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Rationale behind the programme

» Fossl fudslikd ytorena nthe backbone of the
energy supd yfa longti netocone

* Avaladeda lowprices

e Susta nadd e use (Il owcarbon) vitd.

* | np enentaion depends on wde vaidy o
asped s techno-economic options & paentids
ecd og cd and sod éd.

3 Coperricus | rditue
o Sustdnai e Deve oprent and | nnovati on Management




Chabewaalic® Whaarke

Three integrated research projects

&

» “System analyses of transition routes to advanced fossil fuel
utilisation with CO2 removal and sequestration”. Utrecht
University (UU), Ph.D. project.

» “Carbondioxide injection in coal seems for sequestration
and enhanced methane production”. Delft University of
Technology (DUT), Ph.D. project.

» “Informed opinions of the general public as a tool for
policy measures regarding advanced fossil fuel options”.
University of Leiden (UL), Ph.D. project.
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Project organisation and main flows of information

UL sub-project UU subproject DUT sub-project Proi
‘Infor med opinions ‘System analysis ‘CO2injection’ roj ect management
inary selection of op
Pha% I ding expert informatig

Final products
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Research timetable

Activity / Year [ Year1 [ Year2 ] Year3 | Yeard

Project coordination
General project management & meetings
Expert consultations
Basic system descriptions
Final selection of systems
Drafting transition strategies
Drafting integrative report
UU PhD project (1)
State of the art review
Definition of systems
Global assessment and comparison
System modeling
Technological transitions schemes
Formulation of integral strategies
Finalizing thesis
DUT PhD project (2)
State of the art review
Laboratory tests
Modeling
Safety aspects
Reservoir engineering
Formulation of integral strategies
Finalizing thesis
UL PhD project (3)
State of the art review
Trial studies
Setting up I1CQ’s
Holding ICQ’s
Evaluation of results and small scale follow-
ups
Formulation of integral strategies
Finalising thesis
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Research god s Systemand yss o trangfion
routesto advanced fossl fud uilisati on wth
CO, renmovd and sequestrati on (U

| dertifyi ng hydr ogen and d edtridty production systens usng fossl fudswith
low CO, enissi ons through carbon capt ure and sequestraion

| dertifytransitionroues and technd og cd gtti ons over ti ne
Focus on parfor mance o technd og cd systens i npads o e g
*Nat urd ges a cod asfeedst ock
*Shart ta mar long ter msystem
e Smal scd e a lage scd e system
e (Bhergy) infrastrud urerequired

Atechno-econonic evd uai on o aconp ée hydrogen' d edtri aty producti on
sysens wth GO, rermovd isperfa ned
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Resear ch appr oach: Systemand ys 5=

Chain boundary

Production
Fossil ) Hydrogen
fuels Conversion | | Capture |Hydrogen and To end-user
technology technology | ectricity | €lectricity
distribution

co,

k.

Co,
sequestration

Type o resuts
*Hydrogen d edridty cost (eurd Q)
*CQ, emss on (kgCQJ/ GJ)

*CQ, stared per cha n(kgCQOJ Q)
+Cost d CQ, avoi ded (BErdtonCQ,)
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Hydr ogen d stri buti ontovari ous end- users

Hydrogen production _f_
e :

oo el ® L

Industrial market H, CO, sequestration

_H2

residential market
(with hydrogen grid)

- L

Transportation market
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Economc resuts hydrogen cha n and ys&v

Short term Long term

ST-HL ST-H2 ST-H3

Gasification SMR POX LT-HL LT-H2 LT-H3 LT-HA

Gasification SMR Gasification Membhrane
(HSD) (advanced) (advanced) reactor

Cost of hydrogen [EwrclGJ])
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Cost o CO, avoided d hydrogen and dectriaty
cha ns
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Fut ureH ans

e Artide “Techno-econom c andyss d hyd ogen and
d edridty producti on cha ns wth GO, capt ure and
gaage’ inint. Journd o Energy

 SHedions o promd ng hydrogen and d edridty
pr oducti on oti ons far detdl ed case Sud es

» Devd opnga nethodd ogy todassfy CO, daage Stes
based onrisks daage paertid, daage cotsandthar
uncertd rties:

— Qassficdionusedfa naki ng scenari s o how CO, Saage
net wor k cou d deve opinthe Net herl ands

— perfa ned by 3 non Jaritsma ( Msc g udert)
— Incooperdion vith TNO NTG
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ﬁ Tnicessiek Urechs
Targets and methods:. “ Carbondioxide injection
in coal seamsfor sequestration and ECBM”. (DUT)

1. Coal Characterization: Micropore volume and specific surface
measurements.

2. Experimental work:

- Flushing experiments. Removing methane and/or water of (partly) saturated
coal by injection of carbondioxide or other gases

- CO, oxidation experiments: Study on reaction speed of the conversion of
carbon dioxide to carbon monoxide under in-situ conditions.

- CO,/flue gassorption experiments: Sudy on the ability of injected carbon
dioxide and flue gas to replace methane and water.

- Capillary pressure experiments. Defining the wettability of coal with the
water - methane - carbon dioxide system, under in situ conditions.

3. Theoretical work: Development of sor ption/diffusion/permeability relations
specific for coal at micro-level, cleat level and seam level. Results are to be
used as input parameters for a field scale reservoir model.

4. Co-operation with Utrecht and L eiden: Providing information relevant for

TR | OgTetiEs" Sifety and 1.C.Q. preparations, in an interactive way.
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Coal Characterization
Petrophysical measurements on coal for reservoir purposes:

 Porosity, specific surface (see example down left)

 Stress dependent fracture permeability (see example down

right)
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Department of Applied Earth Sciences
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FLUSHING EXPERIMENTS % Uniressiueit Utreche

e i it 1 Example of GC-gas composition
@ e [ r _ 1| and sweep efficiency asafunction
R 4 +E0 .
I : T E of the displaced volume.
r : o B -: :
E i 4 3 an ¥
¥ m im § .
End  hd j Theresults are used to verify
i 4 L 4 .
e Ty I theory and modelling work.
I d 1 (] E
[T AT S S TE T
- . e e
Recopol | CO,=1% CO, =50% CO, = 90%
SweeE efficiency %6 [%] 16.5 [%] 1_9.5 [%]
Diselaced volume 1.26 [mole/mole 2.09 [mole/mole 2.86 [mole/mole
Time after 2.7x10° [sec] 4.5x10° [sec] 6.1x10° [sec]
production

Department of Applied Earth Sciences
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FLUSHING EXPERIMENTS: Simulations % Usicersiteit Utsecke
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Density distribution of
CH,, Kg/m?3

Conclusions: Simulations hold good for experimental
inputs.

Department of Applied Earth Sciences U pscallng to be done .
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Resultsand plans % Dnicersici Utrecke

Results, which will be continued in the coming year:

1.

N

N o o ~w

*

Four flushing experiments under various in-stu conditions.

Sorption experiments with coal/methane/water/CO,/Flue
gas.

Development of a capillairy pressure device

First series of CO, O CO experiments.

First results on theory, with modelling at cleat/matrix level
Started with petrography.

Interactive discussions with Utrecht and Leiden on their
activities.

Department of Applied Earth Sciences
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| ifor med op nions d the generd%ﬁﬁr‘ﬁi“‘”“—“
on advanced fossl fud options (UL)

* Acrudd conditionfa succesful i nd enertaion o deanfosdl fud
optionsissoded suppart fa these opti ons

» Thus itisi nportart to have soneind caion d fuuwesod etd support
(o thelack o it).

» Because nost peod e do na have ad ue about these newoptions itis
sensd essto “just ask” fa their of A ons onthese opti ons

» So aconvertiond puldic ognionsuveyisunsutadetolearn nore
abou sod ed support.

* Inthissubprged we dantoadninise |rfor nati on-and- Cha ce-
Questionnaires (I CQ toreresertdive sanples o the Dutch
popu &ion
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The | nfor nati on-and-Choi?g
Questionna re

« Confront respondents with arealistic policy problem e.g., which fossil fuels
options are (sub-)optimal to supply our energy after 2010 and to comply to
Kyoto norms.

» Provide respondents with well-balanced, expert information on the most
important consequences of each optiony thisinformation should be translated
for laymen

» Facilitate the processing of thisinformation e.g., evaluation of each of the
consequences by respondents results in deeper processing (e.g., Neijens, 1987)

» Provide respondents with decision support when they determine their overall
preferences regarding options and choose options eg., help them to aggregate
their evaluations of separate consequences of options into overall judgements

~ Copernicus I ngitue
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Expert consultation

Aims:
» define“realistic policy problem”
» gather valid and balanced information
« on most important consegquences of each option
» (preferably quantitative information)
Consultation of experts at GTI’s, companies, government

Options, goal and scale
e six promising “sustainable fossil fuels systems’ (primary fuel to end use)

« each option will be applied in the Netherlands (and Dutch North Sea) from
2010 to such a scale that 40 Mton CO2 per year will be avoided in 2030

Consequences

Costs / development costs/ environmental impacts/ safety risks/ reliability
energy supply / total potential of the option / changesin energy infrastructure /
innovations and devel opment required / macro economic impacts.

‘ ;Oapaﬁcwlraitue
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Round 2

» Consultation of the same experts by e-mail (and by phone).
» Check onresults of Round 1
» Ratings of the importance of consequences (needed for selecting

information to be inserted in the ICQ; six A4-pages may be processed
by respondents).

» Next, expert information will be trandated for lay people and
comprehensibility of information will be tested.

» ThelCQ will be administered by NIPO to a representative computer
panel. Parallel a questionnaire without information will be
administered also to arepresentative sample.

~ Copernicus I ngitue
o Sustdnai e Deve oprent and | nnovati on Management

10



Some prosand consof 1CQ data

* 1CQisusefull instrument to collect informed opinions of a population
(e.g., Van Knippenberg & Daamen, 1996; Price & Neijens, 1998)

e Information inserted in 1CQ should be valid, balanced and
comprehensible, otherwise one get manipul ated opinions.

» Results do not (necessarely) reflect present public opinion but may
predict future public opinion (e.g. after public information campaigns)

» 1CQ can help respondents to define their view especialy if survey
topic isnew / complex

t )y Coperricus | nditite
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Global status of the programme

» Magor time delays; finding right personel (DUT) and leave
of appointed Ph.D.-candidate (UU).

» UL preparatory phases (method & contents) for ICQ in
collaboration with UU well underway.

» UU broad scan and system comparison almost compl ete;
start evaluation storage options, selection for cases now.

* Not fully paralel; finalisation stage programme approx.
second half 2005.

» Fun team; project is a platform for many new activities!
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