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Summary/Potential

Background Applications

Here we used the
adequate equation of
sate and model to
accurately predict the
properties of H,
containing streams

Composition ?
T?
P?
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» To touch net-zero targets, the emissions from fossil fuels must be

m 1 H reduced and the energy mix transition to low carbon energy
§ / sources must be accelerated

Fydrogen > Hydrogen has the potential to aid decarbonisation across different

industries; transport, heat, power...

Hydrogen production; Composition?
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» 96% hydrogen currently produced through methane
steam reformation which is called Blue Hydrogen.

» Tkg CO2 for 1kg hydrogen; Carbon capture and storage
(CCS) process is essential to be low carbon blue
hydrogen.

: CH,, CO,, Natural gas; During the l
CO, capture  injection/production/transportation cycles, mixing of the | |
!

Natural gas fSteaT_ and storage mentioned gas components is inevitable |
reformation A SRR Py e g g g SRR S A, (L L
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ﬁ Hydrogen production technolo&
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@ Transmission pipes
O B Steel distribution pipes
£ g0+ b | Plastic distribution pipes
S
% - Transmission outlet pressure vessels
g— 407 | Above ground storage tanks
& I I | Vehicle storage tanks
0 o
. Salt cavern storage

— \. Depleted gas field storage /
Pressure (MPa)
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Which Properties?

Impacts on
reactive fluid flo
in porous media

Gas separation
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Equilibria accurate flow
* Density easurement

* Viscosity

Types of Application

Hydrogen flow | Hydrogen storage

Hydrogen geological storage
——__ metering materials

Gas hydrates Metal-organic
framework
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: Thermophysical
N GERG-2008 Equation of State (EoS) wfla SuperTRAPP Model == e

Helmholtz energy:  a(8,T,x) = a®(p,T.x) + af(6,T,x )
2 ( ) (p.T.%) ( ) u(T,p) = 0w (T) + A po(To,po) F (T, p)

*refers to dilute gas and 0 refers to
a reference fluid

t=T/T, 8§ =p/p, X isthemolar
composition
N
deal-gas contribution: a%(p,T,x) = zxi [@di(p,T) + Inx;]
i=1
N: number of mixture components
x;: The mole fraction of each component i

The residual part of .
Helmholtz energy: @l (8,7,x) = ). i1 Xi agi(S,t) + A af(6,T,x)

Aa’: Departure function
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Density (Cont'd
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Viscosity
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Viscosity (Cont'd)
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Vapour Liquid Equilibria (VLE)
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Thermodynamic Modelling vs Experimental Results
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v" The high accuracy of
GERG-2008 EoS
predictions with
relatively low errors
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v'The GERG-2008 EoS and SuperTRAPP model can accurately predict density,
viscosity, thermal capacity and conductivity of hydrogen when mixed with other
gaseous species including CH,, CO, and a typical North Sea natural gas.

v The model has been successfully applied to a wide range of pressures,
temperatures, and gas mixture compositions which cover the temperature and
pressure conditions experienced within the whole hydrogen-based energy system
from production to storage in geological formations.

v" The obtained results can be employed by a range of different stakeholders to
effectually design and develop innovative infrastructure for the hydrogen

economy.
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