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橙氢开发与CMG软件在蛇纹岩化制氢中的应用研究
Natural Hydrogen production by 
Serpentinization process
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AGENDA

Introduction to Hydrogen modelling in CMG

Concept overview of orange & gold hydrogen

Presenting previous work on gold hydrogen
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1) Introduction to Hydrogen modelling 
and CMG’s solutions



4
Simulation Technology to Advance Decisions​

Hydrogen Rainbow*

1. White  Naturally occurring

2. Brown/Black Coal gasification

3. Grey  Steam reforming of methane

4. Blue  In case the emissions are captured and stored underground

5. Turquoise Methane pyrolysis

6. Pink  Nuclear energy

7. Yellow  Mix of whatever is available

8. Green  Renewables

* https://energy-cities.eu/50-shades-of-grey-and-blue-and-green-hydrogen/.

W
at

er
 e

le
ct

ro
ly

si
s



5
Simulation Technology to Advance Decisions​

Hydrogen Applications *, **

• Energy storage

• Power-to-gas (e.g. CO2 + 4H2 → CH4 + 2H2O)

• Fuel cell

• Transportation

1. * Yue, M. et al. (2021)

2. ** https://www.energy.gov/eere/fuelcells/fuel-cells

The mechanism of fuel cell operation. (from ttps://www.intelligent-
energy.com/technology/technology-faq/)

Different parts of a hydrogen fuel cell vehicle. (from 
https://afdc.energy.gov/vehicles/how-do-fuel-cell-electric-cars-
work/)
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Hydrogen Applications: Energy Storage

1. Renewable energy resources are not available year-round:

• Subject to strong fluctuations due to the local weather 

conditions. *

• Seasonal energy demand could be beyond their capacity.

* Pfeiffer, W.T. et al.(2017)

Annual time series of weekly averages that shows the seasonal correlation of 
electricity demand (black line) and solar generation (orange line) for Europe. 
Electricity generation and demand normalized over the corresponding 
average value. Figure from Gabrielli, P. et al. (2020)
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Underground Storage Sites

The concept of underground hydrogen storage in geological structures. (from Olabi, A.G. et al. (2021))

Storage cost: *

1. Depleted Hydrocarbon Deposits (US$1.23/kg)

2. Aquifers (US$1.29/kg)

3. Salt Caverns (US$ 1.61/kg)

4. Hard Rock Caverns (US$ 2.77/kg)

* Lord, A.S. et al. (2014)
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Major Differences Between H2, CO2 and CH4*

• Hydrogen, methane, and carbon dioxide storage sites can be located in the same rock formations.

• The tightness of the underground storage site, which determines the success of the entire gas storage process, is the most 

important feature due to the safety of storage and its purpose.

* Tarkowski, R. et al. (2021)
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Major Differences Between H2, CO2 and CH4

Assessment of the suitability of individual types of geological structures for 

underground storage of hydrogen, methane, and carbon dioxide. (from Tarkowski, R.

et al. (2021))
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GEM features related to H2 storage

GEM is an equation-of-state (EoS) compositional simulator which can simulate most of the important 
mechanisms involved in the underground hydrogen storage processes.

Relative permeability hysteresis

• Gas phase trapping 

Gas solubility in aqueous phase

• Henry’s law based

• K-Value based (2021 general release)

Diffusion

H2O Vaporization

• During gas injection

Reactions

• Chemical equilibrium

• Arrhenius

• Mineral dissolution and precipitation

Geomechanics

• Change in porosity and permeability

• Cap rock integrity

Thermal Option

• Reservoir temperature could change with time
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GEM and STARS Features Relevant to H2 Storage

• New K-Value solubility option in 

GEM 2021.10

• GEM reactions need to be done in the 

aqueous phase. STARS can be used to 

model the reactions that have a 

gaseous or oleic reactant/product 

that is not soluble in the aqueous 

phase.

• STARS’s reactions can have an 

additional parameter for reaction rate 

dependency on the concentrations of 

components (useful to model Monod 

bacterial growth).

GEM STARS

Gas mixtures (density, viscosity) X X

Diffusion X X

Chemical equilibrium reactions X X

Mineral prec./diss. reactions X X

Microbial effects, souring X (with Arrhenius style reactions) X 

Aqueous solubility X X

Thermal (and JT effect) X X

Geomechanics X X
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CoFlow for surface network modelling

Integrated production modelling with wells and facilities in CoFlow 

and reservoirs in IMEX or/and GEM.

Explicit Coupling

Unlimited
no. of

IMEX and GEM
models
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2) Concept overview of orange & 
gold hydrogen
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Orange Hydrogen → Induced production of natural hydrogen
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Similarities between orange and gold hydrogen

1.  Generation of H2 from oxidation reaction with minerals in    
mafic/ultramafic rocks.

2.  Requires reaction in water phase.

3.  Serpentinization reaction is the main generator of H2.

4.  Will require geochemistry reactions in GEM/STARS.

5.  Main difference → Gold hydrogen occurs naturally (no 
induction)!
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3) Presenting previous work on gold 
hydrogen modelling
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Rainbow site

•   Located in the Mid-Atlantic ridge

•   A hydrothermal vent site
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suitable
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