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Giig Santralleri

Power generating plants, like other manufacturing plants, process raw materials
into useful products, often accompanied by some waste products. For power
plants the useful product is electrical energy. The waste products for fossil plants
include ash and smoke visibly and heat invisibly.

In the larger central plants, input fuel , coal, natural gas,
nuclear, hydro, etc.) is first converted into heat energy (in the form of steam),
then into mechanical energy (in an engine or turbine), and finally into electrical
energy (in a generator) to be utilized by consumers.
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Schematic Dlagram of Energy Conversion In Power Plants
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Gi¢ Santralleri

CONVENTIONAL POWER
PLANTS

Except for the source of heat
they use to create steam,
conventional nuclear and
fossil power plants are
basically the same.
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Gig Santrallert

FOSSIL FUEL POWER PLANTS WITH FUEL TYPE SEPERATION

Fossil fuel power plants related to type of input fuel can be classified basicaly

1. Oil based fossil fuel power plants

2. Coal based fossil fuel power plants

3. Natural gas based fossil fuel power plants
4. Nuclear resources based power plants
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mbined Heat And Power Efficiency: Up to 90%
/oltage: 400-480 VAC

qt y: 50/60 Hz, Grid C
Electrical Service: 3-Phase, 4-Wire
Electrical Efficiency LHV: 26.00%

0 Hz, Stand Alone

leight: Grid Connect - 405 kg (891 Ib); Dual Mode - 578 kg (1,271 b)
Heat Rate LHV: 13.8 MJ/kWh (13,100 BTU/kWh)

ust Temperature: 2752C (5302F)
st Gas Flow: 0.31kg/s (0.68 lbm/s)

ible Fuels: Natural Gas, Liquid Fuels (Kerosene, Aviation Fuels,
Sulfur Diesel #2), Biogas (Landfill, Digester), Associated Gas,
ropane Gas

M TN

https://youtu.be/M-I

Giris

Petrol krizi, 1974



Giris
Enerji Terminolojileri

> Enerji: is yapma ve Is1 verme yetenegi veya bir sistemin kendisi
disinda etkinlik tiretebilmesidir.
»BTU, Wh, kWh, cal, Kcal
> Not: Is = Kuvvet x mesafe (N.m)
> Giig: Enerji kullanimin orani (1 Watt = 1 Joule/s)
> Entalpi: Bir cismin ig enerjisi (Kimyasal bir reaksiyonda iriinlerin entalpisi

enerji verilmesi gerekir, daha azsa enerjiagiga gikar.)
> Entropi: Kullanilamayan enerjinin 8lgiisii; diizensizligin &lgiisiidiir.

Entropi gegisinin olmadigi eneriji etkilesi s olarak tanimlanabilir.
> Ekserji: 6 urilebilirliginin 6lcimiine denir. Belirli
i belli bir miktar jinin diger bir enerji
bigimine iistiiriilebilen en yiiksek mil
> Anenerji: Belirli termodinamik kosullarda diger bir enerji bicimine
déniistiiriilemeyen enerjidir.
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Giris

Enerji Terminolojileri

* Termodinamik: Isi ile enerjinin diger bigimleri arasindaki
iliskileri inceleyen bilim dalidir. Farkli enerjiler arasindaki
donuisiimii inceler.

* Termodinamigin 1. Yasasi: Enerjinin yoktan var »
edilemeyecegi, mevcut bir enerjinin yok edilemeyecegi,
ancak bir bigimden digerine donustiiriilebilecegidir.

* Termodinamigin 2. Yasasi: Sicak bir suyun daha diisitk
sicakliktaki bir ortamda belirli bir siire sonrasinda
so?udgég bilinen bir gergektir. Bu durumun tersi olan bir
hal degisiminin ol y |

* Termodinamigin 3. Yasasi Bu yasa neden bir maddeyi
mutlak sifira kadar sogutmanin imkansiz oldugunu
elirtir:

retim Sistemleri igin Enerjt
Jeotermal Enerji

Jeotermal enerjide
diinyadayedinci sirada
yer alan Tiirkiye, mevcut
jeotermal potansiyeliile
toplam elektrik enerjisi
ihtiyacinin % 5'ine,
1sitmada ise 1s1 enerjisi
ihtiyacinin %30'una
kadar karsilayabilecek
durumdadir
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Enerji Terminolojileri
* Enerji kaynaklarina gore: Kati, sivi, gaz yakitlar ile hidrolik,
niikleer, giines, biyokiitle, riizgar, jeotermal, vb. olarak ayrilabilir.
* Fiziksel ve ekonomik yénleriyle enerji: Elektrik, elektro-magnetik,
mekanik (potansiyel ve kinetik), termik, kimyasal, fiziksel vb.
olarak ayrilabilir.
* Herhangi bir déniisiime ugrayip ug yonleriyle enerji :
* Birincil (primer, dogal) enerjiler (giines, riizgar, hidrolik,
petrol, kémiir, jeotermal, nukleer, vb.?
* ikincil (sekonder, uretilen) ener]lle[.(elflitrlk, “termik” is1,
vb.

* Alternatif Enerji: Dogal cevreden siirekli veya tekrarlamali olarak
elde edilen enerji (Gunes enerjisi, vb.).

i Enerji: Insan olmadan elde
edilemeyen, mevcut enerji depolarindan elde edilen enerjidir
(Niikleer ve fosil yakitlar, vb. ).

Uretim Sistemleri icin Enerji
Jeotermal Enerji

Uretim Sistemlert igin Enerji
Jeotermal Enerji

eotermal enerji: yeryiiziiniin { e
ogal isisindan ortaya gikan :
nerji .
* Geysers (Gayser, kaynag)
* Hot springs (Kaplicalar)

« incelmis yer kabugu GﬁrYoSRBI
Yarik sistemleri RENT \ |
Volkanik bélgeler @7 SUTEECRC
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http://tr.wikipedia.org/wiki/Mutlak_s%C4%B1f%C4%B1r

Uretim Sistemlert icin Enerjt
Jeotermal Enerji

Jeotermal enerji, yerkabugunun sahip oldugu 1smmn dogal olarak
yeraltindaki sulara aktarilmasi ve 1sinan suyun yeryiiziine ulagmasi
sonucu ortaya ¢ikan bir enerji tiiriidiir.

Sicakhig1 yer yer 100°C'ye varan 600'den fazla sicak su kaynaginin

varligr Tiirkiye'nin 6nemli bir jeotermal enerji potansiyeli tagidigim
gostermektedir.

Uretim Sistemlert icin Enerft
Geothermal Power vs. Geothermal Heating

Coaling)

Uretim Sistemleri icin Enerji
Bio-Kiltle

Biyomas kaynaklari igerisinde yer alan odun, hayvan ve bitki
artiklar1 lilkemizde uzun yillardan beri 6zellikle kirsal
kesimdeki konutlarda alan 1sitma ve yemek pisirme amagh
olarak tiiketilmektedir.

Bu kaynaklar toplam olarak halen iilkemizin birincil enerji
liketiminin %5’ini ve k lardaki enerji tiiketiminin %35’ini
olusturmaktadir.
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Uretim Sistemleri icin Enerji
Jeotermal Enerji

Ulkemizde jeotermal enerjiye dayah bina ve sera
hig1 da hizla gelismektedi likesir- Gonen,
Kiitahya-Simav, Kirsehir, Kizilcahamam, [zmir-Balgova
vb. alanlarda 1s1l jeotermal enerji potansiyelimiz ile
103,000 konut 1sitilmakta ve 215 kaplica isletilmektedir.

Hava kirliligi yaratmayan bu kaynakla yapilan bina
isitmaciligr diger kaynaklara oranla (komiir, dogal gaz vb.)
¢ok daha ucuza mal olmaktadir.

Uretim Sistemleri icin Enexrfi

nerji veya yakita dénusebilen organik
malzemeler

Var olan kaynaklarin kullanimi (Kesme,
isleme tabi tutma ve onu yakma)
Organik malzeme veya enerji
mahsullerinin aktif kreasyonu
(Yetistirme, isleme tabi tutma ve yakma)

Bitki ve hayvansal yan driinlerini
ullaniimasi

Uretim Sistemlert igin Enerji
Bio-Katle

- Bazi sanayilesmis iilkeler biyo enerji kaynagim énemli lgiide
kullanmaya baslanustir.

« Finlandiya %15, isve¢ %9, Amerika %4 oraninda biyomastan
iretilen enerjiyi kullanmaktadir. Avusturya’da elektrik

enerjisinin %10’u 70 adet kiigiik 6lgekli biyomas bilesik 1s1-gii¢
santralinden elde edilmektedir.



Uretim Sistemleri igin Enerfi
Bio-Kitle

« Ulkemizin biyo-kiitle potansiyeli yaklasik 8.6 milyon TEP
olup bunun 6 milyon TEP’i 1sinma amagh kullamlmaktadir.

* Biyogaz iiretim potansiyeli 1.5-2 milyar m3/y1l olarak

tahmin edilmektedir.

Uretim Sistemleri igin Enerji

Uretim Sistemleri icin Enerji
Bio-Kiltle

Metan Generator
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Uretim Sistemler icin Enexrji

Belediye ¢oplikleri
Hayvansal artiklar

insan artiklari (sewage
and sludge)

Uretim Sistemlert igin Enerji
Bio-Katle

izel, kanola, aygigek, soya ,aspir gibi yagli
bitkilerinden ve atik yaglardan elde edilen
it olarak dizel araglarda kullamilan bir tiriindiir.

iyoetanol; hammaddesi seker pancari, misir, bugday ve
ular gibi tarimsal iirtinlerin fermantasyonu ile elde
ilen ve benzinle belirli oranlarda harmanlanarak
alternatif bir yakittir.

izde tarima elverisli olup da kullamlmayan
degerlendirilmesi ile 1.5 milyon ton biyodizel,
alanlarmm kullanim ile 3.5 milyon ton
| tiretilebilecektir.



Hidrojen Enerjisi
HIDROJEN NEDIR?

Dogadaki en basit atom yapisina sahip olan

hidrojen, giiniimiizde kabul géren evrenin

olusumu kuraminda da belirtildigi gibi biitiin
ve lerin temel idil

.

Hidrojen molekiili, 2 hidrojen atomundan olusur. Her atom, bir

1ok d d. de bull

gelir. E
1 tiim diger

proton ve bir
basit atom oldugu igin, bilim
I jenin fiizyonu

en

meydana gelen reaksiyon)

Hidrojen Enerisi
HIDROJEN TABANLI ENERJi

Hidrojen 1500'lii yillarda kesfedilmis, evrenin en basit ve en cok
bulunan elementi olup, renksiz, kokusuz, havadan 14.4 kez daha
hafif ve tamamen zehirsiz bir gazdir.

idroj m yakitlar igerisinde birim kitle basina en

(] gine sahiptir.
1 kg hidrojen; 2.1 kg dogal gaz veya 2.8 kg petroliin sahip oldugu
enerjiye sahiptir. Ancak birim enerji basina hacmi yiiksektir.
Hidrojen dogada serbest halde bulunmaz, bilesikler halinde
bulunur. En ¢ok bilinen bilesigi ise Su’dur.
Hidrojen petrol yakitlarina gére ortalama 1.33 kat daha verimli bir
akittir.

Hidrojen Enerjisi

HIDROJEN URETiIMI

enerji si inin yeni ol karsin hidrojen uretimi
yeni degildir. $u anda diinyada her yil 500 milyar m3 hidrojen
T Kta ve Ktad.

ines, riizgar, hidrolik
ile, suyun
itleden iiretimi ve biyolojik

Giinimiizde hidrojen agirlikh olarak dogal gazdan buhar
reformasyonu sonucu elde edilmektedir.
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Hidrojen Enerjisi

HIDROJEN TABANLI ENERJI
Hidrojen dogal bir yakit olmayip, birincil enerji kaynaklarindan
yararlanilarak su, fosil yakitlar ve biyo-kiitle gibi degisik
; ! iiretilebil ik bir yakittir.

Hidrojen tabanli enerji sistemlerinde hidrojenin gérevi nedir?

Hidroj idrojen enerji si

1] inde enerji aktaricisi, tastyicisi
ve degistiricisi gérevlerini goren ideal bir ara elemandir.

Riizgar, glines, dalga ve hidrolik enerji gibi diizensiz liretim yapan
enerjiler hidrojen vasitasiyla diizenli hale sokulabilir mi?
Tabiat sartlarina bagh olarak diizensiz elektrik iiretimi yapan bu

tesislerden elde edilen elektrik enerjisi hidroliz yoluyla hidrojene
cevrilip istenildiginde kullaniimak iizere depo edilebilir.

Hidrojen Enerjisi

Hydrogen Source
Hydrogen is not found naturally, so where is it coming
from? L m

* Ethanol

* Methanol

* Electrolysis

* Gasoline

* Natural Gas
etic f

'ﬁ
“Gas-to-“ ol

Hidrojen Enerjisi

Elektroliz ile hidrojen tretilmesi

roliz icin normal basing ve sicaklikta 1.23 volt yeterlidir. Suyun
katotta ( - ) jen’, anotta( + ) ise oksijen gazi toplanir.
pilan deneyde yaklasik olarak 1 Coulomb'luk yiikiin devreden gegmesi
alinde yaklasik olarak 0,12 cm3 hidrojen, 0,06 cm3 oksijen gazinin agiga
Wktig gorilmstir. Elektroliz verimi Iyé
iyesind iz6r ile %80’lere ¢ikmaktad!

dir. PEM el
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Hidrojen Enerjist Hidrojen Enerjisi
Hydrogen Distribution and Storage HIDROJEN DEPOLANMASI
¢ Hidrojenin belki de en 6nemli 6zelligi, depolanabilir olmasidir.
* Yuksek basingta sikistirma 2
* Liquefying Hydrogen i Eger bugiin hidroelektrik santrallerinden elde edilen enerjinin
« Metal Hydride 4 depolanmasi miimkiin olsayd, enerji sorununu bir élciide cozmek
o Carbon|Nanot | Asemblyliquid bydiogen fueld & miimkiin olabilirdi.
Lindies I hyrkagen sorsge e
* Glass Mic { : Hidrojen uygun nitelikli gelik tanklarda gaz veya sivi olarak
* As of pre: > . | depolanabilir.
goal 5.5% = £
60kg/m? | § Hidrojen petrole gore 4 kat fazla hacim kaplar; hidrojenin
has not b < \ 5 kapladigi hacmi kiigiiltmek igin hidrojeni sivi halde depolamak
|| e i P idil [ ilmis hidrojen yiiksek basing altinda celik
. Yo tiipler icinde depolanabilir.
Figu 2 e es.
2022 n - 29.pd1 r 2022 50
S ——
Hidrojen Enerjisi Hidrojen Enerjisi
HIDROJEN DEPOLANMASI HIDROJEN DEPOLANMASI
Bir diger pratik ¢coziim ise, sivi hidrojenin diisiik sicakliktaki Hidrojenin yiiksek basingta sikistirilarak, celik, aliiminyum bazh
tanklarda saklanmasidir. veya karbon it tipl d celik ve
o liiminyum bazh tiiplerd: 1 hidrojenin depo agirligina
2300 V'I_!a':da yaplIaJn 9"'.'5""."3' s‘f"”c'_" hidrojen karbon orani %2-5 iken karbon kompozit tiiplerde bu oran %11,3 kadar
L de dep yuikselmektedir.
Hidrojen uygun nitelikli gelik tanklarda gaz veya sivi olarak Hidrojen depolamada diger bir yéntem olan silastirmada,
depolanabilir. idrojen gazi diisiik ve sikistirma yéntemine kiyasla
__ daha diisiik b lard dep Bu
Hidrojen olarak S yéntemde depol. idrojenin, depol agirhgina
Horde hideii denolanabilmektedi .
£ hidriir olarak < 1 < [£ ﬁ'zelllkle son 10 orani yaklasik %26°dir. Ancak, swilagtirma biiyiik miktarlarda
yildir yiiksek v i aliiminyum ve bor hidrojen depolamak icin oldukga pahali bir yéntemdir. Bu ydntemle
iceren kompleks hidriirler ile ilgili yogun olarak cahsilmaktadir depolanacak hidrojen miktari icin gereken enerji, ayni hidrojen
miktarindan elde edilecek enerjinin %28'i civarindadir.
202 s 202 2

Hidrojen Enerjisi Hidrojen Enerjisi
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Hidrojen Enerjist
Market Acceptance

rogen Misconceptions

“35 people died in the flames - and nobody knew
why. Sabotage? A bolt of lightning? The mystery
surrounding the disaster has never been resolved -
until now. In many years of research, a NASA
scientist at Cape Canaveral has found proof that
neither the hydrogen in the hull nor a
bomb was to blame, but the fabric of the
Hindenburg's outer skin and a new protective
coating. A single spark of static electricity was
enough to make it burn like dry leaves. The
“infallible’ German engineers had designed a flying
bomb just waiting to explode.”

v com-t.comohurg i

Yekit Hdicresi (Fuel Cell) Sistemlerd
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Yekit Hdicresi (Fuel Cell) Sistemlert

Real Cell Performance:
Power Maximum & Internal Voltage Losses
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Yakit Htlcres! (Fuel Cell) Sistemler!

Hydrogen
(Hz) in
(Hz0) out

FUEL CELL

Source: http:/fwwwecn.nlisfiproductsipemfcianimations|

er 2022

Yakit Hiicres! (Fuel Cell) Sistemleri
Fuel Cell Schematic

Load
A=z
FuelIn — «— Oxidant In
- H+
Hy | o 1/20,
Positive Ton
|
MO | ——— | ko

l Negative Ion

02 |
+— Product Gas Out Product Gas Out ——

Anode—I EIecIrolym T—(Lathot:le

s

Yalit Hitcrest (Fuel Cell) Sistemleri
Types of Fuel Cells

* Polymer Electrolyte Fuel Cell (PEFC)
* Proton Exchange Membrane Fuel Cell (PEMFC)
« Alkaline Fuel Cell (AFC)
* Phosphoric Acid Fuel Cell (PAFC)
* Molten Carbonate Fuel Cell (MCFC)
* Solid Oxide Fuel Cell (SOFC)
* Intermediate Temperature (ITSOFC)
* Tubular (TSOFC)
« Flat Plate (FPSOFC)

10


http://www.utcfuelcells.com/fuelcell/how_fl.shtml
http://www.utcfuelcells.com/fuelcell/how_fl.shtml
http://www.ecn.nl/sf/products/pemfc/animations.html

Yakit Hicres! (Fuel Cell) Sistemler!

Fuel cell types & typical operating temperatures

Alkaline
Proton Exchange
Direct Methanol

Phasphoric Acid
Molten Carbonate

Solid Oxide

Yekit Hdicresi (Fuel Cell) Sistemlerd

Hilere Tiiriy Elektrolit im Alam ve Gilg Arali
Alkali(AFC) Potasyum(sivi) 80 Uzay, Tasimacilik
1100kW/
) 80 Yerlesim
IW-IMW
Fosforik Asit(PAFC) Fosforik Asit(sm) | 200 Yerlesim, Tasimacilik
200KW-
0MwW
Erimis Karbonat(MCFC) Erimis Tuzlar 650 Yerlesim
500KW-10MW
Kati OKsit(SOFC) Seramik(kat) | 700-1000 Yerlesim, Tasmacilik
100kW-10MW

Yekit Hdicresi (Fuel Cell) Sistemlert

* Replace the Battery in Portable Electronics
* Cell Phones
* Labtops

* Fuel Cell runs more longer tha

Yakit Hticres! (Fuel Cell) Sistemler!

Yakit Hilcresi Gesitleri ve Ozellikleri

22.11.2022
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* Appliance Applications
* Residential

* Commercial
 Transportation

Yakit Hiicres! (Fuel Cell) Sistemleri
esidential

* Solid Oxide Fuel Cells

« Stationary Fuel Cells for
Homes

* UTC Fuel Cells: 5SkW

Proton Exchange

Membrane (PEM) power

plant -- called the Energy

Center

11



Yakit Htcres! (Fuel Cell) Sistemleri
Commercial Case Study: UTC
Fuel Cells

* First National Bank of Omaha

* Anchorage Mail Processing Center
 Conde Nast Building NY, NY

« City of Portland

Yakit Hiicresi (Fuel Cell) Sistemleri
Case Study: Ballard

* CaFCP
 ZEbus Demonstration Program

* Chicago and Vancouver
Demonstration Programs

 European Fuel Cell Bus
Project

Pty btard.comf.2sppgid=308a0K=0

. Yakit Hlcresi (Fuel Cel) Sistemlert
| oEE——

First Commercial Fuel Cell Power Plant:
UTC Phosphoric Acid FC: Pure Cell™ 200 . can use natural gas
ane (NG) ~ 2000 scfihr

“Produces 200 kW
(~200 av. homes)

*$1.1 Minstalled

($5,500/kW)

- Operation cost
: NG/

NG)/ ($/kWhr)

(Typical ratio 0.2)

Sommerclal Fusl Cell
Power System UTC Power
L it

Useful with low NG costs relative to electricity price
n
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Yakit Hteres! (Fuel Cell) Sistemler!
Transportation
* PEMFC

* Georgetown University

« DaimlerChrysler: ) —
Mercedes-Benz and JEEP  upmmasonreescreabmimeaiceticam

Yalit Hiicresi (Fuel Cell) Sistemleri
Building an Infrastructure

* Hydrogen Filling Station _—
in Munich, Germany

* Hydrogen Filling Station
plan unveiled in
Reykjavik, Iceland

Riizgar Turbini Sistemleri
Land Area Requirement

For a wind farm, several wind turbines must be put together to generate the required power or
electricity, increasing the total land requirements. Due to the low energy density of the wind
energy, large land areas are required compared to conventional sources such as coal and nuclear.
The land requirements for a 1,000MWe system for various energy resources are given in the
following Table. The land area was determined by local requirements and climate conditions

i ty factors ranging from 20% to 40%). The energy density of fossil and nuclear fuel
allows relatively small areas, 14 km.

Table A comparbion of land pequircament for 1,

Eneryy resonace Land srea
Fossil and nucless stes: Tk

Solar theamal oc photovoliaic (PV) parkss  20-50kam’ (a samall sy}
Wind fclds: 50150k’

B i 4.000-6,000km” (s prenince)

Source: Nuclear powes sdvantages, Limited Environmentl lmpocts
The area within the perimeter of the wind farm will be larger due to spacing of the
turbines, but is sl useable by the farm. According to the BritishWind Energy
Association (BWEA), a typical wind farm of 20 turbines would require an area of about 1
km?, but only 1% of the land area would be used to house the turbines, electrical
infrastructure and access roads; the remainder can be used for other purposes, such as
rming or as a natural habitat.

12



+ The kinetic energy of wind is converted
Gz e oy
wlr\d ines. The amount of energy.
red by the rotor depends on the
densliy of the air, the rotor area, and the
wind speed. This is schematically shown
Lovloy ——  inthe figure.

Lo Lincic nergy . § |
Power that is obtained from wind
flowing at a certain speed may be
calculated by assuming that a parcel of
air Is moving towards a wind turbine at a
velocity of v. The kinetic energy (KE) of
the air stream is given by:

High ety
i kineti enorp

1 .
Tany
3ok

where, m is the mass of the
moving air, p, is the density of
air, and 1, is the volume of the
parcel.

Riizgar Turbini Sistemleri
Betz Limit

Betz, a German physicist, in 1919, theoretically determined that a wind turbine can only convert
16/27 (59.3%) of the kinetic energy of the wind into mechanical energy by turning a rotor. This is
known as the Betz Limit or the Betz's Law. Since the velocity at the rotor inlet (v1) is different from
that at the outlet (v2), an average velocity was used to calculate the mass of the air streaming
through the rotor per second as follows:

(v +vsh

™

where [(v;+v,)/2] is the average wind speed through

the rotor area. The power extracted from the wind

by the rotor using the average wind speed is given
! N

P g - o) r,[’:]v-m..waa,

The total power in the wind (P, streaming

through exactly the same area, A, , in the

absence of the rotor can be written as:

Riizgar Ttrbini Sistemleri
Turbine Types

Horizontal Axis Wind Turbines (HAWTS)

The bisdes of harzontakaxiswing trbins ol I a verical plane,During otation, blades move more rapilyover one
side, creating of

e s e e Wi ot it 0 o T AP e e m« sl
at the t0p of a tower, and are pointed into the wind. Small turbines are pointed by a wind vane, whle lrge
B e A i e AWy e S ) e e AT S

the blades into a quicker rotation that is more- generating electrcity. it e shoun
in

There are several advantages of horizontal wind turbines. These
are discussed below:

location i ity of the
Sucture,

+ The abilty to pich the rotor blades in a storm minimizes the
damage.

« The use of a tal tower allows access to stronger wind in sites with
vind sheer and placement on uneven land.

B, larger sices o, n General igher apmyhm-s and
efficiencies,

The disadvantages

et Wwers g long lacies (up 0 180 flong) ae ificlt o

B o
maintenance costs.

22.11.2022
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Since the air parcel will be swept away by the turbine, the cross sectional area of the rotor (4;)
interacting with the air parcel and the velocity of air are critical in determining the power
production, which can be expressed as:

1
P= i.uuiw‘
This yields the theoretical power in a free flowing stream of wind. The actual power that is
obtainable from a wind turbineis given by:
P =iCrs, m%.mrﬁ
s 4 = 1y 1090 =

atoun 1 22545 8 s el s with

e

£ o ey
The maximum theoretical vabue of Cp possible is 0593, This is also known a5 the
Btz limit. The praciical value of Cp i in the range of 0. 35-0.40. A value of greater
Uan 80 & possible for iy if a permpent mageel generator or grid comnected
induction generator is uscd. The efficiency of gearbox and bearings can be greater
than 936,

Riizgar Turbini Sistemleri
Turbine Types

Wind turbines can be divided into two categories based on the axis about which the turbine rotat
« Horizontal Axis Wind Turbines (HAWTs)

« Vertical Axis Wind Turbines (VAWTs)

The HAWTS generally can be designed for higher power This s possbl cue o igher mmmzmmrs that can be.

used wi
sigle R e e e b e e : sms\e wind turbine can
theoreiclygenerae SMW.This increase became possble du to devlopmert of wind urines with a large

Relativuip between prver cspacy and the whor desmcir

Rilzgar Ttirbini Sistemleri
Turbine Types

Horizontal Axis Wind Turbines (HAWTS)
Horizontal

. Currently

blade rbines have been designed and

.o bl i s generate 15% and S%less power than three blade wind turbines,

e pectvet ey e sl o Vel : el il stens e b o che K
necessar

during rotation. Wind turbines with more than three blades (multi-blade) have ol explored, but

significant gain in costs o tabilty of multiblade systems over three-blade turbines was achieved. Various it

g Figures.

H 3
8%
="

i!:sT
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Turbine Types

Vertical Axis Wind Turbines (VAWTS)

The blades of vertical-axis wind turbines
spin in a horizontal plane. VAWT have the
main rotor shaft running vertically. Various
components of a VAWT are shown in t

Figure. An advantage of this arrangement is
that the generator and/or gearbox can be
placed at the bottom, near the ground;

the turbine. ~Also, the turbine does ot
d to_be pointed into the wind. The
disadvantages are usually the pulsating

n s difficult to sustain
resulting in a lower energy extraction
efficiency.

turbulent air flow near the ground. This
type

Rilzgar Turbini Sistemleri
Turbine Types

Vertical Axis Wind Turbines (VAWTS)

‘The advantages of vertical axis wind turbines are:
« The turbi 8

« The rotor blades are vertical, therefore, a yaw device is not needed.

« The vertical wind turbines have a higher airfoil pitch angle, giving improved aerodynamics while decreasing

drag at low and high pressures.

T B O 229 S s G ) i i i nm heneg
speed near the volmd In these places, VAWTs placed close to the ground can produce more

HAWT. placed Hgher o

« The turbine does not need a free standing tower.

« The turbines therefor pumping.

The disadvantagesare:
« The height and swept area may be limited.

Generally, for their i oth

¥ to keep it straight, i

\WTs produce energy at only 50% of the efficiency of HAWTs.

Riizgar Ttrbini Sistemleri
Wind Turbine Components

y wind turbine, including the ge generator.
Rotor Blades

The rotor blades capture the wind and transfer its power to the rotor hub. A 1,000kWe wind turbine has rotor blades
that are about 27m (80 ft) in length. The blades o “rotors” catch the wind and cause the movement of the blades
that turns the shaft. The generator then turns this movement into electricty. Blades come in many sizes, and the
is 124m).

Hub

The hub of the rotor is attached to the low speed shaft of a wind turbine.

Low Speed Shaft

The low speed shaft of a wind tur nnects the rotor hub to the gearbox. The rotor rotates at about 19-30.
ion per minute (rpm) fg R o O i SRS S TSm0

the aerodynamic brakes to of

Gearbox

Gears connect the low-speed shaft to the high-speed shaft and increase the rotational speeds from about 19 o 30

ions per minute (rpm) to about 1,000~1,800 rpm, which is required by most generators to produce electri

‘Speed Shaft with Its Mechanical Brake
the generator and employs a disc brake, which can be applied mechanically, electricall, or hydrat
ergencies.

22.11.2022
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Turbine Types

Vertical Axis Wind Turbines (VAWT)
Avariety of designs for VAWTs have been proposed and are described below.
DarrieusWind Turbine
The most common type of VAWT is the Darrieus wind turbine. The design
of these types of turbines looks like an eggbeater. Generally, an external
power source is required to start the rotation. The starting torque is very
fow. In the newer design, three or more blades are used which results in a
il o Moo Sy Dzl Erbaees (o
2. New Darrieus type turbines are not held u (5T
T T e e

SavoniusWind Turbine
The Savonius turbine consists of two half-cylinders mounted on a vertical
shaft that has an S-shape appearance when viewed from the top. This
drag-type VAWT tums relatively slowly, but yields a high torque. Because
o the curvature, the scoops experience less drag when moving against
the wind. The differential drag causes the Savonius turbine to spin. Most
of the swept area of a Savonius turbine is near the ground, therefore, the
overall energy extraction efficiency is lower. However, Savonius turbines.
cheap and reliable.

Riizgar Turbini Sistemleri
Wind Turbine Components

The basic components of a wind turbine are as follows:
« Nacelle:

« Rotor blades
«Hub

« Low speed shaft

« Gearbox

* Electrical generator
« Yaw mechanism

« Electronic controller

-
-
Rilzgar Ttirbini Sistemleri
Wind Turbine Components
Electrical Generator
= ey

‘The turbines must face upwind for power production. The yaw drive is used to keep the rotor facing into the
wind as the wind direction changes. Downwind turbines don't require a yaw drive, since the wind blows the
rotor downwind.

Electronic Controller

The contoler statsthe macins atthe specfied wind speed whic s generally between 8 and 16 mis per
Rour (mph) (3,58 and 715 1

Tower

The tower i 2 igh statonary suppot structure orthe wind turbine, 50 that consistet wind seed can be
sustained for the operation of the turbine.

Anemometer

ind Vane

easures wind direction and directs the yaw drive to appropriate orientation so that the turbine is pr
‘with respect to the wind direction.
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parison Between Turbines

‘Comparison Between Turbines

Wind turbines ey be compared aganst each other by comparing
(c)

forces working on 3 urbine are shown i the Figure. o coeticent of
performance, also known as the power coefficients, is defined by:

here a1 Py were define before Using e wept area and
substituting the value of £; Pmay be expressed as:

[ 7'\.nr'> o

The performance of the wind turbine depends on the wind speed and the
rate of rotation of the rotor. The Tip Speed Ratio (1) refers to the ratio
between the wind speed and the speed of the tip of the wind turbine

bladesar * S

Wind spect

Tip Spee Raio, & =

)
)

o and i grentey e = 2
o o o

Riizgar Torbini Sistemleri

Wind Energy and Environment

The comparison of environmental effects related to energy source

ughout the history, humans have used the heat from sunlight to dry grains, cook food, and heat

d homes. The concept and the use of solar thermal energy started in 1767 when the Swiss sci

race de Saussure, invented the world's first solar collector, or “hot box”. Renowned astronomer, Sir

erschel, used solar hot boxes to cook food during his expedition to Southern Africa in the1830s.

foday, solar collectors can gather solar thermal energy in almost any climate to provide reliable, low:
ource of energy for many applications including heating water for homes and residential heating syste

rious other industries, such as laundries and food processing companies, also utilize solar energy. In rec
ars, utilities have begun to use solar thermal energy to generate electricity by using steam turbines.
eam s produced by concentrating the solar energy into a water boiler.

other and currently the most popular way of utilizing solar energy is the use of photovoltaic (PV) cel
ert the solar energy directly into electrical energy.

22.11.2022
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Off Shore Wind Turbine (En Gcld) 34 MW on Land Tallest Wind Turbine (En uzun 178 m kule 246.5m|

GEWind Enery Power Curve

Kilgiik Riizgar Turbini 400W.

Riizgar Turbini Sistemleri
Wind Energy and Environment

to Wind Powered i Systems:

Flicker effect that has negative impacts on human healts:
o cutting the solar light by rotating turbine blades
o the fluctuations of light of lighting equipments caused by variations of wind

power
Sound produced during operating
Bird deaths and change of their migration paths
Birds often collide with high voltage overhead lines, masts, poles, and
windows of buildings. They are also killed by cars in traffic. However, birds
are seldom bothered by wind turbines.
The only known site with bird collision problems is located in the Altamont
Pass in California.
Danish Ministry of the Environment study revealed that power lines are a
much greater danger to birds than the wind turbines.

Some birds even nest on cages on Wind Towers.

Problems in TV and radio frequencies within a neighbourhood of 2-3 km due.
electromagnetic interference

Glines Enerji Sistemleri
ovoltaic Cells

e T T T e e Uil 1
“oltaic” that took its place in in 184

Photovoltaic (PV) cells convert the solar energy directly into electricity. PV based systems are
commonly known as “solar cells” and are currently used in a number of devices including
calculators, watches, and emergency radios. Large scale units can be used to provide power for
pumping water, communications equipment, satelltes, and lighting homes.
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Glines Enerjl Sistemlert
ovoltaic Cells

PV

Glnes Ener]i Sistemlert
ovoltaic Cells

. Cwew e The produced P power e Nl
EREN ¥ to solar radiation and
b e mveme\y pmpcmcnal to temperature.

Silicon
Siicon is the most popular solar-cell material for

fliciency of PV cells depend: commercial applications because it is readily available

= and cheap. Hawever to be useful in solar cells, it must be.
refnd 1 993880, puty Sicon cn b used 1 ree
- o n PV
. X *Singl st
T Eoh R, e = - s i
1] ') ) ~PolyerystallneSilicon Thin Film
temperatures decrease the maximum - — e

output By
An individual PV cel is the basic unit of a PV

m. An individual PV cel typically produces.
beMeen 1 and 2W. Therefore, a number of
individual cels are connected together to form

Gallum Arsenide

avr sicon based PV cls. Gass i sspeilly sutable o us in muluncton and higheficincy sl el for several

1.43 eV, nearly ideal for
. Gats has high oy e ony b micons Uhck im0z inkor. tncomaso. el e S
[ v oo ormorsin s
GaAs cells can withstand high temperatures and are less sensitive to heat compare to silicon, making it more suitable
s concememo wype spppcanons
4. Other types of gallium based semiconductors can be prepared using aluminum, phosphorus, antimony, or in

arrays. Several arrays are next joined together
to produce large scale power units.

Veitage (14 m that

disadvantages are cost and tosicity of raw materials.

Glines Enerji Sistemleri
Photovoltaic Cells

The PV systems have advantages compared to other common power sources as follows:

« They havelong usable lifetime more than 20 years.
+ They can be operated in all meteorological conditions and can respond instantly to
solar radiation.
+ They have a structure that is reliable, modular, robust and has low maintenance
requirement.
« They havea quiet operation. Gnes Kulesive
Aynalar

Gines Kulesi ve
Aynalar Calisma Yapist

They also have different disadvantages:

« They have a high installation cost. Their power production is also dependent on
meteorological conditions and therefore they mostly require an energy storage
system. This further increases the installation cost.

« The efficiency of PV systems s lower than many energy systems.

+ The PV system performance reduces due to time due to aging factor in semi-
conductor material in its structure.

+ Due to partially reflection effect of PV module to solar light, there occurs also

additional losses.

PV-Solar Thermal Collector Hybrid

Solar Collector

Auminium
Solar

Passive Solar Heating

Desogn  new heuse for munimesm hesting bl

Solar Paint AMORPHOUS Silicon Cam Kiistal Silicon Cam.

World Largest Solar Farm India 648 MW 10km?
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