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a b s t r a c t

In this paper the influence of pressure on the performance of solid oxide electrolysis cells is

theoretically analyzed in a pressure range between 0.05 and 2 MPa. A previously validated

electrochemical model of a solid oxide fuel cell stack is used to predict electrolysis

behavior. The effect of pressure on thermodynamics, kinetics and gas diffusion is dis-

cussed. It is shown that thermodynamics are negatively influenced by an increase in

pressure whereas kinetics and gas transport are improved. Overall pressure effects are

therefore only small. At low current density the electrolysis cell shows better performance

at low pressure whereas performance improves with pressure at high current densities.

Copyright © 2014, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights

reserved.

Introduction

One of the challenges with increasing generation of electricity

from renewable resources is to adjust supply and demand of

electrical power. Excessive electrical energy could be stored

chemically by producing hydrogen via water electrolysis. The

hydrogen could then be used to provide electrical power in

times when demand exceeds supply or as power source for

vehicles. Hydrogen could be stored under pressure in gas

holders or the natural gas grid. If hydrogen needs to be stored

in pressurized form, it would be reasonable to operate the

entire electrolysis system under pressure if it improves sys-

tem efficiency.

Solid oxide electrolysis cells (SOEC) offer high electrical

efficiency due to their high operating temperature [1]. Previ-

ous studies by the authors have shown that a pressure in-

crease enhances the performance of solid oxide fuel cells

[2e4]. Similar effects are likely to influence the cell when

operated in electrolysis mode.

Jensen et al. [5] tested single cells at pressures ranging from

0.04 to 1 MPa. Polarization curves and impedance spectra

showed that the area specific resistance decreases with

increasing pressure. However, the overall pressure effect is

very small as Nernst voltage and thus open-circuit voltage
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increases with pressure. Momma et al. [6] presented experi-

mental results of anode supported cells in a pressure range

from 0.01 to 0.3 MPa. It was found that diffusion processes

through the anode strongly limit the maximum current den-

sity at de-pressurized conditions. Qualitatively similar results

were presented by Ni et al. [7] who carried out a theoretical

parametric study. Sun et al. [8] thermodynamically investi-

gated the effect of pressure on hydrocarbon fuel production. It

was found that high pressure operation of SOEC can result in

high methane concentration at the SOEC outlet. O’Brien et al.

[9] characterized a planar 10-cell stack at pressures up to

1.5 MPa showing an increase in open-circuit voltage and a

decrease in polarization resistance with increasing pressure.

The aim of this paper is to theoretically analyze the influ-

ence of pressure on the performance of an SOEC stack. Stack

simulations are carried out in a pressure range between 0.05

and 2 MPa. The effect of pressure on different overvoltages is

analyzed and pressure influence on electrical power and ef-

ficiency is discussed. Current induced temperature effects are

also regarded in this study.

Thermodynamic background

High temperature electrolysis can achieve higher electrical

efficiencies than electrolysis at low temperatures as illus-

trated in Fig. 1. The total energy demand for the electrolysis

reaction of water

H2O#H2 þ 0:5O2 (1)

can be calculated via

DH ¼ DGþ TDS: (2)

In fuel cell mode, TDS is released as thermal energy. DG is

released partially as electrical energy and partially as thermal

energy depending on the operating point while the thermal

energy that is released is proportional to the overvoltages. In

electrolysis mode, the enthalpy of formation for the reaction

needs to be provided as electrical ðDGÞ and thermal energy

ðTDSÞ. In order to overcome the overvoltages, additional

electrical energy needs to be supplied that is converted into

thermal energy and heats the cell.

Fig. 1 shows the energy demand for Eq. (1) over tempera-

ture at standard pressure of 101,325 Pa and activities of 1. Data

for the diagram is taken from Ref. [10]. The total energy de-

mand DH slightly increases with increasing temperature. The

electrical energy demand DG strongly decreases while the

thermal energy demand TDS increases with temperature

accordingly. As less electrical energy is needed for electrolysis

at high temperatures, electrical efficiency can be strongly

increased.

In Fig. 2 a similar diagram is shown illustrating the influ-

ence of pressure on the energy demand of Eq. (1). The

enthalpy of reaction is independent of pressure assuming

ideal gases. For real gases, pressure dependency is caused by

the JouleeThomson-Effect [11, pp.63e67]. In order to calcu-

late pressure dependency, isothermal JouleeThomson co-

efficients (0 for ideal gases) for different gases are needed.

These are rather difficult to find in literature. A rough esti-

mation based on values for nitrogen, methane, carbon diox-

ide and water vapor shows that the pressure dependency of

the enthalpy of gases varies strongly between 10 and

10,000 J mol�1 MPa�1 depending on temperature, pressure

and gas composition [12e14]. In general, the values are higher

at high pressures (>10 MPa) around room temperature. At

relatively low pressure and high temperature (as is the case

for SOEC operation) gases tend to show amore ideal behavior.

Studies on low temperature electrolysis showed that the

pressure dependency of the reaction enthalpy of Eq. (1) is

below 20 J mol�1 at a temperature of 523 and 532 K, respec-

tively, in a pressure range between 0.1 and 10 MPa [15,16]. As

these values are very small compared to the total reaction

enthalpy, the pressure dependency is neglected in this study

and ideal gas behavior is assumed.

Fig. 1 e Temperature dependency of thermodynamics of

water electrolysis. Values are calculated with data from

Ref. [10] and are valid at a pressure of 101,325 Pa and

activities of 1.

Fig. 2 e Pressure dependency of thermodynamics of water

electrolysis. Values are calculated based on data from Ref.

[10] at a temperature of 1023 K assuming gas molar

fractions of XH2 ¼ 0:5, XH2O ¼ 0:5 and XO2 ¼ 1.

i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 3 9 ( 2 0 1 4 ) 1 2 4 3 4e1 2 4 3 9 12435

http://dx.doi.org/10.1016/j.ijhydene.2014.05.185
http://dx.doi.org/10.1016/j.ijhydene.2014.05.185


Download English Version:

https://daneshyari.com/en/article/7718134

Download Persian Version:

https://daneshyari.com/article/7718134

Daneshyari.com

https://daneshyari.com/en/article/7718134
https://daneshyari.com/article/7718134
https://daneshyari.com

