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ABSTRACT MOTIVATION: TOO SIMPLISTIC DERATING NEW DERATING METHOD
In this work, an experimentally validated degradation To ensure the safe and reliable operation of Li-ion . .
model of a Li-ion battery is mapped offline to batteries, the power/current is derated to prevent the " Firstly, the max. degradation rat.es
predetermine the degradation rates. The results are battery from going outside its recommended operating for cycle anf:l calendar degradatlon
integrated into the current-derating algorithm using range. Most derating strategies use simple heuristics to are set (tuning factors) (Fig. 2)
simple look-up tables (LUTs). This framework can be limit battery current depending on voltage, * During operation, the battery
adapted to any degradation model and allows flexible temperature or state-of-charge (SOC), and do not management system provides the
tuning. The method is evaluated in simulations of an account for the complexity of battery degradation (see battery states to the algorithm
outdoors.-installgd battery energy storage systgms Fig. 1). Progrgss has b.ee.n made.with Li .plating models « Considering the previous data, the
(BESS) with passive thermal management, which for fast charging, but it is a partial solution, does not

, , , , . , , , , max. allowable battery current for
operate.s in a residential phot(?voltalc appllcatlon. In cons!der other deg.radatlon mec.hanljc,m.s,. and requ.lres both degradation mechanisms are
comparison to standard derating, we achieve: relatively complex implementation, limiting adoption.

calculated using the LUTSs, directly
for cycle ageing, and via the max.

Derating gain

(1) increase of battery lifetime by 65%;

(2) increase in energy throughput over lifetime by 49%,; E'eguistfzfr;gi:ﬁ allowable temperature for calendar
_~Discharge . . ..
(3) While energy throughput per year is reduced by temperature-based Using these current limits, the
only 9.5% current derating [1]. current request is derated, and the
' BESS is operated accordingly
Max. calendar
USE'CASE EVALUATION: SCENARIO l_ degradation rate
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USE-CASE EVALUATION: RESULTS [ cyeledaens
Max. cycle current derating
degradation rate
® No derating (benchmark) Degradation-aware derating
+76 % Fig. 2. Integration of new degradation-aware current derating in system simulation/control [4]
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0% N R ] » Advanced degradation models are " |n general, unpractical to embed
Throughput Year 1 Lifatirha Throughput over Livetime extremely effective to optimize sizing advanced degradation models
N | - - and operational strategies of batteries _ But ALL degradation models can be
Negligible reduction of game'.Ch?ng'.ng nerease and lifetime = The models can be used to make mapped offline in LUTs and used online
performance, in lifetime... throughput! , , o
informed derating decisions... Or be .. .
, , , , = This is an effective way to prolong
integrated in the derating algorithm! .
lifetime and ease thermal management
USE-CASE EVALUATION: SENSITIVITY ANALYSIS
" |f the max. allowable degradation rates are set lower, the derating is IMPACT: THE NEW STANDARD? FUTURE WORK
more restrictive, resulting in longer extension of battery lifetime but = Universal framework: applicable to all " Techno-economics studies: find
also lower annual energy throughput degradation & performance models optimum between short- and
= Conversely, if the allowable degradation rates are higher, the derating . long-term revenues

Easy to implement online with LUTSs,

s less restrictive, resulting in shorter extension of battery lifetime but without optimization routines = Evaluation in e-mobility (XHEV)

virtually no impact on annual energy throughput
(a) = Easy to tune: more or less restrictive " Lifecycle analysis in e-mobility:
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£ No deratin . savings in terms of gCO2e/Wh
o T T e ® = Considers both calendar and cycle 5 5 /
g ] ageing, charging and discharging *= |[mplementation side-by-side with
- 40 ====== Cycle Degr. Derating Only van lancing svstems to
E’z 60 ———— Cal. Degr. Derating Only = Provides high-level insights advanced balancing y ,
@ * control cell-to-cell variations
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