
Scientific challenges concerning long-term CO2 sequestration
Research topics covered at the department of Earth Sciences, Utrecht University

CO2 storage: a challenge on all scales
It ranges from understanding the complex, coupled thermal, hydrological, mechanical and (bio-)chemical (THMC) changes caused by injection, to site
localisation, characterisation and monitoring, and hazard assessment. At Utrecht University, we provide the fundamental understanding and
quantification from the nano- to m-scale needed to assess behaviour on the km-/field-scale in real-time.

Much of our CO2 storage-related research is performed through involvement in large (inter)national research programmes, such as CATO-1, CATO-2,
UltimateCO2 and ACT. Furthermore, we regularly collaborate with other universities (e.g. VU Amsterdam through DOCS, TU-ITC), as well as institutes and
companies (e.g. TNO, EBN, IFP Energies Nouvelles and CCS operators) through (student) research projects and internships. Many of our state-of-the-art
facilities are part of international infrastructure initiatives, providing transnational access and promoting collaborations (e.g. EPOS-NL, Excite2 Network).
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In te re ste d  in  ou r  re se a rch  or  do  you  h a ve  a  re se a rch  qu e st ion ? 
Con ta ct  ou r  Im pa ct  Coord in a tor , Dr. Elde rt  Advoka a t , to  se e  wh om  of ou r  co lle a gu e s ca n  h e lp  you  (e .l.a dvoka a t@u u .n l)

CO2 mineralisation
In addition to investigating the scientific challenges
concerning subsurface storage of CO2, we also look into
using mineralisation processes to permanently trap CO2.
• What can we learn from natural carbonation reactions

in ultramafic rocks (see image in the centre)?
• Is it possible to carbonate large ultramafic bodies, such

as the Oman ophiolite?
• Can we use crushed ultramafic rocks to buffer CO2

acidification (Ocean Alkalinity Enhancement, OAE)?

u u .n l/e n / re se a rch /de pa rtm e n t -of-e a rth -scie n ce s
The information has been compiled with the utmost care but no rights can be derived from its contents.

Righ t : For OAE, two e n viron m e n ts
a re con side re d : 1) h igh -e n e rgy
e n viron m e n ts in th e su rf zon e ,
wh e re th e con sta n t co llision with
sa n d gra in s p rovide s a n a tu ra l
gr in d in g m e ch a n ism , a n d 2) low-
e n e rgy e n viron m e n ts a t th e
con t in e n ta l sh e lve s, wh e re th e
in te ra ct ion s with m a cro- a n d
m icroorga n ism im p a ct a m bie n t
flu id ge och e m ist ry. We a re
se t t in g u p la b exp e rim e n ts to
in ve st iga t e th e CO2-se qu e st ra t ion
pote n t ia l o f e a ch e n viron m e n t ,
a s we ll a s th e im pa ct on m a rin e
b io ta .

Top : Na tu ra l ca rbon a t ion
re a ct ion s in u lt ra m a fic rock.

la t t ice Boltzm a n n m ode llin g, 
m olecu la r  dyn a m ics

fin it e e lem en t /volu m e or d iscre te  e lem en t  m ode llin g of flow/rock 
prope rt ie s, ra te -a n d-sta te -fr ict ion  m ode llin g

gra in /pore -sca le  in te ra ct ion s flu id  flow, ch e m ica l, m e ch a n ica l a n d  fr ict ion a l p rope rt ie s  a t  sa m ple -sca le

b iom a ss

m u lt i-sca le  Da rcy m ode llin g, 4D a n a lysis  o f 
m ode lle d  s t ru ctu re s

Site characterisation and assessment
Prospect evaluation is crucial to assess the
storage potential of sites. We contribute to this
through student projects, and visualisation and
interpretation of geologically relevant data.

Upscaling to (heterogeneous) field-scale
Mineralogy and rock texture play a key role in
controlling the impact of THMC processes.
Upscaling lab observations should be based
on true reservoir petrography (realistic grain
size, mineralogy, porosity etc. distribution),
relevant (bio)reactions and realistic flow
dynamics, including reservoir heterogeneities
and geostatistics.

Subsurface imaging and monitoring
Mapping fluid fronts and/or geomechanical
changes is important to assessing the impact of
storage. AI-based physics upscaling and
downscaling can help to use remote physical
observations to make inferences on the
microstructural state of the subsurface.

Assessing hazards related to CO2 storage
Taking into account the complex THMC processes
resulting from CO2 injection is key to predicting the
impact of subsurface storage. Numerical modelling
capability is needed to extrapolate the nano- to m-
scale observations in space and time. Only by
including the true pore/grain-scale behaviour can
we accurately predict the impact of storage on
induced seismicity and deformation.

Imaging, experimental investigation and numerical simulation at the nano- to m-scale: THMC processes at pore- and grain-scale

la rge r-sca le  a n a logu e  e xpe rim e n ts  o f su bsu rfa ce  s t ru ctu re s
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h igh -re s  CT im a gin g

sa n d  box e xp t s

VR visu a lisa t ion

m icroflu id ics

fa u lt  s lip
rock 
m e ch a n ics

flu id  flow
ch e m ica l re a ct ion s

Top : High -re so lu t ion m ode l of a fa u lt in th e Gron in ge n ga s fie ld
a llowin g for de ta ile d THM a sse ssm e n t of th e pote n t ia l fo r fa u lt s lip
du e to ga s p rodu ct ion .

Le ft a n d be low: Hypoth e t ica l fa u lt m od e l a sse ssin g th e
pre ssu re bu ild -u p a lon g th e fa u lt du e to CO2 in je ct ion .
Th e pre ssu re bu ild -u p ch a n ge s th e st a te of st re ss on th e
fa u lt , a n d h e n ce th e pote n t ia l fo r slip .

In fra re d Im a gin g Spe ct roscopy of
re se rvo ir core for sca la b le , e fficie n t
pe t rogra ph y (co lla b with UT).

Upsca lin g of d iffu sive t ra n sport
p rope rt ie s t a kin g in to a ccou n t
com ple x pore spa ce ge om e t r ie s .

Wa ve form -ba se d se ism ic im a ge s (le ft )
a n d de e p le a rn in g-ba se d de b lu rr in g
th e re of (r igh t ) to yie ld a wide -b a n d ,
de n oise d , sh a rp re p re se n ta t ion of th e
su bsu rfa ce ge ology.

Ma ch in e -le a rn in g-ba se d in fe re n ce
of su bwa ve le n gth m icrost ru ctu re s
of a be a d p a ck (le ft ) a n d Be re a
sa n dston e (r igh t ).

In te gra t e d fra m ework of th e pu b lic ge o logica l da t a ba se of
th e Du tch su bsu rfa ce , fo r ge o logica l in te rp re ta t ion

Download via QR code (left): Petrel-based project integrating
publicly available data of 10,599 2D seismic lines, 280 3D
seismic cubes, 6,590 wells and 4,752 composite wells logs.

Eva lu a t ion of th e Up pe r
Cre ta ce ou s Ch a lk Fm
(top L a n d K blocks) for
CCS, th rou gh a stu de n t
p ro je ct with in th e DOCS
fra m e work.
Soon a se con d pro je ct
will s t a r t focu sin g on
th e Ea rly Cre ta ce ou s
Be n th e im e r sa n dston e .
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