ENERJI TRANSFER ve
DONUSUM YONTEMLERI



e Enerji DOnusumunun onemini
ve zorluklarini tanitin

— Diffuz enerji kaynaklari

— Termodinamik limitler

— Oran surecleri



Energy Conversion

Enerji DoOnusumu

* Energy Conversion 1s the process of
changing energy from one form to another

Enerji DOnusumdi, enerjiyi bir bicimden
digerine degistirme sirecidir.

,
Energy Energy
Source Conversion

Rperji kaypag




* BIYOKUTLE— Isi (6zellikle pisirme)

* Gilines — Isi, kuru giysiler, kuru gida
— solar hala ana isik kaynagidir, donlstirmeye gerek yoktur

- gunes biyokutle, ruzgar hidro. V.b kaynagidir
* biyokutle — Ciftlik hayvani — beygir glicii , gida
Daha sonra, insanlar da bu doniisiimleri yapti
e KOmir - Isi
* hidro — 6gitme unu, calisan makineler

* Ruzgar— [su pompas|



Energy Sources

Potential Energy ~ Hydro
Kinetic Energy Wind, Tidal

Thermal Energy ~ Geothermal, Ocean Thermal

Radiant Energy Solar

| Chemical Energy ~ Oil, Coal, Gas, Biomass |

Nuclear Energy Uranium@
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Enerji dén(isiim (potansiyel knetige déniis) su cark

Potansiyel = Kinetik
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Termodinamik analize gerek olmadan ,Max. yani ideal
durumu is1 eneriji etkinligi (Emay)

Max. kullanilabilir i ¢ikisi Ty-Tp
Ty

=1-

by =
Enerji girisi



Bir enerji santralinde, kazandan ¢ikan buhar, 700 °C
sicaklikta tiirbine ulasir. Harcanan buhar tiirbini 100 °C'de

terk eder. Tiirbin maksimum verimini hesaplayin ve tablo
4.2'deki tipik degerle karsilastirin.

Coziim

yukaridaki ifadeden ve not ederek 700 °C =973 K and 100 °C = 373 K,

_IBK-IBK_, 3D
MK B

= (.62 (62%)

Emax
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Bir otomobil motoru 2200 °C (benzinin yanma sicakligi) ile
20 °C (ortam sicakhgi) arasinda calisabilir Olsayd.
Maksimum verimliligi ne olurdu? Tipik bir araba motoru i¢in
bu degeri Tablo 4-2'de gosterilenle karsilastirin.

Cozum

CUTIK-293K . 293
Emax =—3g77x | "2q73 = 088 (88%)
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Cihaz eneriji akiglari i¢in dlcek

* cell phone 2W

* laptop computer [0W

¢ human body (2000 Calorie diet) 100 W

* | horsepower 50W

* hair dryer 1,500 W

* automobile 130,000 W

* | wind turbine 2,000,000 W (2 MW)
* 757 jet ucak 5,000,000 W (5 MW)
* Buyuk ener. sant 1,000,000,000 W (1 GW)

* Kuresel enerki kul. 15,000,000,000,000 W (15 TW)

* Kuresel enerji depolama §16,000,000,000,000 W (816 TW)
* kiresel yenilenebilir enerji akis 9E16 W (90,000 TW)
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Enerji kaynaklarinin genel
siralamasi

— Yillik diinya tiiketimi

Petrol

Gaz

Uranyum

Toplam enerji kaynaklan

—eeee QT

Yillik guines enerjisi
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Onemli 6lcekler

Enerji kaynaklari

* Spesifik enerji  (MJ/kg
* Enerji yogunlugu (MJ/L)
* Evre

* Kirlilik

* Fiyat

Donusgum metodlari
» Donustim verimliligi
» Enerji Urtinleri turu
CO, Artimi

Su kullanimi
Arazi kullanimi

Fiyat



Yakit enerji degerleri

pakot__ [ e yuksek sstma degerMJEIS

Hydrogen 1418
Methane 35.5
Benzin 473
Diesel 448
Bitiimlii komir 31.0
Linyit 25.1
Koknar agaci 20.4
Misir sobasi 17.8
Kispe 7.3
Bugday samani 17.0
Hayvan atig| 134

Kanalizasyon pisligi 4.7



Yakitlarin enerji icerigi

Yanma ile iiretilen 1s1 ile karakterize edilen yakitin ener;ji

icerigi

kuru yaki
25°C

tamamlanmis
yanma

Buhar: H,0,
CO,, N,, SO,

25°C

Diisiik 1s1 degeri  (LHV) or Net Kalorifik deger
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Donusum etkinligi

Enerji girisi Kullanilabilir enerii cikisi
- Doniistim prosesi-
l ENER)I KAYBI

*  Uretilenenerji  (mekanik yada elektrik ):
1 = elde edilen is / Enerji girisi

5 Enerji tastyicilar (diesel, hydrogen):

1= enerjisahip Urin / Enerji girisi
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Key Metric: Conversion Efficiency

E Input : Useful Energy Output
e Conversion
Process
l Energy Loss

o When producing work (mechanical or electricity):

N = Work Output / Energy Input

* When producing energy carriers (diesel, hydrogen):

N = Energy Content of Product / Energy Input
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Conversion Efficiencies

Natural Gas Furnace Chemical — Heat 90-96%
Internal combustion engine Chemical — Mechanical 15-25%
Power Plant Boilers Chemical — Heat 90-98%
Steam Turbines Heat — Mechanical 40-45%
Electricity Generator Mechanical — Electricity 98-99%
Gas Turbines Chemical — Mechanical 35-40%
Hydro Grav. Potential - Mechanical  60-90%
Geothermal Thermal— Mech— Electricity 6-13%
Wind Kinetic = Mech— Electricity 30-60%
Photovoltaic Cells Radiation — Electricity 10-15%
Ocean Thermal Thermal— Mech— Electricity 1-3%

Source: Sustainable Energy



genel verimlilik, yukar akis adimini icerir

& Enerji doniigiim sisteminin asagi akisi

Ekstraksiyondan kullanima kadar baglantili veya baglantili bir enerji verimliligi;

Toplam verimlilik =7,...=[]7
i=l

]Zm'mﬂ' - I?,Qu.wurm liuﬂ’]gu.ﬂ.‘ proces \mg,].1;.1.\'.rnm.*.'nu'.\'.ifnu’L'mw.a'r phm.',ig'.h'rrmjhmml.mii.'.'hmUd}.ﬂ.‘{rﬁhmima’annmr

verimlilik sunlari icerir

+ Fuel production
* Fuel Transport
+ bulasma

* Energy Storage

basincli hava enerji depolama (CAES):

_ Work output W,

it e

y = = = NoevineT]

i ratl w r tr i " commpire s
Workinput - W__ ..




Enerji dontistimui

0 Termodinamik yasalari olup olmicagini belirler
d 1s1ve is ayni degildir.,

d ikiside nerji fakat........

d ... Tim s ise doniismez
Q Her doniigiim adimi verimliligi azaltir

J Max .ig eldesi geri doniigen ideal
durumlarda gerceklesir

4 Biitiin gercek sistemler geridoniimsiizdiir

J kayiplar her zaman enerji doniisiimiiniin verimliligini diistirmek ve is (giic)
liretme potansiyelini azaltmak icin meydana gelir.

I I
diger bir deyisle, gercek kelimede bile kazanamazsiniz, hatta kiramazsiniz.

L ]
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Enerji donustimiinde proses suregleri

' ISI AKTARIMI
o KUTLE AKTARIMI

' KIMYASAL
REAKSIYONLAR



Ist malzemesinin akilari benzer

diger gradyan farki akimlar

e Fourier'in isi iletimi yasasi f!__id_T
dx
* Fick'in difUzyon yasasi j=— Dd_C
dx
* Akiskanlar mekanigi boruici — _ 2pD° dP
Uf Re dx
akis
* Ohm akim akis yasasi ! dv

_=_J_

dx
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1Is1 degistirici

1s1 transfer olabhilmesi icin

bir sicakhk fark: (delta T) Weleroliel  Sieam vmawo;m
gereklidir. ;
- Q=UAAT

sicakhk farki O olursa

geri donusu yoktur

— sicakhik farki minimum yaklasirs:

alan ve maliyet sonsuza gider
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Is1 degistiriciler
Enerji donusimunde kullanilan i1s1 esanjoru

-Is1 geri kazanimli buhar jeneratorleri
-Hava sogutmali kondenserler
-Kabuk ve borulu esanjorler
-Sogutma kulesi



insanhigin ana enerji kaynagi; kimyasal reaksiyonlar

- Tum fosil yakitlar ve biyoyakitlar, -13 TW oraninda kimyasal
reaksiyonlar yoluyla faydali enerjiye dontisturulur

-Donusum reaksiyonlari ile aciga ¢ikan enerji, mekanik enerjiye
veya elektrige dénusturulebilir.

- Bazi reaksiyonlar, birincil enerji kaynaklarini kimyasal olarak
depolanmis enerjinin daha kullanish bicimlerine donustlirmek
icin kullanihr.

Kati fosil yakitlar ---- sivi yakit
Dogal gaz ---------- hidrojen
Biyo kutle- --------- sivi yakit
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kimyasal reaksiyonlar

Kimyasal reaksiyonlar 1s1y1 ya talep eder ya da
serbest birakir

CH4 +2 02 - COE +2 HEO ﬁHﬁn = -890 kJ/mol

Ekzotermik tepkime: Enerji veren tepkime.  AH <0

fn

Endotermik tepkime: Enerji veren tepkime.  AH.. >0,

M

Olagandisi durumlar disinda (6rnegin yakit pilleri,
kemiliminesans) esasen tim AH aciga cikar veya isi olarak
aktarilir
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enerji donusum reaksiyonlara ornekler

vakit yanma

CH, + 20,=CO0, + 2 H,0 - natural gas
CgHyn + 11 O, =8 CO, + 6 H,O - gasoline
CeHi,06 +6 O, =6 CO, + 6 H,O - cellulosic biomass

hidrojen uretimi
CH, + H,0 = CO + 3H, - steam reforming of methane
CO + H,0 = CO, + H, — water gas shift reaction

hidrojen yakit pilleri

-

H, + 2 0, = H,0 + electricity + heat
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SENTETIK GAZ ELDESI

Fosil yakit sentez gazi Electricity,

, bio kiitle azlagtinc _ CHy Hy,

buhar, oksijen  — 800°C = k<. " Gasoline/diesel,
H, methanol

CH1.500.67 +0.33 H20 —p CO + 1.08 Hz

—_— - — Y

wood steam syngas

AH, = +101 kd/mol
700-900°C, 1 atm

kismi oksidasyon saglandiginda
endotermik reaksiyon
da isi istenir

Image by Gerfnede on Wikimedia Commons
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su ve gas karisimi
methanol reaksiyonlari

—-HE

CO,
AH, = -41 kJ/mol
400-500°C, 1 atm

..... : Iron oxide catalyst

CO Methanation gg‘
H, reactor H;.{JE
—Methanation
AH, = -127 kJ/mol

Ni cata[yst
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FISCHER TROPSCH REAKSIYONU ILE SENTETIK
GAZDAN SIVI YAKIT

i
H.‘!
* Ideal F.T reaksiyon I
{21‘1+1}le2 +nCO - CH,.,+nH0 I 200-350°C
bircok benzer TR Exothermic
* reaksiyonlar
~ alcohols, alkenes, etc. \
Alkanes (gasoline, diesel)
+ uygulamalar Alcohols

~ Coal-to-liquids
- (Gas-to-liquids

~ Biomass-to-liquids

31



KIMYASAL REAKSIYONLARI HIZI

A+B-C+D

kimyasal reaksiyon —_—
ileri oran

hizlari reaksiyona
girenlerin kons. r, =k [A]"*[B]™
foksiyonuna baghdir.

geri oran

Ayni anda g¢alisan ileri ve r, =k, [C]"[D]"™

Geri reaksiyonlar; herbir Genel oran

yon icin serbest enerji » = k;_[A]u_. [B]" — kh[C]""[D]
farkina ihtiyag var
oran tanimi

__diA]_ _diB] _d[C]_d[D]

o dt dt dt dt

32



SICAKLIGIN FONKSIYONU
REAKSIYON HIZI

-E
rock =Acxp{—"‘}
* sicakligin artmasiyla RT

reaksiyon hizi artimi
yuksektir. In k

log denkleminden Ea
hesaplanir

_ 1/T
Arrhenius plot
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Katalizorler

katalizorler kimyasal
reaksiyonunu hizlandinir
katalizorler bir
karisimdaki bir
reaksiyon hizini ve
seciciligini arttinirlar

katalizorler dengeyi
degistirmezler

katalizorler kimyasal
reaksiyon i1sini
degistirmezler ﬁHm_
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komiurun siviya donisumu

proses

| WGS: SU GAZ
. CIFT REAKSIYON

Liquid :
fuels

Electricity

Wax

wax su buha
parcalama




Coal-to-Liquids Conversion

Reaction Kinetics - Key to Performance

Diesel

Image by MIT OpenCourseWare. Souree: PNNL.
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Coal-to-Liquids Conversion

Mass Transfer: Key to Reactions & Separations

Cgal

Electricity

Mid-distillate '

Diesel

Image by MIT OpenCourseWare, Source: PNNL.
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Coal-to-Liquids Conversion

Coul Heat Transter —Size & Cost

qumd
. o
' : Liquid:

fﬂz HgS E fue]s Tramurm]

fuels

--r

Mld-d]ETl||HIE
Dhesel

Image by MIT OpenCourseWare. Source: PNNL.
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Coal-to-Liquids Conversion

Liquid:
fuels |

Mid-distillate

Image by MIT DpenCourseWare. Source: PNNL.
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Common Conversion Efticiency
Challenges, Part 1

¢ Thermo Limit on Conversion of heat to work:
- Work < Heat (1- Ty, /Ty;)
— Material (boiler, turbine) & emission (NOy) limits Th].gh
— Cooling tower (rate of evaporation, LHV) limiton T,

* Difficult to precisely control chemical reactions

— Common energy conversion strategy: just mix a fuel
with air, and let the reaction run to completion.

— Then extract work from the hot exhaust gases.

— Usually the conversion of chemical energy to heat is
irreversible: large increase in entropy.
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Common Conversion Efticiency
Challenges, Part 2

Energy Resources Far From Users
- Real security, global economy issues
- Takes energy and money to move the resource or electricity to the users
Convenience, Reliability, Emissions Matter
~ Solid Fuels Difficult to handle (so we don’t use coal for ships any more)
~  Coal only 1/10 the price of oil
Energy Density and Specific Energy Matters
~ Lots of land needed to collect diffuse resources like solar, wind, biomass, hydro
— Transport costs and transport energy significant for low-eneroy-density fuels (e.g.
natural gas, hydrogen)
Power Density Matters

—  Energy conversion equipment is expensive, want to do a lot of conversion with
small equipment: Large Fluxes required, so Large Free Energy Gradients

~ For transportation, need to carry the energy conversion equipment with you!

Remember, each conversion reduces efficiency
and costs money.
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[lustration An electric motor consumes 100 watts (W) of electricity to obtain 90
walts of mechanical power. Determine its efficiency (E).

Solution.
Because power 15 the rate of energy utilization, efficiency can also be expressed as a

power ratio. The time units cancel out, and we have

_ Useful energy output _ Useful power output
Energy nput Power input

Efficiency

Therefore, the efficiency of this electric motor 15:

_ Mechanical energy (power) output _
Electric energy (power) input

Cgqw "

100w

!
s _90]
] 100

= =0.9=90%
][I[IS




[lustration Calculate the efficiency of a power plant 1if the efficiencies of the
boiler, turbine and generator are 88, 40 and 98%, respectively.

Solution.
Epnwc:r plant = [Eboiler] [ Eturbine] [Eguntrﬂmrl -
= (0.88) (0.40) (0.98) = 0.35 (35%)

Note that the efficiency of the system 1s lower than any one of the efficiencies of the
individual components of the system. In the case of this electric power plant, only 35% of
the chemical energy input 18 converted to electricity. The rest 1s lost to the environment,
mostly as heat (to keep nature happy, by satisfying the Second Law of
Thermodynamics).
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