Enerjide Dijitallesme ve Dekarbonizasyon
Cercevesinde Cimento Sektoru

Baris Sanli
Bilkent EPRC

21 Nisan 2021 / barissanli.com




Bu sunumdaki tum gorusler kisisel
gorusler olup hicbir
kurum/sirket/dernek ya da arastirma
merkezlerine atfedilemezler.
Goruslerde yanlis
var ise bunlar sahsi hatalardir.
Bu sunumdaki gorusler yatirm
amaci ile kullanilamaz.




Tesla nasil ilerleme sagliyor?

FIVE AREAS OF FOCUS

. ok Range $/kWh Cost §8/GWh Capex
Area of improvement Description incraas s Radaetlon® Badiction®
Cell Design After considering every form factor and cell size across quantifiable factors, we deemed 80 mm
height by 46 mm diameter cylindrical to be best
These dimensions maximize vehicle range (pack level energy density) while minimizing
manufacturing and product cost 16% 14% 7%
The challenge is that large diameter cylindrical cells easily overheat during supercharging
We identified a tab-less design solution to resolve the overheating challenge and simplify
manufacturing
Cell Factory Electrode Current electrode production processinvolves mixing liquids with cathode or anode powders and
g using massive machinery to coat and dry electrode
| ' New process allows going directly from cathode or anode powder to an electrode film
Winding Larger cellsimprove winder productivity
Incorporates our tab-less design 0% 18% 349
Assembly Large cells moving at high speed with simplification in process steps enables a single production
line to have 20 GWh of capacity
Formation Leveraging our power electronics to densify and reduce costs of the final charging and testing
step of millions of cells
Anode Material Siliconis a betteranode material than graphite - stores 9x more lithium, but silicon expansion
brings challenges
Silicon used in anodes today is highly engineered and expensive 20% 9% 4%
Raw silicon with our coating design will cost just 81.20/kWh
Expansion of silicon is managed by stabilizing surface and by creating an elastic binder network
Cathode Material We are taking a diversified cathode approach to maximize available supply options: all usable in
our 4680 cells
We are planning to manufacture cathode in-house, using far less water and reagents in a simplified 49 129, 169
production process $ ; :
Focus on local sourcing for each cell factory to avoid unnecessary transportation cost
Actively pursuing pathways to vertically integrate lithium production for a portion of supply
Cell-Vehicle Integration Current EV design: cells to modules, modules to battery pack, battery pack to vehicle
Future EV design: cells directly integrated into vehicle body with giga castings
Battery is no longer carried as “luggage”, will provide new utility as a load-bearing frame element 14% 7% 8%
This unlocks high-efficiency factories and mechanical structures— best manufacturability, weight,
range and cost
Projected Total Improvement 54% 56% 69%

https://www.tesla.com/2020shareholdermeeting



CO, yoguniugu

Direct CO2 intensity of cement in the Sustainable Development Scenario, 2014-2030
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Klinker/Cimento orani

Global thermal energy intensity and fuel consumption of clinker production, Open v

. 9014-9018 %1.6
.0.7(2018)
.+ Gin: 2014-2017 N
. 0.57 -> 0.6

. 0.64(2018)
» Surdurulebilir Kalkinma S icin
e Oran -0.3%/yil S PP PP
. 2030 : 0.66 N

h it ps o / / WWW. ie a.o rg / re po rts / cement Fossil fuel ~® Non-renewable waste Biomass and renewable waste




« 2 C senaryosu

2DS low-variability case

Clinker to cement ratio 0.65 0.64
Thermal energy intensity of clinker (gigajoule 3.5 33
per tonne of clinker [G]/t clinker]) ’ ’
Electricity intensity of cement (kilowatt hour 91 37
per tonne of cement [kWh/t cement])

Alternative fuel use (percentage of thermal energy) 5.6 1Z.5
CO, captured and stored (million tonne of 14
carbon dioxide per year [MtCO,/yr])

Direct CO, intensity of cement (tonne of carbon dioxide 0.54 0.52

per tonne of cement [tCO,/t cement])

Notes: Thermal energy intensity of clinker does not include any impact related to other carbon mitigation levers beyond improving
energy efficiency (e.g. carbon capture). Electricity intensity of cement production does not include reduction in purchased electricity
demand from the use of EHR equipment or any impact related to other carbon mitigation levers beyond improving energy efficiency
(e.g. carbon capture). Alternative fuel use includes biomass, and biogenic and non-biogenic wastes. Direct CO, intensity refers to gross
direct CO, emissions, after carbon capture.

https://webstore.iea.org/download/direct/1008

IEA Teknoloji Yol Haritasi : Cimento

Figure 2: Energy demand distribution by process step

1 Cement packaging and loading
B Cement grinding
B Fuel grinding

W Cement kiln

* Raw material grinding

Electricity Thermal

Sources: Madlool et al. (2011}, A Critical Review on Energy Use and Savings in the Cement Industries; ECRA and CSI (2017}, Development of
State of the Art Techniques in Cement Manufacturing: Trying to Look Ahead, www. whesdcement.aorg/technology.

Figure 7: Global cumulative CO, emissions reductions by applying the
roadmap vision (2DS) compared to the RTS

Innovative technologies (incl. carbon capture)
Reduction of clinker to cement ratio
Fuel switching

Thermal energy efficiency
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Note: Cumulative CO, emissions reductions refer to the period from 2020 to 2050 and are based on the low-variability case of the scenarios.



Cimento sektoru dekarbonizasyonunda 5 nokta

« Verimlilik, yeni teknolojiler ve Tasarim

 Cimentonun uretiminde, kullaniminda, teknolojisinde yenilikler

Multiple paths to emissions reduction

1990 emissions
o o Carbon sequestration 0
Resource efficiency Energy efficiency and cl!euse Product efficiency Downstream Kiln efficiency and fuel mix  KECHEEEEEG—— R :-
Clinker substitution and K I
Novel cemen ts
Transport efficiency  KEENEEEEEEEE | >

Non CO, GHG

Decarbonisation power  RENI B 1o
Breakthrough technologies  EZS I N  ©
2050 emissions

https://lowcarboneconomy.cembureau.eu/wp-content/uploads/2018/09/cembureau-full-report.pdf



CemZero

Cimento sektorunde
elektrifikasyon mumkun

Plazma teknolojisi ile klinker
uretildi

« Plazma ureticileri
 Elektrikli resistams

Buyuk olcek testler gerekiyor
Uretim maliyetlerinde artis
Resistif (Direnc)

« 1425 C'ye dayaniyor

» 1850 C icin MoSi2

Figure 6. Test configuration of plasma generator from ScanArc together with rotary
batch kiln from Cementa Research.

https://www.cementa.se/sites/default/files/assets/document/65/de/final_ cemzero 2018 public_version 2.0.pdf.pdf



Elektrifikasyon

e 1Mt Klinker 85 MW

Table 1: Potential electricity-based energy transfer concepts.

Energy Concept Number of | Energy | Energy
transfer energy transfer | medium
process transfer type required?
processes
El = Microwaves _
Meal Induction ® : Direct No
Plasma
: El = Gas | Electrical
Alt 3 ' = Meal resistance heating
| Ultrasound * 2
Alt4 | Green electrical heating Precalciner CO, capture El=> clecical
' calc. Solid = resistance heating
Meal Induction ©
Alt5 Calcination CO, capture EL> Electrical Indirect Yes
: Solid = resistance heating
Alt 6 Calcination and fuel CO, capture (regular post combustion) Gas = Induction
IEEEEsSS———— Meal
Figure 1: Different ways of reducing CO2 emissions using CO»- El > Electrolysis of ’
neutral (“green”) electrical heating in combination with COz I("}zm_d)-) ;“j;nﬂ‘:ff;jjj ::ly
capture. Meal 0

@ Sonification medium needed, ® Direct induction heating of the raw
meal; ¢ Induction heating of a solid material used as an intermediate
heating medium.

https://www.researchgate.net/publication/338553982 Combined _calcination_and _CO2_capture_in_cement_clinker_production_by use_of _electrical_energy/lin
k/5edbcc87a6fdccd965af2064/download



Elektrik/gaz orani

Es kalorifik bazda
« Elektrik/Gaz fiyati > 4
Ama vergiler
 Elektrik++, Gaz +
Elektrik, gazdan ucuz mu olmal?
Gunes 2030'da 1-2 cent/kWh olursa
» Gaz fiyat karsilhigi
« 100-200 $/1000m3
Su anda sanayi elektrigi
¢ 9-10 cent/kWh




Karbon fiyat tahminleri
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https://twitter.com/Patricia_Energy/status/1384645444656054286/photo/1



Eski Yesil mutabakat - 2009

Total: 751.4 Total: 375.6 .| Total: 29.5
Greeon : 86.6 Green: 9.6 Green: 23.7
11.5% 2.6% S.Korea  80.5%

Total: 26.1
. EI Green: 5.5 GREEN EUROPEAN
Japan France  21.2% FOUNDATION
Total: 81 GHG Emissions in the BAU and in the 30% P&M scenario, EU27 Reductions by sector
us Greeon: 10.7 D Total: 24.6 P&M vs. BAU
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Green: 171.1 Total: 80 fuel
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=
Figure 3 Ratio of green stimulus of national recovery packages, absolute volumes in bn€ (based on Bernard et al. %
2009; data from HSBC 2009) o 4000000 )
O
o
(48]
Low Carbon Power Energy Efficiency
; Water/ =\
CSS ... Low Carbon - .. Waste N —
Country % Renewable Other Building Vehicles Rail Grid Total .. 3000000 L BAU
EU 30.0 [ 17.61 | 58.71% 0.50 9.66 2.20 1.50 3.75 13.86 : fo r E u ro e P&M non ETS
® )
Germany 81.0 | 10.69 |13.20% 8.03 0.53 2.13 10.69 y ;(('lo;ottarg‘:t 32%
o targe
F 26.1 5.52 |21.19% 0.67 0.64 T.011 3.19 8.71 3 1
Ll Towards green modernization ® 30% target
Italy 80.0 1.02 | 1.28% 1.02 1.02 .
- — 2000 000 . .
Spain 11.0| 064 | 585% 0.64 0.0 SR in the face of crisis 1990 2000 2005 2010 2020
UK 23.5 1.63 | 6.94% 0.22 1.07 0.32 0.02 1.61 .
us 143.0 14.07 | 9.84% 7.92 2.01 2.58 0.59 0261 0.71 14.78 Figure 18 Overview of GHG emission reductions in the 30%-P&M scenario vs. BAU (WI 2008]
608.4 | 72.70 | 11.95%  17.42 3.05 21.18 3.09 7.41| 850 1204  69.16
Canada 24.6 2.03 | 8.27% 0.83 0.19 0.30| 0.61 0.10 2.54 | '
China 453.1 [ 171.07 | 37.76% 1.16 76.26| 54.11 39.54 185.65
Japan 375.6 9.61 | 2.56% 9.61 9.61
South-Korea 295 | 23.72 | 80.55% 1.39 4.79 1.39 5.42 10.74 = 12.99
1885.7 330.33 17.52%  27.91 15.55 49.44 9.33 94.13 67.13 66.84
Total _ 330.62
43.46 220.03 66.84

All currencies converted to €. €1=$1.29

Table 2 Country specific allocation of the green stimulus in bn € (based on HSBC 2009)

« https://epub.wupperinst.org/frontdoor/index/index/docld/3336



Diem25 - Green New Deal for Europe

Democracy in Europe Movement 2025 > Founders

Yanis Varoufakis

PILLAR 1V

The science is clear: We must limit the global temperature rise to 1.5
degrees and reverse the collapse of our ecosystems, or risk it all.

RS

The Green New Deal calls on public institutions to drive the economic
and ecological transformation. The burden of our transition should not
fall on the shoulders of working families.

PILLAR 3 EI

Europe’s green transition will not be top-down. It must empower citizer
and their communities to make the decisions that shape their future.

PILLAR 4 GUARAD

The Green New Deal for Europe provides a decent job to all those who
seek one.

PILLAR 5 RAISINC

The Green New Deal for Europe lifts all communities towards greater
prosperity, security and liberty.

Srec¢ko Horvat n

PILLAR 6 CIV

The Green New Deal combats financialization and entrenches equality
at the heart of Europe.

PILLAR 7

The Green New Deal is more than an environmental adjustment
programme. It is an investment in the future of our societies, and an
opportunity to reimagine it.

PILLAR 8 ENDING 1

We must abandon GDP growth as the primary measure of progress.
Instead, we need to focus on what matters: health, happiness and the
environment.

PILLAR 9 5

The environmental crisis is global in scope, and the Green New Deal
must be, too. Europe must support others in combating environmental
destruction and the supply chains that power Europe’s green transition
must be grounded in principles of justice.

PILLAR 10 CON

The Green New Deal is not a framework, a treaty or an agreement. It is
a set of concrete actions that move us quickly towards our climate goals.

https://www.gndforeurope.com/10-pillars-of-the-green-new-deal-for-europe



The European Green Deal

Mobilising research
and fostering innovation

Transforming the
EU’s economy fora

A zero pollution ambition
sustainable future

for a toxic-free environment

Increasing the EU’s Climate
ambition for 2030 and 2050

Preserving and restoring
The ecosystems and biodiversity

European

Green From ‘Farm to Fork’: a fair,
Deal healthy and environmentally
friendly food system

Supplying clean, affordable
and secure energy

Mobilising industry
for a clean and circular economy

\

Building and renovatingin an

Accelerating the shift to
energy and resource efficient way

sustainable and smart mobility

| eave no one behind
(Just Transition)

Financing the transition

TheEUasa
global leader

A European
Climate Pact

european parliament

common agricultural policy

european green deadls .
greenhouse gas emissions

meCISU reS = au emissions tradii
C I I m Gte f'ork gtrgt{_‘;gy eu emissions trac 1g
Cil"CU|CIr economy climate ambition

biodiversity loss

Comm ISSIOn ecological transition
T member state transition
C I i m O t e C h G n g e sustainable development goal

energy efficiency

emissions trading system ey budget

economy action plan

level of ambition

circular economy action sustainable europe investment

clean enetr ay transition europe iﬂVES"ment p!Gn

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2



Hidrojen bir secenek mi?

Tablo 2: Déniisiimi zor sektérler ve bunlarin Tirkiye'nin toplam nihai enerji tiketimi ve CO, emisyonlarina katkilari, 2018 Tablo 4: Turkiye icin yesil hidrojen potansiyeli

Toplam nihai enerji tiiketimi Toplam

Toplam CO, emisyonlari

(Mep/y1) (M CO,fyi . | Toplam hidrojen | ToPlamkurulu | - yenilenebilir | Toplam
o Ikame potansiyeli talebi(itoe il elektrolizor enerji kurulu yatinim ihtiyaci
Demir gelik 5,2 131 y kapasitesi (GW) | giic kapasitesi | (milyar ABDS)
. . (GW)
Kimya ve petrokimya 17 4,3 DRl ile ent "
Demir-gelik 1) e 405 1,1 3,2 4,0
Plastik 2.0 6,3 EAF’nin %5’ (ek talep)
Kirmva ve Yakitlarin %15 sentetik
6,4 i ya | metan ile ikame 500 13 4,0 5,0
petrokimya 2) : .
Karayolu t i3 73 236 ediimes
arayolu tasimacilig , : :
s ? 5 Yakitlarin %15 sentetik
Havacilik 12 40 Plastik isleme 2) metan ile ikame 40 il 0.3 0,4
edilmesi
Denizcilik 0,4 1,3 Yakitlarin %15 elektrikten
y - yakit elde edilmesi ile 1200 2.2 8.5 119
Dogal gaz sektorl 41,2 96,5 ikame edilmesi
Flektrik 15.0 352 Karayolu Yakitlarin %15
tagimaciligl, elek_trlktep_ya_klt elde 1785 47 142 177
Isitma 25 59,1 havacilik, edilmesi ile ikame
denizcilik 2) edilmesi
Boru hatlar 0,3 0,7 - Gaz sebekesine %5
Egl?trif:alan SHURA Turkiye'nin Ulusal Hidrojen ) _ Gaz sektord 3) enjeksiyon 645 L7 51 6,4
o e i kﬁm.,.m,w ======= Stratejisi icin Oncelik Alanlari Sektorlerin top[am| ~65 ~176
Toplam - 4570 12,1 36,3 45,4
Toplam 108 419
1 ton sicak haddelenmis sac 1,2 ton DRI gerektirir (Muscolino et al., 2016). Bir ton DRI igin 3400 kWh hidrojen gerekmektedir (Gielen et al., 2020).

2) Ikame potansiyelinde sirasiyla Saygin ve Gielen (yakinda cikacak) ve IEA esas alinmaktadir. Ulastirmanin ikame potansiyelinin ise diger sektorlerle uyumlu
olacag varsayllmis olup, tim karayolu tasimaciliginin enerjisinin %30’unun yik tasimaciligr igin kullanildigi varsayilmistir. 1 GJ e-yakit/metan Uretimi icin
1,87 GJ elektrik gerekmektedir (Agora Verkehrswende, Agora Energiewende & Frontier Economics, 2018).

https://www.shura.org.tr/turkiyenin-ulusal-hidrojen-stratejisi-icin-oncelik-alanlari/



Mevcut H2+Dogalgaz Yakma projesi

AM A | Turkiye, dogal gaz sektérunde arz glivenligi ve enerji verimliligini saglayarak
g disa bagimhhig azaltacak ve karbon emisyonlarini dislrecek olan sureci baslatacak.

g . e ® Daha Dusuk Sera Gazi Emisyonu ® Yenilenebilir Enerjiyi Depolamak ve
Neden .
: ® Dah Aktarim Araci Olarak Kullanmak
DOGAL GAZ SEKTORD | @ |ime 0 e

® Daha Az Fosil Yakit Bagimiilig ® Dogal Gaz Sistemlerinde Disa Bagimlilig Azaltan

] o Temiz Enerji Kaynaklarini Kullanmak

u o= - « 17U rk.|ye Dogal Gaz _Sektoru nole.
YOL HARITASI ONERILER] ! eosecrssrouams
h

2050 yilina kadar Turkiye dogal gaz sektérinde
hidrojene gegis icin 4 agamall gegis ongdrust

Korut ve Sanayide Hidrojenin Yayam Kullanim

Dagrim Hatlannin %100 Hidrejene Uyumiu Oimas

Hidrajen [hrocatinm Baslamas:

Yeterli Hidrojen Uretim ve Depeloma Kapasitesinin Olusturnlmas

1 2021 - 2025

Ar-Ge calismalar

2 2025 - 2030

Kugtk dlcekli entegrasyon — Dustik hidrojen konsantrasyonu

3 2030 - 2040

Yeni altyapilar - Hidrojen konsantrasyonunda artis

Hidrojen Hatlaninin Clusturuimas:

Hidrojen Uretiminin Arttmimas)

Sanayi ve Evsel Cihazlarda Déndsimon Hizlanmasi ve
Yerli Uretimin Arttinlmas

Bolgesel Bozdao Sebekelere Hidrojen Enjeksivonunun

Bélgese| Bozda Sebekelere Hidrojen Enjeksiyonunun Aranimas: (min %20)

Geargeklestidimes! (%10 kadar)
e ® %100 Hidrojen Kullanrminn Oldudu Pilot Yerlerin Clugturulmas

Yenilenebilir ve Distk Korbonlu Goz Piyasanin Olugturulmas:
. / b i Fheis i ® O:zel Higrojen Depolama Alanlanmn Clusturuimaos)

® Mevcut Sebekelare Yenilenebilir ve Disstk Korbonlu Gaz Kansimina ) )
@  Encilstriyel Kimelerin, Hidrojen Depolama ve

lzin Verlimesi ;
Uretim Tesislerine Hid Hatlar ile Bagl
A 2040 . 2050 ® Korutlarda, Dagitim ve lletim Sebekelerinde Gavenlik Calismalan Y el ISR g Baicamcs

Hidrajen Uretim, Depelama ve Tagima igin Kigik Olgekli
%100 Hid rojene Uyum|u gaz O|tygp;5. @ Konut ve Sanayide Hidrojen Kullammian icin Piiot Calismalar Testslodn Karulmasi

@ Evsel Clhaziar igin Testlerin Yop(mas: ® %100 Hidrojen Kullamm Testlerine Baglanimas:

® Hidrejen Inovasyon ve Demonstrasyon Projelering Destek @ Deéritstma Untiml Caczlenn st oo Sandayi

@ Hidrolers Srstim v Detolama Ar-Ge Colismakan Tegviklerinin Arttirlmsi

W TG el Recitiol SRS Himok @ Sanoyive Evsel Cihazlarda lyilestirimenin Devam Etmesi
® MavzuatCaismealenng Bagionimos: ® inson Kaynagina lliskin Uygulamalann Tamamlanmasi
® Hiorajen Tegvik Politikolannin Belidenmesi @ Hidrgjenin Tagima, lletim, Depolama, Dagitim ve Tiketimine Yonelik

@ Tuketiciler igin Hidrojen Bilinglendirme Calzmalanna Baglanimasi et Ballarrres]

@ Insan kaynad) Strotel ve Politkasinin Belidenmes| ) Hidrajen Piyasa Clugurmu igin Deviet Tesvikinin Baslatilmas:

@ .
% 2020 yilinda Gazbir-Gazmer tarafindan Turkiye'de dodal gaz ve yenilenebilir gazlarin karisiminin arastiriimasi ve
gelistirilmesi icin Clean Gas Center kurulmustur.

cleangas

TURKIYE www.cleangascenter.com

GAZBiR-GAZMER

http://www.gazmer.com.tr/bilgi-bankasi/teknik-makaleler/293



Dijitallesme - Hedef degil surec

Bitleri hareket ettirmek atomlari hareket ettirmekten milyonlarca kez daha kolay

Dijital ikiz - sanal varlik - gercek zamanli optimizasyon - kontrol - yapay zeka

Hedef: Once 6rgli sonra tiim stireclerin otomasyonu
Akilli sensorler, veri analitigi

Nasil?

 Dijitallesme stratejisi ve ekibi

. Once veri topla

« Veri analiz raporlari uret
» Kucuk iyilesme hedefleri

« Maliyet etkin analizler

» Teknolojik degisim analizleri

rnessing the power of
our data to dgt

make a better tomorrow

Data
Readiness

Evangel-

isation

Al Cabability Shared Data/

Dat-A-Cademy

Al Strategic
Partnerships

Academia-2- Best Practises

Local Data.ON Hub
aaaaa b

ocal Data. ups
UK Ital
Data.ON
Hub DE Hub
. Data.ON
Transformation Programme Sweden  Hub
Hub

Incubator
Lab

Digital solutions that integrate data and
real-time optimisation of processes throughout
a cement plant can help boost productivity and
reduce unplanned downtime.

Smart sensors (shown here as the white
cylinder on the bearing) allow equipment to be
monitored in locations which may be difficult or
dangerous to reach.
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Gelecek, devam eden bir tartisma

Cimentoda CCS - karbon yakalama olmadan dekarbonizasyon zor

Covid sonrasi demografi
» Nufus artis ve nesil farki
Yesil

» Elektrifikasyon

« Hidrojen

Dijital

 Dijital varliklar

o Sanal ikizler
Bir arastirma merkezi kurmadan zor. (Fayda/maliyet analizi gelecek icin <<< buguin)
Ortak projeler ile devlet kaynagi gecerli bir yol



tesekkurler

Baris Sanl




