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(57) ABSTRACT 
Computer-implemented methods and, a system are pro 
vided. A method includes constructing by an Energy Man 
agement System (EMS), one or more optimization-based 
techniques for resilient battery charging based on an opti 
mization problem having an EMS cost-based objective 
function. The one or more optimization-based techniques 
are constructed to include a battery degradation metric in the 
optimization problem. The method further includes charg 
ing, by the EMS, one or more batteries in a power system in 
accordance with the one or more optimization-based tech 
niques. 
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- 300 
Construct one or more optimization-based techniques for 

resilient battery charging. The one or more optimization-based 
techniques are formulated as and/or otherwise involve an 

optimization problem having an Energy Management System 310 
(EMS) cost-based objective function. The EMS cost-based 

objective function of the optimization problem is formulated to 
minimize the system's overall operation cost. 

Add battery degradation to the EMS cost-based objective 
function to alter the EMS cost-based objective function, and 
solve a new optimization problem, formulated to include the 31 OA 

altered EMS cost-based objective function, as a multi 
objective optimization. 

Add battery degradation cost to the EMS cost-based 
objective function to modify charging rates during charging 
events and idle times after charging/discharging events 310B 

(relative to a state of the function prior to adding the battery 
degradation Cost) 

Add battery degradation to the optimization problem by 31 OC 
defining constraints for battery idle time and charging rates. 

Charge the battery in accordance with the one or more 320 
optimization-based techniques for resilient battery charging. 

End 

FIG. 3 
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-400 
Construct one or more post-processing-based techniques for 
resilient battery charging. The one or more post-processing 
based techniques modify an existing battery profile determined 410 

by the optimization-based EMS. 

Develop a post-processing technique to receive a battery 
profile from the EMS and modify the battery profile to 
decrease idle times and charge rates as much as 410A 

possible. 

Develop a stochastic approach that is configured to 
consider and take into account a confidence interval and 41 OB 
worst case scenario in order to manipulate the battery 

profile to achieve lower battery degradation. 

Charge the battery in accordance with the one or more post- 420 
processing-based techniques for resilient battery charging. 

End 

FIG. 4 
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Forecast battery load and renewable energy generation to 
generate predictions of battery charging opportunities. 510 

Calculate uncertainty associated with the predictions of battery 520 
charging opportunities. 

Calculate confidence interval to account for a Worst Case 
scenario regarding conditions relating to the battery charging 530 

opportunities. 

F.G. 5 
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RESLIENT BATTERY CHARGING 
STRATEGES TO REDUCE BATTERY 

DEGRADATION AND SELF-DSCHARGING 

RELATED APPLICATION INFORMATION 

0001. This application claims priority to U.S. Provisional 
Pat. App. Ser. No. 62/291,639 filed on Feb. 5, 2016, incor 
porated herein by reference in its entirety. 

BACKGROUND 

0002 Technical Field 
0003. The present invention relates to battery supplies 
and more particularly to resilient battery charging strategies 
to reduce battery degradation and self-discharging. 
0004. Description of the Related Art 
0005. It is well-known that battery capacity degrades 
with charge and discharge activities. Typically, discharge 
events are forced by the condition of the system. However, 
in many circumstances, battery charging can be delayed or 
shifted in time. Typically, battery round-trip efficiency is 
considered in a battery optimal operation algorithm. How 
ever, the, battery optimal operation algorithm does not have 
appropriate mechanisms in place to reduce battery idle time 
in high state of charge (SOC) conditions. Additionally, there 
is no provision for slow charging, if enough time is avail 
able, where the battery is charged with a lower charge rate 
for a longer period of time. Existing energy management 
systems usually minimize the operational cost, where bat 
tery degradation is not directly involved. Thus, the resultant 
battery charge/discharge profile, is not optimized for mini 
mum battery degradation. Additionally, these algorithms do 
not consider uncertainty in battery charging events in the 
decision making process. Thus, there is a need for improved 
battery charging strategies. 

SUMMARY 

0006. According to an aspect of the present invention, a 
computer-implemented method is provided. The method 
includes constructing, by an Energy Management System 
(EMS), one or more optimization-based techniques for resil 
ient battery charging based on an optimization problem 
having an EMS cost-based objective function. The one or 
more optimization-based techniques are constructed to 
include a battery degradation metric in the optimization 
problem. The method further includes charging, by the 
EMS, one or more batteries in a power system in accordance 
with the one or more optimization-based techniques. 
0007 According to another aspect of the present inven 

tion, a computer-implemented method is provided. The 
method includes constructing, by an Energy Management 
System (EMS), one or more post-processing-based tech 
niques for resilient battery charging. The one or more 
post-processing-based techniques are constructed to modify 
an existing EMS battery profile for a given battery under 
management by the EMS. The method further includes 
charging, by the EMS, one or more batteries in a power 
system in accordance with the one or more optimization 
based techniques. 
0008 According to yet another aspect of the present 
invention, a system is provided. The system includes an 
Energy Management System (EMS), having a processor and 
a memory operable coupled to the processor. The EMS is 
configured to construct one or more optimization-based 
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techniques for resilient battery charging based on an opti 
mization problem having an EMS cost-based objective 
function. The one or more optimization-based techniques 
are constructed to include a battery degradation metric in the 
optimization problem. The EMS is further configured to 
charge one or more batteries in a power system in accor 
dance with the one or more optimization-based techniques. 
0009. These and other features and advantages will 
become apparent from the following detailed description of 
illustrative embodiments thereof, which is to be read in 
connection with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0010. The disclosure will provide details in the following 
description of preferred embodiments with reference to the 
following figures wherein: 
0011 FIG. 1 shows a block diagram of an exemplary 
processing system 100 to which the present invention may 
be applied, in accordance with an embodiment of the present 
invention; 
0012 FIG. 2 shows a block diagram of an exemplary 
environment 200 to which the present invention can be 
applied, in accordance with an embodiment of the present 
invention; 
0013 FIG. 3 shows a flow diagram of an exemplary 
method 300 for resilient battery charging to reduce battery 
cyclic and calendar aging, in accordance with an embodi 
ment of the present invention; 
0014 FIG. 4 shows a flow diagram of another exemplary 
method 400 for resilient battery charging to reduce battery 
cyclic and calendar aging, in accordance with an embodi 
ment of the present invention; and 
0015 FIG. 5 shows a flow diagram of yet another exem 
plary method 500 for resilient battery charging to reduce 
battery cyclic and calendar aging, in accordance with an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0016. The present invention is directed to resilient battery 
charging strategies to reduce battery degradation and self 
discharging, 
0017. In an embodiment, a resilient t, degradation/self 
discharge-aware) battery charging method and system are 
provided. The present invention improves resilience battery 
operation to prevent damage to the battery by lowering 
battery degradation (both cyclic and calendar aging). More 
over, the present invention provides a more economic opera 
tion by towering self-discharge in consideration of the 
uncertainty in battery charging events. 
0018. In an embodiment, the present invention provides 
a technique for battery resilient charging where battery 
degradation and self-discharging is considered in the deci 
Sion-making procedure. Based on the available resources, 
battery will be charged as late as possible in order to reduce 
calendar aging and self-discharging, but not too late to lose 
any possible battery charging opportunity. Additionally, the 
impact of battery charge rate will be considered on battery 
charge command to reduce battery degradation. By reducing 
battery degradation, more resilient battery operation with 
respect to battery charging event will be achieved. 
0019. The present invention optimizes battery charging 
by accounting for aging and self-discharge. The present 
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invention can extend battery life which consequently 
decreases the operational cost of the energy system in the 
long-term. The present invention further improves battery 
resilient operation by extending battery life and preventing 
damage to the battery. 
0020. In an embodiment, the present invention finds 
future charging opportunities and estimates the amount of 
charge available to shift a battery charging period, to reduce 
idle time after charging (causing less calendar aging), to 
decrease charging rates in order to reduce cyclic aging. 
0021. In an embodiment, the present invention estimates 
the confidence interval of the forecasted values in order to 
account for uncertainty in battery charging. 
0022 FIG. 1 shows a block diagram of an exemplary 
processing system 100 to which the invention principles 
may be applied, in accordance with an embodiment of the 
present invention. The processing system 100 includes at 
least one processor (CPU) 104 operatively coupled to other 
components via a system bus 102. A cache 106, a Read Only 
Memory (ROM) 108, a Random Access Memory (RAM) 
110, an input/output (I/O) adapter 120, a sound adapter 130, 
a network adapter 140, a user interface adapter 150, and a 
display adapter 160, are operatively coupled to the system 
bus 102. 
0023. A first storage device 122 and a second storage 
device 124 are operatively coupled to system bus 102 by the 
I/O adapter 120. The storage devices 122 and 124 can be any 
of a disk storage device (e.g., a magnetic or optical disk 
Storage device), a Solid state magnetic device, and so forth. 
The storage devices 122 and 124 can be the same type of 
storage device or different types of Storage devices. 
0024. A speaker 132 is operatively coupled to system bus 
102 by the sound adapter 130. The speaker 132 can be used 
to provide an audible alarm or some other indication relating 
to resilient battery charging in accordance with the present 
invention. A transceiver 142 is operatively coupled to sys 
tem bus 102 by network adapter 140. A display device 162 
is operatively coupled to system bus 102 by display adapter 
160. 

0025. A first user input device 152, a second user input 
device 154, and a third user input device 156 are operatively 
coupled to system bus 102 by user interface adapter 150. The 
user input devices 152, 154, and 156 can be any of a 
keyboard, a mouse, a keypad, an image capture device, a 
motion sensing device, a microphone, a device incorporating 
the functionality of at least two of the preceding devices, and 
so forth. Of course, other types of input devices can also be 
used, while maintaining the spirit of the present invention. 
The user input devices 152, 154, and 156 can be the same 
type of user input device or different types of user input 
devices. The user input devices 152, 154, and 156 are used 
to input and output information to and from system 100. 
0026. Of course, the processing system 100 may also 
include other elements (not shown), as readily contemplated 
by one of skill in the art, as well as omit certain elements. 
For example, various other input devices and/or output 
devices can be included in processing system 100, depend 
ing upon the particular implementation of the same, as 
readily understood by one of ordinary skill in the art. For 
example, various types of wireless and/or wired input and/or 
output devices can be used. Moreover, additional processors, 
controllers, memories, and so forth, in various configura 
tions can also be utilized as readily appreciated by one of 
ordinary skill in the art. These and other variations of the 
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processing system 100 are readily contemplated by one of 
ordinary skill in the art given the teachings of the present 
invention provided herein. 
0027 Moreover, it is to be appreciated that environment 
200 described below with respect to FIG. 2 is an environ 
ment for implementing respective embodiments of the pres 
ent invention. Part or all of processing system 100 may be 
implemented in one or more of the elements of environment 
2OO. 
0028. Further, it is to be appreciated that processing 
system 100 may perform at least part of the method 
described herein including, for example, at least part of 
method 300 of FIG.3 and/or at least part of method 400 of 
FIG. 4 and/or at least part of method 500 of FIG. 5. 
Similarly, part or all of system 200 may be used to perform 
at least part of method 300 of FIG.3 and/or at least part of 
method 400 of FIG. 4 and/or at least part of method 500 of 
FIG.S. 
0029 FIG. 2 shows a block diagram of an exemplary 
environment 200 to which the present invention can be 
applied, in accordance with an embodiment of the present 
invention. 
0030 The environment 200 includes a renewable energy 
generation portion 210, a fuel-based energy generation por 
tion 220, a power grid portion 210, a load center portion 240, 
an energy storage portion 250, an inverter 260, and an 
Energy Management System (EMS) 270. 
0031. The renewable energy generation portion 210 can 
include, for example, but is not limited to, wind-based power 
generators, Solar-based power generators, and so forth. 
0032. The fuel-based energy generation portion 220 can 
include, for example, but is not limited to, generators 
powered by fuel (gasoline, propane, etc.), and so forth. 
0033. The power grid portion 230 provides the structure 
for conveying power (e.g., to local and/or remote locations). 
0034. The load center 240 is a consumer of the power and 
can be a facility, a region, and/or any entity that provides a 
load for the power. 
0035. The energy storage portion 250 can include one or 
more energy storage devices such as batteries that can be 
modeled in accordance with the present principles. Batteries 
are typically employed in a MicroGrid (MG) or in power 
system for frequency regulation, demand response, time-of 
use (ToU) and demand charge management, load shifting, 
and so on. As it is shown in FIG. 2, an energy storage device 
can either be charged or discharged in the power system. 
Battery degradation is directly affected by its charge/dis 
charge profile and the time which the battery is idle. 
0036 Hardware-based switches 288 can be used to 
switch from, one battery 251 to another battery 252 depend 
ing upon and responsive to the approaches for battery 
charging in accordance with the present principles. 
0037. The inverter 260 performs Direct Current (DC) to 
Alternating Current (AC) conversion or vice Vera. 
0038. The Energy Management System (EMS) 270 deter 
mines the batteries 251 and 252 charge/discharge profile in 
accordance with one or more of the resilient battery charging 
techniques described herein. 
0039 FIG. 3 shows, a flow diagram of an exemplary 
method 300 for resilient battery charging to reduce battery 
cyclic and calendar aging, in accordance with an embodi 
ment of the present invention. 
0040. At step 310, construct one or more optimization 
based techniques for resilient battery charging. The one or 
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more optimization-based techniques are formulated as and/ 
or otherwise involve an optimization problem having an 
Energy Management System (EMS) cost-based objective 
function. The EMS cost-based objective function of the 
optimization problem is formulated to minimize the sys 
tems overall operation cost. In an embodiment, the optimi 
Zation-based techniques are incorporated within, and per 
formed by, an EMS unit. 
0041. In an embodiment, step 310 can include one or 
more of steps 310A, 310B, and 310C. As used with respect 
to any of steps 310A, 310B, and/or 310C, the term “battery 
degradation” refers to cyclic and/or calendar aging of a 
battery, and the term “battery degradation cost” refers to the 
cost associated with cyclic and/or calendar aging of a 
battery. 
0042. At step 310A, add battery degradation to the EMS 
cost-based objective function to alter the EMS cost-based 
objective function, and solve a new optimization problem, 
formulated to include the altered EMS cost-based objective 
function, as a multi-objective optimization. In an embodi 
ment, the battery degradation can be added as an additional 
(e.g., second) objective function to the EMS cost-based 
objective function to alter the EMS cost-based objective 
function. 
0043. At step 310B, add battery degradation cost to the 
EMS cost-based objective function to modify charging rates 
during charging events and idle times after charging/dis 
charging events (relative to a state of the function prior to 
adding the battery degradation cost). In an embodiment, a 
battery degradation function is converted into a cost function 
and added to the existing EMS cost-based objective function 
in the optimization problem. 
0044. At step 310C, add battery degradation to the opti 
mization problem by defining constraints for battery idle 
time and charging rates. In an embodiment, the constraints 
are defined in order to decrease battery degradation to a 
minimum without changing the current objective function in 
the EMS cost-based objective function. 
0045. At step 320, charge the battery in accordance with 
the one or more optimization-based techniques for resilient 
battery charging. 
0046 FIG. 4 shows a flow diagram of another exemplary 
method 400 for resilient battery charging to reduce battery 
cyclic and calendar aging, in accordance with an embodi 
ment of the present invention. In method 400, the optimi 
zation results for the battery can be modified/refined accord 
ing to charging events and battery idle time in order to 
reduce battery degradation. 
0047. At step 410, construct one or more post-process 
ing-based techniques for resilient battery charging. The one 
or ore post-processing-based techniques modify an existing 
battery profile determined by the optimization-based EMS. 
0048. In an embodiment, step 410 includes steps 410A 
and 410B. 
0049. At step 410A, develop a post-processing technique 

to receive a battery profile from the EMS and modify the 
battery profile to decrease idle times and charge rates as 
much as possible. In an embodiment, the received battery 
profile is mined in order to generate one or more predictions 
of battery charging opportunities for decreasing battery idle 
time and charging rates. 
0050. At step 410B, develop a stochastic approach that is 
configured to consider and take into account a confidence 
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interval and worst case scenario in order to manipulate the 
battery profile to achieve lower battery degradation. 
0051. At step 420, charge the battery in accordance with 
the one or more post-processing-based techniques for resil 
ient battery charging. 
0.052 FIG. 5 shows a flow diagram of yet another exem 
plary method 500 for resilient battery charging to reduce 
battery cyclic and calendar aging, in accordance with an 
embodiment of the present invention. In an embodiment, 
step 410A of FIG. 4 can be implemented by at least a portion 
of method 500 of FIG. 5. 
0053 At step 510, forecast battery load and renewable 
energy generation to generate predictions of battery charg 
ing opportunities. 
0054. At step 520, calculate uncertainty associated with 
the predictions of battery charging opportunities. 
0055. At step 530, calculate confidence interval to 
account for a worst case scenario regarding conditions 
relating to the battery charging opportunities. 
0056. Embodiments described herein may be entirely 
hardware, entirely software or including both hardware and 
software elements. In a preferred embodiment, the present 
invention is implemented in software, which includes but is 
not limited to firmware, resident software, microcode, etc. 
0057 Embodiments may include a computer program 
product accessible from a computer-usable or computer 
readable medium providing program code for use by or in 
connection with a computer or any instruction execution 
system. A computer-usable or computer readable medium 
may include any apparatus that stores, communicates, 
propagates, or transports the program for use by or in 
connection with the instruction execution system, apparatus, 
or device. The medium can be magnetic, optical, electronic, 
electromagnetic, infrared, or semiconductor System (or 
apparatus or device) or a propagation medium. The medium 
may include a computer-readable storage medium Such as a 
semiconductor or Solid state memory, magnetic tape, a 
removable computer diskette, a random access memory 
(RAM), a read-only memory (ROM), a rigid magnetic disk 
and an optical disk, etc. 
0.058 Each computer program may be tangibly stored in 
a machine-readable storage media or device (e.g., program 
memory or magnetic disk) readable by a general or special 
purpose programmable computer, for configuring and con 
trolling operation of a computer when the storage media or 
device is read by the computer to perform the procedures 
described herein. The inventive system may also be consid 
ered to be embodied in a computer-readable storage 
medium, configured with a computer program, where the 
storage medium so configured causes a computer to operate 
in a specific and predefined manner to perform the functions 
described herein. 
0059 A data processing system suitable for storing and/ 
or executing program code may include at least one proces 
Sor coupled directly or indirectly to memory elements 
through a system bus. The memory elements can include 
local memory employed during actual execution of the 
program code, bulk storage, and cache memories which 
provide temporary storage of at least Some program code to 
reduce the number of times code is retrieved from bulk 
storage during execution. Input/output or I/O devices (in 
cluding but not limited to keyboards, displays, pointing 
devices, etc.) may be coupled to the system either directly or 
through intervening I/O controllers. 
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0060 Network adapters may also be coupled to the 
system to enable the data processing system to become 
coupled to other data processing systems or remote printers 
or storage devices through intervening private or public 
networks. Modems, cable modem and Ethernet cards are just 
a few of the currently available types of network adapters. 
0061 Reference in the specification to “one embodi 
ment” or “an embodiment of the present invention, as well 
as other variations thereof, means that a particular feature, 
structure, characteristic, and so forth described in connection 
with the embodiment is included in at least one embodiment 
of the present invention. Thus, the appearances of the phrase 
“in one embodiment” or “in an embodiment, as well any 
other variations, appearing, in various places throughout the 
specification are not necessarily all referring to the same 
embodiment. 

0062. It is to be appreciated that the use of any of the 
following “7”, “and/or, and “at least one of, for example, 
in the cases of "A/B', 'A and/or B.’ and “at least one of A 
and B, is intended to encompass the selection of the first 
listed option (A) only, or the selection of the second listed 
option (B) only, or the selection of both options (A and B). 
As a further example, in the cases of “A, B, and/or C and 
“at least one of A, B, and C, such phrasing is intended to 
encompass the selection of the first listed option (A) only, or 
the selection of the second listed option (B) only, or the 
selection of the third listed option (C; only, or the selection 
of the first and the second listed options (A and B) only, or 
the selection of the first and third listed options (A and C) 
only, or the selection of the second and third listed options 
(B and C) only, or the selection of all three options (A and 
B and C). This may be extended, as readily apparent by one 
of ordinary skill in this and related arts, for as many items 
listed. 

0063. The foregoing is to be understood as being in every 
respect illustrative and exemplary, but not restrictive, and 
the scope of the invention disclosed herein is not to be 
determined from the Detailed Description, but rather from 
the claims as interpreted according to the full breadth 
permitted by the patent laws. It is to be understood that the 
embodiments shown and described herein are only illustra 
tive of the principles of the present invention and that those 
skilled in the art may implement various modifications 
without departing from the scope and spirit of the invention. 
Those skilled in the art could implement various other 
feature combinations without departing from the scope and 
spirit of the invention. Having thus described aspects of the 
invention, with the details and particularity required by the 
patent laws, what is claimed and desired protected by Letters 
Patent is set forth in the appended claims. 
What is claimed is: 

1. A computer-implemented method, comprising: 
constructing, by an Energy Management System (EMS) 

one or more optimization-based techniques for resilient 
battery charging based on an optimization problem 
having an EMS cost-based objective function, the one 
or more optimization-based techniques being con 
structed to include a battery degradation metric in the 
optimization problem; and 

charging, by the EMS, one or more batteries in a power 
system in accordance with the one or more optimiza 
tion-based techniques. 

Aug. 10, 2017 

2. The computer-implemented method of claim 1, 
wherein the EMS cost-based objective function is formu 
lated to minimize an EMS cost. 

3. The computer-implemented method of claim 1, 
wherein said constructing step comprises: 

adding the battery degradation metric to the EMS cost 
base(objective function to alter the EMS cost-based 
objective function; and 

Solving a new optimization problem, formulated to 
include the altered EMS cost-based objective function, 
as a multi-objective optimization. 

4. The computer-implemented method of claim 3, 
wherein the battery degradation metric is added as an 
additional objective function to the EMS cost-based objec 
tive function to alter the EMS cost-based objective function. 

5. The computer-implemented method of claim 1, 
wherein said constructing step comprises adding the battery 
degradation metric as a battery degradation cost to the EMS 
cost-based objective function to modify charging rates dur 
ing charging events and idle times after charging events and 
discharging events relative to a state of the EMS cost-based 
objective function prior to adding the battery degradation 
COSt. 

6. The computer-implemented method of claim 5, 
wherein said adding step comprises: 

converting a battery degradation function into a cost 
function; and 

adding the cost function to the EMS cost-based objective 
function in the optimization problem. 

7. The computer-implemented method of claim 1, 
wherein said constructing step comprises adding the battery 
degradation metric to the optimization problem by defining 
constraints for battery idle time and charging rates. 

8. The computer-implemented method of claim 1, 
wherein the constraints are defined in order to decrease a 
battery degradation to a minimum without changing a cur 
rent objective function in the EMS cost-based objective 
function. 

9. The computer-implemented method of claim 1, 
wherein the one or more optimization-based techniques are 
constructed to mitigate at least one of cyclic battery aging 
and calendar battery aging. 

10. A non-transitory article of manufacture tangibly 
embodying a computer readable program which when 
executed causes a computer to perform the steps of claim 1. 

11. A computer-implemented method, comprising: 
constructing, by an Energy Management System (EMS), 

one or more post-processing-based techniques for resil 
ient battery charging, the one or more post-processing 
based techniques being constructed to modify an exist 
ing EMS battery profile for a given battery under 
management by the EMS; and 

charging, by the EMS, one or more batteries in a power 
system in accordance with the one or more optimiza 
tion-based techniques. 

12. The computer implement method of claim 11, wherein 
the EMS existing battery profile is modified to decrease 
battery idle times and battery charge rates for the given 
battery. 

13. The computer-implemented method of claim 11, fur 
ther comprising mining the existing EMS battery profile to 
generate one or more predictions of battery charging oppor 
tunities for decreasing battery idle times and battery charg 
ing rates. 
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14. The computer-implemented method of claim 11, 
wherein said constructing step comprises formulating a 
stochastic approach based on a confidence interval and worst 
case scenario for the resilient battery charging to manipulate 
the existing EMS battery profile to achieve a lower amount 
of battery degradation of the given battery. 

15. The computer-implemented method of claim 14, 
wherein the confidence interval is determined based on 
statistically-possible scenarios, including the worst case 
scenario. 

16. The computer-implemented method of claim 11, fur 
ther comprising: 

forecasting load demand and renewable energy generation 
to generate predictions of battery charging opportuni 
ties; 

calculating any uncertainties associated with the predic 
tions of battery charging opportunities; and 

calculating a confidence interval to account for a worst 
case scenario regarding conditions relating to the bat 
tery charging opportunities. 
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17. The computer-implemented method of claim 11, 
wherein the post-processing-based techniques are con 
structed to reduce at least one of cyclic battery aging and 
calendar battery aging. 

18. A non-transitory article of manufacture tangibly 
embodying a computer readable program which when 
executed causes a computer to perform the steps of claim 11. 

19. A system, comprising: 
an Energy Management System (EMS), having a proces 

Sor and a memory operable coupled to the processor, 
the EMS configured to: 

construct one or more optimization-based techniques for 
resilient battery charging based on an optimization 
problem having an EMS cost-based objective function, 
the one or more optimization-based techniques being 
constructed to include a battery degradation metric in 
the optimization problem; and 

charge one or more batteries in a power system in 
accordance with the one or more optimization-based 
techniques. 

20. The system of claim 19, wherein the EMS cost-based 
objective function is formulated to minimize an EMS cost. 

k k k k k 


