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INTRODUCTION e == —

Abstract Keywords
 Energy storage technologies can facilitate the integration of renewable energy, e.g. to help smoothing out the fluctuations in the supply of Energy systems modeling
renewable energy, by storing excess energy when it is available and discharging it when it is needed, improving the reliability and the stability of the Techno-economic analyses
energy system. : : :

* In this research, we explore the use of techno-economic assessments and mathematical optimization to evaluate the potential of redox flow Unit commitment qnd scheduling :
batteries for energy storage in the integration of renewable energy. Redox flow batteries are a promising technology for energy storage due to their Redox Flow Batteries :
scalability, long lifespan, and ability to store and discharge electrical energy through a redox reaction.

* Techno-economic assessments are used to evaluate the costs and benefits of implementing different types of redox flow batteries and to identify

the most relevant parameters for cost-effective deployment. Objectlves
 Mathematical optimization techniques are then used to determine the optimal size, configuration and scheduling of a vanadium redox flow 1. Develop innovative methodologies for renewable integration.
battery (VRFB), evaluated in real case scenarios. These techniques can help verify the results from techno-economic assessment. 2. Evaluate potential applications of redox flow batteries for
 The aim of the research is to develop innovative methodologies for programming, managing, and controlling future energy networks to facilitate energy storage.
the integration of renewable energy sources. 3. Use techno-economic assessments and optimization techniques.
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*  Redox f'OW batteries are a promising but S'_Ci” developing technology for energy storage, there is a high :CL” : | Detailed optimization model with hourly data and the following features:
uncertainty around their cost and performance in real-world scenarios. ASR [Q - cm?] 1.35 4 I v Experimental data for non-linear, non-convex charge and discharge efficiencies, as a function of
Techno-economic assessments are used to evaluate upfront capital costs and ongoing operating costs (LCOS — [OCV[V] 1.37 0.72 battery power and state of charge (SOC)
Levelized Cost of Storage). These assessments can also consider factors such as the expected lifespan of the |Area [sz] 600 600 1 v Techniques of convexification and linearization of variables and constraints (Fig.1)
baytteries:, the potential for cost savings or revenue generation, and any externalities or external costs associated | I v Implemented degradation model due to crossover and oxidative imbalance, which cause linear
with their use. Stack | capacity decay (Fig.2), with daily adjustment of capacity
« The goal of this analysis is to identify the most cost-effective flow batteries for a specific application and guide | v' Calculation of scheduled maintenance cost and time, with rebalancing and servicing operations, to
future research towards their development. l N cells 40 40 [ restore lost capacity
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v e 1-vanaaium n o : : TM . .
[y LCrertCosme gk _Cosmt g N ) I+ Solving time (Gurobi™, |  selling renewable energy to the grid:
t=1 (1+rd,y)t = (1+rd'd)t e Aqueous Organic Flow Battery (AORFB | daily-opt): <9s I T T
sx_Fdis: ] with FcVi chemistry) properties T T T T T T T T T Rv@ =1 ) &G A R d) = T ) 5 d) - Byp(id)
t : :
(1+Td,d)t = =

RESULTS

Flow batteries with organic materials (AORFB) have undesirable properties: low open-circuit voltage (OCV), low efficiency (RTE), limiting cell
current (i). These properties result in low energy and power density, leading to high costs, particularly for stack-related components such as
membranes and electrodes.

Results are shown in terms of comparison between the detailed
optimization model and two simple models with constant
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2000 - efficiencies and no degradation: .

* For a 4h (energy-to-power ratio) system, the total specific capital cost | Dl ; 18 * Fig. 8: while there are slight differences SOC optimal 5
(Fig. 3) of a VRFB is 450 €/kWh, while the cost of an AORFB FcVi battery 1600 - management for different models, the results are similar, %

is 1876 €/kWh, even if the cost of active species is much lower (¢4 in 1400 |- driven by the demand and production of renewable energy g

Table 1). (see Fig. 7).

To compete with VRFB, AORFB should have lower costs and better e Fig. 9: the annual number of charge-discharge cycles .

properties (Fig. "1)1 ) ) ] Neglecting the capacity fade of the battery leads to an
“ BatteryD:1 = 49 mA/Can ,ASR = 1Q-cm ™ = overestimation of the number of ideal cycles: up to 15%. 05! - - - - o,
“ Battery E:i=49md/cm?, OCV = 125V 200 | Low ot targe Neglecting both variable efficiencies and degradation leads to Time [h]

The LCOS is primarily influenced by the initial power'relatEd costs of the 0 — -~ " o _— - . even h|gher overestimation: up to 32%. Fig 7 — Daily SOC power
battery and the capacity fade due to molecular degradation, which Components cost [€/m’] . !
and input data - PV

causes frequent chemical replacements (Fig. 5 and 6). Fig. 4 - AORFB Capital Cost
sensitivity analysis — 4h
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Investigation of redox flow batteries for storage of : e Aarhus University (Denmark): hybrid energy
renewable energy via techno-economic assessments and Ferrari, “Mixed Integer Linear Program! storage systems; energy markets on different time

. |
opt|m|zat|or?. | | | - model for optimized scheduling of a;!k scales

Flow ba?tterles with organ-lc materials have unde5|rable vanadium redox flow battery with variable: - European Project (GA ENEA (Rome, IT): Isolated system efficiency and
properties that lead to higher system and operational efficiencies, capacity fade, and electrolyte n. 875565) energy management

costs if compared to vanadium battery. maintenance”, in Journal of Energy Storage
Simple mathematical optimization models without

capacity fade and efficiencies overestimate number of AARHUS
cycles and revenue. v UNIVERSITY
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