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Global Energy Use and Supply

* Global Energy Consumption:

Quadrillion Btu

Middle East & Africa

Source: Shell International BV, Oxford Economics and Energy Balances of OECD and Non-OECD  Countries © OECD/IEA 2006
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Coal is found practically on every continent.

Characteristics vary widely according to its origin, geological history.
World total coal reserves: 1.0371E(12) tons -> 24000 Q

1995 consumption rate: 93Q/y = 250-300 years

increasing rate of 0.8%/y 2 140 years

Major reserves: USA, Russia, China, Australia, Germany, South Africa,
Poland

Unproven Resource: 140,000 Q - 1500 years

SR — T 2,466

ad [ 07 24 488

7IE | a— T 1,662
&3 | 8.4 - Y 9,090

+ Xt2 & : BP, Statistical review of world energy 2007, AME Outlook (2007. 3), IEA Statistics(2006)
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Coal Production and Import in

Korea
R e
e s
| el S
% oo | o™ - Gt o

1930 1932 194 1996 1998 2000 2002 2004 2006

Yemr

Coal Import in Korea(2006)

Coal Import (Total : 80.1 million Ton)
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History

Global Electricity Consumption

Projections

NI 122 KWh; 1997 01=: 3% kWh
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Hydro: Norway(100%), Brazil(93.5), New
Zealand(74), Austria(YO%, Switzerland(
61), China and India(19

Geothermal: El Salvador(28.5),
Nicaragua(18.5). New Zealand (5.7),
Iceland (5.3), Mexico, Brazil,
Indonesia, Italy (5% 013t)

Nuclear: France(76%), Korea(36),
Germany(29), Taiwan(27), Japan(26)

CIRY WY AN Y MY
Billion Kilowatthours
15,000
2004 2030
12,500 1
10,000
7,500 4
5,000 4
2,500 +
u _
ail Muclear Renew- Natural Coal
ables Gas
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Clean Coal Technology—USA
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What are clean coal technologies?

4 Combustion 4 Post-Combustion 4 Conversion
AAJ|=g4 S Sotol Ciao &MslE, 288, g, NAS A8
SE 29239 LNHES H 6| JrALH HBtAIR.
HAES g4AY S5t A3 HO0IE,

38 H AE B2 dd

Flue Gas Desulfurization Integrated Gasification Combined Cycle

Emission Control

+ 1000 MW
- Coal: 10% 3|l &, 1% &
o XA SA: 320 t/year
» SO,: 68153 t/year
« Nox: 28H & t/year
- NAHECZE ¢ 2LE22 &0 s AHIt 38 25

folUet HHEE (A2 dEA, 500 MW)

19994 0| ™ 1999. 1. 1 2005. 1. 1
PN 150 mg/m3 50 mg/m3 40 mg/m3
SO, 500 ppm 150 ppm 100 ppm
NO 350 ppm 350 ppm 150 ppm




&I &l (Electrostatic Precipitator)

Electrodes cause
particles to become

Flue gas negatively charged
+ve
¥ L
+ve o .
. -vell)
Particles ! e o
fall into ) Cleaned * L -]
\ Collector
hoppers % flue gas +ve | Negatively charged particles plates
", attracted to positively
‘ charged plates

Discharge electrodes
Gas distribution plates

re discharge clectrodes
Babcock and Wilcox

Sulfur Control

. &Ry
- HEH07~3%

- 0Oil: 0.2~ 2%
tot= DN AESE

Otor

S+0,> S0, > AtAHl, THIE

Sulfur Control Methods
— Before combustion

— During combustion

— After combustion
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Sulfur Control: Before Combustion

+ Coal Washing (& &)
- NE) E§RE 22 2 S5 E(Pyrite)SS HIS

- 2Lt = S B2 50% It
SEUEE HE

* Qil Desulfurization
— Catalytic reduction—oxidation process (Claus process)

RS + H, > H,S + R
H,S + 0, > H,0 + SO,
H,S + SO, & H,0 + 3S

Sulfur Control: During Combustion

» Fluidized Combustion (=& A)
. Ca0 + SO, > CaS0,, CaSO,

ea:

- 502 RSO Tt %8
(40-60%)

- A28} 0l 0

100 MWOL = CH




Sulfur Control: After Combustion

+ Flue Gas Desulfurization (FGD)

SO, + CaCO, +1/2H,0 —
CaS0;.1/2H,0 + CO,
SO, + Ca(OH), + H,0 —
CaS0,.1/2H;0 + 3/2 Hy0
CaS0g 1/2 He0 + H0 + 0, —
CaS0,.2H,0

NOx Control

e« NOx M
— Fuel NOx: AEISH Z&CH U= AT &5l
— Thermal NOx: HADJ|ILHO &
I Y= EAIL At
- HAREI ES [ B

O LT 1

N, + O, > 2NO

o MOEEH
— During combustion
— After combustion
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NOx Control: During Combustion

 Low—NOx Burner
2J|/92 HE X&H5IH NOx S H2&

NOx Control: After Combustion

« Selective Catalytic Reduction (SCR)
4NO + 4NH, + O, > 4N, + 6H,0
Z0: TiO,, V,0s

=

Fius g:l-'-—'l

Gennamizgr

Ll pmenenli
Harage 130k

FD lan

FICURE 8-19 Ljungetrom air haater with catalyst costed eements [Source: Taken from
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NOx Control: After Combustion

Selective Noncatalytic Reduction (SNCR)
4NO + 4CO(NH,), + O, > 4N, + 4C02+ 2H,0

T
Super homler = v o FiEnaater . I
! 1]
[
© ————t O t ]
Utes . e : ppp:;;”a 1
Iniection !
oorts -
E Supes neats:
g— Economizer
" To i heater High prezsare
5 ured injgshion
N ey
;f H G-
Ires gay 1enk

A compressar =—— G—;m‘—'-
{Peq'd for high
ENETQY INjECTan)

FIGURE B-20 Lrea imsecioor e 3 SMCR MO, contret sysiem. [Sourze: O G Jonss, 218t
"Preleminiay Test Resulss of Hqgm Enengy Led Insciien Det0 o0 8 215 MW Ly Soile:”
1891 Jain: Sy Tpgium oF Sikeonady Combuilan MO, Contre, Wesmapon, D2 1591

. Gaseous fuels are easier to handle

Coal Gasification

Steam
Oxygen
Fuel Cell
Gas | —

Separation
l s Fuel Synthesis
and use than coal CO,

H,/CO/CO,

Coal —| Gasifier

Impurities can be more readily Underground
removed Storage - Technology of future for
. Synthetic fuels burn more cleanly the production of
L —electricity
4, Carpon capture and sequestration is _steam
easier —Chemicals
. Gasification becomes more ~hydrogen

attractive due to concern over
depleting oil or gas
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Coal Gasification

4

Upper
Burners (4)

Slag a:. South Africa

1l (1982)
150,000 barrels/day of fuels and
petrochemicals

Sasol | (1955), Sasol Il (1980), Sasol

Advanced Cycle

Coal Gasification Combined cycle

3C + O, + H,0 & 3CO + H,

30 MW
e S Electricity

22
Electricity
Gasifier L § ~
) 9 MW B
Air -
Oxygen
4
100 MW Coal [z

Coaling &
cleaning

Water Slag Exhaust gas

SOURCE: Wor

{ Coal Institute

HSE: 30+22-9=43

21



FutureGen Project

A near zero—emissions coal—-fueled power plant (275 MW) to produce
hydrogen and electricity while using carbon capture and storage

Gas Cinaning
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Controlling CO, Emission

* End-Use efficiency improvements and conservation
— The simplest and most cost-effective approach
- In the residential-commercial sector

* Less heating in winter
* Less air conditioning in summer
* Better insulation
— In the industrial sector
* Reduction in direct use of fossil fuel
* Energy—efficient motors
- In the transportation sector
+ Efficiency improvements of vehicle

» Supply-side efficiency improvements
— Electricity supply improvement
+ Shift coal to natural gas
+ Single—cycle gas—fired steam power plant
—> combined cycle gas turbine (CCGT)
+ Single—cycle coal—fired power plant —> Gas fired combined CCGT

CO, Capture
* Oxy—combustion

— Fossil fuel combustion with pure oxygen instead of air
— Air Separation Unit (ASU): Separate O, from air

SRI
.Nm Jupiter Oxygen

CANMET

Steam
Flue Gas
Recycle

co,
Purification

co,

Oxygen 15 Psia

Limestone

Air
‘Separation
Unit

i , caplure
Oxyfuel Challenges
1. High combustion temperatures
*Boiler materials of construction issues 0,
*Requires large amounts of flue gas recycle 2,200 Psia
2. Cryogenic oxygen production is expensive and
energy intensive
*Oppartunity for oxygen membranes

— Beneficial effect

+ Combustion Product: CO,, H,0 (CO, captured by condensing the water)
* 60~70% reduction in NOx emissions
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CO, Capture — Post Combustion

» Solvent absorption

- CO, soluble solvent : Monoethanolamine (MEA)
CO, +2R,NH <> R,NH," + R,NCOO"

<, Lean amine

'\
cooler
ﬂ_( Stor nzr
k
Bumrcr ik
pump
Absorber
Cross
exchanger
Toe ga |—

from
= \—‘—F!m—~

0, o

compression/
r e dehydration
b "
r"[n flux drom )
\ Reflux
] pump
Regeneratos
hlnppu
J Reboiler
: Moy C0,
’L MEA
recluimer |

|_[ I]smdéc

Figure 10.10 Flowsheet of the monoethanolamine (MEA) process for CO, capture.

Absorption tower (40—65°C) and regeneration tower(100—-120C)

CO, Capture Is Expensive !

* 5-30% parasitic energy |
o 35-110% increase in capit

¢ 30-80% increase in cost

Effect of CO; Capture on Capital Cost
(% Increase Resulting From CO; Capture)

100

80

60

40

20

0

IGCC PC NGCC

Note: CO, capture costs based on use of Selexol
process for IGCC and MEA for PC and NGCC.

Currently refining cost target for PC plants
considering potential improvements in:

« Capital cost

- Fixed operating cost
Effect of| * Variable operating cost
+ Energy cost

©en . Transport, storage & monitering costs

IGCC PC NGCC

Source: Cost and Performance Baseline for Fossil
Energy Power Plants study, Volume 1: Bituminous
Coal and Natural Gas to Electricity; NETL, May 2007.

TGOS Cort May2008
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CO, Sequestration

* Depleted Oil and Gas Reservoirs
— Reservoirs is covered by a impermeable layer
- ESE+EOR0 CO, E F6t= &H
- Gas reservoirs : 2= gasE MFE F0I CO, =
+ CO, & MIE E& X
— Qil reservoirs : Oil X{F =0l CO, =& Jts
» Enhanced Oil Recovery (EOR)

+ CO, - EOR
- MIAE2SZ 710 XIY0A AH2E (Texas and Colorado)
- UHRE NN 20 Xl= CO,E O|2otLE HAMNA ZEE = COE
0|25l ST Texasll K (350 km 245)
- 2MNA
« ZHE CO, £ EORZ AEdtI| AolM= ZRIE 2ROt a2 = O OF &
(CO, & #=55, = 5): A2SH| - $2~3$7/t per 250 km
- SIAS reservoirs: 2 (40 Gt)

CO, Sequestration

* Deep Ocean

— Ocean is net absorber of carbon
» Carbon exchange : surface area of ocean, about 100m

—1000m Ol&t2l erE & HiCHO 2 & CO, € =¥
5=y

- F=2ls FHE: 1x1019ton of carbon

- oot 2EAH CO, =52 ZAHA
Ol carbonic acid s& &5z 2l

o O

]

AERA TF
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CO, Sequestration

* Deep Aquifers
— Consist of permeable and porous rock

- 800mO0l& Z0IE == aquiferfil F=&ot= &d

- FYJts FFE: 5~500 Gt

- Z2NE
+ Aquiferel &
+ AquiferltXle ==&, drilling £ =82 A4

» Terrestrial sequestration
— Reclamation and reforestation

=

21 HI21 XI*E Xl

e SREHNT BTt
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55

The Energy Challenge

More energy The world in 2050

Secure energy 5 it e

ResponSIble energy 2.5 billion more than today

The world wants to know: 45 times richer

= |s there enough to meet With most extra wealth coming from developing

growing demand? countries
= Can our industry bring it to
market in time?
= Will supplies be safe from
disruption? Tretez ittty

. Usin half he eners as now to roduce each
= Can the planet take it? e tkh & W

Double the energy

Using twice as much energy as now

6-10 times more energy

from renewable sources

21MID| =8l %

« HSE AA
- ARSII2N, SF2X, LU XZ2X, 22238t

« Professionalism: J|2&Ql W&t L MEZSHK| A #0F OfLlet I3 &
AAS Ui,

+ Globalization: JI2 2SN 2UEE 22 HANSH L HIHLISZ A9
AUAS AZTE2 S (AU, B, X, FME 22 L),

« Communication: 2AILAESE L HIUXN LR ZHE R HASSHHSF

» Leadership: HIEE 21 |t L&z XS 020 2 = Y= s,

- EFEFN: &FEH= 2AHE0I] 20 SW =9 otLiet HA=2IF EAIAMH
Oll 25010k 3l AR HOZ T SHQIAIQ| DXEN et XI&FE JIYH0I0IX
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