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California's duck curve hits record lows
Lowest minimum net load day each year in CAISO, 2015-2023
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California power supply and demand
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Kaynak : https://themeritorder.substack.com/p/coming-soon-california-duck-curve
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Ocak-Agustos 2024 Turkiye

Gaz Elektrik = »
n  SENS e e Ruzgar Hidro Termik
&Tukeﬂml Tuketimi g
NN
Ocak-Agustos 2024 Ocak-Agustos 2024 Ocak-Agustos 2024 Ocak-Agustos 2024

TUrkiye Toplam Elektrik TOketimi

RUzgar Uretimi

Hidrolik Kaynakli Uretim

Termik Kaynakl Uretim

Toplan Dogal Gaz Tuketimi

-

Turkiye Dogal Gaz = g R Tarkiye Ruzgar Kaynakli Turkiye Hidroelektrik Tarkiye Termik Kaynakh
Taketimi (Milyar m3) I SRR Uretim (GWh) Kaynakli Uretim (GWh) Uretim (GWh)
34,9 223.637 50.986 56.646 104.472
B Yildan Yila (Ocak-Agustos Dé&nemi) A
-10% -5% 0% 5% 10% 15% 20% 25% 30%

B =

Kaynak : Sisecam Agustos Enerji Raporu
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Ocak-Agustos 2024

Ocak-Agustos 2023

Degisim

Uretim Kaynak Tipi MWh Yiizdesel Oran MWh Yiizdesel Oran| Yuzdesel Oran

|Do§al Gaz 34.731.869 15,9% 41.861.311 20,4% -17,0%
|itha| Komiir 43.367.106 19,8% 42.497.389 20,7% 2,0%

Linyit ve Tas Komur 25.794.349 11,8% 25.224.732 12,3% 2,3%
|HES Uretim 56.646.371 25,9% 44.548.864 21,7% 27,2%
IRUzgar 25.492.760 11,7% 21.910.537 10,7% 16,3%
|GUne§ 17.661.683 8,1% 13.023.142 6,3% 35,6%
Jeotermal 5.673.046 2,6% 5.754.219 2,8% -1,4%
|BiyokUtIe Ve Digerleri 6.450.266 3,0% 5.795.234 2,8% 11,3%
|Fue| Oil + Asfaltit + Nafta+ LNG 578.623 0,3% 924.842 0,4% -37,4%
|UIusIararasx Enerji Ticareti 2.156.379 1,0% 4.059.264 2,0% -46,9%
Toplam 218.552.446 100% 205.599.527 100% 6,3%

Kaynak : Sisecam Agustos Enerji Raporu
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England and Wales power cut
Customers affected in each electricity supply area

Northern Powergrid
110,000 customers affected

17:00

Hornsea offshore
Electricity North West wind farm fails
26,000 affected l
SP Energy
Unknown number
affected .

16:58
Little Barford

Western Power power station fails

Distribution
500,000 customers
affected (including
44,500 in Wales)

UK Power Networks
300,000 affected

Scottish and Southern
Energy Networks
Unknown number affected

Source: Electricity supply companies / National Grid BEaE
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Energy Policy
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What does the GB power outage on 9 August
2019 tell us about the current state of
decarbonised power systems?

Janusz Bialek °® & =

Show more v

Transmission network frequency during outage event

50.5 Little Barford CCGT
trips (680 MW loss) 5
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‘i, s 4 Frequency restored to
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49.0 I F i ¢ r‘(’ 1 W Hornsea wind farm
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The rapid deployment of clean energy technologies as part of energy transitions implies a
significant increase in demand for minerals

Minerals used in selected clean energy technologies

Transport (kg/vehicle) m Copper
Electic cor | | aLithium
| mNickel
Conventional car _
®Manganese
50 100 150 200 250
Cobalt

Power generation (kg/MW)

Graphite
Offshore wind | S
\ m Chromium
Onshore wind | IIEEEEEEREEN D

m Molybdenum
Solar PV _ :

| mZinc
Nuclear r mRare earths
Coal E Silicon
Natural gas | Others

4 000 8 000 12 000 16 000 20 000

[EA. All rights reserved.

Notes: kg = kilogramme; MW = megawatt. Steel and aluminium not included. See Chapter 1 and Annex for details on the assumptions and methodologies.

**The Role of Critical Minerals in Clean Energy Transitions — Analysis - [EA



https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
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* Lityum - 40X

 Grafen — 20-25X

+ Kobalt — 20-25X

* Nikel — 20-25X

« Bakir—- 2X

 Nadir elementler — 3-7X

2050- Net Sifir icin gerekli maden miktarinin gunumuz uretimine orani

**The Role of Critical Minerals in Clean Energy Transitions — Analysis - [EA



https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
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Production of many energy transition minerals today is more geographically concentrated than
that of oil or natural gas

Share of top three producing countries in production of selected minerals and fossil fuels, 2019

Extraction Processing mQatar

mIndonesia
o [NEN

Oil refining mDRC
® Philippines
Natural gas
|

mChina
mUS
Saudi Arabia
B Russia
®lran
W Australia
= Chile
H Japan
= Myanmar
mPeru
“ Finland
Belgium

mArgentina

B Rare earths
‘Malaysia

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% | Estonia

LNG export

Fossil fuels
Fossil fuels

Copper Copper

Nickel Nickel

Cobalt Cobalt

Minerals
Minerals

Lithium

|[EA. All rights reserved.

Notes: LNG = liquefied natural gas; US = United States. The values for copper processing are for refining operations.
Sources: |EA (2020a); USGS (2021), World Bureau of Metal Statistics (2020); Adamas Intelligence (2020).

**The Role of Critical Minerals in Clean Energy Transitions — Analysis - [EA
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U.S. Clean Energy Projects Can Take Longer To Get Off the Ground

EXTRA-HIGH VOLTAGE POWER LINE

235 yours

~da 3-Gyeas
Urvted States T — T
Most projects mthe US and E U take
HIGH-VOLTAGE POWER LINE between fve and 13 years
Uswted Stotes [r—y
OFFSHORE WIND
Ursted States Eemmp—
ONSHORE WIND
Ursted States ]
UTILITY-SCALE SOLAR
Ureted States Ty

lernabional Energy Agency’s World Energy Qutiook 2022 Notés. Ranges renect typical
UDACALON of the | EA_ report. By then, Inca had not
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Global direcl primarv energ\-’ consumplion

inefficiencies in energy productlon.

B8 Table K Chart & Settings
Modern biofuels
160,000 TWh Other renewables
Solar
Wind
140,000 TWh Hydropower
! Nuclear
Gas
120,000 TWh
100,000 TWh
Qil
80,000 TWh 1
60,000 TWh
40,000 TWh
Coal

20,000 TWh

Traditional biomass

0TWh

1800 1850 1900 1950 2000 2023

p Play time-lapse 1800 @ @ 2023

Data source: Energy Institute - Statistical Review of World Energy (2024); Smil (2017) - Learn more about this data
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Annual percentage change in solar and wind energy generation, 2023 sl

Change in energy generation relative to the previous year.

B8 Table S Map l# Chart

China

23.54%

India

World

Spain

United States

United Kingdom

p Play time-lapse 1979 . 2023

Data source: Energy Institute - Statistical Review of World Energy (2024) - Learn more about this data
OurWorldinData.org/energy | CC BY
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',;‘{escggi%nccs Battery Energy Storage System Market Share, By Region, 2023 (%)

@ Asia Pacific
33.00% @ North America

@ Europe

@ Latin America

© Middle East & Africa

Source: https://www.precedenceresearch.com/battery-energy-storage-system-market
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Global gross energy storage additions by market

China US W Germany WM Other Europe India W ltaly UK W Australia W Japan
Rest of the World W Buffer

==
]
=

2016 17 18 "9 20 21 22 23 24 25 '26

Source: BloombergNEF
Note: Buffer = headroom not explicitly allocated to an application. BloombergNEF
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Energy density

Power density

Cycle life

Charge and discharge rates

Thermal stability

Recyclability

Capacity retention (per cycle)

n
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n
0
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Cost

Excellent

LFP

90-150 Whikg

300-500 W/kg

2000-4000

1C-3C

High

Yes

Low

$100-150/kWh

Battery Chemistry

NMC

150-220 Wh/kg

600-1000 W/kg

1000-2000

1C-3C

Medium

Yes

Medium

$150-200/kWh

LCO

E] 150-250 Wh/kg

300-500 W/kg

500-1000

1C-3C

Low

Yes

Varies

$200-250/kWh

Average

LTO

50-100 Wh/kg

1000-3000 W/kg

5000-10000

5C-50C

Very High

Yes

Lowest

$300-400/kWh

(HERAp

) M) M)y ) @

NCA

200-280 Wh/kg

800-1500 W/kg

1000-2000

1C-3C

High

Yes

Medium

$200-250/kWh

Q Below Average

*Cathodes considered with a graphite anode- LFP, NMC, LCO, NCA, the anode LTO is paired with NMC or LMO battery chemistry.

Kaynak: LOHUM
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Cell Generation Cell Chemistry

Generation 2b + Cathode: NMC523 to NMC622
* Anode: graphite
Generation 2a « Cathode: NCM111
« Anode: 100% graphite
Generation 1 + Cathode: LFP, NCA

* Anode: 100% graphite
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16w

100 MW

10 MW

1MW

100 kw

10 kw

1kw

| T L L] L] L ¥

Mirosecond Second Minute Hour Day  Week Season
Discharge duration

Kaynak: IRENA, Sandia Ulusal Laboratuvarlari
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The main configuration of ESS

Cooling System

Battery

FFS(Fire Fighting System)

= Electrical energy stored in DC
= Discharge the electrical energy to grid via PCS

ESETMD

Elektrik Mhendisleri Demegi

PMS(Power Management System)

= Monitor and estimate power consumption and active operation
A real-time information received from PCS to monitor the ESS
the ESS management according to the host controller command
= Management system history and version

Faulty condition, remote maintenance for recovery available

PCS(Power Conditioning System)

p = |nvert DC power stored in batteries to AC
power with voltage and frequency of
commercial

= Convert AC power to DC and charged in
batteries

BMS(Battery Management System)

= Monitoring battery’s current, voltage, temperature, SOC, devices
status
= Exchange information and data to communicate with PCS
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* Standart Kapasite 280.0 Ah

* Standart Voltaj 3.2V

* AC Empedans Direnci (1KHz) £0.25 mQ

* Sureklisarji / Desarji 1C/1C

* Darbe (pulse) Sarji / desarji (30s) 2C/2C
e Do6ngii Omrii 26000 dongii

100.00% -—?50C

—i45°C

95.00%

90.00%

85.00%

Capacity retention /%

80.00%
0 1000 2000 3000 4000 5000 6000 7000

Cycle number
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Charge (From Power Grid to Battery)

el (23
e R

Current

e 4y
A

PCS, sebekeden gelen AC gucu DC bataryayi

&
I
)’
%

sarj etmek icin DC'ye donusturulebilen ve DC

batarya gucuni bosaltmak icin DC'yi AC'ye

donustlren yani AC ve DC arasinda dénidsum

saglayan c¢ift yonlU bir glic donUstirme cihazidir. -

~ Voltage
. » Sense

!
YVY

Vokogc

Discharge (From Battery to Power Grid)
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* Tek kabinde modiiler dizayn ve genis gli¢ aralig
* Coklu batarya girisi, farkli batarya giris uygulamalari
*  Verim>% 98

*  Uyumluluk;
 CELVDIEC62477,
* CEEMCIEC 61000,

* Sebeke kodlari
e G99,
* VDE-AR-N 4105,
* EN50549-1:2019
e AS4777
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PMS (POWER MANAGEMENT SYSTEM - GUQ YONETIM SiSTEMi)
PMS’s main functions
£ h
: =
PMS, Depolama sisteminin icerisinde yer alan Gii¢ | = [ ] Operation Control
Donustiricl ve batarya sistemi ile haberleserek gerekli glic _ o [ PAEasine Dala
yonetimini saglayan, anlik veri akisinin oldugu, alarm ve SYSIEIN Rignearg
verilerin canli olarak izlenebildigi bir kontrol cihazidir. I / O Status Setting of Control Conditions
= f:
L5l

|

Confirmation of Alarm Report
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Enerji Kaynagi
ve Talep
Yonetimi

Arbitraj

Arz Kapasite
Kontrol

Yan
Hizmetler

Frekans
Regiilasyonu

Rezerv

Voltaj Kontrol

Black Start

iletim Altyapisi
Hizmetleri

iyilestirme
Otelemesi

Kisit Yonetimi

Dagitim
Altyapisi
Hizmetleri

Kisit Yonetimi

Voltaj Kontrol

Enerji Yonetim
Hizmetleri

Giig Kalitesi

Gug
Giivenilirligi

Load Shifting

Talep Tarafi
Yonetimi

Peak Shaving

Sebekesiz
Sistemler

Solar ve
Riizgar
Sistemleri

Elektrikli
Araglar

Mikrogrid
Dengeleme
Hizmetleri

Mikrogrid YEK
Entegrasyonu

SETMD
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Enerji Kaynagi
ve Talep
Yonetimi

Arbitraj

Arz Kapasite
Kontrol
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* Enerji Arbitraji
Enerji depolama sistemleri; elektrigin fiyatinin disik oldugu zaman

araliginda depolanarak satis fiyatinin pahali oldugu zaman araligina
kaydirilmasi icin kullanilmaktadir.

Arbitrage

Gain $4

* Esnek Kapasite

Puant ylku karsilamak ve siklikla gérilmeyen ani gli¢ ihtiyacglarini karsilamak igin
enterkonnekte sebekelerde ek liretim kaynaklari, puant yik santralleri, enerji
ithalati gibi esnek kapasite yontemleri kullanilmaktadir. Enerji depolama
sistemleri kullanima hazir rezerv kapasite olarak dnemli bir esnek kapasite T

secenegidir /-//\- /\\
N~ S ———

Absorbing power Supplying power

N\

Load leveling

Load

e
7

Y
7

AN

Charging B Discharging

EssPro PCS

v
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Yan
Hizmetler

Frekans
Regiilasyonu

Rezerv

Voltaj Kontrol

Black Start




TEYT

YILDIZ TEKNiK
UNIVERSITESI

* Sebeke Frekans Destegi

Uretim ve yiik arasindaki olusabilecek dengesizligin
giderilmesi icin kisa siireli glic destegi ve frekans
regilasyonu gerekmektedir. Yenilenebilir ener;ji
kaynaklarinin artmasi ile sebekeye bagh frekans
rezervi olarak kullanilan jenerator sayisi azalmakta,
frekans kontrolliinG zorlastirmaktadir.

Frequency regulation

[ET)
oz

.00
9 98
Y

7
Absorbing power Supplying power

\

Charging W Discharging

Power

EssPro PCS

N

£SETMD
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Frequency
(Hz)

ahoaAa sk

ey A A
Y,

Time
(Secs)
Charge . Discharge

Enerji depolama sistemleri ile sistem guvenilirligini
artirmak icin daha hizli bir frekans kontrol rezervi
olusturulabilir. Primer frekans kontroli yan hizmet
faydasinin yani sira ayni zamanda baz vyik
santrallerin ana trafolarina entegre edilerek
santralin frekans kontrol hizmetlerinin pil tesisi
Uzerinden kesintisiz bir sekilde saglanmasi
muUmkiin olabilmektedir.
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* Reaktif Giig Destegi ve Gerilim Kontrolii

Generatorler, yukler ve elektrikli makineler farkli seviyelerde
reaktif glic saglayabilmektedir. Cesitli enerji depolama
yontemleri sisteme reaktif enerji saglayabilmekte ve senkron
halde kalmasina yardimci olabilmektedir.

£SETMD
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Voltage at each node
"V1 -\2 "\3
1040 ——————— ——I I————— —————————-I """"
Before 1l I
e === NN =g
3 100 Ll 4 e )
o 1 (IR, /\ I \“/
~ I \{J / /
> 0.980 | \‘m\“‘/ /\ AT '
i I
0.960| i : }
[ 1
. = V1SS i :-vz_ae IV31_E’SS
: i
After 1| I
installation! %2 | : | ‘ SR
= \ I »
3 10001 A i {
;& | \,WM \»///1{/
0980 | : K== :
1| I
20 60 100 140 180 220 260 300 340 380 420 460 500

Charge mode

Discharge mode
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Spinning reserve

N

* Jenerator Baslangi¢ Giicii (Black Start)

Pek cok jenerator calisabilmek icin baslangic gicline ihtiyac duymaktadir. Enerji depolama

sistemleri ile karsilanabilen bu kapasite jeneratoérlerin yeniden devreye girebilmesinde ¢ok
onemlidir.

Power

EssPro PCS

k4

B Discharging
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iletim Altyapisi
Hizmetleri

iyilestirme
Otelemesi

Kisit Yonetimi

Dagitim
Altyapisi
Hizmetleri

Kisit Yonetimi

Voltaj Kontrol
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 Enerji iletim ve Dagitim Yonetimi (Yatirim Oteleme)
Enerji santralleri genellikle niifus yogunlugunun olmadigi bdlgelere kurulmustur. Uretilen enerji iletim hatlariyla tiiketicilere kadar ulastirilir.
Talebin yiksek oldugu dénemlerde iletim hatlarinda yogunluk yasanmaktadir.

Grid energy consumption without energy storage Grid energy consumption with energy storage

/ \ /\ / \ /|
/ VAR / VAR

) /> —
— I~ / | i AN

Peak time Peak time

= (Grid electricity costs = (rid electricity consumption without = (Grid electricity consumption with Load Shifting A=B
energy storage energy storage
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s

Tuketicilere yakin bolgelerde Uretilen enerjinin
depolanmasi ve ihtiyacin yerel enerji depolarindan
karsilanmasi verimli olmanin yaninda iletim hatlarinin

mevcut kapasitesinin efektif kullanilmasini
saglayacaktir.

Behind-the-meter
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Power(MW)
o 60 Storaged electricity Curtailment (over the limit of
* Kisit Yonetimi L grid accomodation ability)
Akilli sebekelerde degisen yenilenebilir enerji kaynaklarinin 50 Released electricity -~
penetrasyon seviyesinin artmasi ve duretim guglerinin Prediction s - TS
belirsiz parametrelere baglh olmasi sebekenin istikrarini 40
tehlikeye atabilir. Bu nedenle, gii¢ arz ve talebindeki hizh ... Energy Storage output
degisimlere uyum saglama vyetenegine sahip esnek 30 Energy storage
kaynaklarin kullaniimasi gerekmektedir. Umut verici bir PV & ES output
. . . system
¢6zUm olarak yerel sebekeye bagli Batarya Enerji Depolari
(BESS), akilli sebekelerin glivenilirligini ve glvenligini 20 output=18MWh*1]
onemli Olclide artirabilir. Bu kaynaklar, fazla enerjiyi f
depolayarak ve yogun donemlerde teslim ederek akilli 10 Energy storage system :
sebekelerin esnekligini artirabilir. operate(lSVlW/lSVlWh) Time(h)

0 o e A
0:00 230 500 730 10:00 T2M0PT500 1730 20:00 22:30

-10
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Enerji Yonetim
Hizmetleri

Giig Kalitesi

Gig
Guvenilirligi

Load Shifting

Talep Tarafi
Yonetimi

Peak Shaving
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Power quality

* Giig Kalitesi
Enerji depolama sistemleri, gerilimin daha kararli olmasini ve gtic kalitesini N
arttirarak sistemin daha kararli olmasina yardimci olabilmektedir. Hassas cihazlari
kullanmakta olan bireysel ve kurumsal tiiketiciler icin glic kalitesi cok 6nemlidir. Bu v
tuketiciler ile enerji saglayici arasindaki is ortakligl enerji depolama sistemleri ile 3
glclenmektedir. '§
>
Supplying reactive power
A
g
4
a
-
]
N
7

B Discharging
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Load leveling

N

«  Maksimum Talep Durumu igin Destek A

isletmede disiik talep zamanlarinda elektrik enerjisinin depolanarak yiiksek -

talep zamanlarinda pahal elektrik enerjisi tGretiminin engellenmesi saglanir. \
\VJ \\

Absorbing power [l Supplying power

Load

>

| \
: \

Charging B Discharging
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* Sebeke Kararhhg

Dengeleyici gli¢ sistemleri, kararligi bozulmus sebekelerin kesinti yasanmadan tekrar
kararh hale gelmelerine yardimci olmaktadir. Sistemi tekrar kararli hale getirebilmek igin
sistemler 10 ile 30 saniye arasinda, bir otomasyon sistemine bagli olarak devreye girer.

Load

ESETMD
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Absorbing power ' Supplying power

\\ \

Charging

>

B Ducharging
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* Peak Shaving

Maksimum gig talebi durumunda, elektrik enerijisi sarfiyatini Max capacity

distrmek amaciyla kullanilan ve Gretimin tiiketimden fazla oldugu Risk
zaman enerjinin depolanip, az oldugu zaman sebekeye verilerek gig 7Y
dengesinin saglanmasinda kullanilan tekniktir. ’,‘“

From the grid with
energy storage

T T I I T T I T T From the grid without

M T W T F S S M T energy storage

State of charge (SOC)

100% //\
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Sebekesiz
Sistemler

Giines ve
Riizgar
Sistemleri

Mikrogrid
Dengeleme
Hizmetleri

Mikrogrid YEK
Entegrasyonu
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* Yenilenebilir Eneriji
Yenilenebilir enerji sistemlerinin glin icerisinde tGremis olduklari fazla enerjiyi depolayarak talebin tGretimden fazla oldugu
veya Uretimin tiketimden disik kaldigl saatlerde kullanilan bir sistemdir.

Solar self-consumption without energy storage Solar self-consumption with energy storage

\ \
/ \ / N/

Morning Evening Morning Evening

= Energy consumption PV production Self-consumption
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*  Mikro Sebeke

Mikro sebeke, tiiketim noktalarinin ve Gretim santrallerinin

(dagitilmis enerji kaynaklari, DEK) belirli sinirlar iginde birbirine *
baglanmasi durumudur
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Elektrikli
Araglar
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* Elektrikli Araglar

GUnumiuzde artan elektrikli arag sayisi beraberinde
getirdigi avantajlar ile birlikte artan enerji ihtiyacini
da beraberinde getirmektedir. Elektrikli araglarin
sayisinin artmasi ile sarj istasyonlarinin sayisi da her
gecen glin artmakta fakat elektrik iletim altyapisinda
degisiklik olmamaktadir.
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