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Energy demand, GHG emissions

and climate change...
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Potential emissions from remainingsi

fossil resources could
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result in GHG concentration levels
far above 600ppm.
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CO:2 budget approach %

If we want 2/3-3/4 probability to stay below +2°C, global CO2
emissions should stay below 1000 Gton (from the year 2000).

2000-2009: 33%
2010-2050: 67%

— At current consumption the budget will be exhausted in 2030.

Sources: M. Meinshausen et al., Nature, 30 April 2009;
A. Levermann, GHGT-10, 19-23 Sept. 2010

— Without CCS less than 1/3 of fossil fuel reserves (and only a
fraction of fossil fuel resources) can be utilized .

— Minister Maria van der Hoeven (NL, 2010): “Without CCS no
fossil fuels; without fossil fuels no energy security”.

— Also attention needed for NG & CCS and for Biomass & CCS.
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CCS Potential
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CCS is not only about coal or ower
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CO2 avoidance costs for ﬁ% s
electricity production (ref: |dent|cal
technology without CCS).
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Conceptual CO2 transport ws
configurations
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Key options for Bio-CCS

* Flexfuel power and synfuel production.
— (B)IGCC/FT/MeOH/DME
— Co-firing: coal AND natural gas (CC’s)

 CO2 capture at biorefineries (ethanol in
particular)...

o Steel industry...
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Key conditions for bio-CCS

« CO2 storage options.

e Suited energy infrastructure

e Access to biomass

o Larger scale (complex) systems.

* Potential regions: Great Plains US, SE
Brazil, East Australia, Central China, Sea
harbors NW Europe (imported biomass).
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lignocellulosic biomass
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An ultimate energ transition machin@»

flex-fuel IG/synfuel/power +CCS
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Commodity prices
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Coal-TOPS-CO, credit %‘% T ertnes et

* Price combination where
flexibility is desired

» Historic prices reached
this area
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Netherlands vs. China...

Yueyang
Sinopec-Shell
Coal gasification
project; (China)

Shell gasifier arriving
at site September 2006.

15 licencesin
China at present...

Courtesy of Shell
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Bioenergy in the scenarios in 2030 (+)

(NL)
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Fossil energy avoided
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Sensitivity to fossil fuel prices
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Wity in
the Netherlands in 2020 and 2040 for five
scenarios as calculated with MARKAL-NL-UU.

S

- 2020 200 = Other (PYW, hydro, waste
a5 = — incineration )}
A0 4 — Wlired

MMuclear

35
CHPFP plant

NSO retrofited with COCS

S0 A

25 1

MISCCS with CCOCS
NSO
GO whilthh CICS

20

15 1

Installed capacity in GW

10

WS
P retrofitted witihh CCS
P whith CCsS

th

QG 0N E OGN

BASELINE
IMPASSE
BASELINE
IMPASSE

IMPASSE -NO COM IZE=TINN\NE

GRAND COALITION IR T

GRAND COALITION
GRAND COALITION-RENEW+

IMPASSE -NO CDM

GRAND COALITION -RENEW+

[van den Broek et al., Energy Policy 2011]

F 1 Copernicus Institute
‘ Sustainable Development and Innovation Management



=0 2 Universiteit Utrecht
r

Fig. 8 Primary energy use in the power sector of the N@ e rlands
In 2020 and 2040 per scenario as calculated with MARKAL-NL-UU.
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CO2 capture and storage deploymet
for the different scenario’s
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CO 2 emissions from the power sector and CO 2 _
Intensive industry in the Netherlands per scenario as
calculated with MARKAL-NL-UU.

180

160 -

140

120

=
=
]

830 &

60 -

MtCO2 per year

40

smpes HASELINE L
20 =ste== [MPASSE - NO CDM
s GHAND COALITMOM : e
0 iefe | B AP ASSE
il (GHAND COOALITMOMN - REMEVW ABLE+

=2 - T T T
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

[van den Broek et al., Energy Policy 2011]

K ’ Copernicus Institute
J Sustainable Development and Innovation Management



-';@-LV% Universiteit Utrecht
KN
Final remarks

« CCS and bio-CCS are an essential part of desired
global GHG mitigation strategies.

« Within such strategies the role of coal will diminish,
but (co-fired) PC and (P/1)GCC +CCS can provide
key platforms for large scale bio-CCS on medium
term.

« Short term co-firing and building capacity for large
scale sustainable biomass supplies is a vital stepping
stone.

e Can provide remarkable low mitigation costs and
much needed flexibility on short to medium term.
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Thanks for your attention “*

For more information, see:
- Sciencedirect/Scopus (scientific)

- Google scholar citations (personal)
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