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Why store energy?

D. Hawkins, et al.

P. Meibom, et al.

?

Energy storage

http://www.eia.gov/todayinenergy/images/ele_load_curve.PNG

M. Jacobson, et al., 2015
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Why store energy in Germany?

(BMWi, 2014) 4/10/2016
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Energy storage

energystoragesense.com
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Underground energy storage

Mechanical Chemical Thermal

Compressed air

energy storage

Hydrogen/SNG 

storage

Hot/cold water

storage
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Hydrogen storage

Chemical
• Highly mobile gas (H2/SNG)

• Chemical/Biochemical processes
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Why simulate underground energy storage?

Leakage

into

groundwater

Leakage to

surface

Mechanical

stress

Brine

displacement

Influence

groundwater

flow pattern

and quality

Groundwater

contamination Structural failure
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Challenges in modeling underground energy storage
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Challenges in modeling underground energy storage

Complex

Caprock failure

Brine

displacement

• Upconing

• Compositional effects

• Bio-/Geochemical reactions

• Non-isothermal

Contamination

Diffusion
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The multi-x adaptive model: a vision

upscaling

Adaptive grid

(M. Wolff, et al. 2013)

Multi scale

(M. Wolff, et al. 2013)

Multi physics

(Fritz et al. 2011, Faigle et al. 2014)

Multi dimensions

Grid adaption

indicator

Multi-x 

adaptive 

model

Multi time discr.

(Martin Schneider) 
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Multi-dimensions in gas storage

300 m

30 m
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Vertical equilibrium model – governing equations

2D VE

(Nordbotten & Celia, 2012)

H
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Vertical equilibrium model – reconstruction of fine scale solution

H



• Segregation time:

• Inverse of segregation time (Brooks-Corey relationship inserted):
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Segregation time

Use as pseudo-residual saturation

in reconstruction step for modified VE-model

Wetting phase saturation [-]
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Brooks-Corey lambda: 2.0
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Modified VE model

Calculation results

(coarse scale)

Reconstruction

VE
Reconstruction

Modified VE



4/10/2016Universität Stuttgart

Modified VE model – preliminary results

VE

2D

VE mod.

Plume tip: 864 m

Plume tip: ~2700 m (small saturations > 4800 m)

Plume tip:492 m

Simulation parameters:

• Gas injection: 552 t/(m a)

• Porosity: 0.2

• Brooks-Corey lambda: 2.0

• No capillary pressure

• Permeability: 2e-13 m²

• Simulation time: 3.5e6 s (twice tseg)

Sw

Swr*
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Applicability of VE models – criterion based on column profiles

HVE
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Applicability of VE models – criterion values for one column
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VE-2D coupling

4/10/2016

VE2D

VE2D
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VE-2D coupling (IMPES)

i*
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Results for VE-2D coupling



4/10/2016Universität Stuttgart

Large capillary fringe
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Small capillary fringe
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Preliminary results with modified* VE model

t
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Outlook: adaptive model

Move adaptively

based on criterion for

applicability



Summary

• Modified VE model with broader applicability

• Criterion for applicability of VE model

• Coupled 2D-VE model

Future work

• Adaptive coupling

• Test criteria for applicability

• Test modified VE model

• Hysteresis

• Relevance for gas storage?

• Stability

• Combine with multi-layer coupling
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