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Motivation

* Properties of CO,-rich streams are calculated using accurate Helmholtz-
energy models for pipeline and ship transport

» For scenarios involving brines, properties are usually calculated using simpler
equations of state in conjunction with Gibbs-enthalpy based brine models

* Inconsistencies between property calculations in transport and storage
« Difficulties in closing mass and energy balances

+ Difficulties in an optimization of the whole CCS chain

* Goal of this project: Combine Helmholtz models for CO,-rich mixtures and
Gibbs-enthalpy based brine models to allow for consistent calculations
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Helmholtz Equations of State

« Fundamental Equation of State (EOS)

* Reduced density § = p/p, and inverse reduced temperature t = T, /T
* Ideal part a°(p, T)

* Residual part a'(z, §)

« Multi fluid approach with corresponding state and optional departure function
by Lemmon and Tillner-Roth

——————————————————————————————

N

r
‘ S“ XinFijaij(5,T)
=1 j=i+1

-------------------------------

=2

/

a(8,t,x) X; ||agl- (p,T) |+ In x; ]|+

~
I
LS

Ve ————

RUHR
3 B.Semrau et al.| TCCS-10 Conference | Trondheim, June 2019 Lalgé\ﬁ:zslﬁr R U B



. &

IAPWS Seawater model

« Fundamental EOS explicit in specific Gibbs energy g(S,,T,p)
« Absolute Salinity S, describes mass salt per mass seawater

« Saline contribution is added to pure water (IAPWS-95)

9(S,T,p) =19V (T,p) *+|9°(Sa, T, D)

5 6 7
9"(T,p(@)) = RT(1 + a° + a” + §ay) P =g") ) ( gu I+ ) g€ ) o
« Calculated with IAPWS-95 ’=07=0 =2
» Density iterations necessary ¢: reduced Salinity
p(T,p) = [1+ 8a"(z,86)] pRT Tg : reduced temperature
7 : reduced pressure
g*: 1 J/kg and i Equation parameters
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Combination of the EOS

» Both EOS are fundamental equations of state
« Main potential and variables can be transferred via Legendre transformation

» Equal properties allows for the determination of equal derivatives

p(T,p) = [1+ Sag] pRT 1 — 99 = gp
. p Op
r— - _
5“5 _,DRT 1 /
--~—--------.___-.-'> r __.z2§bz _
6“6 = RT
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Implementation of the combined model

« Seawater model based on IAPWS-95 - integration in Helmholtz mixture
models possible

¢

Aelm = Xw aw (T, p) tXco, @co, (T, p)|+|xw Inxy, |+|Xco, In xco,
HXw 0!6\,(‘[, )|+ Xco, aEOZ (7,6) |+ Aa]gep
Aseaw |~ a\(/)V(T' ,0) + a\I;V(T' 5) T Qsaline (T: b, SA)
XHelm+seaw —|Xseaw Xseaw T XCo, a((Z)OZ (T: P] T Xseaw In Xseaw| T Xco, In XCo,

+Hxco,%co, (T, 6)

+ AaBep
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Results — gas solubilities in seawater

CO, solubility at atmospheric pressure
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Plig/ [ka m3]

Results for thermodynamic properties

Liquid phase densities for seawater CO, mixture
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Conclusion and Outlook

. &

» Successful combination of the Gibbs and Helmholtz energy models for
mixtures

 Caloric properties in the storage section can be calculated consistently with
transport part

» Offset of gas solubilities in water at low pressures and ambient temperature
mainly results from the basic Helmholtz energy model

» Further investigations for low solubility data is ongoing

« Model for larger range of validity with regards to salinities and pressures
including adjusted mixture-specific parameters is needed

RUHR
9 B.Semrau et al. | TCCS-10 Conference | Trondheim, June 2019 gg&EUR:”AT R U B



Acknowledgement

ACT ELEGANCY, Project No 271498, has received funding from DETEC (CH), BMWi (DE),
RVO (NL), Gassnova (NO), BEIS (UK), Gassco, Equinor and Total, and is cofunded by the

European Commission under the Horizon 2020 programme, ACT Grant Agreement No
691712.

r [—‘ Accelerating e N
E l_ E QH [:g— $eifmologies ﬁjm | ’

10

RUHR
B. Semrau et al. | TCCS-10 Conference | Trondheim, June 2019 ggg{EgjlﬁT RU B



References

* Gernert, J. & Span, R. 2016. “EOS—CG: A Helmholtz Energy Mixture Model for Humid Gases and CCS
Mixtures.” The Journal of Chemical Thermodynamics 93: 274-93.

* |IAPWS 2008. “Release on the IAPWS Formulation 2008 for the Thermodynamic Properties of Seawater.”
International Association for the Properties of Water and Steam.

* Lemmon, E. W. & Tillner-Roth, R. 1999. “A Helmholtz Energy Equation of State for Calculating the
Thermodynamic Properties of Fluid Mixtures,” Fluid Phase Equilibria, 165: 1-21.

* Murray, C.N. & Riley, J.P. 1971. “The Solubility of Gases in Distilled Water and Sea Water—IV. Carbon
Dioxide.” Deep Sea Research and Oceanographic Abstracts 18 (5): 533-41.

» Stewart, P. B. & Munjal, P. K. 1970. “Solubility of Carbon Dioxide in Pure Water, Synthetic Sea Water, and
Synthetic Sea Water Concentrates at -5.Deg. to 25.Deg. and 10- to 45-Atm. Pressure.” Journal of Chemical &
Engineering Data 15 (1): 67-71.

RUHR
11 B. Semrau et al. | TCCS-10 Conference | Trondheim, June 2019 ggé\LEUR:niT R U B



