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Lityum Pillerin
Cevreye Etkisi




Hassas klresel tedarik zinciri ve yuksek CO2 emisyo

_’.‘_'@j EA'lar yerel olarak emisyonsuzdur, ancak madencilik ve Uretim asamasinda yaklas
salinir, ornegin EA basina yaklasik 13,3 ton CO2eq'e

Kuvvetll malzeme igleme ve komplike igleme

Mal‘&amenln geri kazanimi ve islenmesi, tehlikeli atiklara yol acan<tef
gerekﬂrlrken piller icin bazi elementler de tehlikeli olarak ka |
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Lityum Pil Tehlikelerine Ornekler

Asin sarj/ Asir desarj
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Cevresel faktorler

Termal kacak 8%
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~ Kisa Devre
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imalat hatalar
10%

https://www.epa.gov/system/files/documents/2021-08/lithium-ion-battery-report-update-7.01 508.pdf

https://eastrandfire.co.za/lithium-ion-fire-extinguisher-facts-and-fags/

Annual battery fires and heat events resulting from batteries in
loose and embedded form

39% Average (approx.): 94 in the last 12 months, median 35

Average per facility (approx.): 5.5 in the last 12 months

Total (approx.): 3,115 in the last 12 months across 5/76 facilities

Birlesik Krallik'ta 2023 yilinda 1.200'den fazla yangin
Avustralya'da 2023 yilinda 10.000-12.000 yangin

ABD'de 2017-2022 yillari arasinda 25.000'den fazla yangin
Cin'de her yil yaklasik 2.000 yangin 2 8 g% 0% pam rmel 0% 1aE (5%

None 1t01% 20to 50to 100to 150to 200to 250to 300to 350 to 400to 750 or
49 99 149 199 249 29% 349 399 449 more

18%  15%

https://acor.org.au/wp-content/uploads/2024/06/240603-ACOR-battery-fire-survey-summary.pdf



https://acor.org.au/wp-content/uploads/2024/06/240603-ACOR-battery-fire-survey-summary.pdf
https://eastrandfire.co.za/lithium-ion-fire-extinguisher-facts-and-faqs/
https://www.epa.gov/system/files/documents/2021-08/lithium-ion-battery-report-update-7.01_508.pdf

Lityum Pillerin Surdurulebilirligi

Malzeme Eksiklikleri

2040’a kadar, nikel, grafit ve
lityuma olan talep 2020'ye gore
20, 19 ve 14 kat artacak.

Cevresel ve Sosyal Sorunlar
Madencilik faaliyetleri ekosistemlere zarar
veriyor, yerel su kaynaklarini kirletiyor ve
hava kalitesini olumsuz etkiliyor.

Yetersiz Geri Donusum
Lityum-iyon pillerin sadece
%5’i geri donusturultyor.

*Yanlis imha edilen piller,
topragi ve suyu kirletebilecek
tehlikeli kimyasallar iceriyor.

*Geri dontsimun 2040'a
kadar AB'nin kobalt ve nikel
ihtiyacinin %51-42'sini
karsilamasi bekleniyor.
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Hammadde Kaynaklari ve Yeterliligi
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https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-2030-resilient-sustainable-and-circular
https://www.iea.org/data-and-statistics/charts/global-electric-car-stock-2013-2023
https://www.iea.org/data-and-statistics/charts/electric-vehicle-stock-by-mode-in-the-announced-pledges-scenario-2023-2035
https://www.iea.org/data-and-statistics/charts/electric-vehicle-stock-by-mode-in-the-announced-pledges-scenario-2023-2035

Hammadde Kaynaklari ve Yeterliligi

Figure 1.8 = Battery storage capacity additions worldwide, 2013-2023

60% M Rest of world

Other Europe

45% Other Asia Pacific
Figure 1.13 = Announced, financial investment decisions and commissioned

= European Union storage projects by battery chemistry in 2021, 2022 and 2023
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IEA. CC BY 4.0.

Lithium-ion battery chemistry is predominant for storage, with minimal shares for redox flow

IEA - Batteries and Secure Energy Transitions Report 2024
https://www.iea.org/data-and-statistics/charts/electric-vehicle-stock-by-mode-in-the-announced-pledges-scenario-2023-2035



https://www.iea.org/data-and-statistics/charts/electric-vehicle-stock-by-mode-in-the-announced-pledges-scenario-2023-2035

Hammadde Kaynaklari ve Yeterliligi

Antimony X X X X X
Arsenic X
Barite/Barium X X X
Beryllium x
Bismuth x X X
Cesium X X
Chromium X X X X
Coal X
cobat X X X X x
} Coking coal X X
> Ccopper X X x
,J Fluorspar X X X
. Gallium X X X X X
IPN""""“ Germanium X X X

% ¢ Cobalt

Indonesi: :
’ . +*
c&_ : Hafnium x x

0 L ﬁ\-’ Helium X X

Indium X X X X X
Magnesium X X X X

Molybdenum

Davis, Krystal, and George P. Demopoulos. "Hydrometallurgical
Kumawat, Srishti, Dalip Singh, and Ajay Saini. "Recycling of spent lithium-iron phosphate batteries: toward closing the loop." Materials and recycling technologies for NMC Li-ion battery cathodes: Current
Manufacturing Processes 38.2 (2023): 135-150. industrial practice and new R&D developments & trends." RSC
Sustainability (2023).



Hammadde Kaynaklari ve Yeterliligi
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https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-2030-resilient-sustainable-and-circular Tian, Honghong, et al. "Recycling and Reusing of Graphite from Retired Lithium-ion Batteries: A Review." Advanced Materials 36.13 (2024): 2308494.


https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-2030-resilient-sustainable-and-circular

Lityum Pil
Geri Donusum ile
ilgili bilinmeyenler




Lityum Pil Geri Dénlisiim ile Ilgili Bilinmeyenler

Cevresel Hasar Malzeme safsizlig

Parcalama gibi mevcut surecler yluksek
malzeme kayiplarina (%40) Yuksek
kirlenmeye neden olarak cikti
malzemelerinin yeniden kullanim
Potansiyelini dusturmektedir.

Cevre ve operatorlericin
zararli olan tehlikeli
maddelerle geridontisum

yaplliyor.

Ekonomik Olarak Karsiz Olmasi Farklilastirma ve Siralama Olmamasi

------- »  Pazarin ¢cogunlugu “kara kutle” uretmek
icin Parcalama ve Kirma yontemini

YUksek safsizlik nedeniyle, “siyah kutle”
olarak adlandirilan maddenin ¢esitli
kimyasal ayristirma adimlariyla islenmesi kullanmakta ve yeniden kullanilabilir
gerekmektedir. Bu da malzeme degerlerine pilleri ayirmamakta ve farkli pil
kiyasla son derece yuksek maliyetlere yol kimyasallarini tek bir partide
acmaktadir. karistirmaktadir.

Piyasa sirketleri geri donusum verimliliginin %90,
%95 ve hatta bazen %100'Un uzerinde oldugunu
iddia etmektedir. Bu geri donusum verimlilikleri tek
bir sirece dayanmaktadir ve genelde %30 ila %40
arasinda olan geri dontusum verimliligini temsil
FEes etmemektedir - ﬂ novocycle




Lityum Pil Geri Dénlisiim ile Ilgili Bilinmeyenler

Malzeme ihtiyaci
karsilamiyor

§uk ve
Hmmka;

'\ ~5% toplanip
'Meri dontisime.
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Malzemeler
yurtd|§|na glklyor' >



Lityum Pil
Geri Donusum
Yontemleri




Geri DOonusiim Yéontemi Ozeti

Ay

~:f%- ‘
Li CO ﬁ.pl.t.d NCM

Addition of Li source Calcination

Regenerated
NCM powder

Regenerated active
material for new battery

Disassembly and
material separation

Direct Hazardous gases

ﬁ Pyrometallurgy %‘ % i l

Spent Li-ion charcoal slag-formlng
battery agents
Addition of reductant Reductive (B £7 Recovered
and/or slag-forming agents smelting slag (Al, Li) T™ alloy

é

Hydrometallurgy

H& Co products
.

D, =

_— e — . R R : R Li products
Inactivation and e A Recovered TM
comminution Separation Acid leaching Precipitation and/or Li salts

Li-ion pil aktif malzemelerinin geri kazanimi icin dogrudan, pirometalurjik ve hidrometalurjik geri donusum yontemileri.



Geri DOonusiim Yéontemi Ozeti

Farkl yontemlerin avantaj ve
dezavantajlarinin ve
sorunlarinin karsilastirilmasi.

Process Advantages Disadvantages Challenge
Hydrometallurgical High recovery More wastewater  Wastewater
Process rate Long process treatment
High purity Optimize
product the process
Low energy
consumption
Less waste gas
High Selectivity

Pyrometallurgical
process

Direct physical
recycling
process

Simple operation
and short flow
No requirement
for categories
and the size of
inputs

High efficiency

Short recovery
route

Low energy
consumption
Environmental
friendly

High

recovery rate

Li and Mn are not
recovered

High energy
consumption
Low recovery
efficiency

More waste gas
and the cost of
waste

gas treatment

High operational
and equipment
requirements
Incomplete recovery

Reduce energy
consumption and
pollution emissions
Reduce
environmental
hazards

Combine
hydrometallurgy well

Reduce recovery
costs

Lower the
requirements for
categories

Further optimize
product performance



Pyrometallurgy
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N Exhaust gas,
treatment flue dust
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Shredding + Hydrometallurgy

Froth C Density
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Direct Recycling

Gas
Treatment g Exhaust gas

Low
Conveyor g  Shredder Conveyor RN Temperature S

Calcination
Autoclave
(Relithiation)

Calciner

<0.5mm

v
Forth
Flotation
>0.5 mm

Density e Granulation R
Separator

.

v
Recycled
Cathodes

C 3




Lityum Pil Geri Donusum Yontemleri

... Graphite is considered waste, reducing agent, and no product

Pyrometallurgy Shredding/ Crushing Direct Recycling

[U Li mineral } et
—»  Mining — e
. Metal source snd reling P P
Pyro “ pe
= — |Precipitation
Smelting
Hydro B
Spent batteries |Direct Physical
\ separation,

Relithiation Drying  Short annealing Cathodes
[6]




Lityum Pil
Ikinci Omiuir Kullanimi




Lityum Piller icin 2. Yasam Uygulamalari

Now clean

power for
Extreme E

urce: Zenobé

2. omur uygulamalari, hala kullanilabilir kapasiteye sahip olan
ve genellikle sabit enerji depolamasi gibi daha az talepkar
kullanimlar icin yeniden amaclanan pillerin yeniden
kullanilmasini icerir.

Uygun maliyetli
Emekli pilleri kullanarak 2. OmurlG drudnler dretmenin,

% yeni piller kullanmaya kiyasla %30 ila %70 daha
ucuz oldugu tahmin ediliyor.”

Cevresel fayda
’& Ham madde c¢ikarma ihtiyacini azaltma. Kurulan her
C ’ MWh 2. yagam sisteminin 450 ton CO2-eq™

azaltacagi tahmin ediliyor

*McKinsey & Company 2019
**Research commissioned by Connected Energy from the University of Lancaster



Lityum Piller icin 2. Yasam Uygulamalari

Guncel Teknoloji

U

X

42

Toplama ve Tanillama

Kullanilmis piller fiziksel durumlarina ve
saglik durumlarina gore toplanir,
siniflandirilir, test edilir ve siniflandirilir.

Yeniden yapilandirma
Piller onarim, yeniden yapilandirma ve BMS
uygulamasina tabi tutulabilir

Entegrasyon

Sabit enerji depolama sistemlerine (ESS)
veya mobilite uygulamalarina entegre
edilmistir

ESS: Pack-to-System Design

Ticari akl enerjisi depolamasiicin 24x 2. omurlu Renault EV
akulerini kullanan Connected Energy'den E-STOR
300kW/360kWh

Mobility: Yeni Hiicre-Sasi Tasarimi




Lityum Piller icin 2. Yasam Uygulamalar

Sorunlar

Guvenlik

2. Omurlu pillerde performans bozulmasi
ve degiskenligi risk olusturur. 2. omurld
urtnler icin 6zel BMS gereklidir

Saglik durumu tespiti

Karmasiklik ve SoH tahmini icin evrensel bir
standart bulunmamasi, pil yeniden
kullaniminda verimliligi etkiliyor

Yasal/ Mevzuat

2. yasam urunleri icin guvenlik protokolleri,
bertaraf, sorumluluk ve garanti konusunda
yasal standartlarin eksikligi

k- T e
o T
Wi

,*..n..;‘.“_“"- v .,' i ;.»’ /,.'. “ i k j .
Tesla Megapack energy storage facility accident in Australia, 2021



Lityum Pil

Geri Donusumun
Enerji Depolama
Sektorunde Yeri




Enerji Depolama Sektorunde Lityum Pil Omru

Sonu Isleminin Rolu

Fire Supression
Cell Off-Gas Detection System HVAC PCS
T | e . - Yeniden kullan
| .: %, '&* j|§| -E 2. yasam uygulamalari icin
I 1 N
L-QO. O O O 0 Sorun
m— | * Yetersiz performans, emekliye ayrilmis ESS'den 2.
D" D : . L .
: yasam urinleriicin sinirli kullanim émri
::T?_{j"ﬁf ] P A 0 10 ) ) .; 167 GWh *  Enerji Depolama Sistemi ve konteynerinin
1 T ] TN ] e D e -
VI T o o P o ] ] ] ] ‘12 3 ( 2 kaldirilmasi zor
il ll“—)f TN L T T D N D A W O AT M g g Kiresel ESS
3 ) o o s o o o A a1 0 I 5 I i
3 T ) oY s i T e kapasitesi (2024)
‘ [ | | ' e 4} CH I EE.
| — 1 ~400 tons Aktif Malzeme
O o) O
I il o o e ee ee ~ I DI
“ il z Geri DOnulisum 200 kwh yeni pil 4 4
Sub PLC Main £y y
Rack 3 Layer BMS Control Box Control Box o& )
Potansiyel Y
Pil enerji depolama sisteminden dmriini tamamlamis sistem  Dahayliksek performans gereksinimini karsilayin

* Yerel hammadde tedarik zincirini glivence altina alin
 Geridonusumle ilgili yaklasan diizenlemelere uyun

*Assumption: 70 kWh and 450 kg per pack, recycling via shredding and recovery
from black mass via hydrometallurgy



Lityum Pil

Geri Donusumun
Avrupa ve Turkiye’'de
Mevzuati




Donusumune Mevzuatlar

Main effects of the European
Battery Regulation

EU-Batt taking effect

O 2 |ife requirements for EV batteries

2024

Explanation of the carbon footprint

2025 Access to the BMS for battery owners and operators
O Overall recycling efficiency: 65%
2027 O Recovery targets: 90% Co, Cu & Ni; 50% L

Introduction of the battery passport

O Maximum limit for carbon footprint

029

rd
rd

Overall recycling efficiency: 70%

Minimum recyclate content: 16% Co, 6% Li, 6% Ni
Recovery targets 95% Co, Cu & Ni; 80% Li

2031 ~

2032
|
2033
|
2034

2036 Minimum recyclate content: 26% Co, 12% Li, 15% Ni

O Ecological design
@ End-of-life handling

@ Labeling and traceability

Strong impact on the recycling market

Avrupa ve Turkiye'de Lityum Pil Geri

Material recovery rates

50% Li
90% Co,
Ni & Cu

C

2027

2031

.
M—
u ald )

80% Li
95% Co,
Ni & Cu

-J

Minimum recycled content

6% Li
6% Ni
16% Co

r
=

2031

CTE S
u

]
a1 e -

2036

12% Li
15% Ni
26% Co

9
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Avrupa ve Turkiye'de Lityum Pil Geri

Donlisimune lliskin Yonetmelikler

T.C. Cevre, Sehircilik ve Iklim  Atik Pil ve Akiimulatérlerin RG:31.08.2004-25569
Degisiklilsigi Bakanlgi Kontrolii Yonetmeligi

T.C. Cevre, Sehircilik ve iklim ATIK YONETIMi YONETMELIGI RG:23.03.2017-30016
Degisiklilsigi Bakanlig

Yonetmeliklerin calismalari devam ediyor ve AB yonetmeliklerine gore
hazirlaniyor.

https://mevzuat.gov.tr/mevzuat?MevzuatNo=7118&MevzuatTur=7&MevzuatTertip=5
https://mevzuat.gov.tr/mevzuat?MevzuatNo=20644&MevzuatTur=7&MevzuatTertip=5



https://mevzuat.gov.tr/mevzuat?MevzuatNo=20644&MevzuatTur=7&MevzuatTertip=5
https://mevzuat.gov.tr/mevzuat?MevzuatNo=20644&MevzuatTur=7&MevzuatTertip=5

Novocycle
Geri Donusumu




Sustainable Recycling Process

Novocycle'in
Dongusel

Ekonomideki
Konumu

Preventing waste and
recovering valuable materials

Battery grade material

|

CATHODE [ ANODE SEPARATOR COPPER ALUMINIUM

967 Recovered materials

Spent Batteries
Production Scrap ¢

Endustrilerin dinyanin
Lityum-iyon pil
malzemelerini geri
kazanarak yeniden
kullanilabilir ve olumsuz
hale getirmelerini
sagliyoruz!

Battery producers




Novocycle | Geri Dontiigsim Sureci

Novocycle, piyasadaki en az ¢evresel etkiyle en yuksek malzeme geri kazanim oranina ulasan yenilikgi bir streg¢
sunarak geri donusum surecini basitlestirdi

Step 1.

Step 2: Step 3:

Step 4:

Diagnosis Discharged Dismantling Separation

— Yy —0—
!

Healthy cells

-
@

!/"b_.(...)

Metal scrap

Mixed plastics

Electrolytes

Electrolytes

» Anode

Mixed plastics

Second life

SSS Gasification process

<> Separation process

; .

Recovered byproduct

Material loss

Anode power

—> Separator

Step 5:

Final Processing

—» Cathode _'S$S —»<I)_>§$%.

Electrolytes

Aluminum foil

Electrolytes

]

Binders

]
Organic

| compounds |

Copper foil

Electrolytes

I
Organic

| compounds |

Step 6:
Recycled
material

— =

-¢->— 36— i —=>




>96%
Verimlilik

Pil sisteminin kendi

icindeki kutleye karsi
clkan kutleye dayali

Cevreye dusuk
etki

Zehirli gaz emisyonlarini ve atik

uretimini azaltan tahribatsiz 6n
islem

Yuksek saflik

Cikti malzemelerinin, aktif
malzemelerin maliyet etkin bir
sekilde Uretilmesini saglamasi

2. hayat
uygulamasi

Patentli Onarim ve Geri Donusum
Dostu Pil
2. omur uygulamasina olanak
saglayan tasarm

Daha dusuk
zorluk

Hidrometalurji icin, saf ve
ayriimig girdi malzemeleri
nedeniyle

Yuksek derecede
otomasyon

Etkinligi artirmak ve hata
seviyesini azaltmak



Novocycle Novocycle
recovered Cathode recovered Anode

4 novocycle
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