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Techno-economic Calculations

Capital cost (Ccapitar) is calculated by summing the electrolyte cost (Celectrolyte) the net present value
of the future costs of electrolyte replacement (NPV(Celectrolyte)), and the power costs (Cpower) divided
by the duration (d):
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Celectrolyte 1S calculated using a bottom-up approach developed by Dmello et al. [1]:
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where the names of most variables are listed in Table S1. rayg is the mean molar salt ratio
(mol/mol), MWsait and csait are the molecular weight (kg/mol) and cost of the supporting salt ($/kg),
respectively, bavg is the mean actives molality (mol/kg), and Csowvent is the cost of solvent ($/kg).
The + and — superscripts denote the positive and negative electrolyte, respectively.

Here, we assume a symmetric electrolyte, meaning the costs and technical properties are the same
for the positive and the negative electrolytes (note: this holds for the vanadium redox flow battery).
Additionally, we assume that for aqueous systems the costs of the active species are significantly



more than those of the solvent and salt (Csolvent + Csait << Cactive) [1,2]. With these two assumptions,
we reduce Equation S2:
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We take the baseline values for the variables in this equation from the Dmello et al. paper, as listed
in Table S1 [1].

Table S1 - Variable names, symbols, units, and baseline values for capital calculations (equations
S1-S5). Most values are taken from Dmello et al. (2016) [1], which followed the work of Darling
et al. (2014) [2], and correspond to future cost and performance projections. Other parameters
were estimated based on the literature and best guesses at future projections.

Variable Name Symbol Units Baseline Value
Open circuit potential U \Y/ 1
Depth of discharge X - 0.8
Voltage discharge &v,d % 91.6%
efficiency
System discharge &sys,d % 94%
efficiency
Round-trip &q.rt % 97%
coulombic efficiency
Stoichiometric S - 1
coefficient
Number of electrons Ne - 1
per s formula unit
Cost of active species Cactive $/kg 12.5
Molecular weight of MW g/mol 150
active species
Cost per unit area Ca $/m? of active 122.5
area
Balance-of-plant Csop $/kW 102.5
costs
Additional costs Cadd $/kW 87.5
Area-specific ASR Q-cm? 1
resistance
Discount rate r - 0.08
Operational lifetime n years 20
Annual electrolyte f - 0.15
replacement fraction




Chpower is calculated using a similar bottom-up approach from Dmello et al. [1]:
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where the names of most variables are listed in Table S1.

Finally, the net present value of the future costs of electrolyte replacement is calculated using a
classic net present value equation:
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where the definition of Celectrolyte Can be found in equations S2 and S3. All analyses in Figure 5 of
the main text use the baseline values in Table S1 unless specified otherwise.

In Figure 5, we further define a new variable called the “total active cost,” (CLot!
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This variable encompasses all of the effects of the cost of active species and its periodic
replacement. We can further encapsulate the other important, tunable parameters of organics (i.e.,
molecular weight and number of electron transfers per mole of active species) that will strongly
affect the electrolyte and thus capital costs by transforming the active cost from a weight basis to
a charge basis:

($/kAh) actlve (E/kg) MW

«3.6 €6 (C/kAh) (S7)

actlve
. ne

Finally, there is a comparison to the capital cost of an all vanadium redox flow battery (VRFB) in
Figure 5a of the main text. All baseline values for the parameters in Table S1 were used, except
for the open circuit voltage (changed to 1.4 V), the electrolyte replacement fraction (changed to 0,
as rebalancing for VRFBs allows essentially infinite electrolyte lifetime), and the active cost on a
per charge basis. To calculate the active cost, which corresponds to the green line in Figure 5a of
the main text, is the average price for Chinese vanadium pentoxide flake (98% purity by weight),
calculated from daily price data from the past three years [3]. Daily prices were linearly
interpolated in the limited regions where data points were not provided. The shaded green regions
represent the +/- standard deviation from the mean (n = 1,093). Values for vanadium pentoxide
prices were converted from units of $/kg into $/kAh using the following equation:
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where cv is the price per kAh of vanadium, Cy, . is the price per kg of vanadium pentoxide (27.22
+/- 14.90 $/kg), MWy, o is the molecular weight of vanadium pentoxide (181.88 e-3 kg/mol), and
wy, 0. IS the weight purity of vanadium pentoxide (0.98).
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