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Figure 1: Global energy use 1850-2030
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Kullanimi en hizli artan KOMUR’diir.
2001-2006 doneminde DUNYAda Kémiir kullanim artis orani: %5,3
(Cin’in payi %3,1)

Word consumption
Million tonnes oil agquivalant

Coal
Hydraelactricity
Muclzaranergy
Matural gas

il

a3 24 ab a6 a7 a5 a3 oo o 0z a3 04 a5 il

EP Statistical Review of Warld Ensrgy Juns 2007

smained just above the 10-year average. Oil was the slowsst-growing fusl, while cozl was the
has kst markst share to cosl and netural gas in the past deceds.
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Turkiye Enerji Durumu
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Turkiye’de birincil enerji kaynaklarinin
tuketimdeki paylar

Fosil Yakitlarin Payi1 : %80

13,9 I\?II'?EEPB 11% KOMUR
: P 1% 33,1 MTEP; 27%
HIDRO 6,3’5 M\,'\'/yot? 77,3 Milyon
11,7 MTEP; 9% i MegaWatt
52,6 Milyon
MegaW att
PETROL DOGALGAZ
39 MTEP; 29% 31,2 MTEP; 24%
34,632 Milyar
Metre Kup

o Komur m Dogalgaz 0O Petrol O Hidro m Diger

Kaynak: BP Staticical World Review of Energy, June 2006
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¢,‘, CO, Emisyonu Ulkeler Listesi

Eank Country iﬁiﬁiﬁiﬂfﬁiﬁﬁﬁ Percentage of total emissions
- @ World 27,245, 758 100.0 %
1 = United States & 6 049 435 22.2 %%
2 Bl China 5,010,170 18.4 %
M Burapean Liian 2115125 11.4 %
3 B Russia 1,524,993 5.6 %%
4 mimlnidlia 1,342,962 4.9 %
5 ® Tapan 1,257,963 4.6 %
¢ ™ Germany 808,767 3.0%
7 1%l Canada £39 403 2.3
3 EE United Eingdom 587 261 2.2 %%
0 8, Zouth Korea 465 543 1.7 %

100 W aly & 449,948 1.7 %
23 B Turkey 226,125 0.8 %
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Karbondioksit Tutma ve Depolama
Carbon Capture and Storage (CCS)
YAPILMAZSA Karbon Ticareti (Carbon Trade)

800
700
3 /
> 500 /
L5}
o 400 : —_
§ 300 [
L
& 200 g
100 /
D T T T T T T T T T
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Year McFarlan, Herzog and Jacoby, 2007

Figure 1 High. mid, and low carbon price paths (2050 and 2100 prices shown)

10 $/ton CO, bazinda: (226 125 000 ton/yil)(10 ) = 2,26 Milyar $
Elektrik fiyatinda ~ % 14 artis.

Hazirhkh olalim !!!
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Fosil Yakitlarin Omrii

150

| 65
oL

Petrol Dogal Gaz Kémar

4

Ulasim sektoru : Benzin, Dizel, Jet Yakiti (Petrole %100 bagimlilik)

Kimyasallar, Plastik vb : Genellikle petrole dayali

|

40 yil sonra ne olacak ?
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Alternatif/Yenilenebilir enerji kaynaklarina onem vermeliyiz.

CO2 Emisyonuna neden olmayan: CO2 Emisyonuna goreceli olarak az
neden olan :

- Hidroelektrik gli¢c santralleri - Biyodizel

- Gunes Enerjisi - Biyobenzin (Biyoetanol)

- Ruzgar Enerjisi - Biyogaz

- Okyanus/Dalga Enerjisi - Biyokutle yanmasi ve gazlastiriimasi

- Jeotermal Enerji

. Enerji Depolanmasi, Hidrojen ve Yakit Pilleri

B. Z. Uysal, 1 Kasim 2008



Progress lowards the hydrogen economy
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« Ulusal birincil enerji kaynaklarindan ve yenilenebilir enerji
kaynaklarindan uretilebilir.

« Cevre dostudur; enerji elde edildiginde sadece SU cikar.

« Butun enerji sektorunde kullanilabilir (Ulagim, Gug¢ uretimi,
endustriyel amacli, binalarda iIsinmada ve elektrik uretiminde)

B. Z. Uysal, 1 Kasim 2008



KUTLE VE HACIM BAZINDA ENERJI ICERIKLERI

Energy content by volume and weight of selected energies
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BAZI YAKITLARIN OZELLIKLERI

Safety-related properties of hydrogen, methane, gasoline, and methanol

Source:DLR
Caracters Hydrogen Methane Gasoline Methanol
(Natural Gas)
Lower heating value kWh/kg 33 13,9 12 55
Auto-ignition temperature  °C 500 595 230 - 400 455
Ignition limit in air Yol.-% 4-75 5-15 1-8 6-44
Minimum ignition energy mWs 0,02 0,29 0,24 0,14
Combustion velocity in air
(stoechiometric mixture) cm/s 265 40 40 48
Diffusion coefficient in air  cm?/s 0,61 0,16 0,05 0,12
Toxicity non-toxic non-toxic Benzene MAK* 200 ppm
TRK* 2,5 ppm

* TRK = regulatory technical concentration; MAK = maximum workplace concentration

B. Z. Uysal, 1 Kasim 2008




Uretim Metodlarinin arastiriimasi ve gelistiriimes
Yenilenebilir Enerji Kaynaklari
Fosil yakitlar; Komiir ve Dogal gaz
Nukleer enerji

Elektrolitik, termal, fotolitik yontemler

Depolanmasi
Gaz halde, sivi halde, metal hidriirlerde, kimyasal hidrtrler

Uygulamalar

iletimi
Boru hatlari, tankerler (kara yolu, demir yolu)

Cevrimi
Elektrik Uretimi, termal enerji

Yakma sistemleri (briilorleri), yakit hiicreleri
Son kullanim yontemleri
Ulasim araglari, igten yanmali motorlar, yaygin enerji tiretim sistemleri,

tasinabilir tretim sistemleri, piller, kombine gli¢ ve i1sI gevrimleri

Standartlarin gelistirilmesi
Performans ve emniyetli kullanim kosullari

B. Z. Uysal, 1 Kasim 2008



HIDROJEN URETiIMi VE KULLANIMI

Transportation

HIGH
yco EFFICIENCY &
A g:;fi RELIABILITY
s Geothermal
Muclear z
Distributed
Generation
ZERO/NEAR
ZERO
EMISSIONS

Distributed
Matural
Gas*

* Maoar term only
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SUYUN ELEKTROLIzi iLE HIDROJEN URETIMi

Electrical
Power Source i

/ || i
. Oxygen

Hydrogen

2H20 — 02 + 4H* 4 4 2H+ + 2" = H2

Anode

.

Hzlﬂ""l

Lathode

-—
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GUNES ENERJISI DEPOLAMA

VEKULLANIM YONTEMLERI

PV modules

Compressor

The demonstation plant PHOEBUS at the Research Center Jilich
Graph: Research Center Jiilich

B. Z. Uysal, 1 Kasim 2008



FOTOVOLTAIK PANEL VERIMLERI
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Figure 2 Power Conversion Efficiency Trends over Time for Different
Kinds of Photovoltaic and Photoelectrochemucal Devices (CIS = cadmium-
mndmm-selemde;  CIGS = cadmium-indmm-gallum-selemde)  (Source:
Kazmerski 2001)
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TERMIK SANTRALLERDE
KOMUR YAKMA SiISTEMLERININ GAZLASTIRMA SISTEMLERINE DONUSUMU

Clean Electricity

. Gasification :
! and Gas —>
| Cleaning
.m
H Fuel Cells

Methanation Separation of
 Methanaton 4-?-’ s —»co,
Building Blacks for ¢ H_.:
Chemical Industry Fischer-Tropsch or p—
Methanol Synthesis .-g{— et
Methane 2nH, +nCO = [- CH-) +nH O 5 }
€O+ 2H,  CH,OH

| Fuol Cell Yohice
-4 L -

Transportation
Fuels
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GAZLASTIRMA TESISI
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TEMEL GAZLASTIRMA REAKSIYONLARI VE SENTEZ GAZI KOMPOZiISYONU

Oxygen

Steam

»

Gasification with Oxygen
C+'2032 = CO
[Expthermic Resathon)
C+0; » CO;

{Highly Exathemic Resction)
Gasification with Carbon Dioxide
G+ COy = 2C0
{Endatharmic Raactisn)
Gasification with Steam
C+Hy0 + CO+H,
{Endothormic Reaction)
Gasification with Hydrogen
C+2H; » CH,
[Exgihermic Resction)
Water-Gas Shift
CO+H,0 = Hy; +C0Oy
Nilddly Exothernic Ruaction)
Gasification with Hysdroagen
CO +3H; -» CHy+ H,O
{Highly Exothemic Reaction)

b 4

Typical
Gasifier Gas
Compoaition

(Volume %)
H; 25.30
CO 30-60
CO, 515
H,O 2-30
CHy 05
H,S 0.2-1
caos 004
N, 054
Ar 0241
NH3 + HGN 00.3

AshiSiagiPMm

Further
Processing

B. Z. Uysal, 1 Kasim 2008



HIDROJEN ILETIMI

Boru hatti -

Sahada ulanim ‘—
.l—

Sahada depolama

swinidrojen -7 [ o ool
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Sivi hidrojen — Demir yolu

Source: Air Preduets and Chemieals, Ine.
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Sivi tankinda

Kati halde
Metal Hidrure adsorplama _—
Karbon nano tupe adsorplama

Kimyasal Hidrurler —— @
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SODYUM BORHIDRUR KULLANIMI

catalyst
MaBH: + 2ZH:0 —  dH:+NaBOD:

Fuel (NaBH,) -

=

<

ﬁ Spent fuel

recovery

- - Fuel Cell
‘ Service Station Vehicle

Borohydnde
Production

Kiitlece (%30 NaBH4, %3 NaOH, %67 Su) iceren karisim %6,6 H2 icermektedir. (Esdegeri = 66 g H2/L)
Alternatifler : 70 g H2/ L SIVI HIDROJEN
23 G H2/L 5000 psi BASINCTA SIKISTIRILMIS GAZ HIDROJEN

B. Z. Uysal, 1 Kasim 2008



GM OPEL ZAFIRA oA TOYOTA FCHC

Vehicle Type

2000 GM-Opel Zafira Light Truck/Van/SUV
1998 Ford P2000 FCV Mid-size/Full-size
2001 Hyundai Santa Fe/IFC | Light Truck/NVan/SUV
2000 Necar Sub-compact/Compact
Toyota FCHC Light Truck/NVan/SUV
2001 Honda FCX Sub-compact/Compact

Source: UTC Fuel Cells

B. Z. Uysal, 1 Kasim 2008



The Ewropean Ariane F laumich rocker
Phote: ESA

The European Ariane V

launch rocket

6 TONLUK KUTLEYiI YORUNGEYE
YERLESTIRMEK iCiN

600 s’lik FIRLATMA SURESI iGINDE
25 TON SIVI HIDROJENI

130 TON SIVI OKSIJEN iLE
YAKARAK

1350 kN’luk iTME GUCU SAGLIYOR:
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TEKNOLOJi

UYGULAMA

Gaz Turbini * Yaygin gug¢ uretimi
e Kombine 1s1 ve gli¢ cevrimi
e Merkezi gili¢ istasyonu
Motorlar » Araclar

Yakiat Hiicreleri

Polimer Elektrolitik Membran (PEM)

e Yaygin gli¢ uretimi
e Kombine 1s1 ve gug liretimi

* Araglar

e Yaygin gug¢ uretimi

e Kombine 1s1 ve gili¢ liretimi
eTasinabilir glic kaynag:

Alkali Yakit Hiicresi (AFC)

* Aracglar
e Yaygin gug¢ uretimi

Fosforik Asit Yakit Hiicresi (PAFC)

* Yaygin gug uretimi
o Kombine 1s1 ve gii¢ Uretimi

Erimis Karbonath Yakit Hiicresi (MCFC)

* Yaygin gug¢ uretimi
e Kombine 1s1 ve gli¢ liretimi

Kati Oksit Yakit Hiicresi (SOFC)

* Yaygin gug¢ uretimi
e Kombine 1s1 ve glg liretimi

B. Z. Uysal, 1 Kasim 2008




YAKIT PiLi TIPLERiI VE CALISMA SARTLARI

Fuel Cell Conducting  Temperature
Type Electrolyte Ion (°C) Features

Polymer CF(CF2)uOCF;S0:% H" (hydrated) 60-80 High power density, Pt catalyst,
must be kept wet, poisoned by CO

Alkaline KOH OH™ 90 High power density, cannot
tolerate CO:

Phosphoriec  H3;POq4 H* 200 Medium power density, Pt catalyst,

acid sensitive to CO

Molten Li,CO;3 / K;CO4 COs> 650 Low power density, Ni catalyst,

carbonate needs CO; recycle

Solid oxide  Zrgo: Y020 06 o 700-1,000  Medium-to-high power density,
accepts CO as fuel

Direct CF(CF1),OCF,503 H (H20, 60—120 Medium power density, low

methanol CH3;0H) efficiency, high Pt content

B. Z. Uysal, 1 Kasim 2008



YAKIT HUCRESI CALISMA PRENSIBI

FUEL CELL

Membrane conducts protons from anode to cathode
proton exchange membrane (PEM)

B. Z. Uysal, 1 Kasim 2008
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TKI Ar-Ge ilk adim projesi

) /
<, Q
AfENA?\ gh

Gazlastirma ile enerji ve kimyasallarin uretimi
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IGCC (Integrated Gasification Combined Cycle)
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Fischer-Tropsch Conversion
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Gazi Universitesi
Temiz Enerji Arastirma ve Uygulama
Merkezi
TEMENAR

“Gunes-Hidrojen-Elektrik
Enerji Cevrimi”
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“Solar-Hydrogen-Electricity Energy Cycle”

Mobile Lab. - Caravan
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Electricity from Sun
(Photovoltaic Panels)

Hydrogen generation
(Electrolysis)

Hydrogen storage (Metal
Hydride Canisters)

Electricity from Hydrogen(PEM
Fuel Cells)
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36 Pieces of PV panels
produces 32400 kJ
(Area/panel=1224x546
mm2=0.67 m2 )

Module efficiency=12.4%

Module number = 36
module/panel

1500 amphere 6-batteries
have been used to store
electricity

SO0 2| 1 Kasim 2008



SOLAR INVERTER AND ELECTRIC
BATTERIES




The hydrogen generator part
involves 10 sets of HYH-500 H2

generator in paralel, the connection
pipes, valves, a hydrogen container

and a presure gauge.

The hydrogen is stored in a
container.

I .
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HYDROGEN GENERATION UNIT

 HYH-500 type high purity 10
units serially connected
hydrogen generators based on
electrolysis

« The output flow: 10x500
ml/min at 0.4 MPa

* The highest power
consumed: 180 W/generator

B. Z. Uysal, 1 Kasim 2008



Hydrogen Pressure Increasing System

Temp. of Compression Gas: -
40°C ~ +120°C

Pressure of Output Gas:
6MPa

Relative Moisture: No more
than 85%

Flowing Rate: 490L/min.
( Pressure of input
hydrogen=0.8MPa )

120L/min. ( Pressure of input
hydrogen=0.2MPa )

Compression Ratio: 6: 1
The Power: 4kw

B. Z. Uysal, 1 Kasim 2008



« 1000 Liter Capacity AB5
Type MH Canisters

« Charging time: 50min at
3.5 MPa and 200C

« Discharge flow rate: 8NL/
min at 200 C and 0.1
MPa discharge pressure




1.2 kW Power BALLARD-
NEXA PEMFC STACK

Rated voltage 26 V
Rated current 46 A

Fuel Purity 2 99.99 % H2
(vol)

Pressure 0.7...17 bar
(10...250 PSIG)

Consumption < 18.5
SLPM




SOLAR INVERTER

Maximum AC Power Output

3000 W S —
(Europe) | i
Peak Inverter Efficiency k) /

94.96% (includes transformer)
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Primary Energy Sources and Applications for

Hydrogen

SUPPLY

—

Nuclear
electric

Natural
gas

Nuclear

Turbines,
IC engines

Process,

DEMAND

generation

|
‘mercial | Residential

/Buildings

Figure 1: Hydrogen: primary energy sources, energy converters and applications
NB: Size of “sectors” has no connection with current or expected markets,
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SONUGC

1. Enerji kullaniminda VERIMLILIGI ARTTIRMALIYIZ.
2. Termik santrallerimizde IYILESTIRME VE YENILEME
CALISMALARINI YAPMALIYIZ.
3. ALTERNATIF ENERJI KAYNAKLARInIn (Giines, Riizgar, Jeotermal)
kullanimini arttirmaliyiz.
4. BIYODIZEL VE BIYOBENZIN kullanimini 6zendirmeliyiz.
5. KARBON TICARETI i¢in simdiden tedbir almaliyiz.
6. HIDROJEN enerjisi kullanimina hazirhk yapmaliyiz.
- Ar-Ge
- Alt yapi
- Mevzuat ve standartlar
- Egitim
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SOFC for local supply Wind turbine

of hot water and

heat for households :
Biomass

ntial powe . ; PV plant
and heat supply } 3 ¥ ; :
with PEM fuel cells % M A D ! 1 Shipborne fuel-cells ¥
] y for propulsion, auxiliary power

Power supply with MCFC -

of SOFC/combined-cycle
ower plants

Natural gas

This is how an integrated energy system of the future might look — combining large and small fuel cells for domestic and decentralised
heat and electrical power generation. Local hydrogen networks could also be used to fuel conventional or fuel cell vehicles.



Biofuel-powered jet makes test flight
*First biofuel-powered commercial aircraft takes off from
London

*Virgin Atlantic test flight to Amsterdam hailed as a step
towards "cleaner flying"

*Environmental campaigners have reservations about
impact of biofuel production

LONDON, England (CNN) -- The world's first
biofuel-powered commercial aircraft took off from
London's Heathrow Airport on Sunday (Feb 24,
2008) on a demonstration flight hailed as a first step
towards "cleaner" flying.

The Virgin Atlantic Boeing 747 was flying to Amsterdam with no

— passengers on board as part of a joint initiative with planemaker Boeing
and engine manufacturer GE Aviation to develop a "sustainable aircraft
fuel."

Virgin Atlantic President Richard Branson said the test flight would help
the airline to use clean fuel sooner than expected.

"The demonstration flight will give us crucial knowledge that we can use
to dramatically reduce our carbon footprint," Branson said in a statement.
"Virgin Group pledged to invest all its profits from its transportation
companies towards developing clean energy and with this breakthrough
we are well down the path to achieving our goals."”

Virgin said the fuel to be used for Sunday's flight -- a 20 percent biofuel
mix of coconut and babassu oil in one of the plane's four main fuel tanks -
4 - was of a type that wouldn't compete with food and fresh water resources

.....

amid mounting concerns among green campaigners about the
environmental impact of biofuels.
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Kurulu gug, a2 . ..
MW Uretim, GWh Onemli Kurulu gii¢ i

paylari %o

Termik 27377,2 131240,2

Hidrolik 13060,9 44221,5 5

Jeotermal 22,9 99,7 IRV EEr- S

Riizgar 58,1 129 Hidrolik 32,2
Komur 20,3

TOPLAM 40519,1 175690,4

|

J R
Hidroli ‘

JK

Hidrolik
25%

32%

Termik
68%

Termik
75%

EUAS 2006 Faaliyet Raporu
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EUAS 2006 Faaliyet Raporu

Kurulu glic Uretim
MW GWh
Termik 27 377 131 240
Hidrolik 13 060 44 221
Jeotermal 23 100
Ruzgar o8 129
TOPLAM 40 518 175 690
(354 937 GWh)

Toplam Kapasite Kullanimi : %49,5
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Figure 6. Schematic of Current Technology to Produce Hydrogen
from Coal with Carbon Sequestration (Case 1)
l'."hhter
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Air
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Figure 7. Schematic of Advanced Technology to Produce
Hydrogen from Coal with Carbon Sequestration (Case 2)

Oiygen —
> Combustar
=R
T
Tube
Side
Gas p| Candie Coy
Cleaning Fitar P H. to Sequestration
Coal Sepsmﬁ_m
3,000 tpd Cavice
—»| Gasification Claus/Seat
Steam
i T4 MW
Turbine
air —pl asy
Hydrogen
Source: Gray, D and Tominsan, G, Mitretek Systems. Hydrogen from Coal, R
Mirelek Technical Faper MTR 2002-31. July 2002,
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Figure 8. Schematic of Advanced Co-Production Concept with Carbon Sequestration (Case 3)

L3 Steam Turbine

COz
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System

Steam
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MW
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Sheam Turbine 209 Acronym Key:  ASU = air separation
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Mat Power 417 recovery steam
generator

RS> Hom:

Sourca: Gray, D. and Temlinson, G. Mitrebek Systems. Hydrogen from Coal, Mitretek Technical Paper MTR 2002-31. July 2002.
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Figure 6 van't Hoff Diagram Showing Dissociation Pressures and

Temperatures of Various Hydrides (Source: Bogdanovic and Sandrick 2002)
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Approximate conversion factors

Units

1 matric tonne = 2204 .62k

1.1022 shart tons

kilcditre = 6.2298 bamrals = 1 cubic metre
kilczalans (keall = 4.187k) = 2.968B10
kilgyoula (kdl = 0.239keal = 0.943Bw
British tharmmal unit (Bl = 0,252kl
1.056k.]

kilowaatt-hour (EWhi = B60kcal

3600k) = 2412Bw

n —=n —= = —=—=1

Calorific equivalents
One tonne of ol equivalant squalz
approxdmatehy:

I:n:nng: LIS fonnes

Crude oil® (rretrich kilalitres barrsls gallans g year
Frem Multiply by 1
Tonnes (metricl 1 1168 7.23 207.86 -
Kilalitres 0.8681 1 G.2898 26417 —
Barrelz 01364 0.152 1 42 -
U5 gallons 0LO03E25 00038 0.0238 1 —
Barrelz par day - - - - 488

*Based on worldwide swersge gravity.
T wonwvert

barrels wonnes kilzlitres tornes

Products 1o tonnes to barrals 1o tonnes o kilalitres
Multiply by .

Liquefied petroleurn gas (LPG) 0086 11.6 0,542 1.844
Gaszaline o118 8.5 0740 1.351
Kercsena 0,128 7.8 0LB0E 1,240
Gas oilidiessl 0.123 7.5 0.829 1.192
Fual ail 0,149 a.7 02935 1. 655
MNatural gas [NG] and liquefied billizn ml:.ri':} billion cubie: milion tonnes millien tonnes  tillion British  milion barels
natural gas (LMNG) metres NG faet MG il ecuivalent LMG  thermal units  oil equivalent
From Pultiply by 1
1 billicn cubic metres NG 1 k2 0.%0 0.72 35 G.25
1 billion cubic feet NG o.0ze 1 026 a.021 1.2 oe
1 million tonnas ail equivalent 1.111 35.2 1 0.805 40.4 7.33
1 million tonnss LWG 1.28 48.7 1.23 1 520 £.68
1 tnllion Entish thermal units 0.028 0.0 0.025 0.02 1 017
1 millian barralz @il aguivalant N[ E61 0.14 0.12 5.2 1

Heat units 10 rmillion kikcalones
42 gigajoulss
A0 millicn British
tharrnal units

Salid fusls 1.5 tonnes of hard coal

3 tonres of lignits

See Matural gss and
liquefied natural gas table

Gaseous fuslk

Elzctricity 12 regawatt-hours

One million tonnes of ail ar cil equivalent
proeducss about 4500 gigawatt-hours

(= 4.5 tzrawatt-hours) of slectnaty in a
rmcdern power station,



Tanker truck with a transport capacity of 40,000 liter of LH2 ' -
Photo: Messer
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KOMURDEN HIiDROJEN PROGRAMI VE DESTEK PROGRAMLAR

Office of Clean Coal
Associated Programs
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Kapasite : 520 000 ton/yil Etilen
ihtiyac : > 1 485 000 ton/yil Etilen

> 6 M ton komur/yil

Toplam Plastik uruin talebi:
2006 4 M tonl/yil
2010  6-7 M ton/yil

2015 10-15 M ton/yIl
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