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Problem Statement
Consider a hypothetical commercial electrical customer

billed for power under both time-of-use (TOU) and a
$50/kW demand charge.

Electric Bill without BESS Electric Bill with BESS
CTl + $50 maX(l) CT(l -+ pe> + $50 max(l + pe)

where Pe 1s the battery system power that element wise
subtracts from [ when the battery system is discharging.
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Reducing Model Uncertainty Through Testing

Energy Storage Pulsed Power Characterization (ESPPC) Test
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Model Comparison
Energy Reservoir Model = Charge Reservoir Model
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The CRM is includes more
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Name Symbol  Mean o Name Symbol  Mean -
S S p— Qcap MPPLLIN R Charge Capacity” Cap 1352 AR 76 AR
tlm 8y P‘ﬂ';'c"]fy’;). haree "le '(')llj\’(‘ 2.63% Coulombic Hﬁ‘cican" e 04.6 % 0.74%
ERmon Sy SSg - xfimeod Inverter Efficiency Coefficient* ¢y -4.7865¢e-07
Maximum Power Charge Pmin 7 kW Inverter Efficiency Coefficient® & 1.99107
Maximum SoC voe 95 % mverier tiiiciency Coellicent™ ¢ 0.9910;
TR e 20 % Inverter Efficiency Coefficient®  ¢9 -0.0721
¥ derved from experimental analysis using a least-square Nt Battery Internal Resistance™ Ry 15.35 mf} 0.34 m(}
Maximum Power Discharge Prmax 7 kW
Maximum Power Charge Pmin 7 kW
. Maximum SOC QInax 05 %
Optimal parameters are Minimum SoC wa 20%
Maximum Battery Voltage Umnax 588V
” Minimum Battery Voltage Umin 462V
derlved for bOth mOdels Maximum Current Discharge Prmax 150 A
Maximum Current Charge Pmin 150 A
1;—‘ ° -
from ESPPC testlng. Cubic Polynomial Fitt & 3 > 3
02<¢ <095 13.48 -10.04 574 49.23

* derived from expenimental analysis using a least-square fit

jEXp@I’lmﬁﬂtal pfOC@dU.l‘@ SOC 100% 90% 80% 70% 60% S0% 40% 30% 20% 10% (0% Results
takes the BESS through — £. ruces FullCharge In closed-loop control the optimal CRM based controller reduces
&
a wide operational range g - T [\ the customer’s bill by 12.8% better than the ERM based controller.
©
& -os -
to calculate accurate 5 |rullpischarg 5.5¢ : : : ; : :
-1 1 : 5| peak ERM = 4.35kW _
model parameters. I el peak CRM = 4.206kW
Time (relative) 4.5 N ‘ ‘ -
~ , .
S 7 B T CEY
1. Discharge the system at pnom until g, has been 4 F E E -‘-‘g 3 ? : ? ) ]
2. ﬁ:i\tirr‘:ll p. = 0 for 1 hour = E.‘{‘.::é . 'k ? ] ¥ ' z
3.  Charge the system at Prom until Smax has been reached =1 100% 75% 50% 30% 20% 10% g 3.5 "?‘o: > 13 'i < , f -
. Float at p. = 0 for 1 hour B . — EY v : ]
5. Discharge the system at p,,,,,,, until 10% of of the usable g e - - B . 4 % : : _
charge (S;naz — Smin ) has been removed from the battery o . g 3 E E .: % o
g RESEEi z [ : TR/
. Vit o O | it ST OI[FE OIFE LE iE i q Y v \
m Chflr-g'c at p..,.;"; _.l'or 1 n)inul‘c g - 2
8. chc;n ilt]‘gl‘ imthr):;il;l ‘;ndué)l'i'l“:m,,; has been reached -15 ‘— ] _ ] o o 15 i i ERM ClOSGd-LOOp 7
tﬁcullcctingAimpcda.ncc’andvcnn\cmon efficiency curves at Time (relative) | e CRM C|osed-|_oop
nine total states of charge) L r r i : - r L
0. Charge the system at p,,,,,,, until 5., has been reached 1
0 24 48 72 96 120 144 168
Time (hours)
Shaping Model Uncertainty to Improve Controller Robustness
To explore the effects of model uncertainty we adjust the parameters of the By choosing parameters to consistently underestimate
Extended CRM to create an intentional parameter mismatch between the available energy (overestimating SoC) we shape the CRM’s
controller model and the controlled system. This demonstrates that the CRM 1s uncertainty profile to make the controller more robust to
vulnerable to model uncertainty, ytelding a $9.63 optimistic short-fall. variations in battery performance.
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