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Elektrik Sektoru Genel Gorunum
Yenilenebilir Enerji

2009

~Iki misli elektrik enerjisine
ihtiyac duyulacagi on goriluyor
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Elektrik Sektoru Gorunum
Yenilenebilir Enetrji

Sy

: Pasterze Glacier (site), Austria SIS 2001 Gary Bradsch
Pasterze Buzulu, Avusturya

/ Z 7 7 7
* Artan atmosferik CO, dunyamizi i1sitmakta, //Q/

-
_» enerji uretimi de CO, emisyonunun 6nemli bir kis lusturmakitac

et

Karbon kisitlamalari yenilenebilir enerjiye olan talebi artirmaktadir

Annual temperatures in Toronto from 1841-2017 |
N BGHU&ANSimfIandlg'ﬂs\.i#.--

The colour scale goes from 5.5°C (dark blue) to 11.0°C (dark red) i
g Gy Ortahinh |
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 201& 20017 2018 2019 2020

Share of affshare ~ 1% -2%

743 GW / 2020
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Turkiye Elektrik Sektoru Genel Goriinim
Kurulu Giic

Kaynaklar bazinda ku_rul_u'g_iig (GW) Kurulu gui¢ gelisimi (GW)
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Turkiye Elektrik Sektoru Genel Gorunum

Tluketim
Milyar USD Elektrik Tiiketimi & GSMH o
o 297304303305' 320
1.400 - 300
279
1.300 o 266 L 280
1.200 - 242 246 - 260
1.100 - 230 L 240
210 L 220
1.000 - . 958 449
- 190 . 194 L 200
900 - . 838878 867 869 g59
' 797 - 180
800 - 161 783 777 i
150 717t 160
700 1 4 633 | .
o 128127 - 140
600 -
_ 505552 L 120
.:,.éoo _ 407 L 100
400 _
. 317 80
- 300 {273
; 238 L 60
~_|B 203
o - 40
'7:100 1 e

20002001200220032004 200520062007 2008200920102011201220132014201520162017201820192020

Elektrik Tiketimi [TWh] [l GSMH [Milyar USD] [ Ekonomik kriz yillari

Kaynak: TUIK, TEIAS, Diinya Bankasi

85
80
75
70

65 -

60
55
50
45
40
35
30
25
20
15
10

Kisi Basina Elektrik Tiiketimi

R
o

)

°
N
(=)

|
\

20002001200220032004200520062007 2008200920102011201220132014201520162017201820192020

Kisi basina elektrik tiiketimi (kwh) [l Niifus (Milyon)

5,0

4,5

4,0

- 3,5

3,0
2,5
2,0
1,5
1,0

0,5

n3W,

= Siniflandifma’
g Eimeei Orfakinh
Classification: Fubli



orunum

Genel G

//,,'/"

5

i

Al

ca

WM
:

ic

)

an

fi

Classl




=

ye Riizga

48.000 MW, >7,0 m/s — 50m yiikseklikte

EnerJ|5| Potansiyeli

VILLIN OMTALAMA RISZGAR ppzy | ORTALASR MUSCAR Cl ’W;u;m““
L fa) [ [rw)
10-75 400 - S0 [ERE
Th-a0 00 - &0 129
g0 =80 G - 800 538z
=50 ~E 05,54
Tantald AT B0

WARARAL ALAHLAR

3T B3k 10013

Mot
Hataplamalarda, nzgns enerpss wygulamalan agindan Kullandabilic glankara
S MWk gacande RES kurulsiilecsdi kel adilmisir

TURKIYE RUZGAR ENERJISi POTANSIYELI

(Yilhik Ortalama Riizgar hizi > 6,5

e
e
e

m/s - 50 m a.g.l.)

YILLIK ORTALAMA ORTALAMA RUZGAR GUG | TOPLAM KURULABILECEK
RUZGAR HIZI YOGUNLUGU GUC MIKTARI
(m/s) (W /m?) (Mw)
6.5-7.0 300 - 400 83 906,96
7.0-7.5 400 - 500 29 259,36
7,5- 18,0 500 - 600 12 954,32
8,050 500 - 800 5 399,92
280 > 80D 195,54
TOPLAM 131 756,40

e

o

TENRER

ST

Hesaplamalarda; riizgar enerjisi uygulamalari acisindan kullanilabilir alanlara
5 MW/km2 giicinde RES kurulabilecedi kabul edilmistir.
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Ruzgar Sektorune Genel Bakis

Tiirkiye’de Kurulu Gii¢ & Riizgarin Uretimdeki Payi

Turkiye Ruzgar Enerjisi Kurulu Guct Geligimi

104

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Subat

Kaynak: TEIAS
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Turkiye’de Ruzgar Enerjisi Genel Gorunum

» Blyume: YBBO %30,5 (2008 - 2020)

+ Kapasite: 9,3 GW (Subat 2021)

+ Pay: %10 (Kurulu Gug) '
%84(Uret1m,'f"

Turkiye’nin son 2008-2020 y_ll[armdakl ruzgar uretlmlyle

+ 80,4 milyon ton COzsal
» Cari agik azaltimi _
Riizgar enerjisinin sewyeiendml"'

2009 yilinda 135 USD/IMWh
2020 yilinda 40 - 54 USD/MWh

mis elektrik maliyeti:
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Ruzgar Sékt;dr:ﬁ;hé'_:G_enel Bakis

_ Riizgar Enerjisiijmk.Enerji Cesitliliginde Onemli Bir Kaynak .

| o Wind meets Denmark's 100%
power demand on Sep 15

 Ocak 2021 Ayi Tiirkiye

' TOpI am

September 19 (Renewables Now) - Wind power [ll
generation covered 100% of Denmark’s electricity '
demand for the first time ever on September 15,
~ according to preliminary statistics by the country's
_ transmission system operator Energinet

/:

- The strong winds spurrad production from wind
~ turbines and helped supply 130% of the country’'s
_ electricity demand from midnight to midnight last

The Nojsomheds Odde wind farm in
. Sunday. The excess power was sold abroad. Denmark. Source: European Energy A/S
R e

Renewables have overtaken fossil fuels for the first timeinthe EMB=R
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Renewables
Fossil fuels
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,2f021:’de riizgar Gretiminin _payl'toplarr'i/””;'
%'e cikarak rekor kirmistir.
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End-use energy consumption
quadrillion British thermal units quadrillion British thermal units
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ives strong rebound in renewable capacity expansion
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Renewable capacity growth between 2019 and 2024 by technology - s
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Hydropower

Onshore wind

Solar PV Distributed PV
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 Riizgar Genel Prensipleri
_ Global Rizgarlar
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B3:Bora
B4:Buran
B5:Blizzards
C:Chinook
E:Etesians
F:Fohn
~ Hl:Harmattan
' H2:Haboob (non-directional)
H3:Helm
~ l:lce cap blizzards
' K1:Khamsin
K2:Karaburan
L:Levant
M:Mistral
N1:Norte
N2:Norther
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Ruzgar Genel Prensipleri
Daha Kiiciik Olcekli Lokal Riizgarlar

LAND AND SEA BREEZES

Cool Breeze » *

Moving Towards Land Cool Breeze

Warm Air Rises Moving Towards Sea

Warm Air Rises

Warm Sea Surface

‘Warm Land Surface

www.thecompetitionworld.com

Demz Meltemi Kara Meltemi

ANABATIC AND KATABATIC WINDS

Anabatic Wlnds Katabatic Winds

Vadi Meltemu
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Ruzgar Turbini

Ferrari? 5,5 MW Riizgar Tirbini?...

Ferrari 488

661 hp
0-100 km/h @ 3,0 s
1000km/h@293

:-2;5--Max 330 km/h

0-100km/h @ 2 6 s
100-0 km/h @ 1,0 s
Max 344 km/h (kanat uc hizi)
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Ruzgar Turbinleri Tarihgesi
Rizgar Tiirbinlerinin Atalari

]
{TELL
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Architecture: of the Istamic World, Its-History and Social Meaniig: Fage lé’ﬁm:“ Py

Fdi'red by Gaorga Michell; 1978 Thames & Hudson Lid, London o

9. yy, Persler
Dusey eksenli-Savonius
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Ruzgar Turbinleri Tarihgesi
Rizgar Tiirbinlerinin Atalari

La Cour, 11 m ve' 23 m
1891 ve 1897
Askov, Danimarka
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Ruzgar Tiirbinleri Tarihgesi
Riuzgar Turbinlerinin Atalari

John Brown Tiirbini Isle of ManTUrbihi
24 m,100 kW 15 m,100 kW
1954 Iskogya 1959 Ingiltere
§ BOHUSANSI“IHEMMBIHW
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Ruzgar Turbinleri Tarihgesi
Rizgar Tiirbinlerinin Atalari

Joorg, Danimark

ik MW’lik riizgar
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uzgar Turbinleri Tarihgesi
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Ruzgar Turbinleri Tarihgesi
Giiniimiizden Ornekler: Balabanli RES, Bandirma RES

Balabanli RES:

3,6 MW

Kule yiiksekligi: 115m
Rotor capi: 130m

:
/
7

Bandirma RES:
3,3 MW
Kule yuksekligi: 90m
Rotor ¢capi1: 112m
§ BOHUSANSimfIandlﬁﬂ.BLMW.
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| ‘ve Saha Analizleri
Cihazlari ve Sistemleri

 Olgi

| #BEGINDATA 1.8.2012
01.08.2012 00:00:00 0 8.5972 9.9139 7.5365
.2012 00:10:00 O B.0028 8.9081 7.2164
.2012 00:20:00 O B.1400 9.0452 7.1250

Riizgar Verisi

7.4770 8.0394 6.5764
7.7651 8.5880 6.8964
7.0793
6.5306

Boru tipi ruzgar
Olcum sistemi

Kafes tipi rlzgar
Olcuim sisteﬁr_ni

R tipi riizgar
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e

;"-f Ruzgar OIg.um ve Saha Analizleri
Saha PIanIamas: ve Yillik Enerji Uretimi (AEP) Hesabi

: —  ssccinoara 132012

-08.2012 00:00:00 O 8.5972 9.9139 7.5365 0.35
01 08.2012 00:10:00 O 8.0028 8.9081 7.2164 0.31
01.08.2012 00:20:00 O B.1400 9.0452 7.1250 0.31
01.08.2012 00:30:00 O 7.2302 7.9022 6.4392 0.30
01.08.2012 00:40:00 O 7.1890 8.8624 5.9363 0.50
01.08.2012 00:50:00 O 7.5045 8.4966 6.0734 0.31
01.08.2012 01:00:00 O 7.4770 8.0394 6.5764 0.21
01.08.2012 01:10:00 O 7.7651 8.5880 6.8964 0.26 7
01.08.2012 01:20:00 O 7.8657 8.4052 7.0793 0.24 ,
01.08.2012 01:30:00 O 7.4405 8.1766 6.5306 0.24 i
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‘curves and weibull distribution

#
Probability In %

Probability of Exceedance

7 10% 155,878
M 50/ AEP (GWh 164,530

Lo Ll o ( ) 180.762

2 3 4 5 6 T 8 8 1 11 12 13 4 15 16 17 18 19 A0 A R 23 M4 B

1.3
¥ind speed in s 60 80 100 120 140 160 180 200

Ruzgar hiz dagiimi (Weibull), Tirbin Giig Egrisi ~ Uretim Analizi N BORUSAN, ——€nBlJ
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Riizgar Olciim vé Saha Analizleri
Saha Modelleme

GENERALIZED REGIONAL WIND

CLIMATOLOGY
——4/\[; =

MODEL FOR |
MOUNTAINOUS TERRAIN

= -

INPUT: HEIGHT CONTOUR LINES

ROUGHNESS OF TERRAIN

1 |
MODEL FOR; | 1

INPUT TERRAIN CLASSIFICATION

] -
MODEL FOR: |
SHILTERING OBSTACLES
| S raasadais

INPUT POSITION AND DIMENSIONS 1 l

J [ J |j\/? )

WIND WIND CLIMATOLOGY
DATA Lo-l SPICIFIC LOCATION
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'Riizgar Tirbini
Calisma Prensibi

7 o
i “

Ruzgar Enerjisi . . ,
. I Rotorun dénmesi

A

e

Elektrik

Enerjisi
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Riizgar olgiim
sensorleri Yiiksek hiz safti

R

1.” » Jenerator

|

Disli-Rutusu

g

Pitch sistemi

Yaw siirliciisii

Temel sa

s Bonu“"%mlﬂandm. Enel
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Riizgar Tirbini
‘Modern Riizgar Tiirbini Tipleri

Kanat

i

G

Pitch siirticlisii

Pitch yatagi

Riizgar 6lciim sensorleri

Sogutma Unitesi

Jenerator

Yaw Motorlari

HAsansor sistemi




Ruzgar Turbini
Kule Yiiksekliklerinin Gelisimi

~130-150 m
N =100 m
N -100 m
0 ~42-62m ~60 m
A ~35m ~30-40 m
=22m
_)_ 4
~ 1987 - 1990 1993 / 1994 1996 / 1997 2002/ 2003
ik Jenerasyon 2. Jenerasyon 3 Jenerasyon 4- Jenerasyon
2.500 - 3.500 kW

30 - 165 kW 225 - 500 kW 1.000 - 1.500 kW

A g

157 m

250 m

170 m

Sabanci Center

Istanbul

2010/ -
5 Jenerasyon
3.500 — 6.000 kW

l\} Baﬁus’ﬁmmmﬂandmg.wv

p. e Orfgkinh |
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980 d

Ayni teknoloji ile 6lgeklendirilse:
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A

|+ 3600 kw
10 m rotor| |* 130 m rotor
1.3tons | |+ 1584 ton

[

N
RN
S

[-3600kW |
* 130 m |+ 130m
* 96 tons o * 96 tons

|
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Ruzgar Enerji Santrali
Tidrbin Disindaki Santral Altyapisi ve Diger Bilesenler; Fuat RES, 30 MW, 10xV112 3MW

ﬁ BOHUSANSimfIandmﬁg#.--

.. i Ortakin
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;'R.l'jzgar Enerjl S-ahtfa'll
Deniz Ustii (offshore) Tiirbinler

z-UstiTurbinler

Yiizen (Floating) De

* “*+...  Wind turbine

‘\ Onshore substation

n a ‘ n n rnr Hywind Scotland project is expec
to b commissianed in lata 2017,
n a n ‘ It enerate 135 gigawatt-hours
C [IIWRT Pos year

ﬁ ﬁ ‘ a n i 0 Ssupply approxi

1 th paquiva

MW aaaaa oo
con 1 over 20 years' time.

S J.'rmm!
Eiffel Tower
Paris
| \

'mwmmndnulm
wind turhines

u-um]uuuomudsmﬂ The
Fywind Scotlind project i located 25
ki aff the Scoftih cosst in waters
ringing batwien 90 and 120 moters
g,

. /i
7 1‘ /
'-.. / J Offshore substation

'::_ Cable landing point

325m

z : Offshore array", Onshore export ..
: s cable cable | tteessesses

T " Foundation

?’dl

Overview of a wind farm.

“Each turhine bs mounted ars & shendar
cylinder fitled with ballast, which st
Buliioes sha winid uriing. A thede- point
anchar system sttaches the logting
turkini o the sested, lrtrasray eables
Irampnupmehlhnrl

Azcording i the conmtting firm MAKE,

vore 34 gigawites of flosting wind
i could be installed by 2030,

- FLOATING

S BonusANSlnlﬂandl ul n\
Classification: "F* iblic




Tuarbin Teknolojile’ri
Zincirin Eksik Halkasi (Depolama)

arglewende
Lo saungan e i Energlewansl
manerieapeicherSaUngen I O gy revalutio

Battary sterage ¥
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Riizgar Enerji Santralleri Yatirim-isletme Siireci
Risk-Kazanc lliskisi

Risk - TEMEL MODELLER:
» Lisansli-Kapasite tahsisi
* YEKA
* Lisanssiz

ﬁ _Il.Faz
On Lisans

25yi* || .Faz IV.Faz
" Kurulum |_> isletme
- yi® 48 yil*

Glvenilir
Kazang

Spekiilatif
Kazang

*30-60 MW icin ortalama streler
§ BOHUSANSimfIandlﬁﬂ.BL!Hw-

g & O,
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Ruzgar Enerji Santralleri Yatirim-isletme Siireci
Gelistirme Fazi

Aktiviteler: -
* Saha secimi, rtizgar Glcumleri, tesis yerlegimi

s Elektrik ve insaat isleri icin temel tasarim

ffl'ojq-,l’:_afr?nf_sa-hi_b-'dlma maliyeti cercevesinde fizibilite

On yatirim karari, 6n lisans bagvurusu ve yarisma

PROJE YONETiIMINDE «SOGAN SENDROMU»

Kurulum Fazi

r+++++
r4+++++
T

isletme Faz

S T T T T S o S

(IR SO T S T S S T S R R
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Riizgar Enerji Santralleri Yatirim-isletme Siireci
Kurulum (Lisans) Fazi
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Riizgar Enerji Santralleri Yatirimi
Fizibilite Degerlendirmesi
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Where:
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t = corporate tax rate
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Total prlmary energy demand forecast
Change 2019 to 2030

wmm-wmhumﬂwm
sconomic and socal impacts. Global GDP does not recover to pre-crisis levels until
2023, and global energy demand only returns in 2025 Oil demand flattens out
below the 100 mbfd mark, some 4 mb/d below the level in the STEPS. Behavioural
changes due to the pandemic affect the oil outlook in multiple ways, but the DRS,
Eke the STEPS, does not yet show oil demand reaching a clear peak.

- & Today's policy settings, as modelled in the STEPS and in the DRS, produce a much
' glower rebound i emissions than wai seen after the J2008-09 Bnancal crees

R A RN AR AR AR

0 10 T it gt = e e e co, .
A shightly lower trajectory for emissions in the DRS than in the STEPS is due to
6 000  ceeerreerrreernrr e mmm mmmmwnhmmwu /

STEPS DRS SDS NZE2050
[ ] Nuclear = Renewables M Traditional use of blomass

R

consumed or produced. A higher carbon intensity of the economy in this scenario
Hlustrates the peril of mistaking low growth for a solution to dimate change.

& A structural ransformation of the energy sector will require massive investment in
Plan, the|Sustamable Development Scenario se8s 3 nearterm surge of
mvestment in dean energy technologies over the next ten years. Along with action
to reduce emissions from axsting infrastructure, this is enough o make 2019 the
definitive peak year for global CO; emissions. In the 305, CO. emissions are nearly
10 Gt lower than in the STEPS by 2030, and reductions in air poliutant emissions
produce significantly cleaner air than experienced durl" lhn mm

e
® The SDS sets out a possible pathway for a very ambitious transformatlon of the
energy sector which incorporates full implementation of existing net-zero pledges
for 2050 and earlier. The Net Zero Emissions by 2050 (NZE2050) case, explored in
detail for the first time in this Outlook, sets out what additional measures would be
required over the next ten years to put the world as a whole on track for net-zero
emissions by mid-century. Achieving this goal would involve a significant further
acceleration in the deployment of clean energy technologies together with wide-

ranging behavlou ral changes S BOHUSAI'%
yeaon e ot 1 mlﬂandm. enel
o : Classification: fif ic

i  Gas

The Stated Policies Scenario (STEPS) is based on today’s policy semngs and an ~
~ assumption that the pandemic is brought under control in 2021. In this scenario, -
" global GDP also returns to pre-crisis levels in 2021, and global energy demand in

early 2023, but outcomes vary sharply by fuel. Renewables meet 30% of the strong /,
growth in global electricity demand over the next two decades, led by continued ~
high levels of solar PV deployment, but global coal use never gets back to previous
levels. By 2040, coal’s share in global energy demand dips below 20% for the first
time in modern energy history.
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Turkiye Elektrik Sektoru Genel Gorunum
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Turbine Performance Changes with Altitude
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Induction factor a

v =(l-a) v;

Cp = 4a(1-a)®

v; = (1-2a) v »a=1/2: vy = 0; full thrust on rotor disc, Cr = 1
1l +a=13:v=23v, > optimal Cp
ial inducti @) E Cp = 16/27 > 59.3% maximum theoretical efficiency!
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