint-Nazaire| |+ Hollandse Kust North & West-Alpha

SENEGAL/MAURITANIA
+ Torwe Project

TATWAN
+ Grearer Changhua

iUNI‘I‘ED ARAB EMIRATES
i+ Lightning Project
!QATA]I.
|+ Barzan

ITALY - ALBANIA
+  Trang-Adriatic Pipeline Project |

143
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Bluebridge

Ostend Science Park

boosting
blue
growth

2

R

Bluebridge
Eetend Sciance Narts

WELCOME
TURKISH DELEGATION

21/10/24
Geert Dangreau - CEQ Bluebridge

boosting
blue
growth

144
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6.5. Bluebridge Ostend Science Park Sunumu

oy

7

Bluebridge
Fare

Dstona Semnes

Bluebridge

Dstan Seenca Fare
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B_lue_t:r'igge

g_l_uebrig_ge

<
P 0 M UNIVERSITEIT

West-Vlaanderen GENT

WNiese p~vito  howest vives liantis

hogeschanl
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e ._.__‘.'. —_—

Flanders Maritime Research Centre

e-BO Enterprises

Bluebridge S e m———

Dstan Seenca Fare

Bluebridge

Detend Sclance Narm
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DROPRISE ==

Flanders Maritime Laboratory

148
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T Gl o PR

The Coastal and: cean Basin

=
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2

RF

Bluebridge

Biend Sclance Aark

MARINE
S UBENT vito .

boosting

growth

) Belgian FABRIEKEN VOOR 7
Cb CLUSTER @ i DE TOEKOMST *

' Cluster
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P

R

Bluebridge

Ermna Sciance Nam

OFFER

Offices
Meeting and event location
Training hub

Bluebridge

Ostend Science Park

Geert Dangreau
CEO Bluebridge

M 13247

www bluebridge-osp.be
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‘: West Flanders

Gateway to Europe

West ~ POM West Vléa_ndereh
E':{’:ﬁ;; Blue Energy & Economy

to Europe Geert Dangreau |
Director Innovation & Internatianalisation POM West-Vlaandeten

www.gatewaytoeurope. be

,‘q West Flanders
Gateway to Europe

The Flemish Coast:

Offshore Renewable Energy

193m

Ostend Science Park

L e
Irtrrens 18 Bt G ARG i e 1
Py

[T
Laberalory

Test & research facilities %17 o, . dg) it N
B Ammrntor - variioms rrovond. @ b f 7 s % .
Imeur TR - {%%%g

Bimtr ciye Gz comton)

Cross-cutting
themes
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NETHERLANDS

+15 Years offshore energy
Experience in Belgium

2262 MW

DEVELOPED
Princess Elisabeth Zone .‘."-_. TERRITORIAL SEA cpﬁ‘
TO BE DEVELOPED .99#"‘

‘q West Flanders
Gateway to Europe

Huge ambitions for offshore wind
in Belgium & EU

. 8 GW
20308 2040

“' West Flanders
Gateway to Europe

153
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Belgium 2nd
worldwide in
offshore wind
per capita

"Renewable energy is the future. it helps to reduce our emissions and is also the cheapest form of
energy today. Belgium is the world's number two per capita in the production of offshore wind energy.
We are strengthening our position with the new wind farm, and in the coming years the federal

government will continue to focus on expanding our wind energy capacity. It is our ambition to provide

all families in our country with green electricity,” Prime Minister De Croo said.

,‘Q West Flanders
Gateway to Europe

Investing in West Flanders?

POM & Blue Energy:
unique innovation-infrastructure

Investment in science park fnvestment in R&! infrastructure

Blue Accelerator
Maritime test and demo platform i C

Ostend Sdence Park

Bluebridge

Drone Dack

‘q West Flanders
‘ Gateway to Europe
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=*Materials testing .

;s TR e

- DECOMMISSIONING

Investing in West Flanders?

Learn more about

Lear o earn mare gbaut Blue Energy
The Provin
West Flanders 53 y to POM West Blue Accelerator
Flanders
A AAT BLUE
‘ " Woest Flanders 2 O M
west-vlaanderen 4 Gateway to Europe ool ACCELERATOR

‘q West Flanders
‘ Gateway to Europe
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Giancarlo Marzano

Senior BD Manager &
Account Management Lead

EUD Uyelerine Ozeldir.

6.6. N-SIDE Genel Sunum

N-5|DECI

Overview of N-SIDE
activities

October 21st, 2024
AWEX Offices, Brussels

Restricted data

B.Sc. Electrical Eng. @ TUe ==

Double M.Sc. Electrical Eng.
@ KTH E= & Grenoble INP R E

Business, Management and Entrepreneurship

@ Esade 22
Sales Manager, Tesla & SMA

TODAY: Consultant and BD Manager, N-SIDE

156

®eud

Elektri Ureticiler Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

N-slosﬂ

Agenda J Let's talk Markets!

Qutage Planning

SDAC SibC Balancing

with Elia

Q&A
N-SIDE A
Agenda Let's talk Markets!
a Qutage Planning
SDAC SibC Balancing with Elia
Q&A
157
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N-SIDE )

s ™
Agenda Let's talk Markets!
\ 7
' & R -
a QOutage Planning
SDAC SIDC Balancing with Elia
Ay \ ¥ J
b
Q&A
.
SDAC is one of the pillars of the European electricity market N-SIDE 0

27 countries

10-years anniversary in 2024

SDAC traded volume in 2023: 1696 TWh
EU consumption in 2023: 2626 TWh
Average welfare per session: 10.9 B €

1 single algorithm

Source: All NEMD committee - Newsletter April 2024
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Market coupling allows for a more efficient of cross-zonal capacity N-SIDE 0

Level of efficient use of cross-zonal capacity in the DA market timeframe, per border in Europe, in 2020 (%)

100
80
60
==
40
20
0
Pﬁgﬁﬁﬁ-"—"Eﬁﬁmﬁﬁ-‘zﬁﬂﬂﬁﬁiiEE?§§33§§§2§¢E§.§5$‘?553953;&%
YoM FRE T S5 B2 28 R B 0 2R ReEN P ekEEgE
zZms g "Z2FEE EE FETES B 5 w
= = bl O
Coupled Not coupled
-SMEMZW
The EU Market Integration is a key enabler of the Energy transition N-SIDE I"\

The purpose of SDAC 1

= Allgcates scarce cross-border transmission
capacity in the most efficient way by coupling
whelesale  electricity markets from  different
regions  lhrough & common  =social  welfare
maximizing algorithm,  increasing the overall
efficiency of trading

Y of avallable NTC
c2HEERRIBEE

2010 2011 2012 2013 014 015 2016 2007
Market coupling enables the sfficient W Copacty used in the ight drechion 19 Gapacity unused in the rght direction

use of inferconnectors and renders

more than one billion Euros of Percentage of available NTC used in the right direction in the day ahead timeframe
benefits per year {37 Eurcpean electricity borders)

“ ACER, 2022

Sources, ADER 2022 Final assessment ¢ eciricily Markel Desian and ENTSO-E Valeaniss Mol Poal ared AGER caloutalins (2018
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N-SlDE(:I

' Y
Agenda Let's talk Markets!
L. o’
\ rs \ ~
a QOutage Planning
SDAC Balancing with Elia
L ) L. " 7’
( \
Q&A
'\ .
SIDC (Single Intraday Coupling) enables intraday cross-border trading N-SIDE f‘l
across Europe -

® 1 ek
@ 2= oo oo
@ 37w el
@ 4 e

Sipc

Two componeants

& The continuous SIDC has been operational since June 2018, using

XBID
» Intraday auctions (IDAs) went live on June 13th, 2024, using
Euphemia
10:00 12:00 15:00 22:00
IZ 1z Intraday continuous
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Intraday Auctions allow for the pricing of intraday cross-border capacity N-SIDE 0

12:00.0-1 1500 0-1 22:00 D4
’p DA ZIDA1 XIDA2 ~IDA3
all D delivery hours all D delivery hours delivery hours 12:00-24:00 on D

Why introducing Intraday Auctions (IDAs)?
» XBID is a continuous trading system, where cross-zonal capacity allocation is
based on a “first come, first served” approach
s Thus, XBID does nol price cross-zonal capacily, does not produce congestion
rents for the TSOs, and does nol provide a price signal lo markel party
» [ntraday auctions {IDAs) are a more efficient way to allocate cross-zonal
capacity; lhey imply a wellare improvement

Source: NEMD committes

As for continuous trading, several time resolutions coexist in IDAs N-SIDE 0

Tha map shows the availabls markst tme unite at IDA go-ive

= BZB on 15 min MTU
s BZB on 30 min MTU
= BZB on 60 min MTU

= BZ on 15 minMTU
== BZ on 30 minMTU
= BZ on 80 min MTU
© Not part of SIDC coupling

AT, BE, BG, FR, DE, NL, 5, 5K areas will
have to manage several BZB resolutions

Source: NEMD committes
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N-SlDEQ

Agenda
L D,
r N "~ r > - "~
. QOutage Planning

SDAC | SibC Balancing with Elia
9 I "N J — —
( \

Q&A

Balancing markets ensure the physical
availability and economic dispatch of
assets capable of delivering balancing
services to TSOs

Decisions by market parties Central coordination by TS0s

t
Years / Months /

12.00 15.00 16.00
Wieeks ahead Day-after
Day-zhead auction for
every hour of the next day
162
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N-SlDEQ

Balancing Capacity Markets

Secure the minimum amount of assets shle to provide
balancing services to ensurs sufficient halancing enargy
baicls i real Hime,

All awardad assets receiva a capacity ramunaration and
it s typically financed by the system tantfigrd charges.

Currently, they are operaled by the national TS0s,

Balancing Energy Markets

Ensure efficient usags of available ressries (1le ment
order based activation)

In these markets, they cover the aggregated imbalance
caused by BRPs deviations from their markst positions
{system imbalznce) by activating balancing enemy from
BEFs, which is cleared following pay-as-clear principles,

BSPs are dispaicned based on their balancing energy
bid, a price-yuantity paiv that represents the limit price at
which they are willing to be activated and lhe maximum
guantity that they can deliver BSPs balancing snergy is
ramunerated at the balancing marker prices (while
BRPz' imbalances are setlled al the imbalance price
which is based, among cther factorz, on the aclivaton
cost of resanve).
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The Balancing Platforms for the Exchange of Balancing N-SIDE 0
Enerqgy

-
Avoiding the simultaneous
activation of FRR in opposite Exchange of mFRR Exchange of aFRi:!-ﬂ:I Exchange of RR activatian
directions (imbalance netting) activation via standard activations via stand
; via standard products
through aFRR's AGC products products
conlrollers e ; :
by z Economic surplus: 280 M€ in
Economic surplus: 10 ME in Ecanomic surplus: 135 ME in : 2?23
Economic surplus: 820 ME in 2023 2023
2023 -\

A

Eventually it will be merged wilh. .

The Balancing Platforms for the Exchange of Balancing Capacity
N-sIDE £
o
i
Nordic aFRR capacity market
Operationzl sincs 2023
‘ navitasoft
S . A_':—r BaicBee ¥
T ‘ Cavalopmeant starting In 2024
AT-DE-BCC

Since the end ol 2017 AT and DE have anierad
into g I 2 far the: i f

up to B0 MW of ermss-zanal capacity for the
exchange ol aFAR.
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N-SIDE A
3 3
Agenda Let's talk Markets!
- s
b1 "
. QOutage Planning
SDAC SibC J Balancing with Elia
\ / J
Q&A
\ —_

And we do so tackling 3 main challenges:

®eud

Elektrik Ureticileri Dernegi

Maintain the

Balance of the Grid

Imbalance
Forecashing

Balzncing Market
Dresign

l

Balancing Auction
Clzaring

Balancing Markat
Flattorm

|

Ensure

System Adequacy

Dynamic Reserve
imensioning

Capzcity Mechanizm
Cesign

{

Capacity Auction
Clearing

l

Capacity Machanism
Platfurm

{

N-SIDE

Avoid Grid Congestion

Cengestion
Forecasting

Flow Forecasting

!

Remedial Aclions
Optimizer

—

Flexisility Market
Design

[

Flexibility Auction
Clearing

\

Flexitility Market
Flatiorm

\
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N-SlDE(:I

Outage Planning can be challenging

4§ Execute maintenance programina
N, context of aging assets Increasing number of
interventions and outages

Ceploy the CAPEX to
support the energy transition
& Need for more optimality and

9 Optimize resources and : integration
W reduce operational costs =

i Less outage opportunities and
"-‘ﬂ Deal with the uncertainty and complexity more re-planning / cancellations
B8 IW |inked to increased RES penetration

, ) o N-sIDE )
Maintenance and Outage Planning Optimization oo

Turning business & data input into an optimized work and outage planning

Business input Algorithm Outputs
Homoe ) B Sy
@ x BTG BEPESTNN
Definition of cbjectives P TG S
o ) s
e .. | . R
ch | | v o
Madelling of constraints N-SIDE o E—
sitgicnnsivn [ oot i el " —
t ¢ Optimization ] AR i R i e s
.:,% p S el
" Dedinition of decision ¥ " [rezi=aie e
variables b e . . -
e
==
Power flow solver ' powered by v
Datainput |
@ e
Maintenance needs and " P Key numbers
outage requests I
?1_(_ {CP Optimizer) 210000 =z1M =2% 1h-24h
Planned Works  Constraints MIP Gap Runtime
State of the grid « |

24

165

®eud

Elektri Ureticiler Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

. ) o N-sIDeE )
Maintenance and Outage Planning Optimization s

Tangible Benefits for all Planning Stakeholders

1
1 g z
1 Moreinterventions Shorter outages Better use of outages
1
. |
More I
OPTIMAL :
| +10% -8% +15%
: executed maintenance plan for autage duration
wiorks per outage
1
_ @
Mare inlfegrated with Mare stable planning when
multiple teams possible but also more agile
collaborating around a when necessary.
single tool,

"N-510E as a flexible partner in this innovative development is a key success factor for o _ggﬁ;ao up

breakthrough project. Contacts are on the same page as our business representatives. They Nick Van Peborgh,
understand each other and there is trust and a real will to go the extra mile.” Syrapse Frograr | 25

Leader

N-SIDE Qutage Planning Optimization solution
The Elia Group journey _fél-—ia—f

Field Tests Operations
.
Continuous RED

“Smart Malntenance” is The Proaf-of-Concent The Industrialization The new version (2.}
the first project to start is successiul, the &integration is over, went to production
inthe N-3IDE/Elia industrialization & the solution is now in
co-creation lab integration is starting production
26
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N-SIDE )

Benefits for the Planning Engineer

+ =
|
-90% -50% 2X
workload workload more time
reduction reduction available
to detect incompatibilities to schedule f.or valied ke, otict a5
: it improved engagement
inthe planning new outages

with key stakeholders

"Starting from a blank page, | can work twice faster with the N-SIDE Outage Planning Optimization ‘@él_:;-_
solution, than with the manual methad. For what concerns detecting incompatibilities in the planning, Elia Planning
it is now instantaneous while it was taking me sometimes up o 5-10 minutes before.”
27

N-SIDEI:’

Benefits for the Control Room Operator and the Asset Manager?

+10%

executed maintenance
plan g

+15%

works per outage

-8%

outage duration
Shorter outages More interventions Better use of outages

“Outage management is becoming more and more complex with Elia operating the high E;—-: =
voltage grid in the interest of society, Human and Al need to reinforce each otherinorder te™  —elia
be able to optimize our outages for maintaining and extending our grid. We relied heavily on P neju;;,

the competences of N-SIDE to help introduce Qutage Planning Optimization in our companyHead of Natwork 28
Operations
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N-SIDE ()

... and qualitative benefits!

Transparency Agility lisk Mgmt Coordination Decision Support

360" view on all Improve planning Reduce Key Improve Challenge

scheduling stability or acapt Parsan Risk complexity decisions, using

parameters fast when needed management & what-if scenarios
coordination

betwesn teams

Giancarlo Marzano
Senior BD M &
3 Accgga?hanag%ﬁggtrLead Thank YOU!
maiidn-side com
+32 47532 61 04

.
~

& wwwn-side.com [[j] N-SIDE  EJ @nsidecom N-SIDE !

¢

168

®eld

Elekerik Uretcieri Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

6.7. Ampacimon Sunum

Ampacimon

Unlocking Grid Potenfial

Brief Company Overview

A

" Ampacimon
4

Capacity % ' Asset Grid
Optimization & Health Reliability
GridBoost® A GridLife* GridVisor®

o . » Faultand event detection
Rating increase with sensor & = Detection & assessment of and |ocalization on assets,
sensarless based technigues insulaticn failure in cables speeding up recovery

(Partial discharge) :
= Assessment of conductor

fatigue
Overhead Lines Underground Cables Substations & switchgear Motors & Generators
:% i B L L
T SR =
4 \-jéi 4 ID]D]I
169
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World Leaders in OHL and UGC Monitoring
y
“widg. ‘a";' 4 %Tia
ppl & <\ exelon’ T, €nF e
F ._ I 4 ; ) ¥ I %&mpm ti\__m
Oec O PSEG s T S
' £ W = HTerna
ENERGINET Statnett

Liege, Belgium

I\ﬂad:]_‘f_dt Spain . ':'.. ’ Amprinn @
g>renner @

SoG Daps

S dmse Lyer

nationaigria O BCHydra
over 200 transmission lines | Sensor-based solutions

Founded in 2010 | 24 different countries globally |

Contrnllas Miss oRlss - P08

(____;/ ) 1 g/ / (((@j)lj

4,500 130+ 630+
Circuit kilometres Number of transmission MNumker of assets
monitared lines continuaoushy continuously monitored
monitared
in numbers 2ear 8\
T 8! dep: |
@J (7] /
100 40+
Employees in the Mumber of active Patents in 24 countries
customers worldwide

US, Spain and Belgium

Corilizir Linl - Dcober 2oEz
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Market leader with proven technologies in grid ! = Ampacimon
solutions drawing on over 10 years of experience .

Launch of
Al T
% Ameren =
GRIDVISOR
SORHORIZONE Flrst LS customet Ampasens ;
Deployment of cur (drone instailed sensar) @) PDE ye
farecasting RAD project lsunch == RED
ADASENSES software for DLR for ADRSENSE DB o
thefirst time on “ G )
Industrialisation of first Belgian LHunEh oL sensir Al-based cabla monitaring
DLR sensors intercannectars for the distribution Launch of M5 Pice and MAS EED co-gevelopment project
networks
® @ L J
& [ @ @
Ampaciman founded . . .
{spin off from university E05M ciEm Estalolizhad Marth " €I:2 MT : Acquired Partial Discharge
of Lidge) Venture Ejuity Amerncan presence GUITY InYESTMEny tEchna!qu snd rebranced to
funding Investment oy launching offlce led by Ampacimon Spain
inALlanta funderground cobie sensors)

korys

& ¢ =] oo |

“m®elia

noshaaq

Contrnllas Miss oRlss - P08 5

Ampacimon

Dynamic Line
Rating
Solutions
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o7 Ampacimen - |Jnderstanding the

GridBoost Lite
Ambient Adjusted Bating
— e

GridBoost® Options

CridBoost Advanced
Wwind + Ambient Adjusted Rating

‘Sensorless’ caleulation of line ratings based
on 39 party weather data and fixed wind
imput

but with 3 party wind input

Typical Additional
Capacity*
" Thede 8rs Lpica vl Ues Bs
i wri highly dupanciel o
e ol s waest e cordilione

SH10% =0 ot tha i 5+15% oot hecire®

‘Weather Provider Ambient fumbient
Data Termp Solar Temp Solar Wind
Sensor Data
Adjmud:.:‘nhu De-risking
| |
= Updated every ] haut Lindated eveny T nour

Real time Ratings

Imeldes ermargeney rlHgs

i :

10 iy [oe pcast .
Updated every 1 haur
Includes emergency ratings

Inclidas amerga ney -atngs :

' ' i

12 gy forocast
Undated every 1 mour .
Includes amarge ney at ngs .

Foracast Ratings

Fallback mode Seaaonal Lins Rating SeasanaiLine Rating

' = Ampacimon

= Lindated evene S il

EUD Uyelerine Ozeldir.

GridBoost DLR
Dynamic Line Rating

Sensors Installed on critical spans of the line provde

the most accurate local measurements

>+40% son 0 e i
>+ 200 a0 ot the zira®

Ambient

Temp Solar Wind
e,

Conductar  True

Temp Wind

|

L
improved Wind
Forecast

Ineladss erargan arngs

L A ‘

1 day forocast
WUodated every” nour
Insludes emergency atngs

CridBoost Advanced withimoroved wind

Wind speed Histogram - Sensor vs Weather Provider

One full year of measurement

100%
80%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Percentage of occurrences

0.0

2.5 5.0 7.5

Wind speed [m/s]

10.0 12.5

Weather provider data is:
* Model-based
* Inaccurate

* Often optimistic
= Dangerous to use directly
for line rating
* Should be derisked
+  Therefore, lower capacity
gains

$99USLNI20 SAEINWND Jo abEjuaniag

B Weather provider - Perpendicular wind speed M Sensor - Perpendicular wind speed
== Cumulative Weather provider - Perpendicular wind spsed
== Cumulative Sensor - Perpendicular wind speed

®eud -
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' = Ampacimon
DIREC MEASUREMENT WIND SPEED EASY INSTALL

ATION | HIGH ACCURACY HIGH DATA AVAILABILITY

requires no calibrati

iearning for highest accuracy ratings

Clearance Measuremen

Cellular or Satellite Communications asurement of Mean Conductor Temperzture

egration Through DNP3 Seif-Powered on 10 kY - 700 kY lines

stion in less

Protecled by 3 patents

Ampacimon

001908 [TETT S
pED, Fresvenay Bpsstrum

e
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wWind < 2m/s

Vortex-induced vibrations and Strouhal

EUD Uyelerine Ozeldir.

wind > 2m/s

Swing Angle Vo = /pwtand,

equation gy = P8
averhead lne : » " 1/2CoPairde
— O o
] "
v, ﬁ 5 y %
U WOIEX i u!
1
Strouhal number [0,185] St=fD /U -
-
+ f:oscillation wind frequency R,
Z \
+ D:lLine diameter
+ U:Flow velocity (perpendicular wind)
' = Ampacimon
4 i o e
«  from Strouhal equation o INSMIRYY AR AR
35 L fomswingange | e
z ° #
£ 4
3 3
= 3
2 1
2 et . Kk
B :
=1} g
b _xﬁ‘.. ™\
0 bl ' 1 BESTEEIL TV OPU SRR,
00:00:00 06:00:00 12:00:00 18:00:00 00:00:00
[HH: MM:SS]
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Ampacimon PO

Ay
.,Il \ Ve

f A \
V\/\._’;-"M\/'\ff" lvAf\/( '-\;'""\u_‘vp\/v\'

Best when comparing to

g;mggﬁm Accuracy & Derates = Ampacimon
Amazing candidate line Lower risk candidate line
*  Cold, windy climate = Warm, desert climate
*  Conservative Static Line Rating (SLR) «  Optimistic Static Line Rating {higher wind speead)
*  Noderating +  Derating 10% of the time
*  Upto 250% of SLR *  Over 15% of SLR 50% of the time
*  Ower 125% of 5LR 99% of the time
ST Forecast gain

Ampacity gain
Ported: from 2022-01.01700:00:00,000Z te 2022 12.30T2359:59.0002

Perlod: from 2022-11-08T00:00:00,000Z to 2023-05-02T00:00:00,0002

Rating relative to seasenal rating (%)

0 0os 01 015 D2 035 U:J 03 04 045 05 055 08 065 07 076 0 0B85 00 095 1 1h4-
Percent of the tme (%)

o % 0% T an s 0% Taw BO% oan 1nos
Pascant of tha lime (%

i

= Forecast rating 1h = Cur

t — Rating — Ambient tamp rating [A]
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B8R0 80 . 2509y

Ampacimen
o

M LT
AL TR

sed wind is

ound the

Ampacimen

WwWW.ampacimon.com
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Ampacimen

Case Studies

Ampacimeon
Reconductor Rebuild Dynamic Line Rating
-3;"-5_“_,
_T[me fo .3 -5 Years ‘ ~1 Year

Implement |
Downtime Extended Outages Extended Outages | No Outages bR gt
Cost $0.5 M per mile $2 -3 M per mile | <$50k per mile* on 20-mile line

! & longer lines are
Est Capacity + 34% + 106% + 10 - 30% cheaper
Benefit

177
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PPL utilities projects $23M annual savings in
congestion costs from Ampacimon DLR solution

! * Ampaci mon
L |
R AT
FERC Mandate DLR - Overhead lines ppl
t of Fede " n,\,dmu y O armr imrs FERC Order 881 » Challenge: Conventionally expensive uprating is reguired to rejieve
ped in Decemk 21 | trar izations and grid congestion causing high nadal pr
independent system Dpevatcrs [RTOs and 150 UI'I" required to + Solution: DR s m installed on 3 tran:
establish and maintain systems and prucadureslcl accomrmodate |
Transmission Cwner projects to implement DLR technology [by July
2025]"

ssion lines since 2021, 5
threal time monitaring and forecast 5w

Annual congestion |'
costs saved \

| Extra capacity through
\ /  DLR {50% of the time)
e
nitiated in 2020 Gy Transmission ewner PPL Electric Utiities
and foactiitoted by PO, PPL Electric Utilites has soid it expects
the activation of dynamic line rating (DLR) technalogy to
xp and p

maorket efficiency..”

'DL R ensures relioble operotions to pmtact the LR fDCJ{!tEG
N transmission system wihite

overall
and promeoting market emmey

“PPL Electiic Litilitios estimates thot this DLR project can sove
custarnats $23 milfion annually o congestion cosTs
Saurse At Mneidelines. M comicynamic-lne-rating- s sated- my-pak e ctric-iiites

s Capacity
Optimization

PPL Electric Utilities - Use Case

Ampacimon

1 line with DLR saved around $64 Million in
congestion costs, in one year!*

ation for
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Capacity Elia, Belgium - Reduce congestion management —@ elia :

Y H
.~ Ampacimon

Optimization costs Bl v
Challenge / Pain Point 14 September 2017
« High North to South flows with outage on backbone National Grid Control Center,
280KV line Ralainim
= High wind infeed expected /'&,‘ :,JL_[-—.; i, .
+ Ovwerload threatening grid security _5’\32%\_‘_ _"é' - -
S 29 suliEa-d
Solution ‘: o e o 4
o 2B
« Dynamic Line Rating on critical 280kV Lines b " ;b g
i Z, L e
+30% extra capacity released :_.‘._//ka..‘l »_?‘ _ .
- \y- "\\-" o ’J'
" ¥ 4 o
! I S ¥
Outcome Ao (Fo ™
+  Further PST tapping avoided R i, WU
g . ¥ >
» 500000 EUR of International Redispatch saved in one day '\.. L

capacity  Elia, Belgium - Maximize acceptable generation & olia

Y H
.~ Ampacimon

Optimization infeed — Wind case Bl v
Challenge / Pain Point January 2012
+ High wind generation infeed in Western Europe Belgium
+ Cengestion expectad as static rating will be exceeded (MW]
350

+ Clearance and conductor temperature beyond safety

values 300

. 250
Solution i
+ Dynamic Line Rating to measure real-time line 150
capacity 100

+  Implementation in SCADA to allow capacity beyond 50
static rating {

i |
QOutcome
+ 20% extra capacity 30% of time with low wind speeds (<5m/s)

14.01 00:00

+ Double capacity available under favorable cooling conditions
+ Constant monitoring of clearance & conductor temperature

179
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.
i ’ & =@pF ' Ampacimon
Optimization  jhfaad — Solar case % g

Challenge / Pain Point August 2014
+ High energy demand triggering need for higher solar French West Indies (Martinique)

generation
+ Clearance and conductor temperature beyond safety [MW]

values e SOLAR i

n Caribbean
100

Solution o
+ Dynamic Line Rating to measure real-time line =

capacity 40
+  Implementation in SCADA to allow capacity beyond 20

static rating G il k. H
Outcome geesamzzzezas g2zssEasn3s

.

15% extra capacity compared to static rating
Constant monitoring of clearance & conductor temperature

" :
.~ Ampacimon

; E;ﬁ;ﬁ*:r,ﬁm RTE, France — Defer Grid Investment

Challenge / Pain Point 2012 DLR deployment in French Alps

Solution

Qutcome

French Alps resort with growing ski-season
consumpticn

Peak only seen in scme months of the year

Mountain area makes upgrade works dangerous and
costly

Preliminary evaluation : 40% gain in the winter
Seasons

DLR Systern installed Nov 2012 (Just before season
start]: 4xSensars + Real-tirne Monitoring + Forecast

Smooth operation during winter load peaks

After 4 years of monitoring, no reinforcement
needed

Avoided new line investment

180
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capacity  Elia, Belgium - Accelerate renewables integration _@—"

Optimization

Challenge / Pain Point

« Connect offshore wind into the pre-existing 150kV
grid

« Development of renewables requires that previcusly
low loaded lines can absorb higher flows

Clearance and conductor temperature may become

il

+ Dynamic Line Rating to measure real-time line
capacity

+ Implementation in SCADA for real-time and
forecast capacity

Outcome
«  50% more hosting capacity
+ 15% less curtailment compared to Static Line Rating

Capacity Improve controllability of risk
Optimization

Challenge / Pain Point

+ High temperatures and low wind in Summer
hieatwaves may imply high conducter temperature
above safety threshald

+ Risk on people and infrastructures

Solution

+ Dynamic Line Rating to measure conductor mean
temperature

+ Implement alerts based on defined thresholds

Qutcome

+ Alerts triggered by clearance or conductor temperature
thresholds

= QOverload risk avoided

181
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2012
Belgium

1,200 | I |
21 Wind infeed accepted
considering DLA. Compared

1,000 to 5LR, curtailment is
reduced by up to 15%.

[

800 i : s
{3 With DLR, A e

o hasting capacity : = g

E increase by 50% s Wind infeed

E 600 withaut any \ accepted

e curtaliment. considering
400 s
200 nal hosting

. eed for
curtailment. Annual

preduction 500 GWh
a 100 200 300

Installed wind capacity [MW]

Annucal wind production, Infeed and curtailment

e :
. Ampacimen

2019 Summer Heat wave on 40°C
maximum conductor temperature

o ®

% 4 . '
Conductor exceeds 40°C maximum
temperature

DLR is ZERO for 1Th-ahead forecast
and real-time

A s -
o ) )
-ﬂl\ f’\ A P JA)

iy |
- E X8

& f

= Ratngr0 A
= Luad: 108 A

— St ranag: 139 A
— Eorwcant O A
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Ampacimon

Unlocking Grid Potential

Thank You
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6.8. Qualitics Sunum

QUALITICS

Together, we keep the power supply reliable

QUALITICS

We help you run a better, faster
and cost effective OHL inspections

183
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QUALITICS

Trusted by people you know

§ - s
CNEDF SEMI Omexos

€QO0S

Energie

EYs

Q

QUALITICS

@ ~“%lia
y Hydro
3% Québec ONEE

since 2018

How do we/you create it ?

EUD Uyelerine Ozeldir.

CNGIC

__IED|
CIM/

Engineering for people

Data is autonomously gathered using drones
with our Al device for autonomous acquisition

with humar

Qualitics Academy:.
C ith

®eud

Elektrik Ureticileri Dernegi
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‘ ! Reports

QUALITICS

5 types of audit reports

The longest-trained dataset in the industry

STRUCTURE EQUIPMENT CABLE TRACKING

FONDATION SECURITY ELEMENT

Qualitics Software Suite : 3 modules

DIGITAL TWIN REPORTS

185
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‘ ! Reports
For the structure repart.

Effortlessly integrate your existing data into our digital twin

Qur digital twin is used for reconstruction
and modeling accross top industry softwares

TOWER OCAD I'EiC

B+and C

PLANS

186
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Easy, accurate & precise measurements

close to mm

é\é\% Cost

Eliminate line downtime

Optimize costs forecasting for interventions
Proactivly plan interventions

Quick response

Accelerated decision-making

Minimized interventions’ downtime

187
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Control

Remotely get full control of your infrastructure
Streamlined intervention preparation

Comprehensive full value chain process control
Exhaustive identification of defects

Significant reduction in human errors

@"J Precision

Only relevant data insights provided
Near-millimeter precision measurements

Detailled digital twins
Multiple viewing angles
Accurate defects localization
Tower surface area calculation

188
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THANK Y U
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6.9. Qualitics OHL Solutions Sunumu

QUALITICS

Al-based acquisition and reporting solution

to improve OHL maintenance by identifying defects such
as corrosion, paint, structural integrity, visual condition
of conductors and equipments and more.

It accurately locates defects and assesses their severity,
integrating findings in dynamic reports with 2D schematics
and 3D digital twins for clarity.

This supports targeted maintenance through precise,
efficient inspection processes, aided by

autonomous drones for comprehensive data collection.

Untwisted

190
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Dynamic reports on national secured cloud or On-Premise platform.
Deliverables through 20 schematics of silhouettes and
3D digital twins with precise defect localization

Our Services
Audit & Reporting of : + Pylons
 Equipment
» Cable span
» Foundation and concrete structure
+ Security equipment
+ New OHL compliance service

Collaborating with expert drone teams, either in-house or
through drone service providers with our Al-Device.

Al

& www.qualitics.ai
M www.linkedin.com/company/qualitics-ai

[J +32 475 45 66 57 or +32 473 63 07 57
@ contact@qualitics.ai
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6.10. Energyville Genel Sunumu

EnergyVille

* EnergyVille is a Belgian based top research collaboration to enable the
transition towards a market-based, sustainable energy system.
www.energyville.be

“mec we T[]/ 2
7 Vito s |
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EnergyVille in Figures (april 2024)

Campus
EnergyVille

Campus EnergyVille

copyright LAM
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e Energy monitoring & policies B Thermal Miilticarrier &
@ Energy scenarios & Market design B Electrical Energy Markets
Trading & managing of flexdhility & interoperahility -
e Decision support grid operators :
District thermal modeling & network design Energy
0 Towards HVDC Grids highways
Operator interaction (DS0-D50, DSO-TS0, ..
° District design with optimal integration of RES District/
@ District thermal/electrical modeling & network design Industrial area
Fault detection & management
o DC-nanogrids Bullding Energy
Performance optimization Building
@ Building electrical & thermal madelling = s
Home Energy Management System
€D Powerstectronic circuits convertors, .) @) sattorycell combined with BMS
Smart thermal storage BIPV-modul Subsystem
@ Smart substation controllers @ e g YRR
@ Building technology assessment X 1
oty g
@ PV-cellfmaodule technology ! b
Batmy:.dls ) 3, Ban S s | Component
Starage-integrated, components !
o Heat excharnger |
[ 5 T
e Batteries & power transistors |
2 | Material
O~ H ! . !

S

Energy for buildings and

distncts
Electrical r
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EnergyVille: Activities

Basic, applied and Developing materials, Giving science-based
industry-driven research, technologies and Assisting in human policy input from local to
both theoretical and methodulogies resulting capital development global level
experimental in new proeducts and
selvices

Applied energy research:

1| Technology —

{=herdware manufactunes, sliwere houses,
\ solution providers, system Integrators]

Technology Providers |-investors,
ressareh centers, resazrch & innovation
divisions|

Product & Service Users
[~operstars, servica delivery compsnies, utility
companies)

Services:

2| ° Scientific support & consultancy

3| ° Labinfrastructure & test services

(EE :
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Innovation chain: Technology

L >~ vito

Erik De Schutter
Business Relations

Phone: +32 14 33 59 59
Mobile: +32 492 977 923
erik.deschutter@energyville.be

o~ vito “umec
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6.11. Energyville Battery Storage Sunumu

Dr. Jeroen Biischer
Research Line Coordinator/ Product Manager
VITO/EnergyVille

4 | fre g »~<vito ‘tmec  [umssa]
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. Better batteries are key
3 energy transitio,

Battery research at EnergyVille

®eld
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From materials to battery systems

w =

Modeliing, characterisation and
testing of batieries and battery

| New materials for batteries

materials

New hattery concepts gﬂﬁz%g‘lanagemem Battery integration support
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Sustainable batteries
b & e &

Design & Char i Device &

'] & processing &

I Solid state electrolytes
Self healing electrolytes
Less critical raw materials

CHEM ; '-n-M
m EﬁhLS e _— @

gels as a New Generation of HybriS

demmc Backbone Eutecto!
ﬂej o

solid-State ﬂe:wd i da s, e B, Mekart
+ ol Yakless,
:::llrli ¥ Van Bacl, an

e

4 Ao T ardy”

. Battery
activities

-mlh |

e —

INMO-INMOMELC m
‘mec it i) QA PR A ZOPON2AE2, DO A0 4 amnr KRIDO19,

Detail of the Lithium-ion cell (today)

Porous components are soaked with liquid electrolyte

Optimization of the cell architecture
More active material = more capacity
New materials
Maore energy for the same amount of
active material

Electrolyte fills the porous
electrodes and separator

Carbon black

/ conductive agent
>,
/ g Active
= Material
cobalt oxide cathode aclive materia g
1

Aluminum current collector foil

SEM IMAGE ADAFTED FROM “The World of Lithium lon Batteries, by SINIIN DIXON-WARREN, EEPOWER, May 13, 2020, (Rttps:/feepower.comytechnicm-
artictes/changing-the-warld-with-lithium-ion-batteries/#)

4]
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Building better batteries

Cost effectiveness vs. high energy density

EUD Uyelerine Ozeldir.

_meabain.

Wﬁ'an chemistry, Li-S

Two trends: g Bt rovation
1. Design-to-performance: High
energy density, lower cost .
constraint ol
2. Design-to-cost: Lower cost with NT——
a penalty to energy density i " —

LMFP, HLM

(b} Advanced Li-lon

Liquid ====== =——— i

Year

Towards gen. 4c and gen. 5 batteries

Gen, 4¢: High Ni lithium metal batteries with 1200 Wh/L

* Today, the R&D activities at imec/EV focus
on gen. 4c and gen. 5 batteries:

Composil
1. High rate and high loading Ni-rich (gen.Pm'“E‘;‘éﬁ
4c) and sulphur cathodes (gen. 5)
2. Introduction of protected lithium T
anodes with fast charging capability "
3. Electrolyte formulations enabling the '_:3*(';:1;‘::1':
higher rate performance and long cycle i
life
4. Lightweight components for batteries

®eud -

Elektrik Ureticileri Dernegi

Gen. 5: Li-S batteries with >600 Wh/kg

Cu current collector Lol
Li metal
Anificial nerphase coatig

{

Electrolyte separalor

leotrdlyie nfdiraion

Carbon black
Binder

Cathode Active Material

Protective coating

Al crrent collector fol

EUD Belgika Teknik Gezi Raporu
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Integration of advanced components into a gen. 4c
cell with exceptional energy density

+ Lithium-metal battery with novel solid L e
electrolyte achieves 1070 Wh/L through
cost-effective manufacturing process

« This achievement was realized through
careful evaluation and optimization of
new materials and advanced coatings

!
Polymerized innri: liguid
electrolyte

Press release: hitps://www.imec-int.com/en/press/lithium-metal-
e battery-novel-solid-electrolyte-achieves-1070-whl-through-cost-
effective m

Design & Synthesis of Inorganic Materials

Wet chemical synthesis methods of inorganic materials:
cathodes, electrolytes, anodes
Towards upscalable processes:
co-precipitation, solfution)-gel, hydro/soivothermal, microwave synthesis, spraydrying

Predictability of synthesis processes
statistical DOE - machine learning with high throughput methods

Improved functional properties through in-depth understanding and
control of chemical processes, composition and structure
In-operando analysis via spectroscopy and diffraction

4]
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Chemical solution based synthesns green and

Thermal
decomposition

Hydro/
solvothermal

Controlled
precipitation

Non- . Combustion
hydrolytic sol-
gel g

Virtually endless choice of reactions -

towards predictive synthesis

INMO-INMONMELC

‘umec m

Design & Synthesis of Inorganic Materials
Extensive physico/electrochemical characterization

- Raman spectroscopy - ICP-AES/ICP-MS
- DLS «- XRD, SEM, TEM
- NMR - FTIR
- Electrochemical - TGA/DTA/DSC
+ CV, cycle life, rate capability - Coupled to MS/FTIR
* EIS - DEMS
- PITT, GITT

- Nitrogen physisorption
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Design & Synthesis of Inorganic Materials

Lithium-ion Sodium-ion Lithium-sulphur

 Mormclink: partcle Monaciric core \ ( \

Gahvanoslatic cytiing . fem mod
AT Tormaton |3 ou Jhed
[ ;‘ar’% —
[ e
Deqraded spinel suracs. E = G ]
Pooe electiochamical stabiity = |
bt aregHla ol
o |
A )

Menoclinic core Manociinic core
S
Galvanostalic cycing
Less Mn'™ i farmed == elastic
4 - Incragse n
Rhomibohadral shall rhombohadeal conlant
= o J
Electrolytes Electrolytes Cathode additives
Eutectogel, thiophosphate Deep eutectic solvent, Eutectogel, Multilamellar vesicular oxides
Active materials lonagel, thisphosphate
LFP, LB NMIC, LMNG, LMR NMC, Lithium-Rich Active materials
Cobaoit-free Loyered Oxides, Titanotes Titanates, composites m

Core-shell architectures

Controlling the interfaces in Li-ion batteries
By interphase engineering

- Side reactions between materials in the battery cell
result in low efficiency and rapid degradation

- The devil's in the interface:
Carbon black / electrolyte (solid/liquid)
Active materials / electrolyte (solid/liquid)
Current collector / electrolyte (solid/liquid)

- Controlling the material interfaces extends the lifetime of

existing battery chemistries (3a) and enables next-
generation chémistries (3b and beyond)

- Protective coating on the AM powder and conductive
components (= Artificial Interface Coatings (AIC))
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Optimization of material interfaces &
electrode engineering

- Coating of cathode/anode components + 3D printing of electrodes via micro-extrusion
* Atmospheric plasma technology - Thick electrodes with optimized porosity

- Li-S cathode optimization

- Li metal anode passivation

- Printing of LFP cathode and graphite anode
- Optimization of formulation and shape

- Electrode preparation and coin cell assembly
- Electrochemical characterization

- As-prepared and post-mortem characterization of
developed/commercial/recycled battery materials E]

Electroplated and surface engineered lithium anodes
for gen. 4c and beyond
- Electroplating of dense and smooth lithium films

- Passivation through (electro)chemical processes from the liquid and vapor
phase

- Texturing of the current collector for enhanced rate performance

Modified electroploting process leads to growth of

205
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Understanding interface phenomena in the cathode
Simplifying a complex system through a thin-film system

Composite electrode system

*  Huge parameter space
Innumerable interfaces between different
companents

*  Physical or chemical characterizarion is
limited

Thin-film mode! efectrode
* Mo passive compenents
*  No porosity
*  Single, well-defined interface between
active material and the electrolyte

 —. Y]
° NMGE%,

Advanced metrology (RBS, ERD-A,

Direct abservation of interface phenomena

NMC film after expozed

Thin-film
modef
e

~ 100 nm

..J enabled by planar form factor

LINIG, + H.O =3 LIDH + HMO,
U0+ HL0; =¥ L0, + 2HMD,

. BO%, LisT0, 0% Lk I'a
| amelios 3% HMO, =

%ns | !
£
®
glll

03

.J e S i
e 0 40 0 Lo o Rt
Depth (115 aticm)

Design of advanced porous electrodes

Towards higher power & longer lifetime

- Electrodes with a similar formulation of ... ______________
NMC: 95% we, C: 2.5% wt. PYDF: 2.5% wt i :

Our bilayer design

(constructive heterogeneity)

! Conventional design

Im c
(single layer)
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b 3
+ i = i= p?
8 buiayer.fc 4%, §=06 e
i { =
hitayer, f =1%, §=06 b1
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Characterization with home-made setups

Charge transport at bulk & interfaces Large-area Li electrodes (size & aging)
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Battery Line at EnergyVille 2

- Unique capacity for preparation of porous electrodes up to A4 size
- Assembly tools for pouch cell up to a few Ah and for coin cells

- 85m?2 dry room and Ar-filled gloveboxes for component
manipulation and cell assembly in inert conditions

- Group of ex-situ and in-situ characterization techniques

Co-free Li-ion battery technology for EV
batteries: COBRA

+ Upgrade the electrochemical performance by focusing on Co-free cathode

« Advanced Si anode and electrolyte/separator

= Cell manufacturing and testing for electrical and electrochemical performance

+ Leverage the use of smart sensors and advanced communication to optimize the system control o

« Battery-pack manufacturing that delivers cost-effective and environmentally sustainable battery
over its lifetime

Solid state batteries: H2020 SOLIDIFY

Nano-SCE e

13d nana-compatite alvctretyra) | %21t

. wmm-w =
ersict

. mlnwmm

IMD—IMQMI‘:C
mmec
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Sustainable and affordable batteries: Sodium & LF(M)P
| CIT [ E— =

Agueous solution—gel precursors for LiFeP(, lithium jon battery

cathodes, their decomposition and phase formation Reduced Na;,,Ti,0/C Composite: A Durable Anode for Sodium-lon
T Veamken ! - W, Vi Gopel® + 3. D Fsen’ « ML K.V Dol « A Bardy' Batlenes
= Diries De Soovere,” '™ Mohammadbosein Safari,” Ken Elen,” " Jan DHaen,' Oleg &, I\ro’al:ﬂun
ARTICLE small Artern M. Abakumay,© Mantas (m.m"‘ Jiiras Banyx Jonas fekasert™ Bart Dartoens ™

Marbies K Van Bael, " and An Hardy*
Bttt o Miaterials Bevearch (1M Chmonnee ), UFassch, Mustelareslsan 42, 83500 Hasel, leigien

Altering Mechanical Properties to Improve Electrode ergpvile, Thor Park K180, D600 Geik, Begium
Contacts by Organic Modification of Silica-Based lonogel " Ditsdon Lo, IMEC vew, Wetschapipack 1, 83550 Dispeabeek, Selghas
*Canter fur Electrachemiesl Fnergy Sosage, Sholkmvo Instinoe of Soenoe and Tochmalogy, Nobel S 5, 147028 Mirgow, Kirsia
Electrolytes for Sodium-lon Batteries Thrmmntry D partriers, Lomemasy Mivscma State Unteerity, |osiaskie gooy 1, Masssw 119991, Rusitan Federstn
Farulty of Mhpses, Vilnins Usiversry, Sadfenckio 9, H0217 Vilries, Lithuars
{“"" :;‘*;z' a‘" De 5‘“"""“&“"'}“"- Lawsrsiaa :ﬂ:"mm Pomubened Matter Theoey Group, Depistinest of Physice. Uninersiy of Astweep, Groenaoborgerlian 171, 5-2020 Antusipes,
i 'n Derveaus, Prer Adrinersens, Marles Feelgim
’ )
RESEARCH ARTICLE ""ﬂ‘"
PRl

Deep Eutectic Solvents as Nonflammable Electrolytes for
Durable Sodium-lon Batteries

Dries De Sloovere,* Domny £ thmhh\ By foo, Lavinia Cuhs,

FUGELS - Li-S batteries Functionally Graded Electrodes for
long-life Lithium-sulfur batteries

FUGELS will work on a next-generation and promising technology, lithium sulfur

batteries, helping to accelerate their penetration into the battery market. To tackle

their rapid ageing, FUGELS will develop new sulfur and lithium electrode

architectures.

+  Wet chemical and plasma-based techniques are used to deposit shells an sulfur
cores

+ Electredeposition and atomic layer deposition are used for lithium electrodes

MESH-BAT:NanoMESH-enabled miniature formable
BATteries

The MESH-BAT project targets the development of a high energy density, small area
2.5D Li-based solid-state battery for wearable and implantable devices,
combining novel 3D nanomesh current collectors with thin-film cathode
coatings, a thin Li-metal anode, and a solid polymer electrolyte. In addition to
developing the required materials and processes and fabricating demonstrater cells,
we also target an in-depth evaluation and modelling of electrodes and cells with
unconventional shapes/formats

WL
i B0 3 EQ QR

INMO-IMOMEC

“imec
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Cell2System Battery R&D

Battery Testing Lab BattSense &
(BTL) SmartCells
services BMS technology

Battery Intelligence in Consulting services &
monitoring, control,.. engineering

m EMARTCELLS
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+ SO 14001 Iabil Hasselt 1SO 17025 partner
« ISN ARNNT - |

Battery Testing Lab at EnergyVille 1

- Equipment for performance and lifetime tests according to
international standards or to any specified profile

- Testing possible in different environmental conditions and elaborate
experience in developing custom efficiency test procedures

- Batteries and ultra-capacitors can be tested on cell, module and
system level. Both commercial technologies as well as prototypes.

__\ | : i - : . , v .v.-|
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Sensors inside the battery to strengthen the BMS

as the brain of the battery pack

Today, the battery management system can only
probe external to the battery cell

- |naccurate state-of-charge estimation and
no insight into charge state of individual electrodes

- |naccurate measurement of the cell temperature

The battery management system implements
conservative safety margins to ensure safe operation

- Limits the charging rate and useful battery capacity

Battery Management System

FEATURING
Master / Voltage Balancing Unit architecture
Flexible, modular, easy to customize
Maore chemistries and hybrid storage
State of the art balancing
Integrated state of X (SoC, SoH)

Incremental design (monitoring)

Open to EMS optimization and aging maodels
Minimizing energy loses far
maximum energy efficiency

_.l

Batt~ense 2

Example: integration of a thin-film sensor
on the separatar

Electrodes

< |

Functional

—*  component

built on the
separator

Separator

N

Connect to
external
circuit

Batt“ense

Batt”ense 3

BattZense 1

UERERRRRERERON)

2014

CIEISREEREEEREE e
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Elektrik Ureticileri Dernegi

EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

Batt”ense
Battery Management Systems

A platform to match what you need

( Re Flexible — Modular — Scalable

(@@ Patented — Battery Expertise

('EH:I Multi-chemistry — Hybrid — Configurable

A Mo S Nt

( &  Improved Safety & Performance

www.battsense.eu

4]

SmartCell”

Battery Management Systems

( 78 Integration at cell manufacturing

| Distributed intelligence

C”T“' Wired communication backbone )

( Cost savings for multiple stakeholder j

(Q Design to support more life cycles )

{ Competitiveness for EU battery fabs )
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Optimization of battery usage

. ===

''''' o Parameter estimation ) o e

Revenue O s o
losl capacky (%)

Lifetime € P s IP——
i revemoe and profit, and the physice based medel man:

htrpssffdol.ong/10. I016/] jpowstur 2020229355

Fast Modelling of Li-ion batteries for Advanced BMS

- Transition of P2D battery model solving strategies to accelerate
the computation Highlights:

* A novel model order reduction using a galvanic pseudo-paotential
to address diverging currents

. . * Replacing iterative calculations with random initialization by a
i o e more robust approach
s *  Applicable for general P2D models
Bt s | Results:
ke Saicet s o e *  Moaore robust P2D Maodel sclving method

+  7-12 % acceleration in P2D model computation time

e b i Future objectives:
o b 2 » Developing a Safe Operating Area (SOA) estimation algorithm
\ - ; based on aging models
= § gy A * Coupling with battery state estimation
1] K. Heghwasll, D, L. Duwllow, € Sililer, T B, Cinen, B-A. Bl o Batter\( control loop based on the estimated SOA
i m-",-im ibymnening o potontial anid orrrentn i ponss chetrdis Cantroller  Battery
Mosfel retiactinn, Jonsrmal of Pownr Someoe Advaaens 30 (3024 106135 |

PhD researcher; Kelvan Haghverds; Promotor: Prof. Dr, B, A. Eichel (F2 JUlich; RWTH)
Co-promotors: It G. Mulder (VITD}, Pref. Dr. H L. Motten & Dr. DL Danilow (FZ Julich)

®eud -
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Off-grid and DC grid solutions

- Different applications in various
environmental conditions
- Water purification
- 24]7 energy provision

- Different technical assets
- Batteries
« Hydrogen electrolyzer & fuel cells
+ PV panels
- Battery & system choice + dimensioning
- Testing — modelling — simulation
- System integration and control

- Energy management
+ Grid stability and voltage control

TIGERPOWER

BiDC project

+ Testing
Maritime applications Lo
Hybrid + full electric vessels ~ FLEXSHIP
- Retrofitting

- Modular/scalable design

- Electrical architecture & system design
- Different operational modes (e.g. full electric silent)
- Battery, inverters, charging, engines/generator, motor
- DC grid backbone

- Focus on: battery, DC grid safety, EMC &
voltage stability

- Hardware in the loop (HiL) set-up and
testing
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Batteries at end of life

216
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EFFICIENT DIRECT RECYCLING FOR LOW-VALUE LFP BATTERY

I I ! USE FOR CIRCULAR AND SUSTAINABLE WASTE MANAGEMENT

BKYBURZ

~Go EimianEs

un !\staassl&m @iﬁ'&‘

LCA, LCCand Social CA

= " suq) I’mp and wel Mixed format
. [tz
[ T~
Sustainability communization Sensor-based =ortbat
] sorting [SS[==
E Fraunhofer
> Mn! m{,h:%%unz m.ﬂ'kﬂw:"l
S Empa ——
& Emants PO Gl g\akerm ‘ol extracti
%c\.mm arrester and binder aﬂmlanh f
Black mass elassification
B mon o [
Regenzration and upgrading C.E !Hlilﬁallil I . 1
Cathode/mnode material  Binder wmmmm f

s -
e ~m
StoalfAllcu  Plastics  Electrolyte
¢ i hvert foa it
RE —

Funded by
the European Union m
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AC RO B{:,T The project aim is to develop innovative and environmentally-
friendly recycling technologies dedicated to spent LFP batteries

RECYCLING PROCESSES OTHER BATTERY TYRES ACROBAT procESS FOR LFP BATTERIES RECYCLING

Eol bartery Eol barrary LFP-dedicated dismantiing AT .
callestion saning BATTERY 8
. = T ] ACCUREC LEVEL #
Cibebat sortbal EOL LF® . | »
Hig T £S5 5

i | Il [ TR | MR CELLS

LFP-dedieated pro-troatment AT
=
— ACCUREC LEVEL

_L TLF’ BLACIK MASS

SECOND USE
Datrery une 5
m LiFePO, CATHODE MATERIAL

AT

= Fraunhofer

4 [ rlal HCl-based lithium
3.._._.5” vistetlal, E recover llﬂlimreﬂ
peoduction LTV A b wivndr

LIH-| BATTERY-GRADE|
® o ; fsv® |
umicore”  £— BATTERY METALS | |

Materials
Lieve De Doncker (Innovation Manager) —

Cell-pack-system
Sofie Ignoul (Business Development Manager) —

R&D
Jeroen Buscher (Research Line coordinator / Product Manager) —
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6.12. Energyville Hydrogen Sunumu

Power-to-Molecules, Green H, production

Metin Bulut, VITO
22 October 2024, Genk

The path towards a European H, eco-system
Step-by-step

[, Qi
R - 2. O N 3 1
T NS Hm@we -
507 888

-~

> ‘large scale’

A 4

v

Today - 2024

6 GW 40 GW

4]
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State-of-the-art Green H, production technology
Alkaline Water Electrolysis (AWE) vs. PEM-Technology

Flexible operation
Proven technology

Small footprint
Bulky

Platinum / Iridium use
Not flexible

Capital intensive
60 - 75 % efficiency

No track record

H, production plant in Rjukan, Norway H, production plant in B . Canada
1929-1988, 167 MW 70 tons/day 2021, 167 MW 8,6 tons/day

Expected electrolyser market

Push to accelerate by current geo-political issues,
from 80 to 150 GW by 2030

m ALK
—— v Expected
Cumulative installed electrolyser capacity te:I?nology s PEM
Based on IEA project pipeline’ mis2
600
i s SOEC
500 =7
A 321
35
00 247 = Small (x<20MW)

Q«I': v

200 iz 160186118 !
122
102 108
100 s 5568 ;s
31
x4 g il
3 - = = ®m 0 l l

2022 3023 2028 2025 2026 2027 2028 2020 2030 3031 2032 2033 2034 X035 2035 2037 2038 2040 2045 2050

= Medium
(20MW=x<200M W)

©

WCAGR27% WCAGRS% wCAGREY = Large (x>200MW)
0 A Hydvogen prowects ddfatiuse Mov 2021 — only nicfuded ween fydrogan Wojscls comes ook as fium
22 amvards - sproad the G7GW HyDeal amtton proect m years frivm 2000 fo 20048
M 21 Essed on average cistribution smong the thves technaliges for exrsting projects and piaiied presects
far winch fechnelogy is specried (TEA detabase}
M Based on sverage for panned proecis (IEA delsbese) m

220

®eid

Elektri Ureticiler Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

Electrochemical Research and Development

TRLA=5: Deveion prOdUCt- . Industrialization/
n/pilot e"'_{’-sammercialization

Discovery and elucidation of electrochemical
process steps

Stacking/systemitégraton M

TRL 5 — 7: Creating impact _

Ty,

De-risk by clarifying the techno-economical picture
Understand the boundary conditions of
* Component integrotion

+ Cell design
* Process development
+ Scalability
2]
Green H, production by electrolysis
lTrlec Joint R&D of materials r = VIto
and technology blocks
Nanotechnology and thin- for electrochemical Membrane and electrode
film technology for conversion technology technology for pressurized
& systems
electrolyzer, fuel cell electrolyzer stacks and
and gas diffusion electrodes balance of plant (BoP)
IMO-IMOMEC  Material synthesis
UMeC gnd characterization
2]
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From (nano)materials to System and demonstration

Increasing integration maturity & application value proposition

Material/process Device concept Component Module

Electrolyte materials

Smart/durable Catalysts Catalytic nanomesh  Mormbrane-Electrode Electrolyzer cell Mol .
Gaslvapor absorbers lon se!em_"e membrane  accombly (MEA) Power module LS ci S
lonic coupling thin-films ~ ©as diffusion electrode Diffuser plates
Materials R&D Process R&D Device performance  Process upscaling Design scale-up  System performance
Custorner/partn
SRS Energy companies
Material suppliers Material Tool suppliers Component Electrolyzer/FC Chemical industry
manufacturers manufacturers | Automative/Maritime
5 M= IMIBMEC > Consumer and utilities
> Agricutture
D mec >

) = vito ) (£]]

Green H, production by electrolysis

H = | ‘imec )
yve %
'-/ f vito (J it e

A

£ DEME Water e — s [T = ‘

electrolysis

4;\{?—_:@:j "‘l ’—01 iﬁmﬂ ,"\

i

®eud -
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New company
From IP to upscaling
Low cost H,

. generation
Upscaling

Material
innovation

Hyve,
Deployment — [/

De-

wiw inkedin comfcompanyhyvehydrogen risking

Low cost H, generation

Improving electrolyzer efficiency and cost are key

CAPEX

Energy efficiency

Hyrogen production cost (USDYkgH2)
= w

| ]
o
& &
48 o B g e
& S & &
S .
& e o &
& « e o

®eud .
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Need for Breakthrough technology

<100 pm

05 i¥BROGEN
D! e N

NATER + TIUTE H3,

thin nano-scaffolding

Materlal Innovatlon

A AEM membrane Ni nanomesh

+
imec-Vito membrane

Valtage (V)
9
ha

, —L. - 100nm
Neone= (Vin/Veen)=74%

1.6 ® Nl foam
® Ni nanomesh
14 T T T T
o 200 400 600 BOO 1000
Current density (majcm?) } dense, thin
separator
SpEME @y, UMec pevito 4 )]

®eud -
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De-risking

Proof of Principle

1.8cm by | 8cm MEA dem by 4em MEA
Atrmospheric cell 20 bar pressurized cell + BOP

Pressurized cell
and BoP

Materials
performance

EUD Uyelerine Ozeldir.

Demonstration: Proof of Concept Cell Stack & Prototype

~1kW PoC with BOP  ~30-50kW Protatype integrating MEA+

Muiti-cell operating under
industrially relevant condilions,

De-risking at material & cell level

Assessment of “relative” performance on |
material level

4 DEME

Pilot-scale fabrication

30x30 cm? sheet processing line

Upscaling

P, LMNec p<vito

Assessing individual components by studying
reliability/performance aspects

i Manufacturability
. Cost / performance
balance

Deployment

®eid
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Thank you!

[
VI ll ENERGY IN
TRANSITION

metin.bulut@vito.be
+3214 335651
Program Manager — Electrochemical Expertise Center

®eud -
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6.13. Energyville PV sunumu

Introduction to

- EnergyVille

- PV technology research group
- IMEET master program

Prof. dr. Bart Vermang IMO-IMOMEC Energy
[>usassed] © pmec ya)] viie

EnergyVille
@ GenkBIgiu

I ~vito  ‘umec

INADO=-INADOMELC E
[lonassen] " MMec ﬂ \l"ri‘lfl;‘-:"‘I
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EnergyVille i

Energy in Transition

= Almost 750 people involved 1 - @

= 80% researchers / 50% international

i ¥* * *
= 8 research topics 368 135 243
BELGIAN EURCPEAN INTERNATIONAL
COLLEAGUES COLLEAGUES COLLEAGUES

Battery Electru:al Energy for Energy Power Power-to- Solar energy Tharmal
storage networks buildings and strategies and electronics Malecules systems
districts markets

I ~vito  ‘umec

IMO=-IMDOMELC ﬂ
VI.IB

[lunassen] © Lmec

PV technology research group

Team 1 Team 2

Thin-film Integrated
devices modules

€72 SOLLIANCE

T FILW SOLAA RESCANTH

Physics-
based
Energy Yield

CIGS module perovskite module

IMO=-IMDOMELC ﬂ Energy
Ville

[lunassen] © Lmec
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iMEET master program

The ed ional prog of Engi ing Technology is a joint initiative of
UHasselt and KU Leuven > UHASSELT m

Master of Energy Engineering Technology (MSc)

Why study Master of Energy Engineering Technology at the joint
programme of UHasselt and KU Leuven?

One year (60 ECTS) | English programme

Clean energy s crucial 1o a sustainable and brighter future. Would you like to become an expert in renewable and cleaner sources of energy and
play a key role in the energy transition? Then join our one-year (60 ECTS) English Master's programme of Energy Engineering Technology!

Hands-on training with attention to entrepreneurial and communication skills c

Integrated project work and lab activities onfa c'

Broad package of elective courses @ engineeringtechnology@uhasselt.be
Strongly embedded in the ongoing research at the renowned research institute EnergyVille

Double degree UHasselt-KU Leuven

Strong demand on job market

In the heart of Eurape: in between Germany, the Metherlands, France and the UK

LA

IMO=-IMDOMELC E
[lonassen] " MMec ﬂ \l"ri‘l‘fl;‘-:"‘I

W

Photovoltaics (PV) R&D @ EnergyVille
- History & potential

- Challenges & innovations

- Infrastructure

Prof. dr. Bart Vermang IMO-IMOMEC Energy
[>usassed] © pmec ya)] viie
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The start of PV worldwide and in Belgium |

A bit of history

= From 1884 to 1984

HAPPY INNDVERSARY

First PV system, New York City Roger Van Overstraeten,

: i .
R S - Founder imec and 1 EU Becquerel prize
ﬂ \-"ill:ay

“imec

History and potential of PV worldwide

The multi-terawatt era

= From 1 to 60 TWp
M ITRPV | E5Eoiiss.

statista ¥a 5000 - |
I 80
= 4500 - o
= | B
a 4000 2] 1
_‘ . % 3500 + E 0 E
E_ W00 - E w g
i = X 50 § 2500 7 40 E
. ]
§ e W £
51500 - S
: w 8
2 1000 - 5}
£
& 500+ 10
o B (i) = 0
N S O S 015 2020 2025 2030 2035 2040 2045 050
2000-2022, the path to > 1 TWp 2023-2050, the path to > 60 TWp

IMO-IMOMED ﬂ Energy
“imec Ville

®eud ”

Elektri Ureticiler Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

History and potential of PV in Belgium

Ever more
- Arsaty > 06y ‘2050
The Power
« Perspective
| By 2030, solar PV
2 : i
Z oo increases by a factor 4
E 4000 100 GW of technical
£ I I I potential for rooftop PV
"lIIIII .
PP LSS R PP L L PSSP

IMO=IMOMEC -
mec EA) i 4 vito

Sustainable materials

Challenge 1 DOI: 10.1039/D1EE01814K

= Main cell architectures = Materials scarcity

Table 1 Mass fraction, global reserves, and supply for siiver, indium, and

mﬂm

PERC sotar call TORCON sotr call Mass ff?mon Global reserves  Total supply in 2019
(kg kg ') [tonnes) [tonnes)
27

A 7.5 % 1079 560000 29 000
mmm m**® 35 %1077 15 000-50000 2100
piPsss 8.5 x 107 320000 21000
IMO-IMOMEC ﬂ Eviirgy
unmec Ville
231
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Sustainable materials
Challeng

= Thin film, tandem, or even multi-junctions
= | ow carbon footprint & low energy payback time

Semi-trnsparent perovskite (PSK} module Assembled PSK-on-5i tandem module
Valorized via YATTA Power Valorized via NOAK-PV

IMO=-IMDOMELC E
[lonassen] " MMec ﬂ Vriﬁl;gy

35x35 cm? linear sputtering and 30%30 cm? picosecond Blade coater
(co-)evaporation cluster system laser scribing (20x20 cm?)

we- -

Module encapsulation

is Eﬁl‘&i@éﬂnﬂ

IMO=-IMDOMELC E
[lonassen] " MMec ﬂ Vriﬁl;gy
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Integrated, multifunctional applications
Challenge 2

“standard” PV applications o i AT
ool emerging integrated PV applications

Residential
<10 kW,

flat/tiited roafs =
i

Commercial/
Industrial
10 KW, - 10 MW
maosthy flat roofs,
carports

Urhan PV [UPV}

m‘ B

(B
4 vehicle integrated PV (VIPV)

Floating PV [FPV)

Infrastructura integrated PV (1IPV]
Utility-scale "
power plants
=10 MW“
mostly open
racks, horizontal
single axis
trackers

Agri PV (APY) o4

= Levan

IMO=-IMDOMELC ﬂ E:ﬁ,gy
ille

[lunassen] © Lmec

Integrated, multifunctional applications
Challenge 2(a) |

= Agrivoltaics

H2020 project HYPERFARM
hyperfarm.eu/webtool

TRANSfarm, close to Leuven

INMO-INMOMELC Ei
[lunassen] © Lmec 2| Fived m
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Integrated, multifunctional applications
Challenge 2(b) i

= (Offshore) floating PV A Aty i '| {ll I". o | II'-”l,__ A I.-"J'|: %
I\. / |||| || || Vs 11 |l |8

: i "' | '(ef . h "I I 'rml \1™

¥ 10| il T ] Y L

' v "\-IH'I .[. UI.-{}- / ll ll i 'l|F|u. 'l ql,’l‘ I\ A 'l I\ }.I'\ A 'J' E

.-.;Ll \/ '". '.' Ay VA e

HEU project Nautical Sunrise

£ A & P & & & &£ A
LA R AR S A A N .

IMO-IMOMEC E . 3 i .
Sl umec K3 V> m Solar-wind complementarity for Belgian windfarms

Integrated, multifunctional applications
Challenge 2(c) |

= Vehicle-integrated PV

Solar roof Light-weight PV bonnet Innoptus Solar Team,
Bridgestone World Solar Challenge

INMO-INMOMELC E
[lunassen] © Lmec Vile m
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Reliability, re-use, and recyecling
Challenge 3

IMO=-IMDOMELC ﬂ El'!:ﬁrgy
ille

[“lomsssa] ~ Lmec Debonding-on-Demand valorization initiative

Infrastructure T

1. Medule assembly: Automated assembly, lamination, diverse small tools

modile ing fow new fech, ies, fulf-size moduies [Dowute- or single-) membrene lminator for fourved) Dvervie tois: Cutting/polisting (cross-section)
Pick & place. dispensing, lasering, soldering medules up to 15 cm thickness Microsenpes fopticol, eonfocs), SEM/EDS)

- , - y Pull tester (ibbon, beckshest, etc |, fheometer, ..
2. Characterization: Solar simulator, spectral response, outdoor testing

Spectro! Respanse {SR, EOE, JQE, ..} Lorge ases solor simekrtor Durtefacs testing fogen structune, BP0 2-ais drocker
freor iumington, £L ..]

3. Reliability testing: Diverse Climate Chambers

|
w |

Climalic chemirers (TG FE 2H, 30UV, 0

IMO=-IMDOMELC ﬂ El'!:ﬁrgy
ille

[lunassen] © Lmec
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Localproducﬁbn

Challenge 4

EU-27 Annual Solar PV Installed Capacity, 2000-2023

PHCHIHQInuﬂnanonal e .
The Phatowoltaic Magazine 3 :

0%

42%;IH

55 - 41% 'I

10 -I 2 I I
_— -

o ______.III III =ii|l

B b e

=
! W comany [l Spein [l italy polanct Bl Netheriancs [ France [l sustria Balgium
=

W crecce B Hungary [l Restof Europa

SOURCE: European Markat Cutioak for Salar Powor 2023-2080 % Eﬂ:a'npem‘“'"

INADO=-INADOMELC ﬂ
\-"lltu

[-Tumsssen] “ Lmec

Localproducf' — Soltech

Challenge 4

7 with a touch of
]

soltech

INADO=INOMELC ﬂ
\-"lltu

[-Tomsssen] “ Lmec
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Local production — EnFoil
Challenge 4 ' -

Flex

Roll

Stretch
INT - INMDOMEC Enei

acilities at EnergyVille .| =

Virtual tour: https://www.energyville.be/nieuws-events/digitale-energietour-door-onze-labos

RO T

£ .Laﬂg]nlln-lll-

[

|

EnergyVille 1 building, open since April 2017 EnergyVille 2 building, open since May 2018

* Smart grid lab (e.g. RTDS, ...) * Advanced metallization of solar cells

« DClab and Home lab * PV modules lab

+ Matrix lab and medium voltage smart energy lab * Thin film PV lab

* Thermo-technical lab * Battery upscaling lab

« Battery test lab * Advanced material characterization equipment
* Indoor + Outdoor PV testing facilities * BIPV outdoor testing facilities

o « Test field under construction
INMO-INMOKMEC Energy

[lunassen] © Lmec Ville

237

®eid

Elekerik Uretcieri Dernegi EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

The PV technology team!

g

IMO=-IMDOMELC E
[lonassen] " MMec ﬂ \l"ri‘ﬁl;gl|l
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6.14. Rely Hidrojen Sunumu

Gap with us.
- destination with Clear100*

October 2024

rely’

Addressing the Green Hydrogen upscaling challenge

Driving in an emergent market Promising revenues yet Bridging the Gap with a unique
= Sustainability stake for all uncertain context positioning on the market
players Green hydrogen and its Creating a unique company to
= Needs for decarbonization derivatives have tremendous scale up green hydrogen and
with economically viable potential to change the world Power-to-X production while
solutions for the betler. To unlock the benefiting from the best of hoth
* Seeking proven safety and market, technology reliability OEM and EPC worlds, and lower
accelerated technology and finance & costs the molecule price to enable the
development optimization are expected. sector's competitiveness.
ll
rely
239
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Rely — A World Class technology, Product and Project Company
Created by Technip Energies and John Cockerill

Unigue combination of technology, engineering,
‘( \ and equipment manufacturing know-how.

Industrially and geographically complementary,
cultural alignment.

An integrated solutions provider for green H, and Power-to-X

Asset light model

Capacity reservation and supply contract
providing access to electrolyzer equipment

Asset lifecycle offering

From conception to Operations &
Maintenance

Technology Center
Development of green H, and Power-to-X
Technologies and Solutions

rely’

Improving efficiency and affordability by optimizing the entire
value chain

INTEGRATED H, TRANSFORMATION O&M KEY END MARKETS
LOW CAREON GEMERATION
e 3 @0 f
I N — ~— O
\-E; G:een_ aFuals Pt v
Hing L | S & PatCham Ferilizers
- Eleciroiysis &) -
d pr—df e g G,
Liquified H; i )
Q::jar DA 3& mzer?i:nmi:i: v u
\_?/ \ ’ \ ’ Stesl Transport
\—J
o S — eNatural Gas
\--J ﬂ'( P|an|.-‘éi|e s é]
Gr, !E'*j" % | e
2 v Fower slorage u
%ea{ & Production Hard-lo-Bhale
Industries

®eld
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Rely will deliver fully integrated solutions in GH2 & P-to-X

7 f ) O E
@ EARLY PHASES h OEM * PROJECT EXECUTION H OPERATIONS & MAINTENANCE |
8 i i H

+ Pre-feasibility * Engineering +« FEED + Asset management. production
+ Feasibility + Supply « EPC optimization & balancing

+ Pre-FEED + Commissioning + Production management

+ Permitting + Maintenance

= Financing / off-taking

J IAINTENANGE

— o
CEVIERe ] ! Energy efficiancy
)

{ i
. i Crgineenng Procursment, | E oo 5
il Hens z fal Services
sduiecty, fessibility Frmnzlvg sol.tors Consuction J i B } i

—F
g

Orparations & Maintenance Barvices :

A

Product Developer

EPC Architect
Market making company

®eud -
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lpad time

Leveraging experience with a new mindset:
Same People, New story

Brussels

> Leveraging EPC expertise from @
» Fullrpacked development team of experienced engineers

> One single point of contact for performance before and after
operations

> A newway of executing projects, capitalizing on a fully digitalized and
optimized Product

tion or conaruction

242
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Disrupting the Green Hydrogen Industry

with strong ambitions to define industry standards regarding Green H2 and Power-to-X

Offering one
single point of
contact for
Performance

before and after
operations

rely’

Jean Jouet

Leveraging
capacity
reservation
providing
access to
electrolyzer
equipment

Chief Technology Officer

rely’

®eid

Elektrik Ureticileri Dernegi

Executing as the
“market making”
company that
drives LCOH
reduction and
unlock industry
scale-up.

+32 475 30 22 53
jean.jouet@relysolutions.com

Rely. Bridge the Gap.

243

Innovating in the
Green Hydrogen
and Power-to-X
leveraging our
Experts to
accompany our
clients through the
entire journey

EUD Belgika Teknik Gezi Raporu

Clear100*
product
combines the
best of both
worlds between
an OEM and an
EPC.
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A performance-guaranteed product

Rated plant power 100MW (SMW X20)
Performance
Start-up Time <15 minutas®
Flant afficiend
ang
Plant availability e mirtaran
Plant design life 25 years
Physical / Environmental Installed footpeint - Core Preduct T orlha
Installed footpeint - Balz 12,000m? or 1.2 ha
:,:ur..-i r..'-'-"_ 1_I - B 85 dBA (at |rr:-n'-’ﬁ':-n'.rﬂl,-l;:wr-':-
Ar mperatura
Compliance standards

rely’
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INTEGRATION AT CORE >

MAXIMIZED STANDARDIZATION >

ACCELERATED LEAD TIME

EUD Uyelerine Ozeldir.

HO 1,800 kglhr
SLAN 1 51.7 KWhIKg*

-35% EQUIPMENT

REPLICABILITY

PRE-FID — 5 MONTH @
EPC - 29-3 5

12+ MoMT ED
REDUCTION 0,75-1 €/kg

With h

URE TO ORDER
3
Clear100*

22.000m?
REDL O

**with P-zeres praduct line from John Cockerill Hydragen (stack afficiency DC: 438 KiWh/Nm3)

Global Green H, capacity by 2030 without China

AMERICAS

14.1 GW 6.6 GW

SOUTH AMERICA

4.4 GW

Sowrzea: BNEF

(‘
relu Dosant

india_ China & Australia

®eld

Elektrik Ureticileri Dernegi

4 GW

14.1 GW 3.6 GW

AFRICA

2.4 GW 1.86W

OCEANIA

4.8 GW 2AGwW

May 2024 : Rl internal analesis

High scenario Low scenaria

245
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Rely procurement strategy

»  Secure the entire supply chain by applying strategic sourcing
OBJECTIVES through non-exclusive Frame Agreement(s)

»  Implement a sourcing strategy influencing LCOH
v To support Rely product developments
SCOPE » To standardize, mutualize and leverage volume effect
»  To select strategic partnership with the aim to develop
and implement the most suitable solution(s) covering the
end-to-end procurement processes

» Reliability, integrity, safety & compliance
» Prequalification & Qualification
»  Competitiveness and adaptability
»  Close collaboration and alignment among stakeholders
through early engagement, and expertise sharing

MUST HAVES

rely’
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6.15. CRM & JEMA Sunumu

E www.jema-power.com

Rue de Rodeuhaie 8
9 1348 Louvain-la-Neuve
Belgium

JEMA s.a.

AWEX - Turkish delegation @ CRM

October 22nd, 2024

Who is JEMA s.a.?

High performance power supplies — High power

Tailored made - Customer specification

Design — Manufacturing — Testing -
Commissioning - Service

LT
& | /.
JEMA;
'\__J"'.’ J_"
WA
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Who is JEMA s.a.?

TR} B BT E UL 212

o
We have offices in 90 collaborators are — o)A
: . : : Manufacturing is A n
Louvain-la-Neuve (Belgium) working to deliver to best g Jmﬁﬁ/ﬂ
: made on-site (-7
and in Haguenau (France) to our customers L

Wide range of high-performance references

9, -3

Power : 1 kW to 3 MW Current: 0,1 A to 30 kA Voltage : 0,5V to 30 kV

Y

Long-term stability: up to 10 Efficiency: Over 97 % full charge

/"_-.-l"':
1)
JEMA'
A<
L=

i ‘/
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Particle
Accelerators

Market overview

Energy Electrification '
Transition . e “

— -
bOI'IBFPEL Energy

TECHNOLOGY OVERVIEW

JEMAC

249

kkkkkkkk Urericieri Dernei EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

Application: Metal recycling

Solution: 3x3MW system

Application: Rockwool manufacturing

Purpose: Industrial process electrification
: Change from fossil fuel burner to electric
plasma torch heating devices

Solution: 3 x 2,25 MW system

250
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Plasma Technology

Application: Nitrogen cracking

Solution: 50kW power supply

SLURRY/ A N UNIT ) NTROGENENRICHED )
DIGESTATE ORGANIC FERTILISER
JEIVIRSa
| i ]

Customer: Chalmers
Application: Cement process investigation

Solution: 300kW power supply
«  High voltage output i
SiC technology L
Ultra-fast regulation system
Industrialized
Maodular design
IP54

251
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- Customer: IBA

. Cyclotron Main Coil, ion source and
subsidiaries

Analyzing magnet
Dipole (5)/Quadrupaole (41)
Pencil Beam Scanning

Magnets Technology Po
Ty B

A

252
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. Customer: John Cockerill (MiRIS)

. Application: industrial battery storage
system

. Solution: 400kW bi-directional AC/DC
converters

/1
h il
J Sockeril JEMA:

Furnace Technology OF

&'i ﬁ GROUP I

253
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They trust us
& sumitomo  Arc Metal LN CLEMESSY N2 — Applied
4

camera S=ANNGL—~  ALSTOM WUCLouvain  Fyer7i

Turring CO, ints fusl

. A D .. . O

CNGIC ArcelorMittal institutCurie = Riherord gpison asersoy 3 Y iCONE

(J %mﬂarill E ; lm e C .WP Ig/]
Protection Cathodigue
(CERN ! g

Check our website
WWW.jema-power.com

Follow us

You
[ Tube |
aee

info@jema.be ¢ Rue de Rodeuhaie, 8 - 1348 Louvain-la-Neuve (Belgium) » With the collaboration of ’% a2

wallenie  Wallonia. be
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6.16. CET Power Sunumu

Presentation to
Turkish delegation
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@ 75.961.000€ 7 Factories

ooo =

; Belgium (3), France (1),

Consolidated Turnover Aode : ;
E@ (a5 of end 2022) China (1), India (1) and

USA (1)
321 s 7
employees R&D centers for
worldwide ' continuous innovation

I Revenue (CE+T Group)

3 2014 015 I01E 017 018 me 2070
Years
FOwerR
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I Subsidiaries

I Key Figures
0e=]) 300.000+ 3 Factories

000 =2
see—1 modules produced over the aaal Belgium, China and India
‘e |ast 10 years!

209 3
employees @ R&D centers for
worldwide . continuous innovation

© 44.266.000€
Revenue (end of December 2023)
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Worldwide Presence

o= Sales office

Europe Asia ke
Belgium (i + 1 + +#) China (& + # + +8)
France {4 + ol + +bi) India (@ + & + +8)
America Germany (2 + 1+ +1) Uzbekistan (i}

Switzerland {m))}
Georgia (f + B+ +) Luxembourg ()
United Kingdom ()
Sweden ()

Africa .
'~ United Arab Emirates (z) Australia
New South Wales {1 + )

WS

Experience and Stability

&
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L &

Awards, * *

B,

SMANAGED
= COMPANIES

y 3 SILVERIL
2023
ecovadis

Sustainability
Patirs 4

. LiTTLE BOX
CHALLENGE
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I Multidirectional Converters

We also have solutions for larger loads !

' Hercules, AC/AC/DC

" stabiliti, DC/DC/AC
l =

Sierra 25, AC/AC/DC '

&

I Markets

® = o<

O
Telecom Transport Data Center
E]]] ﬁ ;%
Industry Power & Utilities Energy Management
(CET)
POWeR
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I They trusted us, why not you?
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I Markets
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Energy Management
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Backup, energy management or hybrid?

Hybrid

- PMS

- Systems integrating
renewables

= Battery Storage Systems

Power Backup
» Standalone & modular inverters
« Multidirectional converters
+ Modular UPS Energy Management
« Monitoring » Multidirectional converters
+ Power booster

« Monitoring w
)
POWER

Energy Management

Reduce your energy bill by shaving peaks, increasing self-consumption, being paid for
demand response and secure your critical equipment with our solutions.
Alone or with others, on-grid or off-grid, we can build the solution.

For Prosumers For Communities

8 _. 8 | @l_;m
&

|
By '
4?41 T - ¥
(CE T}
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I Grid-interactive

Inject your excess of energy into the grid
and get paid for it ! :

Hercules, Stabiliti and Sierra 25 are certified
Grid-interactive for Europe.

I Leiedal Battery Storage Project

9

Reconversion of old
DSQ Power plant

263
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Resourced Project Zwevegem Phase

DC Backbone 700VDC PV Solar
o éGOkW PCS / 307,8 kWh recycled o 32DKWp PV pane|5
atte
; i o 240KW Stabiliti + 30 KW
o Inview X controller
o Limited EMS functionality o Inview X controller

o Self-consumption optimization
o Peak shaving

o Energy arbitrage % % —
| (s

s it

Leiedal Battery Storage Project

. AC-DC BRIDGE
PV « NIELWE TRANSFO

. PV« ELIA GEBOUW ~

. DOCKING STATION R&D AREA

. ECO-NEIGHBOURHOOD EXTENSION
. BATTERY STORAGE SYSTEM

. CAR-PARK
EMS

DN m s W
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6.17. Tweed Sunumu

e

¥Twé§§

Energy ¢ Water * Hydrogen

:NERGY

e g ="

SHSTORAGE

[Technelogies Water-Energy-Environnement & sustainable Development]

Our Mission 2@ “T&D

= ] i=h |

“ TWEED's priority is to encourage investment and F: Twé:b,
innavation in the energy and water sectors by mobilizing : —: o
companies (private and public), research, innovation and f e oy 3 e
training players, as well as government and administrative i ey o
authorities, around projects. o ey

“ TWEED currently brings together more than 250 players ; 3 . SR
and plays a major role in innovation and business | 5 | voobere £ 3
development 5 : —t

“ TWEED is focusing its coordination and leadership efforts
on 2 sectorial clusters: the TWEED cluster for the Energy
& Hydrogen sector, the H,O cluster for the Water sector,
These key sectors are constantly on the lookout for
innovative technological and non-technological solutions,
and are on the front line when it comes to tackling the
challenges of climate change.

“ TWEED acts as a catalyst to promote and structure high
added-value sectors & ecosystems of players/projects
with high potential for expertise, partnerships and exports
in the fields of energy and water.

ot

| Memity |

()

General Prasontation - Clister Twoed « Clister 20 = 2034~
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Our Activities 2@ “T&D

To understand and raise awareness of the sectors, markets and
players involved in all the value chains of the energy and water
sector («Mapping»)

To provide a meeting place to facilitate contacts and exchanges of

experience, and to enable energy and water players to get to know

each other better (aNetworking»).

To identify and support industrial and investment projects in

particular, through partnerships and by aiming to strengthen

commercial links, and to access innovative capacity and a higher
threshold of competitiveness (¢ Innovationy)

Promate the expertise of cluster members at national and

international level («International»)

" To promote the sharing of knowledge and the exchange of good
practice, including at international level, and to encourage
synergies with other groupings, clusters and competitiveness
clusters in the energy and water sector (zpartnerships»),

To position itself as a recognised centre of expertise and a reliable
() partner for stakeholders {private or public) concerned by the
environmental challenges of energy and water [«Knowledge

. %
__a" . : " Centres)

Genpral Presontation = Clssier Twoed + Cluster 20 « 2024~

Our energy
topics

12 TwéD

)

General Prasontation - Clisier Twoed « Cluster 20 = 20340~
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Wall4GRiD

Mission & objectives *
Directory of players & solutions

L wie |
Wall4GRiD

Missions & organisation ~ 1he Wall4GRiD program Wweh

Wall4GRID is an initiative established to guide and boost

solutions in response to the major challenges of electrical grid
but also of Heat / Hydrogen / Water grid Networks.

Grid infrastructure will play a key role in the energy
transition.

Our program aims to engage Wallon stakeholders in
bringing, facilitating and supporting new solutions for grid
challenges ...for a greater impact!

®eid
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WaG

Wall4GRiD

Miasions & organisation @ global initiative around 4 main axes TW&D

WaG

Wall4GRiD Satisfying results on the track Tu@b

CER|ACLF :/

Cme | mmam s o e
+4 TVVhwinl

® 20 projects ® 200 playors * 10 web-/seminars per year (PACE2030)
® + 25 solutions ® 3 online tools ® 10 articles for vulgarization
® >35000000%€ ® 4 published studies  * ...

The TWEED Cluster, in collaboration with
MecaTech Cluster, is supporting a portfolio of
Local Energy (Sharing) Projects : around
twenty pilot and R&D projects have been
monitored by the CERACLE platform, with a
total budget of over € 35,000,000

CODOHOHOD
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Wall4GRIiD

Ready-to-use expertise from Wallonia

EUD Uyelerine Ozeldir.

TweDd

Consulting &
analysis

Equipment &
instrumentation

Operation &
management

EPC

Funding

Wall4GRIiD

Ready-to-use expertise from Wallonia

www.clustertweed.be |

. = Em-—-——.

WalldGRID

<
D S

@

o
A

j‘ Acteuss & erajets allan - Bezeean ¢ ecirigiey

TweDd

Consulting &
analysis

Equipment &
instrumentation

Operation &
management

EPC

Funding

®eid
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Solutions from Wallonia
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Ready-to-use expertise from Wallonia

ool Solutions from Wallonia

Consulting & J A
analysis .

Equipment &
instrumentation

Operation &
management.

EPC

Funding

Ready-to-use expertise from Wallonia

Solutions from Wallonia
Research

Consulting &
analysis

Equipment &
instrumentation

Operation &
management.

EPC

Funding

. 270
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Ready-to-use expertise from Wallonia TweDd

ool Solutions from Wallonia

Consulting &
analysis

Equipment &
instrumentation

Operation &
management

EPC

Funding

Ready-to-use expertise from Wallonia TweDd

Research

Solutions from Wallonia

Consulting &
analysis

Equipment &
instrumentation

Operation &
management

e

Funding

. 271
®eld

Elektrik Ureticileri Dernegi

EUD Belgika Teknik Gezi Raporu



EUD Uyelerine Ozeldir.

Ready-to-use expertise from Wallonia WweDd
o Solutions from Wallonia
o A wemss. BSTOR
@ et & ' |
instrumentation
o
:

wallonia
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BELGIAN
HYDROGEN
COUNCIL

LARGE & HIGHLY
CONCENTRATED
HYDROGEN
CONSUMPTION

‘B innovative pioneering producers

273
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HUB FOR IMPORT
AND THROUGHPUT
OFHYDROGEN

Central locationin EU

BELGIAN
o] HYDROGEN
COUNCIL

//
i

T g T ol B s
T —— e

e T

/’/' ERIDN i

LOMBANY DIRECTORY
e
H- =
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Transport,
s Engl ing &

tion
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STRONG
Belgian H2
technology
Pioneers
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STRONG Belgian/Wallonia H2 -
P s h ACADEMIC RESEARCH RELATED
cademic Researc TO HYDROGEN IN WALLONIA

/)
!

H2lhub}-
H2 in | N\
Wallonia
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H2Hub Wallenia is the referemce for a
comprehensive owverview of H2 inibiatives in
‘Wallonia.

To ensure the rapid deployment of an H2

economy, political decision-makers, industrial
players, R&D players, universities and TWEED

have  understood  the  Importance

of

strengthening collaboration, Cross-seckor

dialegue and knowledge sharing.

H2Hub Wallonia was created with this in mind, b enable all players to pasiion

thamselves in the H2 value chain. |n particular, it is open to producers, consumers

and infrastructure providers in order to strnulats the use of green Bydrogen (0

‘Wallania.

HZHub Wallonia is involved with WaterstofNet (Flandzrs) in the coardination of

Belglan Hydrogen Council.

Hydrogen Valley in Wallonia : Key Focus Areas

- Prioritized Applications : Specific industries and heavy

transport, including trucks and ships.

- Industry Decarbonization : Targets high-energy-

consuming sectors such as non-metallic minerals (glass,
cement, lime), chemistry {chemicals, fertilizers), and
metallurgy, with initiatives for CO2 conversion using
hydrogen.

- Mobility and Transport : Aims to position Wallonia at
the center of European hydrogen corridors for highways
and rivers, enhancing heavy and river transport, as well

as aeronautics sector decarbonization,

- Innovation Testing Infrastructure : Aims to position

Wallonia as a Hub in testing infrastructure {materials,
engines,...)

s

®eid
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Vers la France

-

Vers Bruxelles et la Flandre
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wallonia

o
e-WallonHY "

H2 innovation|hubl-

Vers les Pays-Bas
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Value Chain in Wallonia

EUD Uyelerine Ozeldir.

; 2hub -
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Zoom : H2 Project in Wallonia
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Zoom Colombus : Electrolyser power plant to
produced e-methane with CO2 CCU

EUD Uyelerine Ozeldir.

CARMEUSE, ENGIE AND

. Carmeuse is developing an innovative process which concentrates the
CO2 stream, while ENGIE will use renewable energy to feed a 75 MW

. electrolyzer stack, built by John Cockerill, to produce green hydrogen. This
is then combined with the CO2 from the lime kiln to produce e-methane.

JOHN COCKERILL JOIN
FORCES TO REDUCE

INDUSTR
EMISSIO

L Co2

NS IN WALLONIA

i )

e-WallonHy ™
|2 irrovation|hus
'}

/ + Partners : CRM, BeBlue ! //"Partmrs:\.-’l(l, District \
* Framework : |15 Pillar 3 Cleartech (Charlerol)

* Budge : €4.7 million * Framework : FECER & Federal
* Budget : £8.2 million

Umonrs, UNamur, CRM,

Materia Nova et Cenaero
+ Cadre : Wind Bxcellence
This project aims at developing
new services and prototype
tools to study the impact of
hydrogen onmaterialsina

This project involves the
construction of a Belgian
expertise and testing center

This project furds 12 doctoral
theses to conduct preliminary
research across the entlre

hydrogen sector (production, representative environment. It dedicated to hydrogen (H2)
transport, storage, includes mechanical testing in technologies. The VkhyLab
applications) cryogeric conditions, under platform aims to bolster

Wallania's ambition to become a
aging testsin autoclaves, and significant "Hydrogen Valley” at
high-pressure permeation the European and international

high-pressure gaseous H2,

- . F
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&

* Partners : Breusr Technical
Development (BTD)

- Framework : EPCE|

* Budget : £€2.3 million ‘

HZ ITC projedt focuses on
establishing a testing center to
aptimize the use of hydrogen
(H2) as a direct fuei, through
fuel cells, or as derived e-fuels
in road mobility (both light and
heavy), as well as in river and
air mobility.

N




EUD Uyelerine Ozeldir.

Contact : Cédric Brill
ebrull@chstert weed, be
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