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OPTIMIZATION OF CRUISING VOLTAGE FOR LIFE AND FUEL ECONOMY
PERFORMANCE IN ADVANCED START-STOP SYSTEMS

CROSS-REFERENCE

[0001] This application claims priority to and the benefit of U.S. Provisional
Application Serial No. 62/250,655, entitled “OPTIMIZATION OF CRUISING
VOLTAGE FOR LIFE AND FUEL ECONOMY PERFORMANCE FOR
ADVANCED START STOP SYSTEM,” filed November 4, 2015, which is hereby

incorporated by reference in its entirety for all purposes.
BACKGROUND

[0002] The present disclosure generally relates to the field of batteries and battery
modules. More specifically, the present disclosure relates to methods to obtain
improved fuel economy and battery life in systems employing battery systems with

battery modules having different chemistries.

[0003] This section is intended to introduce the reader to various aspects of art that may
be related to various aspects of the present disclosure, which are described below. This
discussion is believed to be helpful in providing the reader with background
information to facilitate a better understanding of the various aspects of the present
disclosure. Accordingly, it should be understood that these statements are to be read in

this light, and not as admissions of prior art.

[0004] A vehicle that uses one or more battery systems for providing all or a portion of
the motive power for the vehicle can be referred to as an XEV, where the term “xEV”
is defined herein to include all of the following vehicles, or any variations or
combinations thereof, that use electric power for all or a portion of their vehicular
motive force. For example, XEVs include electric vehicles (EVs) that utilize electric
power for all motive force. As will be appreciated by those skilled in the art, hybrid
electric vehicles (HEVs), also considered xEVs, combine an internal combustion
engine propulsion system and a battery-powered electric propulsion system. The term
HEV may include any variation of a hybrid electric vehicle. For example, full hybrid

systems (FHEVs) may provide motive and other electrical power to the vehicle using
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one or more electric motors, using only an internal combustion engine, or using both. In
contrast, mild hybrid systems (MHEVs) disable the internal combustion engine when
the vehicle is idling and utilize a battery system to continue powering the air
conditioning unit, radio, or other electronics, as well as to restart the engine when
propulsion is desired. The mild hybrid system may also apply some level of power
assist, during acceleration for example, to supplement the internal combustion engine.
Further, a micro-hybrid electric vehicle (mHEV) also uses a “Stop-Start” system similar
to the mild hybrids, but the micro-hybrid systems of a mHEV may or may not supply
power assist to the internal combustion engine. For the purposes of the present
discussion, it should be noted that mHEVs typically do not technically use electric
power provided directly to the crankshaft or transmission for any portion of the motive
force of the vehicle, but an mHEV may still be considered as an XEV since it does use
electric power to supplement a vehicle’s power needs when the vehicle is idling with
internal combustion engine disabled and recovers braking energy through an integrated
starter generator. In addition, a plug-in electric vehicle (PEV) is any vehicle that can
be charged from an external source of electricity, such as wall sockets, and the energy
stored in the rechargeable battery packs drives or contributes to drive the wheels. PEVs
are a subcategory of EVs that include all-electric or battery electric vehicles (BEVs),
plug-in hybrid electric vehicles (PHEVs), and electric vehicle conversions of hybrid

electric vehicles and conventional internal combustion engine vehicles.

[0005] XEVs as described above may provide a number of advantages as compared to
more traditional gas-powered vehicles using only internal combustion engines and
traditional electrical systems, which are typically powered by a lead acid battery. For
example, XEVs may produce fewer undesirable emission products and may exhibit
greater fuel efficiency as compared to traditional internal combustion vehicles and, in
some cases, such xEVs may eliminate the use of gasoline entirely, as is the case of

certain types of EVs or PEVs.

[0006] In addition to use in vehicles (e.g., vehicles, boats, trucks, motorcycles, and
airplanes), advances in battery technology and rechargeable batteries are more
frequently being used in what may be referred to as stationary battery applications.

Applications for stationary batteries, which are often used in backup or supplemental
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power generation, are becoming more widespread with improvements in rechargeable
aspects of batteries and with the lowering of prices for such technology. For example,
stationary batteries may be utilized for industrial and/or household applications. Such
applications may include DC power plants, substations, back-up power generators,

transmission distribution, solar power collection, and grid supply.

[0007] Managing energy storage systems to achieve optimal performance can be a
challenge especially when service conditions vary and components age. As technology
continues to evolve, there is a need to provide improved management of the state and
capacity for battery modules of such vehicles, stationary battery applications or
systems, and other battery systems to improve energy utilization and battery
lifetime. For example, the electric power used by XEVs may be provided by battery
systems that include cells using batteries with different chemistries. The different
battery chemistries may have different electrical properties such as charging capacity
and capacities and which may provide complementary characteristics to improve the
performance of the system. For example, a battery system may have a lithium-ion
battery, which allows efficient recharging, and a lead-acid battery, which has a better

discharge performance (e.g., for cold cranking an engine).
SUMMARY

[0008] A summary of certain embodiments disclosed herein is set forth below. It
should be understood that these aspects are presented merely to provide the reader with
a brief summary of these certain embodiments and that these aspects are not intended
to limit the scope of this disclosure. Indeed, this disclosure may encompass a variety

of aspects that may not be set forth below.

[0009] The present disclosure relates to a dual battery system. The battery system may
include a lead-acid battery and a lithium-ion battery that are both arranged in parallel
and coupled to an electrical system. The battery system may also include a battery
control module that may receive battery data from the lead-acid and the lithium-ion
batteries. The battery control module may also receive a performance target and, based

on the received data and performance target, recommend a cruising voltage.
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[0010] The present disclosure also relates to an energy storage for a vehicle that may
have a battery system coupled to a power bus of the vehicle that includes two batteries
arranged in parallel. The energy system also includes a vehicle control module coupled
to the electrical system of the vehicle that can receive data from the battery system and
from the vehicle and calculate recommended voltages for the power bus based on the

data recetved.

[0011] The present disclosure also relates to a non-transitory computer readable
medium of a battery control module that stores instructions executable by a processor.
The instructions may include instructions to cause the processor to receive data for a
lead-acid battery and for a lithium-ion battery. The processor may receive a
performance target and calculate a recommended cruising voltage based on the data

received.

DRAWINGS

[0012] Various aspects of this disclosure may be better understood upon reading the

following detailed description and upon reference to the drawings in which:

[0013] FIG. 1 is perspective view of a vehicle (an XEV) having a battery system
contributing all or a portion of the power for the vehicle and using a managed cruising

voltage, in accordance with an embodiment;

[0014] FIG. 2 is a cutaway schematic view of the XEV of FIG. 1 includes a battery
system using managed maximum charging voltages and/or cruising voltages, in

accordance with an embodiment;

[0015] FIG. 3 is an electrical diagram of a battery system having a controller that
manages maximum charging voltages and/or cruising voltages, in accordance with an

embodiment;

[0016] FIGS. 4A and 4B are charts that illustrate a resistance of a battery in function of
its State-of-Charge (SOC) for different types of battery chemistries and that may be

used to in the battery system of FIG. 3, in accordance with an embodiment;
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[0017] FIGS. 5A and 5B are charts illustrating voltages and currents in different
components of the battery system of FIG. 3 during usage, in accordance with an

embodiment;

[0018] FIGS. 6A, 6B, and 6C are charts illustrating power, voltage and currents in
different components of the dual battery system of FIG. 3 during different usage events,

in accordance with an embodiment;

[0019] FIG. 7 is a chart that illustrates a fuel economy that may be achieved with
management of cruising voltages during operation of embodiments of the battery

system of FIG. 3, in accordance with an embodiment;

[0020] FIG. 8A-D are charts illustrating current, charge throughput, SOC, and voltage
of different components of the battery system of FIG. 3, in accordance with an

embodiment;

[0021] FIG. 9A and 9B are charts illustrating the effect of management of cruising
voltages in the open circuit voltage (OCV) and SOC of batteries with different
chemistry types used in the battery system of FIG. 3, in accordance with and

embodiment; and

[0022] FIG. 10 illustrates a method of managing the maximum charging voltages

and/or cruising voltages of the dual battery system of FIG. 3.

DETAILED DESCRIPTION

[0023] One or more specific embodiments will be described below. In an effort to
provide a concise description of these embodiments, not all features of an actual
implementation are described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and business-related
constraints, which may vary from one implementation to another. Moreover, it should

be appreciated that such a development effort might be complex and time consuming,
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but would nevertheless be a routine undertaking of design, fabrication, and manufacture

for those of ordinary skill having the benefit of this disclosure.

[0024] The battery systems described herein may be used to provide power to various
types of electric vehicles (xEVs) and other high voltage energy storage/expending
applications (e.g., electrical grid power storage systems). Such battery systems may
include one or more battery modules, each battery module having a number of battery
cells (e.g., lithium-ion (Li-ion) electrochemical cells) arranged and electrically
interconnected to provide particular voltages and/or currents useful to power, for
example, one or more components of a XEV. As another example, battery modules in
accordance with present embodiments may be incorporated with or provide power to

stationary power systems (e.g., non-automotive systems).

[0025] Based on the advantages over traditional gas-powered vehicles, manufactures,
which generally produce traditional gas-powered vehicles, may desire to utilize
improved vehicle technologies (e.g., regenerative braking technology) within their
vehicle lines. Often, these manufacturers may utilize one of their traditional vehicle
platforms as a starting point. In accordance with aspects of the present disclosure, since
traditional gas-powered vehicles are designed to utilize 12 volt battery systems, a 12
volt lithium ion battery may be used to supplement a 12 volt lead-acid battery. More
specifically, the 12 volt lithium ion battery may be used to more efficiently capture
electrical energy generated during regenerative braking and subsequently supply

electrical energy to power the vehicle’s electrical system.

[0026] As advancements occur with vehicle technologies, high voltage electrical
devices may also be included in the vehicle’s electrical system. For example, the
lithium ion battery may supply electrical energy to an electric motor in a mild-hybrid
vehicle. Often, these high voltage electrical devices utilize voltage greater than 12
volts, for example, up to 48 volts. Accordingly, in some embodiments, the output
voltage of a 12 volt lithium ion battery may be boosted using a DC-DC converter to
supply power to the high voltage devices. Additionally or alternatively, a 48 volt
lithium ion battery may be used to supplement a 12 volt lead-acid battery. More

specifically, the 48 volt lithium ion battery may be used to more efficiently capture
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electrical energy generated during regenerative braking and subsequently supply

electrical energy to power the high voltage devices.

[0027] Thus, the design choice regarding whether to utilize a 12 volt lithium ion battery
or a 48 volt lithium ion battery may depend directly on the electrical devices included
in a particular vehicle. Nevertheless, although the voltage characteristics may differ,
the operational principles of a 12 volt lithium ion battery and a 48 volt lithium ion
battery are generally similar. More specifically, as described above, both may be used
to capture electrical energy during regenerative braking and subsequently supply

electrical energy to power electrical devices in the vehicle.

[0028] To simplify the following discussion, the present techniques will be described
in relation to a dual battery system with a 12 volt lithium ion battery and a 12 volt lead-
acid battery. However, one of ordinary skill in art is able to adapt the present techniques
to other battery systems, such as a battery system with a 48 volt lithium ion battery and
a 12 volt lead-acid battery. Note also that, lithium ion batteries is intended to refer to
different types of batteries that may have an anode or a cathode that includes a lithium
alloy or salt such as lithium iron phosphate or lithium ferrophosphate (LFP), a lithium
cobalt oxide (LCO), a lithium manganese oxide (LMO), a lithium nickel manganese
cobalt oxide (NMC), a lithium nickel cobalt aluminum oxide, a lithium titanate (LTO)

or other materials that may be used to form a battery.

[0029] In advanced start-stop vehicles, certain battery systems may use energy storage
systems (ESS), such as lithium-ion batteries, to accept regenerative braking energy in
a more efficient manner. In dual chemistry battery systems, such as the ones discussed
above, alead-acid battery may be arranged in parallel with the ESS. Both batteries may
operate in a complimentary manner. The ESS may be capable of accepting charge
during recharging events in a more efficient manner (e.g., during regenerative braking),
whereas the lead-acid battery may be a better solution to relatively quick discharge
currents (e.g., current for cold cranking). Since the ESS may be more efficient during
recharging, the performance of the dual battery may be improved by directing currents
to the ESS during a recharge event. The present disclosure relates methods and systems

that may provide a management of a dual battery system by managing voltage levels
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related to operation of the dual battery system. Voltage levels that may adjusted include
the maximum charging voltage level and a cruising voltage level. The present
disclosure describes systems that allow for dynamic adjustments of particular voltage

levels that balance increased vehicle fuel economy with longer battery life span.

[0030] To improve the efficiency in vehicle performance, the methods and systems for
battery management described herein adjust voltage levels in the electrical circuit of
the dual battery system, as detailed below. Furthermore, the management of the voltage
levels in the electrical circuit may be based on, by way of non-limiting example,
performance goals, environmental conditions, characteristics of the vehicle and the
state of the cells in the battery. In some implementations, managed voltages may be
adjusted to achieve a desired performance depending on chemistry, temperatures,
current, and other characteristics of ESS that can be diagnosed or pre-loaded. The

methods disclosed herein may allow dynamic adjustment of these voltage levels.

[0031] To help illustrate, FIG. 1 is a perspective view of an embodiment of a vehicle
10, which may utilize a regenerative braking system for recharge. Although the
following discussion is presented in relation to vehicles with regenerative braking
systems, the techniques described herein are adaptable to other vehicles that
capture/store electrical energy with a battery, which may include electric-powered and
gas-powered vehicles. Further, the techniques described herein may also be adaptable
to other high voltage energy storage/expending applications, such as stationary battery
systems (e.g., electrical grid power storage systems). In these systems, the maximum
charging voltage may be related to a maximum voltage to be used during charging of
the ESS and a cruising voltage event that may be related to a minimum voltage that

prevents full discharge of the ESS.

[0032] As discussed above, it may be desirable for a battery system 12 to be largely
compatible with traditional vehicle designs. Accordingly, the battery system 12 may
be placed in a location in the vehicle 10 that would have housed a traditional battery
system. For example, as illustrated, the vehicle 10 may include the battery system 1
positioned similarly to a lead-acid battery of a typical combustion-engine vehicle (e.g.,

under the hood of the vehicle 10). Furthermore, as will be described in more detail
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below, the battery system 12 may be positioned to facilitate managing temperature of
the battery system 12. For example, in some embodiments, positioning a battery system
12 under the hood of the vehicle 10 may enable an air duct to channel airflow over the

battery system 12 and cool the battery system 12.

[0033] A more detailed view of an embodiment of battery system 12 of the vehicle 10
is described in FIG. 2. As depicted, the battery system 12 includes an energy storage
component 14 coupled to an ignition system 16, an alternator 18, a vehicle console 20,
and optionally to an electric motor 22. Generally, the energy storage component 14
may capture and/or store electrical energy generated in the vehicle 10 and output

electrical energy to power electrical devices in the vehicle 10.

[0034] In other words, the battery system 12 may supply power to components of the
vehicle’s electrical system, which may include radiator cooling fans, climate control
systems, electric power steering systems, active suspension systems, auto park systems,
electric oil pumps, electric super/turbochargers, electric water pumps, heated
windscreen/defrosters, window lift motors, vanity lights, tire pressure monitoring
systems, sunroof motor controls, power seats, alarm systems, infotainment systems,
navigation features, lane departure warning systems, electric parking brakes, external
lights, or any combination thereof. Illustratively, in the depicted embodiment, the
energy storage component 14 supplies power to the vehicle console 20, a display 21
within the vehicle, and the ignition system 16, which may be used to start (e.g., crank)

an internal combustion engine 24.

[0035] Additionally, the energy storage component 14 may capture electrical energy
generated by the alternator 18 and/or the electric motor 22. In some embodiments, the
alternator 18 may generate electrical energy while the internal combustion engine 24 is
running. More specifically, the alternator 18 may convert the mechanical energy
produced by the rotation of the internal combustion engine 24 into electrical energy.
Additionally or alternatively, when the vehicle 10 includes the electric motor 22, the
electric motor 22 may generate electrical energy by converting mechanical energy
produced by the movement of the vehicle 10 (e.g., rotation of the wheels) into electrical

energy. Thus, in some embodiments, the energy storage component 14 may capture
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electrical energy generated by the alternator 18 and/or the electric motor 22 during
regenerative braking. As such, the alternator 18 and/or the electric motor 22 are

generally referred to herein as a regenerative braking system.

[0036] To facilitate capturing and supplying electric energy, the energy storage
component 14 may be electrically coupled to the vehicle’s electric system via a bus 26.
For example, the bus 26 may enable the energy storage component 14 to receive
electrical energy generated by the alternator 18 and/or the electric motor 22.
Additionally, the bus 26 may enable the energy storage component 14 to output
electrical energy to the ignition system 16 and/or the vehicle console 20. Accordingly,
when a 12 volt battery system 12 is used, the bus 26 may provide electrical power
typically between 8 and 18 volts. The voltage of the bus 12 may be managed by

methods described below to improve the performance of vehicle 10.

[0037] Additionally, as depicted, the energy storage component 14 may include
multiple battery modules. For example, in the depicted embodiment, the energy storage
component 14 includes a lead acid battery module 28, and a lithium-ion battery module
30, where each battery module 28, 30 includes one or more battery cells. In other
embodiments, the energy storage component 14 may include any number of battery
modules. Additionally, although the lead acid battery module 28 and the lithium-ion
battery module 30 are depicted adjacent to one another, they may be positioned in
different areas around the vehicle. For example, the lithium-ion battery module 30 may
be positioned in or about the interior of the vehicle 10 while the lead acid battery module

28 may be positioned under the hood of the vehicle 10.

[0038] As discussed above, the energy storage component 14 may include multiple
battery modules to utilize multiple different battery chemistries. For example, the lead
acid battery module 28 may utilize a lead-acid battery chemistry and the lithium-ion
battery module 30 may utilize a lithium ion battery chemistry. In such an embodiment,
the performance of the battery system 12 may be improved since the lithium ion battery
chemistry generally has a higher coulombic efficiency and/or a higher power charge
acceptance rate (e.g., higher maximum charge current or charge voltage) than the lead-

acid battery chemistry. As such, the capture, storage, and/or distribution efficiency of

10
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the battery system 12 may be improved by directing charging currents to lithium-ion
battery module 30. Note that the lead-acid battery module 28 may have higher charge
capacity and higher cold cranking capacity providing a complement to the lithium-ion
battery module 30, which usually has lower capacity. The efficiency of battery system
12 may be further improved by active management of voltages of the energy storage
component 14 such that lithium-ion battery module 30 is used for charging and
providing energy to low-power electrical device in the vehicle and the lead-acid battery
module is used for cranking and other high-discharge powered demands, as discussed

below.

[0039] To facilitate control and management of voltage levels in the bus 26 and in the
energy storage component 14, the battery system 12 may additionally include a control
module 32. More specifically, the control module 32 may control operations of
components in the battery system 12, such as relays (e.g., switches) within energy
storage component 14, the alternator 18, and/or the electric motor 22. For example, the
control module 32 may regulate an amount of electrical energy captured/supplied by
each battery module 28 or 30 (e.g., to de-rate and re-rate the battery system 12), perform
load balancing between the battery modules 28 and 30, determine a state of charge of
each battery module 28 or 30, determine temperature of each battery module 28 or 30,
determine a predicted temperature trajectory of either battery module 28 or 30,
determine predicted life span of either battery module 28 or 30, determine fuel economy
contribution by either battery module 28 or 30, control magnitude of voltage or current
output by the alternator 18 and/or the electric motor 22, and the like. The control
module 32 may further store battery profile data, such as open circuit voltage (OCV)
profile, state of charge based on the constituent cells of the battery. The data obtained
from the vehicle may be used dynamically to adjust voltages and currents in the
terminals of the energy storage component 14 to obtain a desired life span for the battery

or a desired fuel economy, as detailed below.

[0040] Accordingly, the control module 32 may include one or more processors 34 and
one or more memories 36. More specifically, the one or more processors 34 may
include one or more application specific integrated circuits (ASICs), one or more field

programmable gate arrays (FPGASs), one or more general purpose processors, or any

11
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combination thereof. Generally, the processor 34 may perform computer-readable
instructions related to the processes described herein. Additionally, the processor 34
may be a fixed-point processor or a floating-point processor. The one or more
memories 36 may include volatile memory, such as random access memory (RAM),
and/or non-volatile memory, such as read-only memory (ROM), optical drives, hard
disc drives, or solid-state drives. In some embodiments, the control module 32 may
include portions of a vehicle control unit (VCU) and/or a separate battery control
module. Additionally, as depicted, the control module 32 may be included separate
from the energy storage component 14, such as a standalone module. In other
embodiments, the battery management system 36 may be included within the energy

storage component 14.

[0041] In certain embodiments, the control module 32 or the processor 34 may receive
data from various sensors disposed within and/or around the energy storage component
14. The sensors may include a variety of sensors for measuring current, voltage,
temperature, and the like regarding the battery module 28 or 30. After receiving data
from the sensors, the processor 34 may convert raw data into estimations of parameters
of the battery modules 28 and 30. As such, the processor 34 may render the raw data
into data that may provide an operator of the vehicle 10 with valuable information
pertaining to operations of the battery system 12, and the information pertaining to the
operations of the battery system 12 may be displayed on the display 21. The display 21
may display various images generated by device 10, such as a GUI for an operating
system or image data (including still images and video data). The display 21 may be
any suitable type of display, such as a liquid crystal display (LCD), plasma display, or
an organic light emitting diode (OLED) display, for example. Additionally, the
display 21 may include a touch-sensitive element that may provide inputs to adjust

parameters of the control module 32 or data processed by the processor 34.

[0042] The energy storage component 14 may have dimensions comparable to those of
a typical lead-acid battery to limit modifications to the vehicle 10 design to
accommodate the battery system 12. As depicted, the energy storage component 14
may be included within a single continuous housing. In other embodiments, the energy

storage component 14 may include multiple housings coupled together (e.g., a first

12
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housing including the lead-acid battery module 28 and a second housing including the
lithium-ion battery module 30). In still other embodiments, as mentioned above, the
energy storage component 14 may include the lead acid battery module 28 located
under the hood of the vehicle 10, and the lithium-ion battery module 30 may be located

within the interior of the vehicle 10.

[0043] As discussed above, the energy storage component 14 is part of an electrical
circuit in vehicle 10. FIG. 3 provides a schematic electrical diagram 100 including the
energy storage component 14 formed by the lead-acid battery module 28 and the
lithium-ion battery module 30. In the diagram, lead-acid battery module 28 and
lithium-ion battery module 30 may be arranged in parallel with the alternator 18, and
all these components may be used to power a load 102 via a power bus 104, Ignition
load (i.e., cranking) may be modeled in the load 102. In further embodiments, during
charging events, such as a regenerative braking event, the load 102 may provide energy
to the energy storage component 14. As mentioned above in the discussion of FIG. 2,
a controller 106 may regulate and/or receive signals and measurements from the lead-
acid battery module 28 via a data bus 108, the ESS 30 via a data bus 110 and the
alternator 18 via a data bus 112. Note that the parallel arrangement between the
different cell types (e.g., lead-acid battery module 28 and ESS 30) of the energy storage
component 14 may be a passive arrangement. In such systems, the controller 106 may
control the hybrid system 14 as a whole, without controlling individually the constituent
battery modules 28 and 30. As a result of a passive parallel arrangement, active
management of the split of currents between the cells may be accomplished by a
management of the voltages in the power bus 104 and/or the terminals of the energy

storage component 14, as detailed below.

[0044] A management of the flows of currents during usage and recharging may
improve the efficiency of the batteries due to differences in the electrical properties
provided by different chemistries. Figure 4A provides a chart 120 that shows the
galvanic resistance 124 of a lead acid battery as a function of the state-of-charge (SOC)
122 of the battery. The resistance 124 is presented both during discharge 130 and
charge 132. In a vehicle application, the discharge 130 may correspond to normal

power consumption by the vehicle and a charge 132 may correspond to a regenerative

13
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braking, or recharging by the alternator. Note that while the resistance 122 during
discharge 130 is approximately constant, resistance 122 has a sharp increase 134 by
more than an order of magnitude as the SOC increases above 80%. As aresult charging

currents may not be efficient for lead-acid batteries at higher SOC values.

[0045] By contrast, lithium-ion batteries may present a better performance (i.e., lower
resistance) for charging throughout the entire SOC range. FIG. 4B provides a chart 140
that presents the resistance 124 of lithium-ion batteries as a function of the SOC 122.
The chart 140 provides resistance 124 during a charge cycle for an NMC-LTO battery
(hereinafter LTO battery) 142, a discharge cycle for an LTO battery 144, a charge cycle
for an LFP battery 148 and a discharge cycle for a graphite-LFP battery (hereinafter
LFP battery) 150. As can be seen in the diagram, the resistance 124 remains
approximately within the same order of magnitude throughout the entire SOC range.
As a result, the lithium-ion battery module 30 is capable of efficiently receiving and

storing energy from charging currents at any SOC.

[0046] As mentioned above, in a dual battery system having a passive parallel
arrangement, the current split between the different constituent cells may not be
controlled directly, but may be managed by voltages in the dual battery system
terminals. FIGS. 5A and 5B illustrates such a situation in which currents are directed
towards the lithium-ion battery by setting an appropriate cruising voltage. FIG. 5A
provides a chart 200 of a voltage 202 as a function of time 204 in a dual battery system
including a lead-acid battery and a lithium-ion battery. Curve 210 illustrates the voltage
of the electrical storage component as the vehicle undergoes events such as braking
events 210, cruising events 214 and stopping events 216. A controller (e.g., the
controller of FIG. 3) that manages the battery system 12 may control a maximum
voltage level 220 and a cruising voltage level 222 to improve performance of the battery
system with respect to a desired goal, as detailed below. The maximum charging
voltage level 220 is a top voltage limit for charging events, such as a regenerative
braking event, and may be used to protect batteries from being overcharged. The
cruising voltage level 222 may be the operating voltage of the alternator. For example,

if the SOC of the lead-acid or the lithium-ion battery is such that its output voltage is
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below the cruising voltage level 222, the alternator may be the used to provide power

to the load 102 of the vehicle.

[0047] FIG. 5B provides chart 228 that illustrates the flow of currents 230 as a function
of time that corresponds to the voltages illustrated in chart 200. Chart 228 shows the
current flows for the lithium ion battery 232 and the lead-acid battery 234. The series
of events illustrated in charts 200 and 228 provide an illustration of the effect of
managing a maximum voltage 220 and a cruising voltage 222. For example, during
braking events 212 the voltage (curve 210) becomes equal to the maximum voltage 220
due to regenerative braking. During these braking events 212, the currents accepted by
the lithium ion battery 232 are larger than the currents accepted by the lead-acid battery
234. This split in the flow of currents may be achieved by managing the cruising
voltage 222 to be set to a value similar to the lead-acid battery OCV at high SOC (e.g.,
greater than 80%). As discussed above, at high SOC, lead-acid batteries present a large
charging resistance which results in the lithium-ion battery receiving a larger share of

the charging current.

[0048] As the vehicle enters a cruising event 214 (e.g., vehicle running with no
regenerative braking) both batteries may provide current to the electrical circuit of the
vehicle with the voltage (curve 210) at the cruising voltage 222. Since a large portion
of the energy from braking events 212 was stored in the lithium-ion battery, the current
provided by the lithium ion battery 232 starts at a larger magnitude (i.e., lower value)
than the current provided by the lead-acid battery 234. As the stored charge from both
batteries is used, the currents provided by the lithium-ion battery 232 and the lead-acid
battery 234 approach zero, which may correspond to a situation in which the alternator

supplies electrical power.

[0049] During a stop event 216 (e.g., when the vehicle stops), the current from the
lithium-ion battery 232 and lead-acid battery 234 is continuously consumed as can be
seen by the negative current in chart 228 during stop event 216. In this situation, the
alternator is not capable of providing energy, as the engine of the vehicle is not running.
As aresult, the voltage (curve 210) provided across the terminals of the battery system

drops. Note that in the cruise event 214 that follows the stop event 216, the voltage
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(curve 210) returns to the cruising voltage level 222 set by the alternator. The current
of both the lithium-ion battery 232 and the lead-acid battery 234 become very low,
which may be a result of a cranking of the engine. Note that the cruising voltage level
222 may determine a cruising SOC for the lead acid battery and for the lithium-ion
battery during a cruising equilibrium. The management of the cruising SOC may allow
management of the flow of currents between the battery types that are part of the battery
system during charging events. In some situations, a higher cruising voltage may
increase the cruising SOC of the lithium-ion battery, which may decrease the amount
of current received by the lithium-ion battery during a regenerative braking event. On
the other hand, in some situations a higher cruising voltage may also increase the SOC
of the lead-acid battery which increases the lead-acid battery resistance and may direct
the current towards the lithium-ion battery. Discussion of specific methods to manage

the battery system are described with respect to FIGS. 9A, 9B, and FIG. 10.

[0050] FIGS. 6A, 6B and 6C illustrate certain electrical characteristics of a battery
system generated via a vehicle simulation. Specifically, a vehicle having a dual battery
system as described herein was simulated over a driving cycle. Chart 250 in FIG. 6A
illustrates a power 252 that flows through the battery system as a function of time 204,
The illustrated simulation shows the battery system power 254 during events such as
stop events 262, starting events 264, cruising events 266 and braking events 268. Note
that during cruising events 266, the battery does not receive or provide any charge.
During stop events 262 and start events 264, the vehicle uses battery system power 254
(i.e., negative power values). During braking events 268, the vehicle provides battery
system power 254, which may be due to a regenerative braking event or any other event

that occurs in a vehicle that may be used to harvest power.

[0051] FIGS. 6B and 6C focus on a period of time to further illustrate aspects of the
chart 250. Chart 280 in FIG. 6B illustrates the current 230 as a function of time 204.
The total current 282 as well as the lithium-ion current 284 and the lead-acid current
286 are illustrated. Chart 300 in FIG. 6C illustrates the voltage 202 as a function of
time 204. The observed behavior in the simulation may be similar to the one described
in charts 220 of FIG. 5A and 228B of FIG. 5B. During a stop event 262, both batteries

of the dual battery system may provide energy as the voltage decreases. Since the

16



WO 2017/079666 PCT/US2016/060690

vehicle is stopped, the alternator may not provide any power in stop event 262 (e.g., if
the engine is not running). During a start event 264, the ignition engine may use very
large crank currents from the battery (event 264 in chart 280), which may result in rapid
discharge and drop in the voltage (event 264 in chart 300). After the start event 264,
the alternator is capable of restoring and sustaining the cruising voltage level 302, using

power derived from the vehicle engine.

[0052] During braking events 268, the batteries may be charged by accepting currents
(events 268 in chart 280). Note that the lithium-ion current 284 is substantially larger
when compared to the lead-acid battery current 286 during braking events 268. As
discussed above, this behavior may be desirable in order to improve efficient energy
usage, and may be achieved by choosing a cruising voltage level 302 that is similar to
the OCV of the lead-acid battery. Note further that during cruising events 266, currents
provided by the lithium-ion battery 284 may also have larger magnitude than the
currents provided by the lead-acid battery 286. This may be a result of a higher SOC
of the lithium-ion battery that results from the larger charge received during braking
events 268. Note further that during cruising events 266, the voltage 202 stays around
the cruising voltage level 302. This may be accomplished, for example, through

adequate control of alternator settings, as discussed above.

[0053] Chart 350 in FIG. 7 illustrates the fuel economy 352 that may be obtained by
using dual battery systems that use the cruising voltage management strategies
discussed herein. Fuel economy 352 is shown for a dual battery system having a lead
acid battery and a lithium-ion battery of either an LTO type 354 or LFP type 356. Each
of the dual battery systems was tested with a lead-acid battery with a high OCV 358 or
alow OCV 360. For a dual battery system using lithium-ion cells of LTO type 354,
the fuel efficiency slightly increases when the lead-acid battery OCV is lowered from
a high OCV 358 (bar 362) to a low OCV 360 (bar 364). As illustrated, this effect is
more pronounced in battery systems using lithium-ion cells of LFP type 356. For this
type of battery system, the fuel efficiency increases more sharply when the lead-acid

battery OCV is lowered from the high OCV 358 (bar 366) to the low OCV (bar 368).
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[0054] As discussed above, the energy efficiency of a vehicle that uses a battery system
as described herein may be improved through the use of a lead-acid battery that is
configured to operate at a lower OCV. FIGS 8A, 8B, 8C, and 8D provide an illustration
of this effect in a battery system using an LFP type lithium-ion cell. Chart 400
illustrates current 402 for the LFP cell over time 204. The currents are shown for two
OCV levels: alow OCV 404 and a high OCV 406. Focusing on the battery discharging
events (region 408), note that in the low OCV 404, the LFP cell provides a larger
amount of current 402 than at the high OCV 406. Note further that both batteries may
receive a similar amount of current 402. This is an indication that, when matched with
a lead-acid battery with low OCV 404, the LFP cell may be capable of charging and/or
discharging in a more efficient manner. Note that the increased usage of the lithium-
ion battery that leads to an improved efficiency may be balanced with the battery life
of the lithium-ion battery.

[0055] The efficiency of the battery system with a lead-acid battery operating at a lower
OCYV is also seen in chart 420 in FIG. 8B. Chart 420 is a plot of accumulated charge
throughput 422 over time 204 for the LFP lithium-ion battery. More specifically, chart
420 provides accumulated charge throughput 422 during charging and discharging
events when the cruising voltage levels are managed in a dual battery system having a
lead-acid battery operating at either a high OCV or a low OCV. The accumulated
charge corresponds to the sum (e.g., integral) of all currents received by the LFP-based
lithium-ion battery and the accumulated discharge corresponds to the sum (e.g.,
integral) of all currents provided by the LFP battery. Curve 424 provides the
accumulated charge for the LFP battery matched with high OCV lead-acid battery,
curve 426 provides the accumulated discharge for the LFP battery paired with a high
OCV lead-acid battery, curve 428 provides the accumulated charge for the LFP battery
paired with a low OCV lead-acid battery, and curve 430 provides the accumulated
discharge for the LFP battery paired with a low OCV lead-acid battery. Note that for
both cruising voltage levels, the LFP battery receives a similar accumulated charge
(curves 424 and 428) with the LFP battery receiving more current when paired with a
low OCV lead-acid battery (curve 428). However, the LFP cell provides significantly
more charge when paired with alow OCV lead-acid battery than at high OCV lead-acid
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battery (curves 426 and 430). This result of chart 420 demonstrates that LFP cell may
be storing energy with more efficiency when paired with a low OCV lead-acid battery,
as it is able to provide larger current outputs with similar current inputs. In some
situations, the increased usage of the lithium-ion battery may reduce the life span of the

lithium-ion battery.

[0056] Chart 440 in FIG. 8C shows the SOC 442 over time 204 for the lithium-ion
battery. Note that when matched with a lead-acid battery having a lower OCV 404 the
SOC 442 of the LFP cell remains around 20%, in contrast with the SOC of the LFP-
based lithium-ion battery matched with a lead-acid battery having a higher OCV 406.
Note that, as discussed above, the cruising voltage level may be chosen based on the
lead-acid battery OCV. Differences in the SOC between the LFP battery matched with
a battery having lower OCV and higher OCV may be related to the differences in the
cruising voltages. As discussed above with reference to chart 420, the lower OCV may
improve the discharging capacity of the LFP battery which causes the reduced SOC for
observed in the LFP battery matched with the lead-acid battery with lower OCV. Chart
450 in FIG. 8D shows the voltage 452 for the LFP battery over time 204. When
matched with a lead-acid battery with lower OCV 404, the voltages observed during
charging (region 456) are larger than the ones observed with a higher OCV 406 lead-
acid battery.

[0057] As discussed above, the choice of the OCV of the lead-acid battery may change
the fuel efficiency of a vehicle using the dual battery system. As noted in chart 350,
some types of lithium-ion battery cells may have an increased sensitivity for fuel
efficiency with respect to lead-acid battery OCV. FIG. 9A and FIG. 9B illustrate how
the OCV profile (i.e., the relationship between the OCV of a battery and its SOC) may
influence this sensitivity. Chart 500 in FIG. 9A shows a plot of the open circuit voltage
(OCV) 502 of batteries with respect to the SOC 122 of the batteries, as well as the OCV
502 for a lead-acid battery having a high OCV 504 and alow OCV 506, as a function
of the SOC 122. Note that both the high OCV 504 and the low OCV 506 lead-acid
batteries show an affine relationship (i.e., constant slope) over the entire SOC range.
Chart 500 also shows the OCV 502 of an LFP battery (LFP battery curve 508) as a

function of the SOC 122, as well as a maximum charge voltage level 510. Two cruising
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voltage level lines are also shown in chart 500, including a high cruising voltage level
512 (used with a high OCV lead-acid battery), and a low cruising voltage level 514
(used with a low OCV lead-acid battery).

[0058] In certain embodiments, the high sensitivity in the fuel economy with respect to
changes in the cruising voltage level that was observed in LFP batteries may be related
to the slope of the OCV 502 of the LFP battery curve 508 with respect to the SOC 122.
A slope 516 of the LFP battery curve 508 with respect to the OCV 502 at the high
cruising voltage 512 is smaller than the slope 518 of the same curve at the low cruising
voltage 514. The smaller slope 516 may correspond to a situation in which a large
increase in the SOC 122 may be associated with a small increment in the OCV 122. In
certain battery systems described herein, this may indicate that a large decrease in the
SOC may not lead to a substantial change in the OCV of the LFP battery (see LFP
battery curve 508), which may be associated with a reduced efficiency when providing
stored energy, as discussed above. In contrast, chart 520 of FIG. 9B shows that the
LTO battery curve 522 has a slope 526 at both the lower cruising voltage level 514 that
is similar to the slope 528 at the higher cruising voltage level 512. As a result, LTO
battery discharge when paired with either the high OCV lead-acid battery or the low
OCYV lead-acid battery (see LTO battery curve 522).

[0059] As set forth above, it may be recognized that the maximum OCV level of the
lead-acid battery may be chosen to maximize the slope of the OCV profile of the
lithium-ion battery. Furthermore, the OCV of the lead-acid battery may be chosen such
that the cruising OCV of the lithium-ion battery may be lower, resulting in a reduced
SOC during operation of the battery system. Itis also now recognized that, in operating
a battery system (e.g., battery system 12) as described herein, increasing the cruising
voltage to a value close to the OCV of the lead-acid battery may direct charging currents

towards the lithium-ion battery during regenerative braking events.

[0060] While adjustments to the cruising voltage level and/or the maximum charge
voltage level may increase fuel efficiency through an increase in the total charge
throughput via the lithium-ion battery, this effect is accompanied by an increase in the

amount of charging and discharging. This increase in the amount of accumulated
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charge may lead to a decreased span of time for the lithium-ion battery leading to
shorter maintenance cycle. As a result, in situations where the life span of the battery
is more important than the fuel efficiency, the cruising voltage level and/or the
maximum charge voltage level may be adjusted to increase the life span of the battery.
In other words, embodiments of the present disclosure also enable the management of

cruising voltage to balance lithium-ion battery life with fuel efficiency.

[0061] With the foregoing in mind, method 600 of FIG. 10 illustrates a method to
manage battery systems having a lead-acid battery and a lithium-ion battery by
regulating voltages such as the cruising voltage and the maximum charge voltage of the
electrical system of the vehicle powered by the battery system. In some embodiments,
method 600 is capable of providing to a vehicle or a vehicle component (e.g., a VCU)
recommended voltages to be set across the battery system based on performance goals
for the vehicle and battery, battery data, vehicle data and environmental data. In other
embodiments, method 600 may directly adjust the recommended voltages in the system.
Method 600 may be performed by a controller in the vehicle control unit (VCU), in a
battery management system (BMS), in a battery circuit board, or in any other module
that may access and/or store data to perform the method. This process may include an
initialization process for the controller (box 602) which may include an initialization of
parameters and acquisition of specifications of the vehicle and the battery. For
example, during the initialization (box 602), the controller may receive an initial state
of health (e.g., capacity loss, internal resistance), state of charge for the batteries, OCV
profiles (e.g., OCV as a function of the SOC for the batteries), parameters for the
alternator, average electrical loads, fuel consumption history, and parameters related to

driving pattem.

[0062] Method 600 may include a process for receiving vehicle data and usage profile
for the battery system (box 604). This data may update stored specifications or
parameters in the controller that were acquired during initialization (box 602). For
example, the controller may receive changes to the driving pattern (e.g., conservative,
regular, aggressive), vehicle fuel level, average speed, power demands from the load,
etc. The controller may also receive battery data (box 606) such as voltages and

currents in the battery terminals and updates to the SOC and/or SOH. The controller
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may also receive environmental data (box 608) such as temperature and/or humidity in
the battery, engine, and exterior. Note that the processes for acquisition of vehicle data
(box 604), battery data (box 606) and environmental data (box 608) may take place in
any order. Furthermore, the controller may be able to provide control voltages even if
it receives a subset of the data (e.g., one or more sets of data from boxes 602, 604, 606,

and 608).

[0063] Based on the data obtained during controller initialization (block 602) as well
as during operation (boxes 604, 606, and 608), the controller may provide a control
voltage (box 610). The controller may provide recommended values for a maximum
charging voltage and a cruising voltage to improve the performance of the battery
system with respect to a target goal. Changes may also be made with respect to the
present cruising voltage (e.g., the controller may recommend a 5% increase relative to
the present current voltage or a 15mV increase in the present voltage). As discussed
above, the target goal may be fuel efficiency, battery life span or other operating goals
that are related to battery usage. The maximum charging voltage may be increased if,
for example, aggressive charging during regenerative braking events is desired, and it
may be decreased if extending the operating life of the battery is prioritized. Similarly,
increases in the cruising voltage may lead to increased current flows directed to the
lithium-ion battery during relative to the lead-acid battery regenerative braking, as
discussed above. In certain situations, the controller may have hard limits and/or
default levels for the voltages, which may be employed to prevent faulty behavior when
data is corrupt or incomplete, or when the recommended voltage level is excessively
high or low. In certain situations, an increase in battery temperature may be followed

by an increase in the cruising voltage level to protect the lithium-ion battery.

[0064] Changes in the cruising voltage may be further adjusted based on other
situations. For example, in cold weather, the lithium-ion battery may present plating
issues if it receives large currents during regenerative braking. In such situations, it
may be recommended to adjust the maximum charging voltage and/or adjust the
cruising voltage to reduce charging currents until the lithium-ion battery warms up. In
another situation, if the projected life span of the lithium ion battery is below an

expected life span, the cruising voltage may be reduced to decrease the accumulated
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charge in the lithium-ion battery and increase the projected life span. In a further
example, if the lead acid battery SOC is lower than a desired level due to, for example,
driving patterns, the cruising voltage may be raised to increase the SOC of the lead-
acid battery and protect the lead-acid battery life. The controller may also allow for
improved fuel economy based on dynamic balancing of charges and discharges in the
batteries. For example, if a particularly long or strong regenerative braking event
generates a large charge to be stored in an ESS, the controller may decrease the cruising
voltage to maximize the discharge by the ESS and dynamically return the cruising

voltage to a previous level.

[0065] The process for calculation of recommended voltages may be performed
iteratively (e.g., substantially continuously during operation of the vehicle 10) (loop
612). In such embodiments, parameters received during processes indicated by boxes
604, 606, and 608 may be stored in a memory of the controller to produce a history of
the vehicle 10. The history of the vehicle 10 may be used as in input (out of several) to
provide recommended voltage levels, as described above. Note further that the
recommended voltage levels in method 600 may be voltage levels provided to configure
the alternator set level, or for some other switching mechanism in the electrical circuit

powered by the dual battery system.

[0066] The above methods may be beneficial to apply over the lifetime of the battery.
The characteristics of different types of batteries may change in different ways over the
lifetime. Accordingly, a dynamic adjustment to the cruising voltage that adapts to the
changes in the OCV profile and capacity as the battery ages may improve the life span
of the battery system. Note that the methods and systems described herein are not
limited to dual battery systems, where current split may be managed. It may also be
used in either multiple or stand-alone energy storage systems. Changes in cruising
voltage levels provide a method to manage SOC as well as charge and discharge

currents in multiple batteries without direct control of the batteries.

[0067] While only certain features and embodiments have been illustrated and
described, many modifications and changes may occur to those skilled in the art (e.g.,

variations in sizes, dimensions, structures, shapes and proportions of the various
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elements, values of parameters (e.g., temperatures, pressures, etc.), mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing
from the novel teachings and advantages of the disclosed subject matter. The order or
sequence of any process or method steps may be varied or re-sequenced according to
alternative embodiments. Itis, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall within the true spirit of the
disclosure. Furthermore, in an effort to provide a concise description of the exemplary
embodiments, all features of an actual implementation may not have been described. It
should be appreciated that in the development of any such actual implementation, as in
any engineering or design project, numerous implementation specific decisions may be
made. Such a development effort might be complex and time consuming, but would
nevertheless be a routine undertaking of design, fabrication, and manufacture for those
of ordinary skill having the benefit of this disclosure, without undue

experimentation.
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CLAIMS:
1. A battery system, comprising:
a lead-acid battery coupled to an electrical system of a vehicle;
a lithium-ion battery coupled to the electrical system in parallel with the lead-
acid battery; and
a controller coupled to the electrical system, wherein the controller is configured
to:
receive battery data relating to the lead-acid battery or the lithium-ion
battery, or both;
receive a performance target; and
calculate a recommended cruising voltage for the electrical system of

the vehicle based on the performance target and the battery data.

2. The battery system of claim 1, wherein the electrical system comprises an
electrical generator, and the controller is configured to set an operating voltage of the

electrical generator to the recommended cruising voltage.

3. The battery system of claim 1, wherein the performance target comprises a
lifespan of the lithium-ion battery, a lifespan of the lead-acid battery, or fuel economy

of the vehicle.

4. The battery system of claim 1, wherein calculating the recommended
cruising voltage comprises calculating a cruising voltage configured to increase a
current received by the lithium-ion battery relative to a current received by the lead-

acid battery during a charging event.

5. The battery system of claim 1, wherein the battery data comprises a state of

health, a state of charge, or an open circuit voltage profile, or any combination thereof.

6. The battery system of claim 5, wherein the state of health comprises a

capacity loss of the battery or an internal resistance of the battery or both.
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7. The battery system of claim 1, wherein the controller is configured to receive
environmental data, and wherein calculating the recommended cruising voltage
comprises calculating the recommended cruising voltage based at least on the

environmental data, the battery data, and the performance target.

8. The battery system of claim 7, wherein the controller is configured to
calculate a recommended maximum charging voltage based at least on the

environmental data, the battery data, and the performance target.

9. The battery system of claim 1, wherein the performance target is a fuel
economy target, and wherein the recommended cruising voltage is substantially similar
to an open circuit voltage of the lead-acid battery in a state of charge that is high relative

to the open circuit voltage of the lithium-ion battery.

10. The battery system of claim 1, wherein the battery data comprises an open
circuit voltage profile of the lithium-ion battery, and wherein the recommended cruising
voltage intercepts the open circuit voltage profile in a region presenting a slope steeper

relative to other portions of the open circuit voltage profile.

11. The battery system of claim 1, wherein when the performance target is a
battery lifespan target, and wherein the recommended cruising voltage is configured to
reduce charging currents to the lithium-ion battery relative to a charging current

received by the lead-acid battery during braking events.

12. The battery system of claim 1, wherein the recommended cruising voltage

is provided to a vehicle control unit of the vehicle.

13. The battery system of claim 1, wherein the battery control module is

configured to receive vehicle data comprising fuel consumption history.
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14. The battery system of claim 1, wherein the battery data comprises charging
and discharging histories and the performance target comprise dynamic balancing

between accumulated charging and discharging in the batteries.

15. The battery system of claim 1, wherein the controller is contained within

the lithium-ion battery.

16. An energy system for a vehicle, the energy system comprising:
a battery system configured to be coupled to a power bus of an electrical system
of the vehicle, the battery system comprising:
a first battery; and
a second battery arranged in a parallel circuit with the first battery; and
a control module configured to couple to the electrical system of the vehicle,
the control module being configured to:
receive first data from the battery system;
receive second data from the vehicle; and
calculate a recommended cruising voltage for the power bus based on

the first data and the second data.

17. The energy system of claim 16, comprising an alternator coupled to the
power bus, wherein the control module is configured to set an operating voltage of the

alternator to the recommended cruising voltage.

18. The energy system of claim 16, wherein the first battery comprises a

different chemistry than the chemistry of the second battery.
19. The energy system of claim 16, wherein a nominal voltage of the electrical
system of the vehicle is about 12V and wherein the recommended cruising voltage is

between 10V and 15V.

20. The energy system of claim 16, comprising a regenerative braking system,

and wherein the recommended cruising voltage causes the electrical system of the
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vehicle to provide a larger portion of a charging current from the regenerative braking

system to the first battery.

21. A tangible, non-transitory computer readable medium of a battery control
module storing instructions executable by a processor, wherein the instructions cause
the processor to:

receive lead-acid battery data;

receive lithium-ion battery data;

receive a performance target; and

calculate a recommended cruising voltage for a power bus of a vehicle based at
least on the lead-acid battery data, the lithium-ion battery data and the performance
target.

22. The computer readable medium of claim 21, wherein the lead-acid battery
data comprises a lead-acid battery open circuit voltage (OCV) profile and the lithium-

ion battery data comprises a lithium-ion battery OCV profile.

23. The computer readable medium of claim 21, wherein the instructions cause

the processor to set the power bus of the vehicle to the recommended cruising voltage.

24. The computer readable medium of claim 21, wherein the performance target

comprises one of a battery life span target or a fuel efficiency target for the vehicle.
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