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This talk will co

acticalities of CO, adsa
In British Columb
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Practicalities

carbon dioxide sequestration in coal seams

o IS assumed to mean

ption of CO, on coal

not

n of CO, (solution of CO, In coal)

ical CO, fluid into coc




*  Very sticky
Adsorbed = Sticking to surface with density of a liquid

ADsorbed = Entering solid and changing its solid properties?



IS means overlying the CO, phase diagram wi
realistic geo thermal and geo pressure gradients
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surface temp

temp gradient C/Km
Atmospheric .10129Mpa 14.69 psi
normal hydostatic=0.43 psi/ft or .009805Mpa/metre
max depth for CO2 gas

max depth to S Critical based on P grad 803.93

maximum depth for sequestration occurs when
geothermal gradient is high
and pressure gradient is low

changes in either gradients can change

from adsorption to super critical condensation
underpressuring allows for easier matrix swelling
to accommodate CO2
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depth to critical point
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0.005 0.006 0.007 0.008 0.009 0.01 0.011 0.012 0.013 0.014

Realistically CO2 Sequestration by adsorption is only possible down to depths
of about 900 metres



Pressure gradient data is difficult to locate

But temperature gradient data are available from most log suites

location Stemp Grad [|location Stemp  Grad
Vancouver Island Southeast BC
Comox ! 20.8 JCrowsnest area 8 25.4
Naniamo / 27.5 - 8 20.5
N 7 28.3 N 8 18
7 23.3 |JElk Valley 8 23.6
" 7 22.1 |Elk Valley 8 36.2
Northeast BC Northeast BC
Bullmoose area 4 23.1 [Willow Creek 5 25.6
" 4 30.2 |Hudson Hope 5 30
" 4 31.5 " 5 28.6
Grizzly area 5 26 " 5 36.4
" 5 25.7 " 5 22.8

S temp = average surface temperature °C surface
Grad =°C/kilometre

°C 5 10 20 25 30
°F 41 50 68 77 86

25°C/km = 72°F/mile
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W only of adsorption then there is a limited de|

window available for sequestration |
i &

- The window is defined by the phase diagram and actual

mperature and pressure gradients in the stratigraphic columr
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but is life that simple

into solution( absorbed)

cause volume increase probak
.
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If CO, goes into
solution what effect
does this have on
CH, adsorption

Reucroft and Patel 1986



Softening temperature for
coal with CO, in solution

geothermal
gradient
25°C/Km

critical point
for CO,

Temperarture°C

100 -

O \ \ \ \
0 2 Pressure MPa 6 8

Absorption or solution of CO, In coal softens the coal such that at

critical point conditions the coal Is plastic

It will deform and not support any fracture network ie no
permeability and may also deform like a salt dome

Plot adapted from Larson (2003) 1JCG
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Can investigate adsorption of C %%

pelow critical point conditions

N

2 But remember
:' sotherm plots projections above critical temperature or
essure using Langmuir constants are not real
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isotherm conditions approach critical point temperature and

. L
ure results are confused by absorptlon e

, .
m experiments are done on unconfined coal particles that =

' hout restriction. This is not the case in the real \ jorld
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tudy the CO, and CH, adsorp
naracteristics of British Columbia cc

4 Variations related to

Rank

etrography é -

A

Ifferent sub critical pressure temperature conc A‘::

...

at are the implications for permanent sequestr:
| of CO, _{.usEes

e collected from different formati_
different ranks A f




“ Sedimentary Basins

Area Underlain by Coal
(above 2000 m depth)

- Anthracite

- Medium-volatile bituminous
[B High-velatile bituminous
B sub-bituminous to Lignite

Estimated Coalbed Gas in Place
(to maximum 2000 m depth)

Tef = Trillion Standard Cubic Feet
Bcf = Billion Standard Cubic Feet

s Operating Coal Mines

Pipelines

400 MMCE/d

‘ MMCI/d Million Cubic Feet per day
. BCf/d Billion Cubic Feet per day
A %
‘Bowron River w~,
Coalfield
40 Bcf

or
exploration of
= about 250 billion
tonnes

L8 BCi/d  Coalfield ZIRCE
~ic 250-500 Bef

Coal and'edimentary
basins in British Columbia




Petrography

Hudson Hope

B seam fine
B seam coarse
J seam

10 seam

Quinsam 1 seam
Quinsam 1 seam
Quinsam 3 seam

Quinsam 1R seam

Black-jack zone

0.954 .09 .43 0. .8
54.66 57.49 1.27 25 1.1 3.85
50.02 53.33 1.44 25 2.5 3.69
51.95 55.69 1.44 25 2.9 3.88
47.31 49.81 1.35 25 1.3 3.76
38.47 40.85 2.09 25 2.9 2.93

Gates NE BC
31.14 34.45 1.15 25 6.9 2.74
31.60 35.09 1.28 25 7.5 2.48
23.58 34.28 2.45 25 20.4 10.77
Mist Mountain SE BC
| 28.17 3528 204 | 25 |178 237
Comox Vancouver lIsland
41.80 48.99 4.27 30 8.4 6.28
31.40 36.80 1.32 25 8.4 6.28
40.35 47.12 261 25 8.5 5.92
34.09 45.60 4.60 20 204 4.82
Allenby South central B
44.44 55.98 4.65 25 8.5 12.15

1.338
1.369
1.369
1.359
1.388

1.370
1.407
1.528

1.468
1.466
1.444
1.375
1.472

1.351

1.64
1.64
1.64
1.64
1.21

1.06
1.06
1.23

1.28
0.68
0.68
0.71
0.68

0.7




rhe best way of comparing adsorption
e characteristics of CO,

isto use a fixed depth (210 metres) and
temperature (25°C pi

below critical conditions of
- 31.1°Cand 7.405 Mpa
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Rank

10US bitumIinous

te reflectance R




volume at 210 metres about 300 psi
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Lower plot data from Gluskoter et al (2002)
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10

predicted values
Ryan Equation

+ 481

data this study

+ 320

C/gm CH, daf basis at 210 metres

+ 160

Mean max reflectance scf/t

1 1.5 2 2.5 3 3.5 4 4.5




H , ratio vers




lignite
sub bit
high vol
medium vol
low vol
Semi anth

Anthracite
LLow vol
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Gluskoter

94 259
7.6 20.9
5 138
24 6.6
2 55
26 7.2
this paper 25°C
3.68 2.65 7.3
1.64 1.7 4.7
1.21 251 6.9
1.28 15 4.1
1.06 3.3 9.1
0.7 4.7 129
0.7 9 2438

CO, scf/t daf

700
600
800
1000

1150
998
625
550
685
527
611

21.8
18.7
25.0
31.2

35.9
31.2
19.5
17.2
21.4
16.4
19.1

4.4
7.8
12.5
12.0

13.6
18.3
7.8
11.4
6.5
3.5
2.1

Volume ratio Is
molecule for molecule

But remember we are
Interested In
sequestering CO, by
weight
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' with petrography

.,l* ~ trends




Volumes at 210 metres 25 °C
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percent reactives mmfb 1.64% Rmax samples

100




of adsorption ( ie mono or multi layer) of the 2 molecules

Multilayer

more polar

not very polar Angstroms  Microns

1000m  10%m
Micro <12 <0.0012
Meso  12-300 0.0012-0.03
‘ Macro >300 >0.03

CO,

b

4.1A° CH4

4.7A°






Isotherms
high rank coals
—10°C —
15
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iIsotherms

adsorption tracts 10°C Low rank
coals
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kg CO, sequestered

1.64% Rmax

——

BN

1.06% Rmax

per tonne of coal

depth metres assuming 5 °C ST 28 °C gradient

200 400 600 800 1000



What does all this mean for sequestration and ECBMR
__Enhanced _ Sequestrationor

‘Sequestration
eI R recovery enhanced recovery

wt CO, high
vitrinite

kg CO, sequestered OR metres’ CH, released
o1
o
\

30 M~3 CH, high vitrinite
20 | 4
I L o
10 / ————— | M~3 CH, low vitrinite
— — —7 v  rankRmax% v
O I I I I I I I
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0




1000 - tonnes per person per year BC 63.5 million tonnes
(1999)

million tonnes per year

100 -

10

-

British
Columbia




British Columbia CO, equivalent emissions
million tonnes per year (1999)

63.8

CO, produced billion cubic metres
per year
depth metres

estimated assuming all
32.5 greenhouse gas CO,

704 563 422 282 211 141 /0

CO, adsorption cubic metres/tonne

189 183 175 159 146 125 8.8

billion tonnes of coal to sequester CO,
produced in 1 year

1.72 177 186 204 223 260 3.68




coal fired power plant MW 360

Medium to small power

Efficiency % 32
Coal consumption/yr million tonnes 1.413| Plant based on average size
% carbon 65 In canada
CO, produced million tonnes 3.37
CO, produced million cubic metres 1715
depth metres 704 563 422 282 211 141 70
Adsorption cubic metres/tonne 189 183 175 159 146 125 8.8
Million tonnes of coal to sequester
1715 million cm CO, 91 94 98 108 118 137 194
Ratio tonnes coal needed for
sequestering versus tonnes burnt 64 66 69 76 83 97 137
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CO, wt Kg CO, from burning CH, 11.3 15.9 18.4 20.8

CO, equivalent cubic metres/tonne 5.7 8.1 9.4 10.6

CO, cubic metre/tonne adsorbion capacity 12.5 15.9 17.5 18.9
tonnes required to sequester CO, 0.46 0.51 0.54 0.56

There is an increase in volume when CH, is desorbed and CO, adsorbed

liquid volume CH, litres desorbed 8.8 12.4 14.4 16.3

percent volume of coal 1.2 1.7 1.4 1.9

liquid volume CO, litres adsorbed 11.3 15.9 18.4 20.8

percent volume of coal 1.5 2.1 2.5 2.8
|  Volumeincrease % 0.3 0.4 1.2 0.9 |




| “ Confusions
CO, sequestration in Coal

- »Is viable over a limited depth range

»May decrease CO, emissions at a point source but is unlikely to
sequester all CO, produced from major sources

»May be viable at Hat Creek in BC

»CO, sequestration can replace CH, and aid in enhanced recovery but

CH, is a much more potent greenhouse gas

» Absorption of CO, softens coal may cause a decrease in permeability | I

aphy change

Barry Ryan, Ministry of Energy and Mines, British Columbia, Canada
Barry.D.Ryan@.gov.bc.ca




A very personal reason to believe in CO, sequestration
Sugar + yeast + time = alcohol or C,H,,06==2*CO,+2*C,H,(HO)

guires 50gm of sugar to
509
24.4/
30
3
803000
410
14






