Much of what we do
IS counter to nature

Some things do happen naturally
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mechanism

Natural process
Initial statnal state

work 8

A NATURALPROCESS

can often be conducted viaa

MECHANISM

that will Produce

USEFUL WORK

mechanism

Initial statnal state

10

ENERGY

1

A Large part of
ENGINEERING
consists of finding ways of using
NATURAL PROCESSES
todrive

UNNATURAL PROCESSES *




Our commonest sources of
ENERGY
are
FOSSIL FUELS




HYDROCARBON PLUS AIR
gives
ENERGY
plus
CARBON DIOXIDE
WITH

NITROGEN
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CONSEQUENCES OF
BURNING FOSSIL FUEL

* PRODUCTION OF GREENHOUSE GAS

CARBON DIOXIDE

* EXHAUSTION OF FOSSIL FUELS
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Average Global Temperature, 1880-2004
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OIL AND GAS LIQUIDS
2004 Scenario

Kjoll Aleklett

THe Gasis oNLY 51.39.
THe @IRCRAFT CaRRieR IS
S$4T0, THe TaNK is 3125, THe
STealTH FiGHTeR iS5 £330,
THe GasMask is $45 aup THe
GUN dpP5 530 § GaLLed.

THE FREE LUNCH
)

OVER
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We are caught between the

ROCK
of
GLOBAL WARMING

and the

HARD PLACE

of

FOSSIL FUEL EXHAUSTION
liquids and gases first
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But Wait | hear you cry
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But Wait | hear you cry

After the oil is gone thereis still
lots of coal




But Wait | hear you cry

After the oil isgone thereis still
lots of coa

Can’t we burn that
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And send it

But Wait | hear you cry

After the oil isgone thereis still
lots of coal

Can’t we burn that

Capture the carbon dioxide
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We know a bit about separating
carbon dioxide from other gases
Thisis common in natural gas
processing where we get mixtures of
methane and carbon dioxide

Asa KAPUNI

POWER STATION

coal or oil PLUS air Carbon dioxide WITH nitrogen

Natural process
Initia state final state
' “waste heat”

mechanism

Useful work B

SEPARATION PLANT

carbon dioxide WITH nitrogen carbon dioxide PLUS nitrogen
mixture separated

Initial satnal State
“waste heat”
mechanism
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For mechanism
1:find substance that dissolves one
and not the other
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For mechanism

1:find substance that dissolves one
and not the other

2:Bubble mixture through solvent
letting insoluble gas escape
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For mechanism

1:find substance that dissolves one
and not the other

2:Bubble mixture through solvent
letting insoluble gas escape
3:Remove dissolved gas from solvent
4.recycle the solvent

5:liquefy the carbon dioxide

6: put it “away” somewhere




There are several solvents
for carbon dioxide

The commonest in commercial
use is monoethanolamine
MEA

‘ steam ‘

|
>

— T ]

carbon dioxide
plus nitrogen

carbon
dioxide

Y PoweR

Separator
electrical

43
Heat flow
natural
Boiler hot [ jnitial Absorber cool
Mixed gases | injtial Separated gases
unnatural %
Feed water
BOILER
1939k Jkg
22MPa Steam 374C
Fuel plusair
SYE SUPERHEATER
L2ig 22MPa Steam 540C
Work 337 kJ/kg
4MPa315C
537kJkg 4MPa540C
Work
990kJ/kg

K;.

’7 0.007Mpa 40C a
condenser

NOW FOR COMPARISON
CHOOSE THE SAME CO2 OUTPUT
BUT

SEPARATE AND LIQUEFY THE CO2
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IDEAL CASE
MINIMUM POSSIBLE ENERGY

ALL STEPSISENTROPIC CONST TEMPERATURE

« UNMIX AT 300K 164 kJkg CO,
« COMPRESS 20 bar 169 kJ/kg CO,
« COOL to 253K 4kJkg CO,
« LIQUEFY AT 253K 52 kJKg CO,
. TOTAL 389 k¥Kg CO,
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: Either

H HP Compressor

N, 0, |

,_l e or
| 1
[} 1
F.| Compressor Llﬂu‘si =r F.:

Separator

: P—
elecirical
requirements

Separator heat
requirements

Storage

Fuel + Air sowen

Combustor ‘Reheat

[ steam |

rong soln nitrogen

carbon dioxide
plus nitrogen

carbon
dioxide
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STEAM REQUIREMENT FOR SEPARATION
Minimum work required = xRTInx + (1-x)RTIn(1-x) per mole of mixture
=216.7 k Jkg carbon dioxide
BUT BECAUSE OF THE WAY THE PROCESS IS CONDUCTED THE
MINIMUM PRACTICAL STEAM REQUIREMENT ISTHAT WHICH
PROVIDES THE HEAT OF REACTION AT 400K

HEAT OF REACTION IS APPROX 2000 kJkg CO,
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1r|us oo

] | Turbing
‘Ec er

Fuel + Air i
T 2 POWER

Either

I-h{ HP Compressor Fb

N, €0, !
|

_“ or
| |
'rbl Compresﬂ‘* Ligusfier |-h}
N

Separsir

: .
electrical
requirements

Separator heat
requirements |

Storage

Fuel = Air sowsR

Combusior :Reheat

Feed water

BOILER

1939 Jkg

22MPa Steam 374C
Fuel plusair

Supaeet SUPERHEATER

d2utakg 22MPa Steam 540C

Work 337 kJk
4MPa315C TOTAL
530kJkg 4MPa540C 1171 kJ/kg
. Work 480 kJk
Steam for separation process
0.22MPa 0.312kgdivert/kgsteam Work 354 k¥k
original steam
0.007Mpa40C 54

<+ condenser




WE MUST NOW COMPRESS THE CARBON DIOXIDE

p=1 bar » P=20 bar

mechanism

Work input 55

AND THEN LIQUEFY IT

Gas at ambient p=20barT=300K ==y Liquid p=20 bar T=238K

mechanism | | refrigerator

Work input 56

REAL CASE (LIQUEFACTION)
USING REASONABLE EFFICIENCIES

* UNMIX AT 300K 350-400 kJ/kg CO,
* COMPRESS 20 bar 310-320 kJ/kg CO,
* COOL to 253K AND

¢ LIQUEFY AT 253K 260-300 kJKCO,
* PARASITIC ENERGY 350-400 kJKCO,

« TOTAL 1270-1420 kJKg CO,
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REAL CASE(HIGH PRESSURE GAYS)
USING REASONABLE EFFICIENCIES

* UNMIX AT 300K 350-400 kJ/kg CO,
+ COMPRESS200bar ~ 580-650 kJkg CO,
PARASITIC ENERGY  350-400 kJKCO,

* TOTAL 1280-1450 kJ/Kg CO,

CARBON DIOXIDE/ENERGY (GCV)
for
VARIOUS FUEL TYPES

* MAUI SALES GAS 52.8 g/MJ
» FUEL OIL(power stn)  72.5g/MJ
* LIGNITE 95.2 g/MJ
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Increase in primary fuel

« High efficiency gas CCGT best case 11%
* Lignite mid range 55%

» Low efficiency ligniteworst case  78%
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* To this must be added the energy cost of
transport and sequestering

¢ These costs will be very case specific
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And the final questionis
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