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g r a p h i c a l a b s t r a c t
� A redox flow battery system cost
performance model was developed
and validated.

� Optimum operating parameters were
determined to minimize system
costs.

� Interdigitated flow design enhanced
performance and reduced cost.

� The most cost-effective technologies
for various grid services were
identified.

� A pathway to <160 $ kWh�1 battery
system cost was established.
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The total energy storage system cost is determined by means of a robust performance-based cost model
for multiple flow battery chemistries. Systems aspects such as shunt current losses, pumping losses and
various flow patterns through electrodes are accounted for. The system cost minimizing objective
function determines stack design by optimizing the state of charge operating range, along with current
density and current-normalized flow. The model cost estimates are validated using 2-kW stack perfor-
mance data for the same size electrodes and operating conditions. Using our validated tool, it has been
demonstrated that an optimized all-vanadium system has an estimated system cost of < $350 kWh-1 for
4-h application. With an anticipated decrease in component costs facilitated by economies of scale from
larger production volumes, coupled with performance improvements enabled by technology develop-
ment, the system cost is expected to decrease to 160 kWh-1 for a 4-h application, and to $100 kWh-1 for a
10-h application. This tool has been shared with the redox flow battery community to enable cost
estimation using their stack data and guide future direction.
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1. Introduction

Renewable generation worldwide has grown from 220 TWh of
generation in 2009 to 446 TWh in 2011, at a compounded annual
growth rate (CAGR) of 29.6% [1,2]. The global wind installed ca-
pacity increased from 55 GW to 275 GW in the 2005 to 2012
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