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Calculations

The cell voltage (Ece; V) of the HRES acts as the driving force for the redox reactions (equilibrium
voltage) at the electrodes (E.q; V) and to overcome the internal voltage loss of the system (Ein; V).

Ecen = Eeq + Eine (S1)

The internal voltage loss is composed by the anode overpotential (Nanode; V), cathode overpotential
(Neathode; V), ionic losses (Eionic; V), and the transport losses (Eansport; V) Of ions across the membranes
Ecen = Eeq + Eint = Eeq + Myn0ae T Meathoge T EionictEtransport (S2)

The equilibrium voltage is determined by the difference between the anode and cathode potential

Eeq = Ecat — Ean (S3)

q

The anode potential (E,,; V) of the hydrogen oxidation reaction (HOR) was determined using:

_ 0 _RT pH;
Ean = E — S In ([H+]Z) (54)

Where E%, is the standard anode potential for hydrogen oxidation (0 V vs NHE), R is the ideal gas
constant (8.3144 J/mol/K), T is the absolute temperature (298.15 K), 2 is the amount of electrons
transferred, F is the Faraday constant (96,485 C/mol), pH, is the calculated hydrogen partial pressure
(atm), and [H'] is the proton concentration at the anode assuming a pH of 0.26, corresponding to a
proton concentration of 0.54 M in a fully saturated Nafion membrane *

The cathode potential (E..; V) of the hydrogen evolution reaction (HER) was determined using:

Ecar = E®car = 5 IN(pH,[OH 1) (55)
Where E°; is the standard cathode potential for water reduction in alkaline conditions (0.828 V vs NHE),
and [OHT] is the hydroxide ion concentration at the cathode (calculated from pOH=pKy— pH = 14-7 = 7).
The anode overpotential (Nanode; V) Was determined from the measured anode potential and the

calculated anode potential based on actual conditions

Nanode = Ean — Eanode,measured (S6)
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The cathode overpotential (Mcathode; V) Was determined from the measured cathode potential and the
calculated cathode potential based on actual conditions

Ncathode — Ecathode,measured - Ecathode (57)

The ionic potential losses (Eionic; V) were calculated based on the measured conductivity in feed,

concentrate and cathode compartment

Eionic =ix (dfeed + dconcentrate + Clcathode) (58)

Ofeed Oconcentrate Ocathode

Where i is the applied current (A/m?), dreeq is the thickness of the feed compartment (5%10™ M), Ofeeq is
the conductivity of feed media (S/m), deoncentrate iS the thickness of the concentrate compartment (5%10™
M), Geoncentrate IS the conductivity of concentrate media (S/m), deathose is the distance of the cathode to the
membrane (5*¥10™ m), Geathoge IS the conductivity of cathode media (S/m).

The combined transport losses across the CEM between feed and concentrate compartment and across
the AEM between concentrate and cathode compartment were calculated based on the applied cell
voltage (Ece; V), the measured electrode potentials (i.e. E nodes Ecathode), the ionic potential losses (Eignic; V)
and the equilibrium voltage (Eq; V)

Etransport = ECell + (Ecathode — Lanode™ Eion - Eeq) (59)

The TAN recovery (%) was calculated based on the removed TAN from the feed according to

A ee
TAN recovery = ACranfeed X 100 (S10)

CTAN,influent
Where ACran feeq is the change of TAN concentration of the feed during one HRT (g/L) and Cran infiuent 1S the
measured TAN concentration in the influent (g/L).

The TAN transport rate (gy/m?/d) was determined according to

AC t
Transport ratepy = —anef f:de ced d (s11)
M
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Where ACranfeeq is the change of TAN concentration of the feed during one HRT (g/L), Qfeeq is the influent
flow speed (L/s), t4 is the amount of seconds per day (86400 s/d), and A, is the CEM surface area (0.04
m?).

The energy demand for TAN recovery (kl/gn) was determined from the TAN transport rate and the

electrical energy input of the HRES and electrical energy input of the electrolyser according to

1 Ecen ta+iz Ecellata (512)
transportratetay 1000

Energy demand =

Where i is the current density (A/m?) of the HRES, E.. is the average cell voltage (V) of the HRES, t4 is the
amount of seconds per day (86,400 s/d), i, is the applied current density (A/m?) of the electrolyser, Ecein
is the average cell voltage (V) of the electrolyser, transport rateray is the TAN transport rate (gn/m?*/d),
and 1000 is the amount of J per kJ.

The transport number (t;) for all ions was determined to unravel which the ions were responsible for
charge transport over the CEM separating the feed and concentrate compartment. The transport
number was calculated based on the difference in ion concentration between influent and effluent in the

feed compartment related to the produced current

_ ACiZiFQfeedHRT

t; ;
iHRT Ay

(513)
where AC;is the change in concentration (mol/L) of the specific ion (i.e., Na*, K*, NH,") during one HRT, z
is the charge of the ion (-), F is the Faraday constant (96,485 C/mol), Qseeqis the influent flow speed (L/s),
HRT is the hydraulic retention time (s), i is the applied current density (A/m?), and Ay is the projected
membrane surface area (0.04 m?). The transport number for the combination of hydroxide ions and
protons was calculated as the difference between the total charge transport over the membrane and the
sum of the transport numbers of the cations

tyton- = 1-2t (S14)
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