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Introduction: Fast Facts

The mission of CCS-Consultants GmbH is to provide multidisciplinary consultancy and services
for Carbon Capture and Storage projects worldwide. CCS-Consultants GmbH brings together
the very latest expertise from the scientific forefront with industry proven concepts and latest
available technologies.

Facts:
A Established in 2008

A Based in Hamburg / Germany

A 6 employees + freelancer

A Background covering Geology/Geophysics, Chemistry, Oceanography and Engineering
Business:

A Measurement, Monitoring and Verification (MMV) of Carbon Capture & Storage (CCS)

A Leak detection for Oil & Gas

A Environmental pre-site studies

A Mobile and in-situ long-term monitoring of storage sites and subsea installations

A

Hydroacoustic surveying, water chemistry, bubble & plume modeling
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Why should CO, be Captured and Stored?
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Why should CO, be Captured and Stored?

Even if we could halt human carbon o,
emissions today, the climate _ 4
risks they pose would persist for :t
millennia T assuming that we %

must rely only on natural
processes to dissipate our
carbon cycle perturbation and
the resulting climate changes.

(picture: EnBw)

(Solomon et al., 2009)
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Why should CO, be Captured and Stored?
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A

Approximately 1/3 of all CO,
emissions due to human activity
comes from fossil fuels used to
generate electricity.

Also industrial processes emit
enormous amounts of CO, (i.e.
oll refineries, cement works,
and steel production)

Industry,
households, etc

39%

Electricity
35%

Mohbility




Almost 2/3

of the total volume of CO, Is emitted
as point sources, where it can be
captured easily!
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Carbon Capture & Storage

Carbon dioxide (CO,) capture and
storage (CCS) is a process
consisting of the separation of
CO, from industrial and energy
related sources, transport to a
storage location and long-term
Isolation from the atmosphere.

(IPCC: Bates et al., 2008)

(pictures: IEA GHG)
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Possible Storage Sites for CO,

A

A
A
A

Use of CO, in enhanced oll
(EOR) and gas (EGR) recovery

Depleted oil and gas reservoirs
Deep saline formations

Enhanced coalbed methane
recovery (ECBM), from
unmineable coal

Formation of marine hydrates
followed by ocean storage
(exchange of CH, by CO,)

(IEA GHG)
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CO;injection

CO; stora| CO; storage
inadepleted ‘ inasaiine.

gas field aquifer
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Oil production

CO2 sboragﬁ
inan oilfield with
enhanced
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CO; storage in coal seams
with enhanced
coal-bed methane
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CCS Challenges
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Risk Assessment for CO, storage

A CO, leakage from the reservoir to
the seawater/atmosphere

A Micro-seismicity due to pressure
and stress changes in the
reservoir

A  Ground movement, subsidence or
uplift due to pressure changes in
the reservoir

(McGinnis et al., submitted)
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Risk Assessment for CO, storage

A

A

CO, leakage from the reservoir
to seawater/atmosphere

Micro-seismicity due to pressure
and stress changes in the
reservoir

Ground movement, subsidence or
uplift due to pressure changes in
the reservoir

(McGinnis et al., submitted)
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Effects of CO, leakage

Local Health effects at elevated CO, concentration

Decrease of pH of soils and water, causing:

A Acidification/Carbonate dissolution

A ... causing an increase in hardness of the water
A  Release of trace metals

A Stress to organisms

Global leakage reduces the CO, mitigation option, effect
depends on stabilization of greenhouse gas
concentration
A Stabilization targets
A Extend and timing of CO, storage (simulation models)
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Measurement, Monitoring & Verification of CO, Storage

Measurement, Monitoring & Verification (MMV) of CO,
storage sites Is required to:

A ensure public health and safety of local environment

Monitor effectiveness

verify the amount of CO,, storage

track migration of stored CO,

confirm reliability of trapping mechanisms

provide early warning in the event of storage failure

ensure regulatory compliance

v v D D> D> P
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Detection of gaseous and dissolved CO, in water

The detection of CO, in (sea)water Is |
based on the physicochemical 20
properties of CO, compared to
seawater, e.g.
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A density
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Basic physicochemical properties of pure CO,

Depth (m) Phase Density Result

<500 gas less than water | CO,, migrates upward
500-2700 |liquid |less than water |CO, migrates upward
>2700 liquid higher than water |CO, stays at the seafloor
> 350-1000 |hydrate |less than water | CO, migrates upward

> 1000 hydrate |higher than water CO, stays at the seafloor
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An integrated approach to MMV of CO, Storage

A Monitoring of Injection Facilities
focuses on potential threats
identified during risk assessment
(i.e. pipe connections at manifolds,
trees and templates).

A Storage Site monitoring, in
contrast, encompasses the
surrounding area above the
storage site (hundreds of square
kilometers!)
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[ Measurement, Monitoring & Verification J
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MMV of the Injection Facilities
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MMV of the Injection Facilities

Utilizing two independent methods
covering different aspects of the
physicochemical properties of CO,,
helps reducing the false-alarm rate and
leads to an accurate detection:

1. The optical wavelength
(i.e. CO,) in an NDIR sensor of an
Optical Snlffer

2. The strong contrast in acoustic
impedance between CO

(gaseous and liquid) ancf seawater with
Active Acoustics.
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Optical Sniffers: The HydroC

/
1. 2. 3.
\
J
\ Membrane
1. Dissolved gasses and water vapor pass the hydrophobic membrane:
A Equilibration
2. Gas concentration measured by non-dispersive infrared spectrometry
(NDIR) within a gas circulit.
3. Internal Datalogger saves CH4 along with T, p and RH,;

optionally the data is transmitted by cable.
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Advantages of Optical Sniffers

1.

Optical Sniffers are a selective method, i.e.
just the component of interest is being
detected (the tracer).

Optical Sniffers detect even the smallest
emissions and allow for a very low detection
limit.

Optical Sniffers are unaffected by saturated
solutions and cross-contaminations.

Optical Sniffers need no dyes, as CO, (the
tracer) is the medium to be detected.

Optical Sniffers need no recalibration and
have long service intervals.

pictures: CONTROS
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Optical Sniffers in Leak Detection

Multiple monitoring
applications

Online blow out prevention

Online ROV / AUV
Online subsea mobile leak detection
construction monitoring

picture: CONTROS
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AFrequency: 180 kHz, 0.15 ms pulse

A21 beams 512 x 21 cells
A512 samples

Arange 70 m (~10 cm resolution)




CCS—CONSULTANTS

Challenge:
AHandling of >10.000 time series

AUn-ambiguous bubble signal
detection

AData processing
AVisualization
ABubble Pattern
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