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(57) Abstract: A system and method for distributed intelligence of power tracking and power allocation may include: receiving data 
by at least one computer from a plurality of identified charging stations and vehicles of customers at distributed locations throughout 
a power grid; analyzing, with at least one processor of the at least one computer, the data with respect to available power for those 
locations and customer historical usage and profiles; and sending commands, with the at least one processor, to reallocate power to 
assets of the power grid to handle fluctuations or forecasted fluctuations in power demand based on the analysis. Customer prefer
ences may also be considered in predicting power demand issues and need for demand response. Economic rules may be executed to 
incentivize the customers to comply with demand response requirements where demand is greater than power supply.
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Electric Vehicle Distributed Intelligence

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Provisional Patent Application

5 No. 61/598,109, filed February 13, 2012, which is incorporated by this reference in 

its entirety.

BACKGROUND

1. Field of the Disclosure

[0002] The present disclosure relates generally to a system and method for

10 managing an industry network, and more particularly to a system and method for

collecting data at different sections of the industry network and analyzing the 

collected data in order to manage electric vehicle power distribution and charging.

2. Related Art

[0003] A power grid may include one or all of the following: electricity

15 generation, electric power transmission and electricity distribution. Electricity may 

be generated using generating stations, such as a coal fire power plant, a nuclear 

power plant, etc. For efficiency purposes, the generated electrical power is stepped 

up to a very high voltage (such as 345K Volts) and transmitted over transmission 

lines. The transmission lines may transmit the power long distances, such as across

20 state lines or across international boundaries, until it reaches its wholesale customer, 

which may be a company that owns the local distribution network. The transmission 

lines may terminate at a transmission substation, which may step down the very high 

voltage to an intermediate voltage (such as 138K Volts). From a transmission 

substation, smaller transmission lines (such as sub-transmission lines) transmit the

25 intermediate voltage to distribution substations. At the distribution substations, the 

intermediate voltage may be again stepped down to a “medium voltage” (such as 

from 4K Volts to 23K Volts). One or more feeder circuits may emanate from the 

distribution substations. For example, four to tens of feeder circuits may emanate 

from the distribution substation. The feeder circuit is a 3-phase circuit comprising 4

30 wires (three wires for each of the 3 phases and one wire for neutral). Feeder circuits 

may be routed either above ground (on poles) or underground. The voltage on the
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feeder circuits may be tapped off periodically using distribution transformers, which 

step down the voltage from “medium voltage” to the consumer voltage (such as 

120V). The consumer voltage may then be used by the consumer, for instance, to 

charge electric vehicles.

5 [0004] One or more power companies may manage the power grid, including

managing faults, maintenance, and upgrades related to the power grid. However, the 

management of the power grid is often inefficient and costly. For example, a power 

company that manages the local distribution network may manage faults that may 

occur in the feeder circuits or on circuits, called lateral circuits, which branch from

10 the feeder circuits. The management of the local distribution network often relies on 

telephone calls from consumers when an outage occurs or relies on field workers 

analyzing the local distribution network.

[0005] Power companies have attempted to upgrade the power grid using digital 

technology, sometimes called a “smart grid.” For example, more intelligent meters

15 (sometimes called “smart meters”) are a type of advanced meter that identifies

consumption in more detail than a conventional meter. The smart meter may then 

communicate that information via some network back to the local utility for 

monitoring and billing purposes (telemetering). While these recent advances in 

upgrading the power grid are beneficial, more advances are necessary. It has been

20 reported that in the United States alone, half of generation capacity is unused, half 

the long distance transmission network capacity is unused, and two thirds of its local 

distribution is unused. Therefore, a need clearly exists to improve the management 

of the power grid.

[0006] A specific example of managing the power grid relates to charging of

25 electric vehicles (“EV”). The electric vehicle industry is growing with an increasing 

number of EV charging stations being added in both commercial and residential 

locations to support growing numbers of electric vehicles. With the added number 

of charging stations, their load drawn from power grids is increasing, especially at 

night when people typically plug in their electric vehicles to charge. Sections of the

30 grid may be unable to handle the increase in load from charging stations, which are 

able to draw significant amounts of power in a short period of time (depending on 

the type of charging station). Therefore, a need exists to efficiently and effectively 

manage charging stations.
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BRIEF SUMMARY

[0007] The present disclosure generally relates to a system and method for 

managing an industry network. The embodiments disclosed herein describe a 

system and method for collecting data at different sections of the industry

5 network and analyzing the collected data in order to manage electric vehicle 

power distribution and charging.

[0008] According to an aspect, the present invention provides a method for 

distributed intelligence of power tracking and power allocation, the method 

executable by at least one computer including at least one processor and memory,

10 the method including receiving data, by the at least one computer, from a plurality 

of identified charging stations and electric vehicles of customers at distributed 

locations throughout a power grid, wherein the received data includes selections 

from the customers of scheduling charging times, scheduling charging locations, 

and scheduling charging durations to charge the electric vehicles, analyzing, with

15 the at least one processor, the data with respect to available power for those

locations and customer historical usage and profiles, and sending commands, with 

the at least one processor, to reallocate power to assets of the power grid to handle 

fluctuations or forecasted fluctuations in power demand based on the analysis, 

wherein each asset of the power grid is any one or more of an electric vehicle, a

20 charging station, a renewable energy source, a substation; and/or a transformer. 

[0009] According to another aspect, the present invention provides a system for 

distributed intelligence of power tracking and power allocation including at least 

one computer including at least one processor and memory, the at least one 

computer configured to receive data from a plurality of identified charging stations

25 and electric vehicles of customers at distributed locations throughout a power grid, 

wherein the received data includes selections from the customers of scheduling 

charging times, scheduling charging locations, and scheduling charging durations to 

charge the electric vehicles, where the processor is configured to analyze the data 

with respect to available power for those locations and customer historical usage

30 and profiles, and send commands to reallocate power to assets of the power grid to 

handle fluctuations, or forecasted fluctuations, in power demand based on the 

analysis , wherein each asset of the power grid is any one or more of an electric
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vehicle, a charging station, a renewable energy source, a substation; and/or a 

transformer.

[0009a] According to another aspect, the present invention provides a method 

for distributed intelligence of power tracking and power allocation, the method

5 executable by at least one computer including at least one processor and memory, 

the method including receiving, by the at least one computer, first parameters 

related to system and charging infrastructure within power transmission and 

distribution assets of a power grid, and second parameters associated with a 

plurality of electric vehicles, wherein the second parameters associated with an

10 electric vehicle (EV) of the plurality of electric vehicles include a scheduled time 

and a scheduled location for charging the EV, according to a travel plan of the EV, 

at one or more charging stations of the power grid, analyzing, using the at least one 

processor, the first parameters to determine available power for charging stations 

connected to the power grid assets at the scheduled locations, analyzing, using the at

15 least one processor, the first parameters and the second parameters of the electric 

vehicles to forecast power demand at the scheduled times and scheduled locations 

based on an aggregation of the second parameters of the plurality of electric 

vehicles determine whether the power demand at the scheduled times and scheduled 

locations for charging the electric vehicles can be met by the available power at the

20 charging stations, and in response to determining that the power demand for

charging the electric vehicles cannot be met by the available power, the processor 

executing instructions to execute a demand response in the power grid to 

compensate for a lack of available power for charging the electric vehicles, wherein 

the demand response includes allocation and delivery of power at the scheduled

25 locations at the scheduled times, and execute economic rules to incentivize charging 

the electric vehicles in compliance with the demand response.

[0009b] According to another aspect, the present invention provides a system 

for distributed intelligence of power tracking and power allocation, the system 

including a processor configured to receive first parameters related to power

30 transmission and distribution assets of a power grid, and second parameters related 

to an electric vehicle (EV), the second parameters including a time-interval and a 

location of a charging station of the power grid to charge the EV based on a travel 

route of the EV, a processor configured to analyze the first parameters to determine
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available power at the charging station connected to the power grid assets at the 

location during the time-interval, analyze the first and second parameters to forecast 

power demand at the charging station at the location during the time-interval, and 

compare the forecasted power demand with the available power at the charging

5 station, and in response to the forecasted power demand not being met by the 

determined available power execute a demand response in the power grid to 

compensate for a lack of available power for EV charging, where the demand 

response includes allocation and delivery of power to the charging station at the 

location during the time-interval, and execute economic rules to incentivize

10 compliance with the location and time-interval.

[0010] Other systems, methods, and features will be, or will become, apparent to 

one with skill in the art upon examination of the following figures and detailed
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description. It is intended that all such additional systems, methods, features and be 

included within this description, be within the scope of the disclosure, and be 

protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0011] Figure 1 is a block diagram of an exemplary system for intelligent

management of a distributed network of electric vehicles (“EVs”) and EV charging 

stations, e.g., an EV charging infrastructure and operating center.

[0012] Figure 2 is a block diagram of an advanced version of the system of 

Figure 1, showing additional capability in a further embodiment of the EV charging

10 infrastructure management system of Figure 1.

[0013] Figure 3 is a block diagram of a hierarchy view of the EV charging 

infrastructure management systems of Figures 1 and 2, showing flow of power and 

types of communication between different levels of the grid and a fleet of electric 

vehicles and of EV charging stations.

15 [0014] Figure 4 is an explanatory diagram showing use of an EV mobile

application that provides real-time data to operators to help them find and navigate 

to charging stations for use during travel, the EV mobile application integrated into 

the EV chagrining infrastructure management system of Figures 1-3.

[0015] Figure 5 is a block diagram of an exemplary EV optimization engine

20 solution architecture that interfaces with and is a part of the EV charging 

infrastructure management systems of Figures 1-3.

[0016] Figure 6 is a block diagram of an exemplary charging infrastructure 

control showing inputs into a rules processor.

[0017] Figure 7 is a flow chart of an exemplary method for distributed

25 intelligence of power tracking and power allocation in a power grid that supports 

electric vehicle charging.

[0018] Figure 8 is a flow chart of another exemplary method for distributed 

intelligence of power tracking and power allocation in a power grid that supports 

electric vehicle charging.

30 [0019] Figure 9 is a general computer system, programmable to be a specific

computer system, which may represent any of the computing devices referenced 

herein.
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DETAILED DESCRIPTION

[0020] By way of overview, the example embodiments described below relate to 

a system for collecting data at different sections of the industry network and 

analyzing the collected data in order to manage electric vehicle power consumption

5 and charging. The network may include a fleet of electric vehicles (“EV”) and EV 

charging stations. The electric vehicles and the EV charging stations may contain 

various sensors that communicate wirelessly, over a wired network and/or through 

power lines to provide data of usage, maintenance needs and scheduling (to name a 

few examples) to and from a central control. This data may be used by a charging

10 infrastructure management system.

[0021] For instance, a single charge may not be sufficient for operators to travel 

to some locations the next day, necessitating a planned stop en route to conduct 

further charging. Other complexities of electric vehicle power usage have created a 

need for tracking their power usage and for analysis and prediction of charging

15 requirements, maintenance and the like with reference to the electric vehicles and

EV charging stations; and for power load shedding and/or power supply adjustment 

based on load demand on the power grid side. The intelligence required to track and 

control power usage requirements of electric vehicles is distributed and dynamic, 

and presents a particular challenge that has yet to be addressed in a sophisticated,

20 efficient way.

[0022] Figure 1 shows an exemplary system 100 for intelligent management of a 

distributed network of electric vehicles (“EVs”) and EV charging stations, e.g., an 

EV charging infrastructure and operating center. Figure 2 shows another exemplary 

EV charging infrastructure management system 200, an alternative version of

25 system 100, having additional capability as explained below. In explaining the 

charging infrastructure management systems 100, 200, reference will be made to 

U.S. Patent Application Serial No. 12/378,102, filed February 11, 2009 (published 

as U.S. Application No. 2009-0281674 Al) (attorney docket 10022-1401); U.S. 

Patent Application Serial No. 12/637,672, filed December 14, 2009 (published as

30 U.S. Application No. 2010-0152910 Al) (attorney docket 10022-1648); U.S. Patent 

Application Serial No. 12/830,053, filed July 2, 2010 (published as U.S. Application 

No. 2011-0004446 Al) (attorney docket 10022-1764) and to U.S. Provisional Patent 

Application No. 61/315,897, filed March 19, 2010 (attorney docket 10022-1709),
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each of which are herein incorporated by reference in their entireties. The 

incorporated patent applications will be referred to, respectively, as the ‘ 102, ‘672, 

‘053 and ‘897 Applications.

[0023] The charging infrastructure management systems 100, 200 may run in 

5 conjunction with and/or using the Intelligent Network Data Enterprise (hereinafter,

termed INDE) Reference Architecture, which may be improved by using Intelligent 

Network Data Services (hereinafter, termed INDS), both of which are disclosed in 

the ‘102, ‘672, ‘053 and ‘897 Applications. As will be discussed, some of the 

components of the INDE and/or INDS may perform the functions or features of the

10 components or parts of the charging infrastructure management systems 100, 200. 

[0024] The charging infrastructure management system 100 provides a 

distributed intelligence system that may be used to track power usage of electric 

vehicles across a fleet or from various domestic customers. The system 100 

includes a network 101 through which to communicate, which may be wired or

15 wireless or a combination thereof, and may include the Internet and other

communications networks, whether of the LAN or WAN variety. A plurality of 

customer computers 102 and mobile devices 103 may access the network 101 and 

services provided by the system 100.

[0025] The system 100 further comprises a power grid 104 that includes

20 substations 105 at which some of the logic and intelligence may reside in order to 

gather data and control power allocation. The system 100 further includes multiple 

public charge points or charging stations 106. The multiple charge points may 

include standard (AC) charge points 106a (Type I), fast (DC) charge points 106b 

(Type II), or both standard (AC) charge points 106a and fast (DC) charge points

25 106b, as illustrated in Figure 1. A smart meter (SM) may be integrated with the

charging stations 106 to perform one, some, or all of the following: track usage at 

times of day (including general tracking of usage based on all vehicles and/or 

tracking usage to specific vehicles). The system 100 may also include a fleet 107 of 

electric vehicles with associated EV charging stations 106, where the electric

30 vehicles and the charging stations may include smart meters (SM). The system 100 

may also include a number of domestic customers 108 that drive their respective 

electric vehicles 109 and charge them at their respective private charging station 

106. Smart meters (SM) may also be integrated in the domestic customer’s electric



WO 2013/121291 PCT/IB2013/000666

-7 -

vehicles and charging stations. In alternative embodiments, the electric vehicles 

and/or the charge points may be smart devices themselves and capable of 

communication with the distributed intelligence system as disclosed below.

[0026] The smart meters and devices may collect power usage data, including

5 amount of power drawn from the power grid 104, during what periods of the day 

and according to vehicle identification. This data may be sent to an operating center 

110 for the EV charging infrastructure management system 100. The operating 

center 110 may be secured by levels of security 111 such as the security framework 

described in the ‘102, ‘672, ‘053 and ‘897 Applications. The operating center 100

10 of the system may include, but not be limited to, an enterprise system 112, EV core

systems 130 and/or an operations controller 150. These aspects of the operations 

center 110 may correlate in some regard to the INDE infrastructure and system of 

the ‘672 and ‘053 Applications. The enterprise system 112 may correlate to the 

enterprise system and/or enterprise IT of the ‘672 and ‘053 Applications. The EV

15 core systems 130 may correlate to the INDE core of the ‘672 and ‘053 Applications 

and the operations controller 150 may correlate to the operations control center of 

the ‘672 and ‘053 Applications.

[0027] The enterprise system 112 may include a customer relationship 

management (CRM) application 113 (such as that made by SAP) for tracking

20 specific domestic customers 108 and their respective smart electric vehicles and 

charging stations (or smart meters) and making decisions regarding same. The 

customer relationship management application 113 may also track and analyze data 

from elsewhere off the power grid, including public charge points and a fleet of 

electric vehicles.

25 [0028] The enterprise system 112 may further include a geospatial intelligence

solution (GIS) application 114. The GIS application allows efficient management of 

critical geospatial data throughout every stage of a life cycle. From geospatial data 

capture to processing, integration, and infrastructure management, GIS software 

enables efficient access to critical geospatial data and intelligence information.

30 [0029] The enterprise system 112 may further include a master data

management (MDM) application 115, an enterprise strategy that treats master data 

as a corporate asset with enormous top-line and bottom-line impact. It facilitates 

data consistency across multiple systems for streamlined business processes
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(operational MDM) and enterprise reporting (analytical MDM) while ensuring end- 

to-end data stewardship and master data governance.

[0030] The EV core systems 130 may include, but are not be limited to, a 

network operations center (NOC) 132, an integration layer 134, a charge point head

5 end manager X 136, another charge point head end manager 138, and a head end 

smart meter 140. The NOC 132 may be an OMS-Oracle® Utilities Network 

Management System (NMS) or some other system. The integration layer 134 may 

pass and integrate data and analytics to and from: various parts of the power grid, 

such as substations and charge points or charging stations; electric vehicles; and the

10 enterprise system 112. The charge point head end managers 136, 138 may manage 

the head ends, sub-systems that are responsible for communicating with meters and 

smart meters (such as collecting data from them and providing the collected data to 

the utility). The head end service manager 140 may consolidate data in an 

intelligent manner, for instance, combine charging data from distributed charge

15 points for corresponding vehicles identified by a unique ID. In this way, the

charging activity of respective vehicles may be tracked and the data efficiently 

combined for analysis by the EV core systems 130 and/or the enterprise system 112. 

[0031] The operations controller 150 may include, but is not be limited to, a 

head end or smart grid gateway 152 and transmission system operators (TSO) and/or

20 distribution system operators (DSO). The smart grid gateway 152, for instance, may 

include an Oracle® Utilities Smart Grid Gateway MV90 (for Itron), which is based 

on the Oracle® Utilities Application Framework (OUAF). The smart grid gateway 

152 provides measurement data loading and processing for adapting data types into 

formats useable by the rest of the operating center 110.

25 [0032] With further reference to Figure 2, the EV charging infrastructure

management system 200 may include additional functionality and sophistication.

The system 200 may track and control parts of the grid that draw power from the 

grid, such as EV charging, and may track and control parts of the grid that add 

power to the grid, such as renewable energy sources 120. From a consumer

30 perspective, distributed generation is the ability to generate on-premises energy that 

can be fed back into the distribution grid. Examples of distributed generation focus 

on renewable energy resources, including solar panels on the roofs of buildings, 

small wind turbines and electric vehicles, e.g., the electric vehicles having excess
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energy capacity at the time the generation is needed. Distributed generation gives 

rise to net metering, where energy outflows from the local energy sources are 

deducted from metered energy inflows.

[0033] The enterprise system 112 may further include a call center 116, an SAP 

5 IS-U system 117, an Oracle® Management Server (OMS) 118 and a financial

management information system (FMIS) 119. The call center 116 may field calls 

from people that experience or witness issues with the grid or some aspect of the 

charging infrastructure system. An operator can then input information regarding 

troubleshooting calls or witness reports and the like, which becomes part of the

10 enterprise data available for access by the analytics of the enterprise system 112.

[0034] The SAP IS-U system 117 is an industry-specific solution for the utilities 

industry: a sales and information system that supports utility companies, among 

others. The SAP IS-U system 117 may help to sell and manage sales of charging 

services to the public and to private customers.

15 [0035] The Oracle® Management Server (OMS) 118 functions in the context of

an Oracle® Enterprise Manager (OEM) environment. The OMS 118 functions as a 

middle tier between “Oracle intelligent agents,” which may operate on multiple 

nodes and by default use a schemed named DBSNMP, and management consoles, 

where database managers view and control their OEM domains.

20 [0036] The financial management information system (FMIS) 119 may provide

the analytics in regards to budgets and tracking expenditures. In the context of the 

present disclosure, the FMIS 119 may help track and predict costs associated with 

charging electric vehicles, including the ability to track rate changes from day to 

day, as it impacts a customer’s ability to live within a desired budget. The FMIS

25 119, accordingly, enables the system 200 to help EV consumers track and control

how much they spend on electricity, a replacement for gas prices and the like but 

with more sophistication. The FMIS 119 can consider time of day or week, when 

the most innovative rates are available, and conduct localized economic analysis. 

[0037] The EV core systems 130 may further include an EV optimization engine

30 142 and a complex event processor (CEP) 144, both of which are discussed in more

detail with reference to Figure 5. The EV optimization engine 142 and CEP 144 

may provide a substantial portion of the analytics available in the system 200 for the 

management of EV charging, arbitrage and optimization as explained below.
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[0038] The operations controller 150 may further include an OMS warehouse 

management system (WMS) 156, a demand management system (DMS) 158 and a 

DG wind head end manager 162. The OMS WMS 156 is designed to improve 

productivity and efficiency of a warehouse operation that saves on costs and speeds

5 up production. The OMS WMS 156 may be applied to the storage and moving of 

power around the grid, and from substation to substation and pole top to pole top 

according to power draw from parts of the grid. Electric vehicle charging will create 

pockets and peak periods of high demand that the OMS WMS 156 is designed to 

help manage.

10 [0039] The DG wind head end manager 162 may manage where in the grid and

when the renewable energy sources 120 are provided as extra energy. This could be 

done during peak hours and to parts of the grid under heaviest power demand.

[0040] The DMS 158 may work in conjunction with analytics of the EV core 

systems 130 and possibly the operations controller 150 to control the power

15 distribution of the power grid 104 and substations 105. The DMS 158 may send 

commands to the substations and the transformers to shift power from one part of 

the power grid to another part of the power grid.

[0041] With continued reference to Figures 1 and 2, one or more third party co

location applications 170 may be integrated with the integration layer 134 and

20 receive data and analytics information from the operating center 110. The co

location applications 170 may include a charge point payment system and portal 176 

and a Web 2.0 & mobile device application 178. These applications may interact 

with power suppliers 172, payment providers 174 and with the computers and 

mobile devices of the customers 102 and mobile users 103. The charge point system

25 and portal 176 may act as a liaison between the computers 102 and mobile devices 

103 and the payment providers 174 (such as credit card companies and/or banks) 

and power suppliers 172 (such as the utilities).

[0042] The Web 2.0 & mobile device application 178 may be executed from a 

server and displayed on mobile devices 103, containing information such as rate

30 information, usage data and billing information associated with a customer’s power 

usage from EV charging, for instance. The application 178 may make available on 

mobile devices 103 the same information and data made available on other 

computers 102 by the charge point payment system and portal 176. The Web 2.0 &
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mobile device application 178 may also, as shown in Figure 4, provide to mobile 

devices 103 the ability for users to search, find, map and get turn-by-turn directions 

to charge point stations, to determine if the station is available or in use, and/or to 

provide information as to cost of charging at the charge point station. The mobile

5 device user may then start and stop a charging session directly from the mobile (or 

other handheld smart) device, and receive real-time charging status notifications. 

[0043] Figure 3 shows a hierarchy view of the EV charging infrastructure 

management systems 100, 200 of Figures 1 and 2, showing flow of power and types 

of communication between different levels of the grid and a fleet 107 of electric

10 vehicles and of EV charging stations 106. The different levels of the grid include, 

but are not limited to: (4) enterprise; (3) substation; (2) pole top 305; and (1) local. 

Pole top 305 refers to the transformer level and local refers to the street level, such 

as in parking lots, charging stations and in homes. A home controller 310 may 

provide a gateway for communication between a home (or residential) charging

15 station 108 and the network 101.

[0044] The logic and analytics discussed with reference to Figure 5 may be 

tracked and facilitated depending on the hierarchical level at which the data is being 

processed or analytics performed. A charge application 312 may make smart (or 

intelligent) the grid or component of the grid shown at each level of the hierarchy.

20 The head ends 136, 140, 152 and/or 162 may provide or at least facilitate the 

intelligence, data processing and data integration at the enterprise level.

[0045] The communication of the charging and power usage data may flow 

through a variety of methods, including power line communication (PLC) through 

the grid 104, which may include fiber in addition to power lines. Communication

25 may also be executed through the network 101 which may include a wireless aspect 

and other computerized and networked communication outside of the power lines. 

The electric vehicles 109 may communicate wirelessly and/or in a wired fashion, to 

track levels of charge and charging activity by identified electric vehicles and 

charging stations. Analytics and intelligence may then be passed back to users of

30 the electric vehicles to their mobile devices 103, computers 102 and/or to the electric 

vehicles 109, e.g., to a display panel or computer in the vehicle.

[0046] From left to right, a general flow of intelligence of the EV charging 

infrastructure management system 200 is shown. At the local or street level, local
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authentication may be required for the smart devices and meters to communicate 

with the rest of the system 200, including with the grid 104, the substations 105 and 

the network 101. At the pole top and substation levels, the system 200 may perform 

batch billing and transactions with reference to electric power distribution.

5 [0047] At the substation level, grid power demand may be forecasted to the

demand management system 158 at the enterprise level. Furthermore, between the 

pole top and the substation levels, the system 200 may communicate load data to a 

primary substation 105 of the system 200. Between the local and pole top levels, the 

system 200 may communicate data to the load substations. Between the local and

10 enterprise levels, the electric vehicles may communicate to the charge point payment

system and portal 276 and/or the Web 2.0 & mobile device application 178. Finally, 

the system 200 may provide communications between the head ends at the 

enterprise level and the other three levels of the hierarchy: the substation, the pole 

top and the local levels.

15 [0048] Figure 5 is an exemplary EV optimization engine solution architecture

500 that interfaces with and is a part of the EV charging infrastructure management 

systems 100, 200 of Figures 1-3. The architecture 500 may include the EV 

optimization engine 142, the complex event processor (CEP) 144, the demand 

response management system 158, a customer profdes database 159, other devices

20 180 that consume and/or generate power, distributed generation 204, a customer

profdes database 503, and locational marginal prices (LMP) data 505 that may be 

stored in a database. All of these aspects of the optimization engine solution 

architecture 500 may be combined into one or more servers, memory storage devices 

and processing devices and may be implemented as a stand-alone computer or as a

25 distributed system that communicates through the network 101. The functions of 

the optimization engine solution architecture 500 may also be shared with other 

components and applications executed at the enterprise level, whether in the 

enterprise system 112, the EV core systems 130 or the operations controller 150. 

[0049] The EV optimization engine 142 may include, but is not limited to,

30 processors or software modules executable by one or more processors for: load

adjustments 510; smart charging 520; intermittency mitigation 530; dynamic voltage 

and capacitance (VoltVAr) adjustments 540; asset management 550; LMP 

(locational marginal pricing) arbitrage 560; loss minimization 570; and other rules
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580. The CEP 144 may include, but not be limited to, a cost of service calculator 

584, a load use/cost tracker 588 and a charge demand forecaster 590. The CEP 144 

may be functionally integrated with the FMIS 119, or receive analysis data from the 

FMIS 119 with which to perform further analysis and forecasting.

5 [0050] The load adjustments 510 may simulate actual conditions in the power

grid should a certain amount of power be transferred from one location to another, 

such as from on substation to another or between transformers or other transfers. 

[0051] The smart charging 520 may track individual smart meters (SM) within 

the charging stations 106 and within identified electric vehicles 109 such that

10 scheduling can be coordinated and/or suggested to EV customers so as to optimize 

power usage by spreading it out over typical days and a typical week.

[0052] The intermittency mitigation 530 may strive to deal with intermittent 

supplies of power where they are not always predictable. This includes sources of 

renewable power such as wind.

15 [0053] Electric utility companies today constantly struggle to find a balance

between generating sufficient power to satisfy their customers' dynamic load 

requirements and minimizing their capital and operating costs. They spend a great 

deal of time and effort attempting to optimize every element of their generation, 

transmission and distribution systems to achieve both their physical and economic

20 goals. In many cases, "real" generators waste valuable resources - waste that if not 

managed efficiently can go directly to the bottom line. Energy companies therefore 

find the concept of a "virtual generator," or a virtual source of energy that can be 

turned on when needed, very attractive. Although generally only representing a 

small percentage of utilities' overall generation capacity, virtual generators are quick

25 to deploy, affordable, cost-effective and represent a form of "green energy" that can 

help utilities meet carbon emission standards.

[0054] Virtual generators use forms of dynamic voltage and capacitance (Volt/ 

VAr) adjustments 540 that are controlled through sensing, analytics and automation. 

The overall process involves first flattening or tightening the voltage profiles by

30 adding additional voltage regulators to the distribution system. Then, by moving the 

voltage profile up or down within the operational voltage bounds, utilities can 

achieve significant benefits. Because voltage adjustments will influence VArs, 

utilities should also adjust both the placement and control of capacitors.
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[0055] The asset management 550 may manage power flow requirements to and 

from assets on the power grid, such as electric vehicles, charging stations, renewable 

energy sources, substations and transformers.

[0056] The LMP (locational marginal pricing) arbitrage 560 may be executed to 

5 enable customers to take advantage of a price difference between two or more

markets, striking a combination of matching deals that capitalize upon the 

imbalance, the profit being the difference between the market prices.

[0057] The loss minimization 570 may be executed to reduce power losses 

inherent in lines and loads of the power grid, which is also addressed in the ‘530

10 Application.

[0058] The complex event processor (CEP) 144 may execute complex event 

processing, which was also addressed as CEP processing in the ‘053 application. 

Complex event processing refers to process states, the changes of state exceeding a 

defined threshold of level such as power, time, or value increment or just of a count

15 as the event. It requires the respective event monitoring, event reporting, event 

recording and event filtering. An event may be observed as a change of state with 

any physical or logical or otherwise discriminated condition of and in a technical or 

economical system, each state information with an attached time stamp defining the 

order of occurrence and a topology mark defining the location of occurrence.

20 [0059] The CEP 144 may include event correlation engines (event correlators)

that analyze a mass of events, pinpoint the most significant ones, and trigger actions. 

While the CEP 144 may generally relate high-level events with low-level events, the 

CEP 144 may also generate inferred events using the rules 180 and other artificial 

intelligence.

25 [0060] The EV optimization engine 142 may work in conjunction with the CEP

144 to analyze data and correlate and/or produce events that may optimize power 

usage and costs of use of that power within the power grid. The data may include, 

but not be limited to, power usage history (and other consumer data) received from 

the electric vehicles 109, EV charging stations 106, event charging or public fleets

30 107, event/home charging 108, distributed generation 204, renewable energy sources

120 and the other devices 180 that all may be connected to the grid. The consumer 

data may include a vehicle profile, a price a customer is willing to pay, habits of 

travel and charging, etc. The data may be provided through a wireless interface so
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that the system 200 need not necessarily wait for the electric vehicle to be docked to 

a charging station and may continuously gather and track data. Most new vehicles 

nowadays include a sensor in the dash that may provide a dedicated data path back 

to the operating center 110.

5 [0061] The EV optimization engine 142 may send analysis results and suggested

control measures to the DMS system 158, which may then send real-time commands 

to electric vehicles, EV charging stations, substations, pole top or pad transformers 

and the like to control flow of power, charging timing that affects pricing and 

availability, and rules related to charging, power flow management and other aspects

10 of optimizing power usage. The CEP 144 may calculate the cost of service, load use

and track the cost over time and during different periods. The CEP 144 may further 

forecast demand of power usage and associated costs appurtenant to that demand in 

the future.

[0062] Analysis results may be presented to the electric vehicles, computers

15 and/or mobile devices of the customers in graphical user interfaces (GUIs) or Web

portal of the customers (such as an application or browser or the like as shown in 

Figure 4) such that the customers may understand and make usage and charging 

decisions based thereon. The GUIs may accept selections from the customers to 

enable scheduling charging times, locations, durations or according to budgets set by

20 the customers based on forecasted costs for a proposed charging schedule.

[0063] As one example, a customer may be traveling downtown and anticipates 

being in town for a period of time. Based on projected location, the system 200 may 

provide the customer with possible charging locations and rates. If the customer 

indicates a planned stop to charge at one of those locations, the system 200 (e.g.,

25 DMS 158) may alert a substation that handles the power for the charging stations at 

that location as part of a forecast of demand. That substation may then transfer 

additional power at the scheduled time to ensure the utility company can meet the 

increase in demand at that location and time. When the customer arrives, the 

charging station may send a communication that the identified electric vehicle has

30 plugged in to charge and the system 200 (e.g., the FMIS 119) can charge the 

customer according to the current rates.

[0064] The utility company may provide a rebate to the customer when the 

customer schedules, ahead of time, a time and place to charge an electric vehicle to
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incentivize customers alerting the system 200 as to future demand needs, making it 

easier for the system 200 to forecast expected load distribution.

[0065] As another example, a customer may submit preferences with regards to 

when and where the customer would like to normally charge an electric vehicle and

5 submit other consumer data that can be used to build a profde for the customer. If 

the customer then decides to charge an electric vehicle outside of the preferred times 

and locations, the system 200 may charge the customer a premium above and 

beyond the normal rate.

[0066] The distributed intelligence of the present disclosure may occur to 

10 different degrees at the different levels discussed with reference to Figure 3, such as

at the enterprise, substation, pole top and street levels. Some of the function of the 

system 200 at the various levels may be more data gathering and command passing, 

but at least some of the analysis of the data may be performed at the pole top and/or 

substation levels - closer to the street level than the enterprise level - which may

15 enable the system 200 to react more quickly to changing power needs based on EV

charging and forecasted power needs and costs for the same. Furthermore, decision 

trees may be built as part of the analysis that may help the CEP 144 build demand 

forecasts.

[0067] For instance, at the pole or pad transformer levels, the rules may relate to

20 managing transformer assets based on assumed and determined load profdes, such 

as peak power usage during the day, during the hottest or coldest times of day, etc. 

Rules may support the design of load profdes, which may be tracked by the CEP 

144 and stored in the customer profdes database 503. The DMS system 158 may 

then execute demand response to keep loads on transformers according to the design

25 load profdes. The CEP 144 may track and modify maintenance intervals to maintain 

power storage at the street level based on frequency of use.

[0068] With power usage data that includes historical usage, the charge demand 

forecaster 590 may use the customer profdes to determine and deliver expected 

loads in a way that optimizes usage without running out of power. Across thousands

30 of feeders and thousands of transformers, this may be a challenging task and one that 

is very distributed in nature.

[0069] Each substation 105 contains a number of transformers that may be 

interconnected with a bus (Figure 3). The system 200 may track loads of pad mount
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transformers coming in from the field to perform sanity checks regarding historical 

usage and to also aggregate loads from multiple feeders to then apply rules to those 

aggregate loads. The system 200 may also look for hot-spots in a substation 105 

within this data. In this way, the system 200 may more precisely track the loads and

5 control the loads on the substation transformers.

[0070] The rules executed by the EV optimization engine 142 or something 

equivalent at the substation level such as the charge application 312 may be 

switching rules in which loads may be shared between substations. The loads could 

be controlled at the enterprise level or at the substation level. Moreover, an operator

10 may optionally confirm or intervene at the substation level to ensure loads are 

properly distributed across transformers. The system 200 may be able to extract 

more complex asset monitoring in the substations. Sensors may be placed on the 

transformers that communicate over fiber, wireless or via power lines to pass its data 

to the substation controllers coupled with the charge applications and to the

15 enterprise communication systems (Figure 3).

[0071] The system 200 may also include intelligence at pole top or pad 

transformers, such as current and voltage control. The system 200 can look at 

instantaneous values and at spectral content, whether there are power quality issues. 

The load use tracker 588 and/or the charge application 312 may gather sensed

20 measurements of current and voltage, verify quality and reliability in a transformer, 

and verify phase connectivity in power lines and transformers. Depending on the 

parameters loaded into the load use tracker 588 and/or the charge application 312, 

the system 200 may increase or decrease the power load on respective transformers. 

[0072] If all electric vehicle owners tried to charge their electric vehicles at the

25 same time, for instance, starting at five or six at night, the power grid would become 

so loaded that it would not be able to handle the entire load. This is particularly true 

in urban areas where there may be a larger concentration of electric vehicles. 

Accordingly, the EV optimization engine 142 may use its rules 580 and other logic 

to optimize power flows to transformers and charge stations in an equitable way that

30 also facilitates getting the electric vehicles charged in a reasonable amount of time. 

Some charging stations 106a may be standard (Type I) charging stations and provide 

a trickle charge to charge electric vehicles at a slower rate while other charging 

stations 106b may be high speed chargers (Type II) and thus create a greater drain
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on the power grid 104. Power can be redistributed to substations and connected 

transformers to provide additional power during peak periods and at locations 

containing the high-speed charging stations 106b, for instance.

[0073] Figure 6 is a block diagram of an exemplary charging infrastructure 

5 control 600 showing data inputs into a rules processor 612. The rules processor 612

may comprise a processor executing one or more rules discussed herein. The rules 

processor 612 may be included within the EV optimization engine 142, the complex 

event processor (CEP) 144 and/or within the charge application 312 depending on 

what data is analyzed to generate what result. The rules processor 612 may receive

10 the data inputs, analyze the data inputs, and generate, among other outputs any

combination of the following: an indicator, a recommendation or other message (for 

instance to a user’s mobile device or electric vehicle), and/or a command to control a 

part of the grid infrastructure to shift power allocations.

[0074] The data inputs into the rules processor 612 may include, but not be

15 limited to, system parameters 614, charging infrastructure parameters 616, business 

rule parameters 618, customer and preferences parameters 620, other parameters 622 

and economic rule parameters 624.

[0075] The system parameters 614 may include, but are not limited to, local 

asset availability such as whether transmission and distribution components near the

20 EV infrastructure is energized and in an available state. The system parameters may 

also indicate the level of feeder utilization such that a power feeder is capable of 

supporting vehicle charging, and if so, what level(s) of charging. The system 

parameters may further indicate whether on-site generation is available (such as 

whether solar is available or vehicle-to-grid or vehicle-to-vehicle charging

25 supported). The system parameters may further indicate whether on site power 

storage exists and whether it is sufficient to support or augment charging. The 

parameters may further indicate whether any operational restrictions are in place, 

any abnormal events are detected, what mode of operation an EV station is in and 

whether ancillary services are provisioned.

30 [0076] The infrastructure parameters 616 may include, but are not limited to,

indicators regarding whether the EV infrastructure is functioning, whether a 

charging station outlet is reserved by a user, and what is the level of infrastructure 

capability (such as Level 1, 2, 3, or vehicle-to-grid (V2G) supported).
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[0077] The business rule parameters 618 may include, but are not limited to, 

whether the vehicle accessing the EV infrastructure is a new or an existing customer; 

whether the vehicle is a loaner or owned by the driver; and how will a payment be 

made.

5 [0078] The customer and preferences parameters 620 may include, but are not

limited to: preferred speed of charge; cost of transaction (buy and/or sell power); 

purchase preference for source generation (e.g., “green”); purchase benefits for 

attached generation (e.g., “green”), where attached generation represents any 

generation source connected to a charging station that could be locally controlled

10 and utilized in order to support the function of the station; reservation and

reservation time; customer account information; and incentive, credits and penalties. 

Some of these preferences were already discussed and inputs to the intelligence 

determination of the system 200. The customer and preferences parameters may 

also be extracted from customer profiles.

15 [0079] The other parameters 622 may include, but are not limited to, weather

data or significant events that may occur in the power grid 104 that may affect the 

ability to provide sufficient power for charging that is requested or anticipated based 

on the above-listed parameters.

[0080] The economic rules parameters 624 may include, but are not limited to:

20 rate in effect at time of charging at a charging station; demand response rates in

effect such as critical peak pricing or other demand response-related rates; localized 

rates in effect such as whether the rates are driven by local asset utilization; whether 

to account for any penalties such as opting out of a demand response event that 

would decrease or stop power available for charging at a desired time; and

25 applicable rates or tariffs for a transaction during demand response.

[0081] Rules may be formulated from any or a combination of the above-listed 

parameters that form data inputs into the rules processor 612. Some such rules were 

already discussed with reference to Figures 1-5. Another exemplary rule may 

dictate that if a user waits for an hour to charge his electric vehicle, then the user

30 will save a certain amount of money (like a one dollar discount). Another 

exemplary rule may dictate that a premium cost is charged for utilizing local 

generation or attached storage when a demand response event is underway that is 

attempting to reduce power consumption at the subject charging station.
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[0082] Figure 7 is a flow chart of an exemplary method for distributed 

intelligence of power tracking and power allocation in a power grid that supports 

electric vehicle charging. At block 710, at least one computer receives data from a 

plurality of identified charging stations and electric vehicles of customers at

5 distributed locations throughout a power grid. At block 720, at least one processor 

of the at least one computer analyzes the data with respect to available power for 

those locations and customer historical usage and profiles. At block 730, the at least 

one processor sends commands to reallocate power to assets of the power grid to 

handle fluctuations or forecasted fluctuations in power demand based on the

10 analysis.

[0083] Further to the analysis step of block 720, at block 740, the at least one 

processor may also consider one or a combination of a time of day and a day of 

week. Further to the analysis step of block 720, at block 750, the at least one 

processor may also consider customer preferences that are included in the customer

15 profiles. Further to the analysis step of block 720, at block 740, the at least one 

processor may also consider real-time customer inputs regarding planned trips or 

planned charges.

[0084] Figure 8 is a flow chart of another exemplary method for distributed 

intelligence of power tracking and power allocation in a power grid that supports

20 electric vehicle charging. At block 810, at least one computer receives first

parameters related to system and charging infrastructure within power transmission 

and distribution assets of a power grid. At block 820, the at least one computer 

receives second parameters related to electric vehicle (EV) customers and customer 

preferences. At block 830, at least one processor of the at least one computer

25 analyzes the first parameters to determine available power for charging stations

connected to the power grid assets. At block 840, the at least one processor analyzes 

the first and second parameters to determine whether EV charging in relation to the 

customer preferences can be met by the available power at the charging stations. 

[0085] At block 850, the at least one processor outputs a decision relating to

30 whether the EV charging in relation to the customer preferences can be met by the 

available power at the charging stations. If the decision is yes, then the method 

repeats starting back at block 810. IF the decision is no, then at block 860, the at 

least one processor executes instructions to execute a demand response in the power
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grid to compensate for a lack of available power for EV charging; and at block 870, 

executes economic rules drawn to EV charging to incentivize the EV customers to 

comply with the demand response.

[0086] Figure 8 illustrates a general computer system 900, programmable to be a 

5 specific computer system 900, which may represent any server, computer or

component (or group thereof) of the charging infrastructure management systems 

100, 200. The computer system 900 may include an ordered listing of a set of 

instructions 902 that may be executed to cause the computer system 900 to perform 

any one or more of the methods or computer-based functions disclosed herein. The

10 computer system 900 may operate as a stand-alone device or may be connected, e.g., 

using the network 101, to other computer systems or peripheral devices.

[0087] In a networked deployment, the computer system 900 may operate in the 

capacity of a server or as a client-user computer in a server-client user network 

environment, or as a peer computer system in a peer-to-peer (or distributed) network

15 environment. The computer system 900 may also be implemented as or

incorporated into various devices, such as a personal computer or a mobile 

computing device capable of executing a set of instructions 902 that specify actions 

to be taken by that machine, including and not limited to, accessing the Internet or 

Web through any form of browser. Further, each of the systems described may

20 include any collection of sub-systems that individually or jointly execute a set, or 

multiple sets, of instructions to perform one or more computer functions.

[0088] The computer system 900 may include a memory 904 on a bus 920 for 

communicating information. Code operable to cause the computer system to 

perform any of the acts or operations described herein may be stored in the memory

25 904. The memory 904 may be a random-access memory, read-only memory,

programmable memory, hard disk drive or any other type of volatile or non-volatile 

memory or storage device.

[0089] The computer system 900 may include a processor 908, such as a central 

processing unit (CPU) and/or a graphics processing unit (GPU). The processor 908

30 may include one or more general processors, digital signal processors, application 

specific integrated circuits, field programmable gate arrays, digital circuits, optical 

circuits, analog circuits, combinations thereof, or other now known or later- 

developed devices for analyzing and processing data. The processor 908 may
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implement the set of instructions 902 or other software program, such as manually- 

programmed or computer-generated code for implementing logical functions. The 

logical function or any system element described may, among other functions, 

process and/or convert an analog data source such as an analog electrical, audio, or

5 video signal, or a combination thereof, to a digital data source for audio-visual

purposes or other digital processing purposes such as for compatibility for computer 

processing.

[0090] The computer system 900 may also include a disk or optical drive unit 

915. The disk drive unit 915 may include a computer-readable medium 940 in

10 which one or more sets of instructions 902, e.g., software, can be embedded.

Further, the instructions 902 may perform one or more of the operations as described 

herein. The instructions 902 may reside completely, or at least partially, within the 

memory 904 and/or within the processor 908 during execution by the computer 

system 900. Accordingly, the databases 503 and 505 above in Figure 5 may be

15 stored in the memory 904 and/or the disk unit 915.

[0091] The memory 904 and the processor 908 also may include computer- 

readable media as discussed above. A “computer-readable medium,” “computer- 

readable storage medium,” “machine readable medium,” “propagated-signal 

medium,” and/or “signal-bearing medium” may include any device that includes,

20 stores, communicates, propagates, or transports software for use by or in connection 

with an instruction executable system, apparatus, or device. The machine-readable 

medium may selectively be, but not limited to, an electronic, magnetic, optical, 

electromagnetic, infrared, or semiconductor system, apparatus, device, or 

propagation medium.

25 [0092] Additionally, the computer system 900 may include an input device 925,

such as a keyboard or mouse, configured for a user to interact with any of the 

components of system 900. It may further include a display 970, such as a liquid 

crystal display (LCD), a cathode ray tube (CRT), or any other display suitable for 

conveying information. The display 970 may act as an interface for the user to see

30 the functioning of the processor 908, or specifically as an interface with the software 

stored in the memory 904 or the drive unit 915.

[0093] The computer system 900 may include a communication interface 936 

that enables communications via the communications network 101. The network
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101 may include wired networks, wireless networks, or combinations thereof. The 

communication interface 936 network may enable communications via any number 

of communication standards, such as 802.11, 802.17, 802.20, WiMax, 802.15.4, 

cellular telephone standards, or other communication standards. Just because one of

5 these standards is listed does not mean any one is preferred as any number of these 

standards may never actually be adopted in a commercial product.

[0094] Accordingly, the method and system may be realized in hardware, 

software, or a combination of hardware and software. The method and system may 

be realized in a centralized fashion in at least one computer system or in a

10 distributed fashion where different elements are spread across several interconnected 

computer systems. Any kind of computer system or other apparatus adapted for 

carrying out the methods described herein is suited. A typical combination of 

hardware and software may be a general-purpose computer system with a computer 

program that, when being loaded and executed, controls the computer system such

15 that it carries out the methods described herein. Such a programmed computer may

be considered a special-purpose computer.

[0095] The method and system may also be embedded in a computer program 

product, which includes all the features enabling the implementation of the 

operations described herein and which, when loaded in a computer system, is able to

20 carry out these operations. Computer program in the present context means any 

expression, in any language, code or notation, of a set of instructions intended to 

cause a system having an information processing capability to perform a particular 

function, either directly or after either or both of the following: a) conversion to 

another language, code or notation; b) reproduction in a different material form.

25 [0096] The above-disclosed subject matter is to be considered illustrative, and

not restrictive, and the appended claims are intended to cover all such modifications, 

enhancements, and other embodiments, which fall within the true spirit and scope of 

the present disclosure. Thus, to the maximum extent allowed by law, the scope of 

the present embodiments are to be determined by the broadest permissible

30 interpretation of the following claims and their equivalents, and shall not be 

restricted or limited by the foregoing detailed description. While various 

embodiments have been described, it will be apparent to those of ordinary skill in 

the art that many more embodiments and implementations are possible within the
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scope of the above detailed description. Accordingly, the embodiments are not to be 

restricted except in light of the attached claims and their equivalents.

Throughout this specification and claims which follow, unless the context 

requires otherwise, the word “comprise”, and variations such as “comprises” and

5 “comprising”, will be understood to imply the inclusion of a stated integer or step, or 

group of integers or steps, but not the exclusion of any other integer or step or group 

of integers or steps.

Any reference to prior art in this specification is not, and should not be taken 

as, an acknowledgement, or any suggestion, that the prior art forms part of the

10 common general knowledge in Australia.
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The claims defining the invention are as follows:

1. A method for distributed intelligence of power tracking and power 

allocation, the method executable by at least one computer including at least one

5 processor and memory, the method including:

receiving data, by the at least one computer, from a plurality of identified

charging stations and electric vehicles of customers at distributed locations 

throughout a power grid, wherein the received data includes selections from the 

customers of scheduling charging times, scheduling charging locations, and

10 scheduling charging durations to charge the electric vehicles;

analyzing, with the at least one processor, the data with respect to available

power for those locations and customer historical usage and profiles; and

sending commands, with the at least one processor, to reallocate power to

assets of the power grid to handle fluctuations or forecasted fluctuations in power 

15 demand based on the analysis, wherein each asset of the power grid is any one or

more of:

an electric vehicle; 

a charging station; 

a renewable energy source;

20 a substation; and/or

a transformer.

2. A method according to claim 1, where analyzing also considers one or a 

combination of a time of day and a day of week.

25

3. A method according to either claim 1 or claim 2, where the analyzing also 

considers customer preferences that are included in the customer profiles.

4. A method according to any one of the preceding claims, where analyzing 

30 also considers real-time customer inputs regarding planned trips or planned charges.

5. A method according to any one of the preceding claims, further including:
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receiving a plurality of system and charging infrastructure parameters from 

the power grid assets;

where analyzing further includes determining, from the parameters, whether 

there is sufficient power availability within the power grid to support charging the

5 electric vehicles at locations of the charging stations within the power grid.

6. A system for distributed intelligence of power tracking and power allocation 

including:

at least one computer including at least one processor and memory, the at

10 least one computer configured to receive data from a plurality of identified charging 

stations and electric vehicles of customers at distributed locations throughout a 

power grid, wherein the received data includes selections from the customers of 

scheduling charging times, scheduling charging locations, and scheduling charging 

durations to charge the electric vehicles;

15 where the processor is configured to:

analyze the data with respect to available power for those locations

and customer historical usage and profiles; and

send commands to reallocate power to assets of the power grid to

handle fluctuations, or forecasted fluctuations, in power demand based on the

20 analysis , wherein each asset of the power grid is one or more of:

an electric vehicle; 

a charging station; 

a renewable energy source; 

a substation; and/or

25 a transformer.

7. A system according to claim 6, where the at least one processor is further 

configured to analyze one or a combination of a time of day and a day of week.

30 8. A system according to either claim 6 or claim 7, where the at least one

processor is further configured to analyze preferences that are included in the 

customer profiles.
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9. A system according to any one of claim 6 to 8, where the at least one 

processor is further configured to analyze real-time customer inputs regarding 

planned trips or planned charges.

5 10. A system according to any one of claims 6 to 9, where the assets include

transmission, distribution and feeder assets of the power grid, and

where the processor is further configured to:

receive parameters related to transmission and distribution

availability within the power grid for performing the charging at the 

10 charging stations, and related to a level of feeder utilization of a power

feeder that feeds the charging stations; and

analyze the parameters to determine whether there is sufficient power

availability to support charging the electric vehicles through the power 

feeders.

15

11. A method for distributed intelligence of power tracking and power 

allocation, the method executable by at least one computer including at least one 

processor and memory, the method including:

receiving, by the at least one computer, first parameters related to system and 

20 charging infrastructure within power transmission and distribution assets of a power 

grid, and second parameters associated with a plurality of electric vehicles, wherein 

the second parameters associated with an electric vehicle (EV) of the plurality of 

electric vehicles include a scheduled time and a scheduled location for charging the 

EV, according to a travel plan of the EV, at one or more charging stations of the

25 power grid;

analyzing, using the at least one processor, the first parameters to determine 

available power for charging stations connected to the power grid assets at the 

scheduled locations;

analyzing, using the at least one processor, the first parameters and the 

30 second parameters of the electric vehicles to:

forecast power demand at the scheduled times and scheduled 

locations based on an aggregation of the second parameters of the plurality 

of electric vehicles;
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determine whether the power demand at the scheduled times and 

scheduled locations for charging the electric vehicles can be met by the 

available power at the charging stations; and

in response to determining that the power demand for charging the 

5 electric vehicles cannot be met by the available power, the processor

executing instructions to:

execute a demand response in the power grid to compensate 

for a lack of available power for charging the electric vehicles, 

wherein the demand response includes allocation and delivery of

10 power at the scheduled locations at the scheduled times; and

execute economic rules to incentivize charging the electric

vehicles in compliance with the demand response.

12. A method according to claim 11, where the parameters related to the system 

15 and charging infrastructure include availability of on-site power storage at a

scheduled location and level of charge of the on-site power storage to support EV 

charging.

13. A method according to either claim 11 or claim 12, further including 

20 executing business rules based on the electric vehicle being a new or an existing

customer, and a payment mechanism being used to charge the electric vehicle.

14. A method according to any one of claims 11 to 13, where parameters related 

to the economic rules include a rate in effect at time of charging at a charging

25 station, demand response rates in effect at a peak pricing, and localized rates.

15. A method according to any one of claims 11 to 14, where parameters related 

to the economic rules include penalties for opting out of a scheduled time or a 

scheduled location for charging, and applicable rates or tariffs for a transaction

30 during the demand response.
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16. A system for distributed intelligence of power tracking and power allocation, 

the system including:

a processor configured to receive:

first parameters related to power transmission and distribution assets of a 

5 power grid, and second parameters related to an electric vehicle (EV), the second 

parameters including a time-interval and a location of a charging station of the

power grid to charge the EV based on a travel route of the EV; 

a processor configured to:

analyze the first parameters to determine available power at the 

10 charging station connected to the power grid assets at the location during the

time-interval;

analyze the first and second parameters to:

forecast power demand at the charging station at the location

during the time-interval; and

15 compare the forecasted power demand with the available

power at the charging station; and

in response to the forecasted power demand not being met by 

the determined available power:

execute a demand response in the power grid to 

20 compensate for a lack of available power for EV charging,

where the demand response includes allocation and delivery 

of power to the charging station at the location during the

time-interval; and

execute economic rules to incentivize compliance 

25 with the location and time-interval.

17. A system according to claim 16, where the processor is further configured to 

reallocate power to and from a plurality of assets of the power grid to handle 

fluctuations, or forecasted fluctuations, in power demand based on receipt of

30 charges in the second parameters that affect the power demand at the charging 

station.



-30-
20

13
22

00
74

 
23

 F
eb

 2
01

5

18. A system according to either claim 16 or claim 17, where the parameters 

related to the system and charging infrastructure include an operational restriction of 

a charging station, a reservation of a charging station by a customer, a presence of 

an abnormal event, and a level of infrastructure capability as related to a charging

5 station.

19. A system according to any one of claims 16 to 18, where the processor is 

further configured to execute business rules, where parameters related to the 

business rules include the EV being a new or an existing customer, and a payment

10 mechanism associated with the electric vehicle.

20. A system according to any one of claims 16 to 19, where the first parameters 

related to the system and charging infrastructure include availability of on-site 

power generation for the EV charging.

15

21. A system according to any one of claims 16 to 20, where the parameters 

related to the economic rules include a rate in effect at time of charging at the 

charging stations, demand response rates in effect at a peak pricing, and localized 

rates.

20

22. A system according to any one of claims 16 to 21, where parameters related 

to the economic rules include penalties for opting out of a demand response event 

that would decrease or stop power available for charging at the location during the 

time-interval, and applicable rates or tariffs for a transaction at the location during

25 the time-interval.
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