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METHOD AND APPARATUS FOR 
CHARGINGA BATTERY FROM AN 

ISOLATABLE ELECTRIC POWER GRID 
Charger DC Output 

Voltage ( V DC ) 
Max Current 

( Amps - continuous ) Charge Method kW 

DC Level 1 
DC Level 2 

50-500 
50-500 

80 
200 

4-40 
10-100 CROSS - REFERENCE TO RELATED 

APPLICATIONS 

[ 0001 ] This application claims the benefit of the filing date 
of U.S. Provisional Patent Application No. 62 / 462,095 filed 
Feb. 22 , 2017 , the disclosure of which is hereby incorpo 
rated herein by reference . 

TECHNICAL FIELD 

[ 0002 ] The present disclosure generally relates to electric 
battery charging systems , and more particularly , determining 
a schedule for charging an electric battery included in a 
mobile apparatus , such as an electric vehicle ( EV ) , using 
electric power supplied over an isolatable electric power 
grid ( “ microgrid ” ) , based on information related to electric 
power consumption , electric power supply , energy genera 
tion and energy storage on the microgrid . 

BACKGROUND 

[ 0003 ] With the expected increase in the number of EVs in 
the near future , electric power charging requirements likely 
will increase . As a result , the existing electric power grid 
infrastructure , which includes utility power grids , distribu 
tion power grids and power grids at a residential or com 
mercial level , may face challenges to satisfy the increased 
charging requirements . 
[ 0004 ] The automotive industry has standardized a variety 
of charging methods for EVs . These methods include AC 
and DC charging methods . AC methods tend to be more 
universal within a country than DC methods . In AC charg 
ing , AC power is sent to the EV , which contains a charger 
and an energy storage ( e.g. , a battery ) . The charger in the EV 
is designed specifically for the battery of the EV , and 
charging control electronics are contained within the EV . AC 
charging , however , has a limited ability to charge a battery 
quickly due to power limits , as shown in the following table 
of example ranges . 

[ 0006 ] Currently , many families own multiple gasoline 
vehicles and a relatively small number own an EV . In the 
future , the likely trend is that families will own multiple 
EVs , and there will be an increased probability that one or 
more EVs will be visiting a home and require simultaneous 
charging sessions . 
[ 0007 ] FIG . 1 illustrates a prior art residential ( home ) 
electrical power system 5. Electrical power may be provided 
from Grid 10 via a local transformer 20 to powerline 
customer premise distribution wiring 30 which extends to an 
electrical meter 70. For ease of reference and as used in the 
present disclosure , “ local ” refers to a low voltage trans 
former and any power equipment connected to the second 
ary winding of the transformer , i.e. , load side , and “ Grid ” is 
the electrical power network upstream of the low voltage 
transformer . The Grid 10 may include sub - sections of dif 
ferent power capacities and types of control and / or avail 
ability . The transformer 20 may reduce the voltage from a 
medium voltage to the standard low voltage wall outlet 
voltage of about 110 Volts line - to - ground or 220 Volts 
line - to - line . The electrical meter 70 is “ dumb ” , i.e. , a device 
that does not make any decisions that affect charging or 
energy usage processes , which interconnects the wiring 30 
to residential low voltage power distribution wiring 140. The 
system 5 may include electric vehicle supply equipment 
( EVSE ) 55 , which also does not make any decisions that 
affect charging or energy usage processes ( i.e. , a “ dumb ” 
EVSE ) , connected to the wiring 140. The EVSE 55 may 
include a power interface 52 to supply power to an EV 50 , 
and a communication interface 54 over which EV power 
charging related information is exchanged with the EV 50 . 
The system 5 may include alternative power resources such 
as a Distributed Energy Resource ( DER ) 110 , an energy 
storage system 120 and a renewable energy resource ( Re 
newable ) 130. The energy storage system 120 may be 
embodied as a flywheel , molten salt , a water tower , a battery , 
pumped hydroelectric storage or other energy storage sys 
tem . The Renewable 130 may include a consumptive energy 
resource such as a wood - fired generator , a small nuclear 
generator , solar cells , a solar panel array , a wind turbine , a 
water turbine , a biomass system , a geothermal system or 
other similar energy resources . The DER 110 may include 
any Renewable 130 or energy storage system 120 , and also 
may include an EV that may have spare energy in its battery 
that can be shared or an EV engine that can be used to 
generate energy . The Grid 10 may be supplied electric power 
from a utility generator on the Grid 10 , or a DER , Renew 
able or energy storage system which is a part of the Grid 10 
or a local electrical power system , such as the system 5. In 
addition , the DER 110 and the Renewable 130 may contain 
a controller ( not shown ) that monitors electrical power 
output and synchronizes the supply of electrical power to the 
Grid 10 in order to supplement available energy on the Grid 
10 ; directs energy of the DER 110 or the Renewable 130 to 
the energy storage system 120 ; and performs other power 
distribution functions as appropriate , such as load balancing 
and maintenance processes . Although information related to 
energy generated on or available from the system 5 may be 

Voltage 
Current 
Power 

110 V / 
12 A 

1.3 kW 

240 V / 
16 A 

3.5 kW 

240 V / 
32 A 
7 kW 

240 V / 
48 A 

11.5 kW 

240 V / 
80 A 

19.2 kW 

[ 0005 ] DC charging is more complex than AC charging , 
but may provide for much faster charging . DC chargers are 
external to the EV , such that DC charging requires more 
communications and power control between the charger and 
the battery than AC charging . Unlike in AC charging where 
the voltage is defined by the power utility , DC charging 
methods may be unilaterally defined by an EV manufacturer . 
To address the interoperability issue , DC charging standards 
have been developed . The standards specify multiple charg 
ing rates . For example , as shown in the table below , Level 
1 charging allows for AC or DC charging and the DC 
charging option can deliver 4 to 40 kW , and Level 2 charging 
can charge DC - only from 10 to 100 kW . The more energy 
delivered to the battery , the faster it can be charged , within 
the limits of the specific battery's chemistry . 
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communicated to a power distribution controller of the Grid 
10 that manages supply of power on the Grid 10 , the Grid 
controller treats the supplemental available energy simply as 
bulk power and does not consider charging needs of indi 
vidual EVs . 
[ 0008 ] FIG . 2 illustrates a prior art residential electric 
power system 5A which is similar to the system 5 , and 
includes smart devices . For purposes of the present disclo 
sure , a “ smart ” device is a device capable of making a 
decision that affects charging or energy usage processes . In 
the power system 5A , utility electrical power may be dis 
tributed from the Grid 10 via the local transformer 20 to 
local customer premise distribution wiring 30 extending to 
smart meters 70A at respective houses 40. The low voltage 
of the transformer is distributed to a house 40 at a maximum 
voltage level which in accordance with the current and 
voltage capabilities of the transformer 20 , the customer 
premise distribution wiring 30 , and the load center ( not 
shown ) of the house 40. The house 40 may include a smart 
charger 55A configured to control charging of an EV 50 and 
communication of EV power charging related information . 
The system 5A may further include controllers 100 and 102 
of Renewables such as a solar panel array 80 and wind 
turbine 90 , respectively , which may provide for communi 
cation of energy generation related information . The smart 
meter 70A may provide for exchange of energy generation 
and power consumption related information between the 
controllers 100 , 102 and the Grid power distribution con 
troller . Although energy generation and power consumption 
related information may be communicated among smart 
devices of the system 5A and the Grid controller , the 
charging needs of individual EVs that may desire to use EV 
chargers of the system 5A for charging are not considered at 
the smart devices of the system 5A or the Grid power 
distribution controller . 
[ 0009 ] For example , in an electrical power system similar 
to the system 5 or 5A , a typical local step - down transformer 
may be capable of supplying power to an average of 3 to 5 
houses . A traditional home residence may have a 200 Amp 
per line AC electrical service at 120 Volts , such that the 
power that can be delivered to the entire home is 24 kW . 
Typical local transformers are rated to deliver less than 500 
KVA . ( A VA is “ volts multiplied by amps ” without any 
phase shift between the voltage and current phases known as 
“ power factor ” . If the load is purely resistive , 1 VA would be 
the same as 1 Watt . ) In the event one of the home residences 
wired to a specific local transformer desires to perform fast 
Level 2 charging as described above , the local transformer 
may have insufficient capacity for the other residences . Also , 
the low voltage wiring of a home residence having several 
EV chargers may have insufficient capacity for charging 
multiple EVs at desired charging levels , when simultaneous 
charging using EV chargers at the residence is attempted . 
[ 0010 ] Accordingly , there exists a need for method , appa 
ratus and system for charging a battery of a mobile energy 
storage and power consumption apparatus , such as an EV , 
using power from a local power grid , efficiently , cost effec 
tively and within the capabilities of the local power grid . 

tion information of consumption devices on an electric 
power grid and alternative power resource information indi 
cating availability of electric power for supply to the electric 
power grid from an alternative power resource on the 
electric power grid , in which a power resource system 
including the alternative power resource is on the electric 
power grid , and in which , when the electric power grid is in 
an isolated state , the electric power grid is capable to satisfy 
predetermined power consumption requirements respec 
tively of the consumption devices , using electric power from 
the power resource system ; determining , for a mobile energy 
storage and power consumption device , as a given combined 
power consumption and alternative power resource device 
on the electric power grid , a power charging schedule for 
charging a battery of the mobile energy storage and power 
consumption device , in accordance with charging preference 
information for the mobile energy storage and power con 
sumption device , the power consumption information and 
the alternative power resource information ; and transmit 
ting , over the communication network , a charging instruc 
tion signal for charging the battery of the mobile energy 
storage and power consumption device from the electric 
power grid , according to the power charging schedule . 
[ 0012 ] In one alternative , the power charging schedule 
may include supplying power to the power grid from the 
alternative power resource . 
[ 0013 ] In one alternative , the charging instruction signal 
may indicate a charging apparatus on the power grid , and a 
time for charging the mobile energy storage and power 
consumption device at the charging apparatus . 
[ 0014 ] In one alternative , the charging instruction signal 
may indicate a first time for supplying power from the 
mobile energy storage and power consumption device to the 
power grid and a second time for charging the mobile energy 
storage and power consumption device at a charging appa 
ratus on the power grid . 
[ 0015 ] In one alternative , the power charging schedule 
may be determined based on transactive energy information 
received over the communication network . 
[ 0016 ] In one alternative , the power charging schedule 
may be determined based on at least one of information of 
charging apparatus availability , a current queue at a charging 
apparatus on the power grid , working status of the charging 
apparatus or a discount for charging , received over the 
communication network . 
[ 0017 ] In one alternative , the power charging schedule 
may be determined based on information indicating at least 
one of state of charge , location or preferred time for charging 
of the mobile energy storage and power device , received 
over the communication network . 
[ 0018 ] In one alternative , the charging instruction signal 
may include an instruction for a second mobile energy 
storage and power consumption device to supply electric 
power therefrom to the power grid at a first time prior to a 
second time indicated for charging of the mobile energy 
storage and power consumption device from the power grid . 
[ 0019 ] In one alternative , the power charging schedule 
may be determined based on a change of a first power 
charging schedule of the second mobile energy storage and 
power consumption device to a second power charging 
schedule , in which the second mobile energy storage and 
power consumption device is a second combined power 
consumption and alternative power resource device on the 
power grid . 

SUMMARY 

[ 0011 ] In accordance with the present disclosure , a method 
for charging at least one battery may include controlling , by 
a processing device , at a power system control device , 
receiving , over a communication network , power consump 
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[ 0020 ] In one alternative , the charging instruction signal 
may include an instruction for the alternative power resource 
to supply power to the power grid at a time when the mobile 
energy storage and power consumption device is indicated 
for charging from the power grid . 
[ 0021 ] In one alternative , the alternative power resource 
information may indicate a time period for supply of excess 
available power , and an amount of the excess available 
power for supply from the alternative power resource to the 
power grid , and wherein the charging instruction signal may 
be for charging the mobile energy storage and power con 
sumption device using the excess available power from the 
alternative power resource at a charging apparatus of the 
power grid . 
[ 0022 ] In one alternative , the charging apparatus may be 
identified in the alternative power resource information and 
associated with the alternative power resource . 
[ 0023 ] In one alternative , the alternative power resource 
information may indicate time of availability and maximum 
power charging rate of the charging apparatus . 
[ 0024 ] In one alternative , the alternative power resource 
information may indicate cost for charging using the charg 
ing apparatus . 
[ 0025 ] In one alternative , the power consumption infor 
mation may be based on at least one of sensor information 
from an Internet of Things ( IoT ) sensor of a given power 
consumption device , a device monitoring environmental 
conditions associated with the power grid or a user of 
electric power supplied over the power grid . 
[ 0026 ] In one alternative , the power consumption infor 
mation may include predicted energy consumption informa 
tion determined from the sensor information . 
[ 0027 ] In one alternative , the mobile energy storage and 
power consumption device may be an electric vehicle ( EV ) , 
and the power charging schedule may be determined based 
on information of at least one of a driving route of a user of 
the EV , a favorite charging apparatus of the user , a preferred 
charging apparatus of the user or consumption of power 
from the power grid associated with user behavior . 
[ 0028 ] In one alternat the alternative power resource 
includes at least one of a Distributed Energy Resource 
( DER ) , a renewable energy resource or an energy storage 
system . 
[ 0029 ] In accordance with the present disclosure , a 
method may provide for charging at least one energy storage 
device from an electric power grid , in which the electric 
power grid is operable in an isolated state from a distribution 
power grid , and in which the electric power grid is config 
ured to be supplied with a predetermined maximum power 
from the distribution power grid . The method may include 
controlling , by a processing device , at a power system 
control device , receiving , over a communication network , 
alternative power resource information indicating availabil 
ity of electric power for supply to the electric power grid 
from alternative power resources on the electric power grid , 
and condition information indicating current and expected 
energy storage and power consumption for the electric 
power grid , in which the condition information includes ( i ) 
power consumption condition information indicating current 
and expect power consumption by a plurality of power 
consumption devices including at least one stationary power 
consumption device and at least one mobile power con 
sumption device , and ( ii ) energy storage condition informa 
tion indicating current and expected energy storage at a 

plurality of energy storage devices which include at least one 
stationary energy storage device and at least one mobile 
energy storage device ; determining , based on the condition 
information , predictive energy storage and power consump 
tion information for the electric power grid ; performing a 
prediction power charging scheduling process using the 
predictive energy storage and power consumption informa 
tion , when a trigger condition is determined , wherein the 
process is performed to determine a plurality of power 
charging schedules for satisfying , from the electric power 
grid , expected power charging requirements of first power 
consumption devices of the plurality of power consumption 
devices at a predetermined future time period , based on the 
predetermined maximum power from the distribution power 
grid and the alternative power resource information , wherein 
the power charging schedules include first power charging 
schedules for storing energy generated at respective first 
alternative power resources on the electric power grid during 
a first time period before the future time period , at least one 
second power charging schedule for supplying power to the 
at least one stationary power consumption device before and 
during the future time period , and at least one third power 
charging schedule for charging from the electric power grid 
the at least one mobile energy storage device during the 
predetermined future time period ; and transmitting , over the 
communication network , first , second and third charging 
instruction signals respectively according to the first , second 
and third power charging schedules . 
[ 0030 ] In one alternative of the method , the trigger con 
dition may be determined based on the predictive energy 
storage and power consumption information and is a deter 
mination of an anticipated energy shortage for the electric 
power grid during the predetermined future time period . 
[ 0031 ] In one alternative of the method , the condition 
information may be real - time information and the trigger 
condition may be determined when the anticipated energy 
shortage determined from the predictive energy storage and 
power consumption information satisfies a predetermined 
critical energy shortage condition . 
[ 0032 ] In one alternative of the method , the trigger con 
dition may be determined when the condition information 
indicates a predetermined event has occurred or is to occur . 
[ 0033 ] In one alternative of the method , the predetermined 
event may be a change in weather or environment , an 
anticipated traffic condition or a social event . 
[ 0034 ] In one alternative of the method , the condition 
information may include information obtained from a social 
media network . 
[ 0035 ] In one alternative of the method , the trigger con 
dition may be determined using historic driving pattern or 
population behavior information . 
[ 0036 ] In one alternative of the method , the trigger con 
dition may be a predetermined set time . 
[ 0037 ] In one alternative of the method , the predetermined 
set time may be a periodic time indicated by a time schedule . 
[ 0038 ] In one alternative of the method , the predictive 
energy storage and power consumption information may 
indicate at least one of ( i ) a predictive pattern of energy 
storage and consumption for a predetermined class of energy 
consumers , ( ii ) a predictive model of operational status of 
energy equipment , or ( iii ) information indicating an incen 
tive predicted to shift time of energy usage . 
[ 0039 ] In one alternative of the method , the at least one 
mobile power consumption devices may include a plurality 
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cessing device and a memory including instructions which , 
when executed by the processing device , control : receiving , 
over a communication network , power consumption infor 
mation of consumption devices on an electric power grid 
and alternative power resource information indicating avail 
ability of electric power for supply to the electric power grid 
from an alternative power resource on the electric power 
grid , in which a power resource system including the alter 
native power resource is on the electric power grid , and in 
which , when the electric power grid is in an isolated state , 
the electric power grid is capable to satisfy predetermined 
power consumption requirements respectively of the con 
sumption devices , using electric power from the power 
resource system ; determining , for a mobile energy storage 
and power consumption device , as a given combined power 
consumption and alternative power resource device on the 
electric power grid , a power charging schedule for charging 
a battery of the mobile energy storage and power consump 
tion device , in accordance with charging preference infor 
mation for the mobile energy storage and power consump 
tion device , the power consumption information and the 
alternative power resource information ; and transmitting , 
over the communication network , a charging instruction 
signal for charging the battery of the mobile energy storage 
and power consumption device from the electric power grid , 
according to the power charging schedule . 

BRIEF DESCRIPTION OF THE DRAWINGS 

of mobile power consumption devices , and wherein the at 
least one mobile energy storage device includes a plurality 
of mobile energy storage devices , wherein the trigger con 
dition is determined when the condition information indi 
cates a predetermined event has occurred or is to occur , and 
wherein the process is performed to determine a plurality of 
fourth power charging schedules for satisfying , from the 
electric power grid , expected power charging requests from 
a first plurality of mobile power consumption devices of the 
plurality of mobile power consumption devices at the future 
time period . 
[ 0040 ] In one alternative of the method , the first plurality 
of mobile power consumption devices and a first plurality of 
mobile energy storage devices of the plurality of mobile 
energy storage devices may be contained respectively in a 
plurality of electric vehicles ( EVS ) . 
[ 0041 ] In one alternative of the method , the third power 
charging instructions may be transmitted respectively in 
response to requests for charging received from the plurality 
of EVs over the communication network . 
[ 0042 ] In one alternative of the method , the fourth power 
charging instructions may include directions for charging 
the first plurality of mobile energy storage devices respec 
tively at a plurality of different locations on the electric 
power grid at a plurality of different times during the 
predetermined future time period , and wherein the prede 
termined future time period includes a first period before , a 
second time period during , and a third time period after a 
predetermined event indicated by the condition information . 
[ 0043 ] In one alternative of the method , price of charging 
information may be indicated in one or more of the fourth 
power charging schedules , and a given price of charging in 
a given fourth power charging schedule is in accordance 
with at least one of time for charging by a charging apparatus 
on the electric power grid or location of the charging 
apparatus in relation to a location of the predetermined 
event . 
[ 0044 ] In one alternative of the method , the method fur 
ther include controlling , by the processing device , transmit 
ting to second EVs of the EVs each containing a second 
mobile power consumption device and a second mobile 
energy storage device , over the communication network , 
fourth instruction signals determined according to the power 
charging schedules and for changing fifth power charging 
schedules respectively for charging the second mobile 
energy storage devices from the electric power grid deter 
mined before the trigger condition is determined , wherein 
the changed fifth power charging schedules include at least 
one of a first time for charging a given one of the second 
mobile energy orage devices from the electric power grid 
different from the future time period or a second time for 
discharging energy to the electric power grid from a given 
another of the second mobile energy storage devices during 
the future time period . 
[ 0045 ] In one alternative of the method , the energy gen 
erated may be from solar or wind energy and stored at one 
of the first alternative power resources . 
[ 0046 ] In one alternative of the method , the second charg 
ing instruction signals may direct the at least one stationary 
power consumption device to decrease power consumption 
from the electric power grid at a predetermined time before 
or during the predetermined future period . 
[ 0047 ] In accordance with the present disclosure , an appa 
ratus for charging at least one battery may include a pro 

[ 0048 ] The foregoing aspects , features and advantages of 
the present disclosure will be further appreciated when 
considered with reference to the following description of 
exemplary embodiments and accompanying drawings , 
wherein like reference numerals represent like elements . In 
describing the exemplary embodiments of the present dis 
closure illustrated in the drawings , specific terminology may 
be used for the sake of clarity . However , the aspects of the 
present disclosure are not intended to be limited to the 
specific terms used . 
[ 0049 ] FIG . 1 is an illustration of a prior art residential 
electrical power system with a typical “ dumb ” electrical 
meter and “ dumb ” electric vehicle supply equipment 
( EVSE ) . 
[ 0050 ] FIG . 2 is an illustration of a prior art residential 
electrical power system which includes smart EV charging 
apparatuses and smart electrical meters . 
[ 0051 ] FIG . 3 is a block diagram of an exemplary elec 
trical power control system , in accordance with aspects of 
the present disclosure . 
[ 0052 ] FIG . 4 is an illustration of a block diagram of an 
exemplary power system controller and computing devices 
of or associated with the power control system of FIG . 3 , in 
accordance with aspects of the present disclosure . 
[ 0053 ] FIG . 5 is an exemplary high level flow diagram of 
a method for determining a power charging schedule for 
charging an EV using a microgrid , in accordance with 
aspects of the present disclosure . 

DETAILED DESCRIPTION 

Overview 

[ 0054 ] The technology of the present disclosure relates to , 
by way of example , a power system controller and method 
for controlling charging of one or more mobile energy 
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are 

storage and power consumption apparatuses , such as an EV , 
in a power - constrained application of a local power grid 
which is isolatable from the Grid ( “ microgrid ” ) , according to 
a power charging schedule . The power charging schedule 
may be determined using one or more of ( i ) electric power 
consumption , energy storage and energy generation related 
information from controllers associated with power con 
sumption devices , charging apparatuses and alternative 
power resources , such as a DER , Renewable and energy 
storage system , on the microgrid ; ( ii ) transactive energy 
information , such as from a transactive energy market ; ( iii ) 
information from Internet of Things ( IoT ) devices associated 
with users or others devices that may impact consumption of 
power on the microgrid ; and ( iv ) information related to 
energy generation and power supply on a utility power grid 
( Grid ) to which the microgrid may be selectively connected 
and disconnected . 
[ 0055 ] In the present disclosure below , certain specific 
details are set forth in order to provide a thorough under 
standing of various disclosed embodiments . However , one 
skilled in the relevant art will recognize that embodiments 
may be practiced without one or more of these specific 
details , or with other methods , components , materials , etc. 
In other instances , well - known structures associated with 
EV charging and an EV charging system have not been 
shown or described in detail to avoid unnecessarily obscur 
ing descriptions of the embodiments . 
[ 0056 ] Embodiments of the present disclosure 
described generally with respect to a power system control 
ler , which may be employed in commercial , industrial , 
residential and other settings for charging a battery . 
Although the present disclosure uses EV battery charging as 
an example , it is to be understood that the aspects of the 
present disclosure may apply to any energy storage device 
such as capacitors ; any electrical power source such as 
DERs , Renewables , Storage and EVs , as well as to other 
applications such as electric airplanes , electric motorcycles 
and the like . 
[ 0057 ] In accordance with an aspect of the present disclo 
sure , a power charging schedule for charging a battery of an 
EV using a microgrid may be determined from available 
energy generation and storage and power supply and con 
sumption related information communicated over a commu 
nication network ( s ) from a variety of sources . In one 
embodiment , the charging schedule may identify an EV 
charging apparatus on the microgrid to be used for EV 
charging , timing of EV charging using the EV charging 
apparatus , voltage and current to be used to supply power 
from an EV charging apparatus for charging the EV during 
a predetermined time period , and timing of storage of energy 
and generation of power from the stored energy for supply 
on the microgrid by one or more alternative power resources 
on the microgrid . 
[ 0058 ] In accordance with an aspect of the present disclo 
sure , the charging schedule for a specific EV may be 
determined based on an EV user's expectations and condi 
tion of the battery of the EV being charged , and local factors 
such as capabilities of an EV charging apparatus and con 
straints on the electrical power supply , such as , for example , 
whether an electric water heater is active at a residence 
which is supplied power from the microgrid and has its own 
EV charging apparatus . 
[ 0059 ] In accordance with an aspect of the present disclo 
sure , the charging schedule may be determined in accor 

dance with external factors associated with multiple layers 
in a power distribution hierarchy . For example , the power 
distribution hierarchy may include a utility generator , high 
voltage distribution , low voltage distribution and local cus 
tomer premise distribution , and external factors associated 
with the hierarchy may include public policy , tariffs , energy 
conservation programs , energy being used by other loads on 
the Grid ( e.g. , rolling brownouts ) , etc. 
[ 0060 ] In accordance with an aspect of the present disclo 
sure , the charging schedule may be determined based on 
transactive energy information which includes information 
relating to external factors for determining power distribu 
tion according to a Transactive Energy model . The Trans 
active Energy model may be an implementation of a finan 
cial model that weighs and analyzes various factors to create 
a market price and terms and conditions for the purchase of 
energy . For example , energy consuming devices and sys 
tems bid to buy energy , and energy producing devices and 
systems bid to sell energy . The market , based on the sum of 
all bids ( both to sell and buy ) , may set a price ( “ clearing 
price ” ) , where demand and supply are equal , and this 
process may repeat itself every fixed period of time , such as 
every 5 minutes . In the Transactive Energy model , the 
energy demand may be generated by the “ best ” combination 
of central ( e.g. , utility power plant ) and local DERs ( e.g. , 
home solar cells ) . “ Best ” may mean a combination of many 
factors including lowest cost , lowest polluting , most efficient 
and other related technical and financial factors . These 
factors may be determined by a series of metrics , such as 
wire capacity , raw material cost ( e.g. , coal , gas , water ) , cost 
to convert the raw materials into power ( e.g. , labor , shipping , 
weather , and processing ) and alternative energy availability 
( e.g. , wind , water , solar and stored energy sources ) . In the 
Transactive Energy model , the market drives the control of 
energy consuming devices . In one embodiment , determina 
tion of a power charging schedule responsive to a request for 
battery charging may be in accordance with selecting a 
device to consume energy that demonstrates a higher social 
need metric ( e.g. , an emergency or medical need ) or is 
willing to pay a premium for the energy on the " energy 
market ” . In other words , if a device , such as an EV , bids less 
than the clearing price , the device may not receive any 
power during a next power supply timeslot indicated by a 
power charging schedule for the device . 
[ 0061 ] As discussed in detail below , the technology of the 
present disclosure may incorporate transactive energy infor 
mation related to the Transactive Energy model or similar 
processes into its capabilities and decision rules for deter 
mining a power charging schedule for an EV . The rules may 
use metric data to represent different factors that may be 
considered in determining the charging schedule . The metric 
data may be categorized into ranges of values , real - time 
analog and event signals , or any other data sets which 
represent information valuable to a decision process that 
intelligently determines a power charging schedule for an 
EV . 

Example Systems 
[ 0062 ] FIG . 3 illustrates a block diagram of an exemplary 
local electric power system 200 which may include a power 
system controller 240 configured to determine a power 
charging schedule for charging a battery of an EV using a 
microgrid 202 of the system 200 , according to an aspect of 
the present disclosure . 
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[ 0063 ] Referring to FIG . 3 , the system 200 may include , in 
addition to the power system controller 240 , a smart meter 
212 , EV charging apparatuses 230 including respective 
controllers 230A , alternative power resources including a 
DER 218 , an energy storage system 220 and a Renewable 
222 having respective controllers 218A , 220A , 222A , a 
Building Energy Management System ( BEMS ) and Home 
Energy management system ( HEMS ) controller 250 , Inter 
net of Things ( IOT ) sensor devices 224 , a low voltage 
powerline 214 and a communication network 242 . 
[ 0064 ] The local transformer 20 may couple Grid 10 to 
powerline customer premise distribution wiring 30 , and the 
smart meter 212 may couple the wiring 30 to the low voltage 
powerline 214. The powerline 214 may extend to houses 
216 , such as houses 216A , 216B and 216C , and the alter 
native power resources including the DER 218 , the energy 
storage system 220 and the Renewable 222. A house 216 
may include one or more EV charging apparatuses 230 
connected to the powerline 214. In addition , each EV 
charging apparatus 230 may include a power interface 232 
and a communication interface 234 for coupling to corre 
sponding interfaces of an EV 255 , and a power interface ( not 
shown ) for coupling to the powerline 214. The houses 216 
may include or be associated with IoT devices 224 each 
including a controller ( not shown ) . In addition , the houses 
216 may include power consumption devices ( not shown ) 
that consume power supplied from the powerline 214. The 
communication network 242 may communicatively couple 
the system controller 240 , the smart meter 212 , the BEMS / 
HEMS controller 250 and the controllers respectively of the 
EV charging apparatuses 230 , the DER 218 , the storage 
system 220 , the Renewable 222 and the IoT devices 224 
with one another . In addition , the power system controller 
240 may be communicatively coupled with a communica 
tion network 260 which is external to the system 200. In one 
embodiment , the system controller 240 may be communi 
catively coupled via the network 260 to an Electricity Power 
Market server 270 and controllers ( not shown ) respectively 
of EVs 255 , and also to a social media network or server 
280 . 

[ 0065 ] The microgrid 202 of the system 200 may include 
the entirety of the wiring 214. For ease of reference , any 
power supply , power consumption , energy generation or 
energy storage device of the system 200 is referred to below 
as being “ on the microgrid 202 ” . In addition , a given EV 255 
may be on the microgrid 202 , when a power charging 
schedule for charging a battery from the microgrid 202 
identifies the given EV 255 for supplying power to or 
consuming power from the microgrid 202 . 
[ 0066 ] FIG . 4 illustrates an exemplary embodiment of the 
power system controller 240 , which may be in the form of 
a computing device that includes one or more processors 
312 , one or more memory 314 , and other components 
commonly found in computing devices . 
[ 0067 ] The memory 314 may store information accessible 
by the one or more processors 312 , including instructions 
316 that may be executed by the one or more processors 312 . 
Memory may also include data 318 that can be stored , 
manipulated , or retrieved by the processor . Such data 318 
may also be used for executing the instructions 316 and / or 
for performing other functions . Such memory may be any 
type of non - transitory media readable by the one or more 

processors , such as a hard - drive , solid state hard - drive , 
memory card , ROM , RAM , DVD , CD - ROM , write - capable , 
read - only memories , etc. 
[ 0068 ] The instructions 316 may be any set of instructions 
capable of being read and executed by the one or more 
processors 312. The instructions may be stored in a location 
separate from the computing device , such as in a network 
attached storage drive , or locally at the computing device . 
The terms “ instructions , " " functions , ” “ application , " 
" steps , ” and “ programs ” may be used interchangeably 
herein . 
[ 0069 ] Data 318 may be stored , retrieved and / or modified 
by the one or more processors 312 in accordance with the 
instructions 316. Such data may be stored in one or more 
formats or structures , such as in a relational or non - relational 
database , in a SQL database , as a table having many different 
fields and records , XLS , TXT , or XML documents . The data 
may also be formatted in any computing device - readable 
format . In some embodiments the data may be encrypted . In 
addition , the controller 240 may include a communication 
device 320 configured to provide wired or wireless commu 
nication capabilities . 
[ 0070 ] The one or more processors 312 may be any type 
of processor , or more than one type of processor . For 
example , the one or more processors 312 may be CPUs from 
Intel , AMD , and Apple , or application specific integrated 
circuits ( ASIC ) or system on chips ( SoCs ) . 
[ 0071 ] FIG . 4 illustrates the components of the controller 
240 as being single components , however , the components 
may actually comprise multiple processors , computers , 
computing devices , or memories that may or may not be 
stored within the same physical housing . For example , the 
memory may be a hard drive or other storage media located 
in housings different from that of the controller 240. Accord 
ingly , references to a processor , computer , computing 
device , or memory herein will be understood to include 
references to a collection of processors , computers , com 
puting devices , or memories that may or may not operate in 
parallel . Further , although some functions described below 
are indicated as taking place on a single computing device 
having a single processor , various aspects of the subject 
matter described herein may be implemented by a plurality 
of computing devices in series or in parallel . 
[ 0072 ] Referring to FIG . 4 , the controller 240 may be 
configured to provide specific functions in accordance with 
embodiments of the present disclosure , and in some embodi 
ments may be programmed with programs to perform some 
or all of the operations described herein . In some embodi 
ments the controller 240 may be programmed to store , in the 
memory 314 , energy generation , energy storage and power 
consumption data received from any of the components of 
the system 200. Also , the controller 240 may be pro 
grammed to store , in the memory 314 , transactive energy 
data received from the server 270 , charging request and user 
charging preference information received from a controller 
of an EV 255 , and other energy and power related data that 
may be received from a component external to the system 
200 , such as over the network 260 or power lines of the Grid 
10. Further , the controller 240 may be programmed to store 
energy and power consumption and generation related infor 
mation that may be indicated in social media posts or social 
media communications associated with a social media server 
or network , such as acquired automatically or received from 
the server 280. In addition , the controller 240 may store , in 
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the memory 314 , instructions for controlling : receiving or 
acquiring energy generation , energy storage and power 
consumption data ; connection and disconnection of the 
microgrid 202 respectively to and from the Grid 10 ; deter 
mining a power charging schedule for charging a battery of 
an EV using the microgrid 202 ; transmitting charging 
instructions to control power supply over the microgrid 202 
and charging of the EV using the microgrid 202 according 
to the power charging schedule ; and charging the EV from 
the microgrid 202 at an EV charging apparatus 230 on the 
microgrid 202 , according to the charging instructions . 
[ 0073 ] Referring to FIG . 4 , each of the smart meter 212 , 
controllers 218A , 220A , 220A , 230A , the server 270 , the 
server 280 and controllers ( not shown ) of EVs 255 and IoT 
devices 224 may be configured in the form of respective 
computing devices 241 similar to the controller 240 , and 
include one or more processors , memory and instructions as 
described above . Each computing device 241 may be a 
personal computing device , such as intended for use by a 
user , and have all of the components normally used in 
connection with a personal computing device such as a 
central processing unit ( CPU ) , memory ( e.g. , RAM and 
internal hard drives ) storing data and instructions , a display 
( e.g. , a monitor having a screen , a touch - screen , a projector , 
a television , or other device that is operable to display 
information ) , and a user input device ( e.g. , a mouse , key 
board , touch - screen , or microphone ) . Although not shown , 
the controller 240 may also include a display and a user 
input device . 
[ 0074 ] Although each computing device 241 may com 
prise a full - sized personal computing device , each comput 
ing device 241 may alternatively comprise a mobile com 
puting device capable of wirelessly exchanging data with a 
server , such as the controller 240 , over a network , such as 
the Internet . By way of example only , a computing device 
241 may be a mobile phone or a wireless device such as a 
wireless - enabled PDA , a tablet PC , a netbook or an IoT 
device . In another example , a computing device 241 may be 
a laptop computer . 
[ 0075 ] Referring again to FIG . 3 , each of the controllers 
218A , 220A , 222A , 230A , 240 and 250 of the system 200 
may be communicatively connected with each other via the 
network 242 , and / or may be directly connected to each 
other . The network 242 may include interconnected proto 
cols and systems . For example , the network 242 may be 
implemented via the Internet , intranets , local area networks 
( LAN ) , wide area networks ( WAN ) , etc. Communication 
protocols such as Ethernet , Wi - Fi , and HTTP , Bluetooth , 
LTE , 3G , 4G , Edge , etc. , and various combinations of the 
foregoing may be used to allow nodes to communicate . In 
one embodiment , IoT protocols may be used to allow 
interconnection of IoT devices 224 with controllers of the 
system 200. In another embodiment , the network 242 may 
also include peer - to - peer wiring . 
[ 0076 ] Each of the controllers 218A , 220A , 222A , 230A , 
240 and 250 may be implemented by directly and / or indi 
rectly communicating over the network 242. In this regard , 
each of the controllers 218A , 220A , 222A , 230A , 240 and 
250 may be at different nodes of the network 242 and 
capable of directly and indirectly communicating with other 
nodes of the network 242. As an example , each of the 
controllers 218A , 220A , 222A , 230A , 240 and 250 may 
include web servers capable of communicating with another 
computing device via the network 242 , and with a comput 

ing device external to the system 200 via the network 260 . 
For example , the controller 240 may use the network 242 to 
transmit and present information to a user , such as a user of 
an EV or an owner of an alternative power resource , on a 
display , such as displays respectively of controllers 218A , 
220A , 222A and 230A . 
[ 0077 ] The network 260 may be any communication net 
work , such as the Internet , intranets , local area networks 
( LAN ) , wide area networks ( WAN ) , etc. Referring to FIG . 4 , 
in one embodiment , the network 242 may be a part of , or the 
same network as , the network 260 . 
[ 0078 ] In one embodiment , the smart meter 212 may be a 
power control device capable of measuring and controlling 
or helping to control , through messaging and signaling 
means , energy consumption ( Grid 10 to load of the power 
system 200 ) and energy generation ( load of the power 
system 200 to Grid 10 ) , and may communicate with other 
components of the power system 200 to receive energy and 
power related information . In addition , the smart meter 212 
may operate to selectively connect the microgrid 202 to the 
Grid 10 and disconnect ( isolate ) the microgrid 202 from the 
Grid 10 , for example , under control of the system controller 
240. As described below , several advantages may be 
obtained that improve charging a battery of an EV 255 , by 
determining a schedule for charging the battery of an EV 
255 using an isolatable local power grid , such as the 
microgrid 202 , according to the technology of the present 
disclosure . 
[ 0079 ] The EV charging apparatus 230 may include an 
AC / DC or DC charger as the power interface 232. As shown 
in FIG . 3 , the EV charging apparatus 230 may be configured 
to charge a single or multiple EVs , and a house 216 may 
include multiple EV charging apparatuses 230. In one 
embodiment , power charging schedules for charging respec 
tive EVs may be determined , in part , within a single con 
troller 230A of the EV charging apparatus 230 , such as in 
house 216A , which may resulting in fast , secure and robust 
EV power charging . In one embodiment where the system 
200 includes an apartment building instead of a house and 
EVs to be charged have different owners but are charged at 
a same location , a single EV charger - per - EV configuration 
as shown for the house 216B may be more practical and 
desirable . In addition , the charging configuration of house 
216B may be more practical where , for example , EV charg 
ing requirements are incompatible and consequently need 
different charger technologies , EVs may be spaced too far 
apart to safely or physically distribute the charging energy , 
or EV charging apparatuses are separately owned by respec 
tive EV owners . 
[ 0080 ] The alternative power resources of the DER 218 
and the Renewable 222 may generate energy and output 
electrical power based on the generated energy , similar to 
the DER 110 and Renewable 130 described above . In 
addition , the respective controllers 218A and 222A of the 
DER 218 and the Renewable 222 may control transmitting 
energy generation and power output related information to 
the system controller 240 ; receiving control information 
from the system controller 240 for controlling the output of 
power therefrom ; and managing , based on the control infor 
mation , output of power to the microgrid 202 from the 
energy generated . 
[ 0081 ] The alternative power resource of the storage sys 
tem 220 may store energy which may be used to output 
electrical power , similarly as described above for the storage 
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system 120. In addition , the controller 220A of the storage 
system 220 may control transmission of energy storage and 
power output information to the system controller 240 ; 
receiving control information from the system controller 240 
for controlling storage of energy , such as from power output 
on the microgrid 202 based on energy from a DER 218 or 
Renewable 222 ; and receiving control information from the 
system controller 240 for controlling output of power to the 
microgrid 202 based on the stored energy of the system 220 . 
[ 0082 ] The BEMS / HEMS controller 250 may monitor and 
manage power consumption , such as at houses 216 , on the 
power system 200 , and communicate information based on 
such monitoring and power management . The controller 250 
may , for example , manage energy supervisory control and 
data acquisition needs of a house 216. The controller 250 
may be communicatively connected over the network 242 to 
other power consumption devices of the system 200 that 
affect energy consumption , and hence the ability to charge 
an EV from the microgrid 202. For example , the controller 
250 may control and monitor HVAC , dehumidifiers , sun 
shades , whole house fans , vents , and other home controls 
that affect the comfort and energy consumption of a house 
216 . 
[ 0083 ] In one embodiment , the server 270 may be a 
computing device , having components similar to the com 
puting devices 241 , that receives and transmits electricity 
( energy ) market transactive energy information , such as a 
clearing price for electrical power supply , and also other 
transactive energy information related to a Transactive 
Energy model . 
[ 0084 ] In one embodiment , the server 280 may be a 
computing device , having components similar to the com 
puting devices 241 , on which social media information may 
be posted or exchanged . The server 208 may be accessed to 
acquire , or may automatically provide , social media infor 
mation which may indicate energy and power consumption 
and generation related events , such as , for example , a change 
in weather , time and location of a future social event that is 
likely to cause an increase in an energy consumption at or 
near the location for a period before and a period after the 
event , as well as during the event . 
[ 0085 ] In accordance with one aspect of the present dis 
closure , the controller of an EV 255 may include a mobile 
app which a user of the EV may configure to allow access , 
by the controller 240 , to various user preferences , a calendar , 
location information , etc. In addition , the mobile app may 
communicate with the controller 240 , or controllers 230A at 
the EV charging apparatuses 230 of the system 200 , via the 
network 260 and the network 242 , to receive notifications , 
for example , on charger availability , current charger queues , 
out - of - order chargers , discounts and other power charging 
services . The mobile app may also be configured to learn the 
EV user's driving routes , favorite or preferred EV charging 
apparatuses and energy usage behavior while the user is at 
home , such as in circumstances where the user resides at a 
house 216 of the system 200 , and communicate such infor 
mation to the controller 240. In one embodiment , any of the 
above - indicated or similar energy and power related infor 
mation collected or generated by the mobile app at the 
controller of an EV may be automatically transmitted as EV 
power - related information over the communication network 
260 to the controller 240 . 
[ 0086 ] In accordance with aspects of the present disclo 
sure , any of the controllers 218A , 220A , 222A , 230A and 

250 , the smart meter 212 and a computing device external to 
the system 200 , may be configured to perform all or a 
portion of the methods described herein , including all of the 
functions of the controller 240. For example , one or more 
computing devices may be configured to provide specific 
functions in accordance with embodiments of the technol 
ogy . In this regard , one or more computing devices may 
maintain one or more storage devices on which energy and 
power related data as well as other additional data used to 
control charging of a battery of an EV from the microgrid 
202 , and to determine a power charging schedule for charg 
ing the battery of the EV 255 from the microgrid 202 , may 
be stored . 
[ 0087 ] Referring to FIGS . 3 and 4 , it is to be understood 
that an electrical power system , such as the system 200 , may 
include any number of communicatively connected comput 
ing devices 241 as controllers of respective power consump 
tion , energy generation and energy storage components of 
the system 200 , with each different computing device being 
at a different node of the network 242 . 
[ 0088 ] In accordance with an aspect of the present disclo 
sure , the controller 240 may perform processing to decide 
how to best charge devices on the microgrid 202 , including 
an EV ( s ) that requests charging using the microgrid 202 , 
based on energy and power related information received 
over the network 242 from controllers of the power system 
200 , and also energy and power related information from 
external the power system 200 , such as from the server 270 , 
the server 280 , the Grid 10 , controllers of EVs 255 and 
controllers of IoT sensor devices 224 that are not part of the 
system 200 , such as an IoT sensor device worn by a user of 
an EV 255. As described below , the controller 240 may 
receive information about the physical , social and electrical 
environment , EV user requirements , types of devices being 
charged and power capacity of the system 200 , and process 
such information to determine a power charging schedule 
which is a best or highly desirable way to charge devices on 
the microgrid 202 , which may include EVs 255 that request 
charging from the microgrid 202 . 

Example Methods 
[ 0089 ] For purposes of illustrating the features of the 
present disclosure , an exemplary process for determining a 
power charging schedule for charging a battery of an EV 255 
using a microgrid , such as the microgrid 202 of the system 
200 as shown in FIG . 3 , is described below in connection 
with operations performed at components of the power 
system controller 240 . 
[ 0090 ] Referring to FIG . 5 , a high - level block diagram 600 
of a method for charging a battery of an EV 255 using the 
microgrid 202 of the system 200 is illustrated . 
[ 0091 ] In block 602 , the controller 240 may receive , via 
the network 242 , energy generation and storage and power 
consumption related information for the microgrid 202 from 
any of the controllers of components 218 , 220 , 222 , 230 and 
250 and the smart meter 212. In addition , the controller 240 
may receive via the network 260 , or from the smart meter 
212 via the network 242 , energy and power related infor 
mation associated with the Grid 10 , such as capabilities , 
expected power usage , costs and the like . Further , the 
controller 240 may receive over the network 260 , from a 
controller of an EV 255 , energy storage status information 
indicating available battery charge at the EV , current and 
expected energy consumption level information and current 
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and expected location information indicating current and 
expect location of the EV over a predetermined time period . 
In addition , the controller 240 may receive , over the network 
242 or the network 260 , IoT information from IoT devices 
242 on or associated with users or devices that may affect 
power consumption and energy generation and storage on 
the microgrid 202. For ease of reference , any energy and 
power related information which is received at the controller 
240 and may be used to determine a power charging 
schedule for an EV according to aspects of the present 
disclosure is referred to herein as EP information . In some 
embodiments , in block 602 the controller 240 may auto 
matically continuously or periodically attempt to acquire 
desired EP information , over the network 242 or 260 , from 
available sources of EP information . 
[ 0092 ] In one embodiment , the EP information may be 
from smart meters ( not shown ) of respective houses 216 
using the local transformer 20 , and indicate respective 
current and anticipated load demand and capabilities . Also , 
the EP information may indicate any other alternative power 
resources available for use at any house of the system 200 , 
such as an EV 255 with a fully charged battery , and the 
actual or predicted load for the house . In a further embodi 
ment , the EP information may concern a power infrastruc 
ture specification of the Grid 10 , such as current limits on 
transmission lines , transformer specifications that are not to 
be exceeded , and the like . 
[ 0093 ] In one embodiment , the EP information may 
include alternative power resource information indicating 
time of availability and maximum power charging rate of a 
charging apparatus 230 associated with an alternative power 
resource , such as a DER 218 or Renewable 222 which is 
associated with an energy storage system 220 , cost for 
charging using the charging apparatus 230 , and identity of a 
charging apparatus 230 to be used for charging using excess 
power output from a DER 218 or Renewable 222 or power 
from energy stored in a storage system 220 . 
( 0094 ] In one embodiment , the EP information received at 
the block 602 may be from public charging stations or 
curbside chargers on the microgrid 202 that publish fore 
casted availability . 
[ 0095 ] In block 604 , the controller 240 may receive , via 
the network 260 or the network 242 , a request for charging 
an EV 255. The request , for example , may be from a 
controller of the EV 255 , a smart phone or other commu 
nication device , such as an IoT device 242 of a user of the 
EV 255. In one embodiment , the request may be from a 
smart - phone and part of a message , such as “ I am headed 
toward the charger . My ETA is twenty minutes . " or " My 
owner wants a priority charge at 4 pm and needs to leave for 
a thirty mile trip by 5 pm . The destination has a public Level 
1 charger reserved ” . Alternatively , the message may be 
“ Complete any open charging sessions and prepare for my 
arrival . Inform the last session owner ( by text message , 
phone call , email , Picture in Picture on their TV set , etc. ) to 
move the EV . ” In one embodiment , the message may include 
preferences of the user of the EV , such as required or 
available amount of energy , time of arrival and departure 
from an EV charging apparatus , desired price , upper price 
limit , preservation of battery health or lifetime , etc. In one 
embodiment , the message may include a driving route of a 
user of the EV , a favorite EV charging apparatus of the user , 
a preferred EV charging apparatus of the user or information 

related to consumption of power from the microgrid 202 
associated with user behavior . 
[ 0096 ] In addition , in block 604 the controller 240 may , 
based on receipt of the charging request , access , via the 
network 260 , GPS , mapping and calendar applications of a 
smart phone , such as of a user of another EV 255 who lives 
in a home 216 of the system 200 , to obtain EP information 
therefrom . The EP information obtained in block 604 may 
indicate , for example , whether a user of the another EV 255 
who charges his EV using the microgrid 202 intends to be 
away for the weekend with his EV and no charging sessions 
using the microgrid 202 are needed . Further , in block 604 , 
the controller 240 may access information from IoT devices 
224 which indicate data about a house 216 on the microgrid 
202 , such as whether anyone is at a house 216 or users of the 
house 216 are in bed , which may indicate the users of the 
house 216 are not likely to need to use their EV in the near 
future . 
[ 0097 ] In block 606 , the controller 240 , using the EP 
information received in block 602 , and other EP information 
that may be received in block 604 and information of the 
charging request , may determine a power charging schedule 
for the EV 255 responsive to the charging request , where the 
EV 255 is to be charged using power supplied from the 
microgrid 202. In one embodiment , the power charging 
schedule may indicate a specific time period for charging the 
EV 255 from a particular EV charging apparatus 230 , and 
current and voltage levels to be used for supplying power 
from the apparatus 230 during the time period . In one 
embodiment , the power charging schedule may indicate that 
the time period includes several sub - periods , where one or 
more of the sub - periods has a current level and / or voltage 
level to be used for supplying power from the apparatus 230 
to the EV 255 different from that of another sub - period . 
[ 0098 ] In accordance with an aspect of the present disclo 
sure , the controller 240 may be configured to self - organize 
the system 200 so that any power resources that form a 
power resource system providing for supply of power to the 
microgrid 202 are used effectively to provide full and 
reliable charging capability , based on the charging request . 
For example , the system 200 may be configured , under 
control of the controller 240 , to be self - organizing and 
capable of operating as a centralized and decentralized 
( distributed ) system which implements " Islanding ” of the 
system 200. Islanding is a controlled disconnection of a 
small self - sufficient microgrid from a main utility grid . For 
example , the controller 240 may self - organize the system 
200 such that the microgrid 202 is isolated from the Grid 10 , 
and a power resource system of the system 200 , which does 
not include the Grid 10 as a source of power for the 
microgrid 202 , may satisfy predetermined power consump 
tion requirements of power consumption devices on the 
microgrid 202. In some embodiments , a microgrid may 
cover a relatively small geographical area , and may be 
connected to and disconnected from the Grid 10 as needed 
and suitable , for example , depending on whether the con 
troller 240 determines that power generation capabilities on 
the microgrid 202 may cover energy demands on the micro 
grid 202 . 
[ 0099 ] In some embodiments , a local electrical power 
system , such as the system 200 , may be configured such that 
a microgrid thereof covers a suburb / neighborhood , rural 
district , university or large office campus , etc. , and relies on 
local DER on the microgrid for satisfying power consump 
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tion requirements on the microgrid . Advantageously , by 
islanding to disconnect the microgrid 202 from the Grid 10 , 
the controller 240 may reserve alternative power resources 
on the microgrid 202 and communicate status at a local level 
quickly and efficiently , and also compensate for power 
system failures and cyber - attacks , as well as reduce vulner 
ability to a physical service attack . The determination of a 
power charging schedule for a specific microgrid may pro 
vide that local variations in renewable energy output may be 
easily accounted for with a relatively smaller amount of data 
and variability . Thus , advantageously , the use of an isolat 
able microgrid to determine a power charging schedule for 
an EV may avoid the need for substantial computational 
power and data storage , which is typically required when a 
charging decision is made based on energy generation and 
storage and power consumption information associated with 
a large sized electric power grid , such as covering a large 
city which may have upwards of hundreds of thousands of 
power consumption devices and energy storage and genera 
tion devices . 

[ 0100 ] In block 606 , the controller 240 may apply metrics 
from a variety of types of EP information to make logical 
decisions within the power supply constraints of the micro 
grid 202 of the system 200 and the EP information available . 
In one embodiment , the power charging schedule may be 
determined such that the schedule satisfies an objective or 
rule for minimizing overall charging price , subject to a 
number of constraints , such as transformer power limits In 
one embodiment , the power charging schedule may be in 
accordance with a charging process found in various stan 
dards , such as the ISO / IEC 15118 family of standards . In 
another embodiment , the power charging schedule may need 
to satisfy safety conditions for EV charging . 
[ 0101 ] In one embodiment , the controller 240 may process 
EP information based on rules established to predict current 
and future likelihood for charging demand . In one embodi 
ment , based on application of such rules , the controller 240 
may determine a power charging schedule for , for example , 
a Level 2 charging session for an EV , which indicates when 
such session , or any other charging session for another EV , 
can start , and an expected duration of the charging schedule 
at a particular EV charging apparatus 230 on the microgrid 
202 . 

[ 0103 ] In another embodiment , the controller 240 , based 
on the EP information available and various pre - configured 
rules , may determine a power charging schedule which 
provides that EV charging is performed at a lowest possible 
cost and carbon footprint . For example , the charging sched 
ule may provide that the microgrid 202 is initially discon 
nected from the Grid 10 and solar energy generated at a 
Renewable 222 is stored at the storage system 220 instead of 
being used to supply power to the Grid 10 , and when the EV 
returns to a house 216 in the evening when solar energy is 
not generated at the Renewable 222 , the stored energy at the 
system 220 is used to recharge the EV . 
[ 0104 ] In one embodiment , the controller 240 may use EP 
information received from the BEMS / HEMS controller 250 
to learn , such as by machine learning , about a user's energy 
use behavior . The controller 240 may use energy user 
behavior information to optimize and weight the EP infor 
mation from the BEMS / HEMS controller 250 for use in 
determining the power charging schedule . In some embodi 
ments , the controller 240 may use machine learning - based 
analytics to learn behaviors of a variety of entities on the 
microgrid 202 , e.g. , a house , a building , a transformer , etc. , 
with respect to energy usage or power delivery . These 
behaviors may also change based on time ( day / night , week 
day / weekend ) and season , and the controller 240 may learn 
about such changes in behavior and incorporate such learn 
ing into a determination of a power charging schedule . 
[ 0105 ] In one embodiment the controller 240 may use 
transactive energy information to determine the charging 
schedule . The transactive energy information may be based 
on results of energy consumers and producers submitting 
bids to buy and sell , respectively , a specific amount of 
energy for a certain price to an energy market , from which 
the clearing price is determined . The controller 240 may 
acquire information of the results of such bidding , including 
information indicating a user who accepts a clearing price , 
and determine a power charging schedule for an EV , based 
on those consumers who bid at or above the clearing price 
or accepted the clearing price . As the bid submission and 
acceptance of the clearing price may be repeated ( typically 
every few minutes ) , the controller 240 may rely upon 
real - time pricing to determine a power charging schedule . In 
one embodiment , a controller of an EV or a charging 
apparatus 230 on the microgrid 202 may execute a process 
that creates a bid based on preferences of the owner thereof . 
[ 0106 ] In one embodiment , the controller 240 may rely , in 
particular , upon transactive energy information from the 
server 270 , and also EP information from an EV controller , 
to determine the power charging schedule for a particular 
EV . For example , if an EV is almost discharged to a point of 
damaging the battery , such EV may be given priority status 
to charge among multiple power charging schedules for 
respective EVs . Also , if an emergency occurred external to 
the system 200 and energy needs to be supplied to the Grid 
10 from the microgrid 202 , the controller 240 may determine 
to delay charging of the EV , such as by modifying an 
existing power charging schedule of the EV , to maintain the 
local transformer's load within its capacity . 
[ 0107 ] In one embodiment , the controller 240 may receive 
EP information from multiple local smart meters and smart 
controllers of EV charging apparatuses associated with the 
microgrid 202 , and determine power charging schedules for 
respective EVs at the EV charging apparatuses using alter 
native power resources , such as DERs , at or associated with 

[ 0102 ] In one embodiment , the controller 240 may deter 
mine the schedule using alternative power resource infor 
mation from the controllers respectively of the alternative 
power resources 218 , 220 and 222. For example , the con 
troller 240 may determine whether alternative local energy 
is available which may provide cheaper and more renewable 
energy in place of or in addition to the utility power 
capabilities . In another embodiment , the controller 240 may 
use a combination of a local weather forecast and informa 
tion from a local IoT weather sensor device 224A , which 
may indicate that a renewable energy source such as solar or 
wind may become available or become not available within 
a predetermined time window being considered for charg 
ing . In another embodiment , the controller 240 may deter 
mine a power charging schedule for charging the EV from 
the microgrid 202 based on the request from the EV , relying 
upon combinations of metric data that are determined to be 
a desired or a best combination of factors that ensure a 
desired result including lowest cost , fastest recharge rate , 
lowest pollution and most reliable energy source . 
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respective houses 216 in the power system 200. For 
example , the charging schedule may be based on a hierar 
chical aggregation used to implement a Virtual Power Plant 
( VPP ) ( i.e. , a logical construct that represents a sum of 
decisions rather than a specific power plan ) . In this aggre 
gation , transactive energy information related to a Transac 
tive Energy model may be obtained , such that multiple bids 
from a set of power related devices or systems are collected 
and merged to determine a market clearing price , and a 
power charging schedule is determined using the market 
clearing price for a specified time period of charging . 
[ 0108 ] In another embodiment , EP information from a 
power consumption device on the microgrid may indicate 
change of power consumption from a flexible device ( i.e. , 
one willing to be flexible with its demand ) to a non - flexible 
device ( i.e. , one which must charge immediately ) . For 
example , a power consumption device , such as an EV , with 
high priority charging conditions may bid at a very high 
price to ensure it receives energy at a desired time , based on 
a request . In this embodiment , the controller 240 may 
consider such transactive energy information when deter 
mining the charging schedule for an EV . 
[ 0109 ] In another embodiment , the controller 240 , alone or 
in combination with the server 270 , may serve as an energy 
aggregation agent that manages multiple agents as energy 
generation and storage and power consumption devices , and 
act as a market or auctioneer agent to compute and publish 
a clearing price , over the communication network 260 . 
[ 0110 ] In one embodiment , the controller 240 may deter 
mine the power charging schedule from information of 
availability of one or more charging apparatuses 230 on the 
microgrid 202 , a current queue at the charging apparatus 
230 , working status of the charging apparatus 230 , a dis 
count for charging and other charging related services , and 
also state of charge of , location of or preferred time for 
charging the EV . 
[ 0111 ] In one embodiment , the controller 240 may , from 
the EP information , determine current and anticipated load 
demand and capabilities , for determining a power charging 
schedule that provides sufficient power for the EV while 
avoiding overloading of the microgrid 202 . 
[ 0112 ] In one embodiment , a power charging schedule for 
charging a first EV 255 from the microgrid 202 may be 
determined based on a change of an existing power charging 
schedule for charging a second EV 255 from the microgrid 
202 to a new power charging schedule . For example , the 
second EV 255 may be an alternative power resource , such 
as a DER 218 , on the microgrid 202 , and the first EV may 
not be on the microgrid 202 at the time a request for charging 
the first EV 255 is received . The first EV 255 , for example , 
may not be owned by an owner of any house 216 of the 
system 200 supplied power from the microgrid 202 and have 
transmitted a request for charging from any available EV 
charging apparatus within a predetermined radius of a cur 
rent location of the first EV , where the current location is 
external to an area served by the microgrid 202 , such as for 
example 100 miles away from an EV charging apparatus 230 
of the system 200 . 
[ 0113 ] In block 608 , the controller 240 may control trans 
mission of a charging instruction signal for charging an EV 
255 from the microgrid 202 based on the charging request 
therefrom , according to the power charging schedule . In one 
embodiment , charging instruction signals may be transmit 
ted respectively to one or more of the components of the 

system 200 on the microgrid 202 , and cause the respective 
controller to perform energy generation or storage , or power 
consumption , according to the power charging schedule . In 
one embodiment , the charging instruction signal may 
include a charging reservation indicating a specific EV 
charging apparatus 230 on the microgrid 202 at which to 
charge a specific EV 255 and a time period at which to 
charge the EV 255 at the EV charging apparatus 230 , and 
respective charging instruction signals may be transmitted 
for reception by the EV and the specific EV charging 
apparatus . 
[ 0114 ] In one embodiment , the charging instruction signal 
may indicate a first time period at which a specific EV , as a 
combined power consumption and alternative power 
resource device , is to supply power to the microgrid 202 at 
a first EV charging apparatus on the microgrid 202 , and a 
second time period at which the specific EV may be charged 
at a second EV charging apparatus on the microgrid 202 , 
where the first and second EV charging apparatus may be the 
same or different and the first and second time periods may 
be the same or different . In a further embodiment , when the 
second time period is after the first time period according to 
a power charging schedule , charging instruction signals may 
be transmitted to provide that power supplied from the EV 
is stored as energy in the storage system 220 and then power 
based on the energy stored in the storage system 220 is 
supplied to the microgrid 202 during the second time period . 
[ 0115 ] In another embodiment , the charging instruction 
signal may include an instruction for a first EV to supply 
electric power therefrom to the microgrid 202 at a first time 
period prior to a second time period indicated for charging 
of a second EV from the microgrid 202 which had previ 
ously requested charging . 
[ 0116 ] In another embodiment , the charging instruction 
signal may include an instruction for an alternative power 
resource , such as a Renewable 222 , to output power to the 
microgrid 202 from energy generated therein at a same time 
when an EV 255 is indicated for charging from the micro 
grid 202 in a power charging schedule . 
[ 0117 ] In another embodiment , when the power charging 
schedule is determined based on alternative power resource 
information indicating a time period for supply of excess 
available power and an amount of the excess available 
power for supply from an alternative power resource , such 
as the storage system 220 , to the microgrid 202 , the charging 
instruction signal may provide for charging an EV 255 using 
excess available power from the storage system 220 at a 
charging apparatus 230 of the microgrid 202. In a further 
embodiment , the charging apparatus 230 and the storage 
system 220 may be included in a same apparatus or directly 
coupled to each other by electrical wiring other than the 
wiring 214 . 
[ 0118 ] In one embodiment , at block 606 , the controller 
240 may determine a power charging schedule that matches 
EV information from a power aggregator , which may be a 
combination apparatus including a DER , an energy storage 
system and an EV charging apparatus , with an EV 255. In 
such embodiment , at block 608 the controller 240 may 
transmit to the power aggregator , using a desired commu 
nication protocol , such as over the Internet or a short range 
vehicle - to - infrastructure ( V21 ) communication , as a charg 
ing instruction signal , reservations for charging the EV at the 
charging apparatus of the aggregator . 
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[ 0119 ] In block 610 , the controller 240 alone or in com 
bination with one or more controllers of components of the 
system 200 may control charging an EV 255 from the 
microgrid 202 based on charging instruction signals trans 
mitted . For example , based on the charging instruction 
signals , the smart meter 214 may be controlled to disconnect 
the microgrid 202 from the Grid , and then the Renewable 
222 may be controlled to supply power to the microgrid 202 
at a same time the storage system 220 is controlled to store 
energy using the power on the microgrid 202. In addition , 
after a predetermined amount of energy is stored at the 
system 220 , the Renewable 222 may be controlled to no 
longer supply power to the microgrid 202 , and the charging 
apparatus 230 may be controlled to charge the EV 255 from 
the microgrid 202 while the storage system 220 is controlled 
to supply power to the microgrid 202 based on the stored 
energy therein . Accordingly , the EV 255 may be charged 
from the microgrid 202 which is disconnected from the Grid 
10 based on the charging request , according to the power 
charging schedule as implemented in the transmitted charg 
ing instruction signals . 
[ 0120 ] In one embodiment , the processing performed at 
the controller 240 , according to the technology of this 
disclosure , may be performed centrally , for example , in a 
Grid utility operation center , or in a fully or partially 
decentralized manner . For example , some of the processing 
may be performed at an EV charging apparatus , a local 
aggregation device , a controller of a power system where 
multiple charging apparatus and other local producers and 
consumers of power are aggregated , a remote server or using 
several or all the above in a hierarchical power distribution 
model . 
[ 0121 ] In one embodiment of the hierarchical power dis 
tribution model , the processing to determine one or more 
power charging schedules may be performed at a local 
aggregation point , e.g. , the controller 240 or the BEMS / 
HEMS controller 250 of a building or parking lot of the 
microgrid 202 , that optimizes local charging of EVs and 
communicates to a higher layer in a power network forming 
the Grid 10. The higher layer may be a Distribution System 
Operator ( DSO ) which optimizes power delivery over a 
larger system , using some energy and power related infor 
mation from local aggregators of the system 200 as well as 
potentially higher level entities in a power distribution 
hierarchy , such as a Transmission System Operator ( TSO ) . 
In this embodiment , the processing to determine the power 
charging schedule may be performed , for example , both at 
the local aggregator as well as the DSO and / or the TSO . In 
one embodiment , when a communication link between a 
controller serving as a local aggregation point and a con 
troller at an entity which is at a higher level in the power 
distribution hierarchy is or becomes unavailable , the con 
troller at the local aggregation point advantageously may 
determine that energy and power related information is no 
longer available from the higher level entity , and continue to 
perform processing to determine power charging schedules 
for a localized region , such a building ( s ) or parking lot of the 
microgrid 202 which have multiple EV charging appara 
tuses , and desirably account for the unavailability of energy 
and power related information from the higher level entity in 
determining the power charging schedules . 
[ 0122 ] In one embodiment , in block 604 a request may be 
for Level 2 charging from an EV and specify the charging 
rate using default preferences . These preferences may be 

provided by the EV user though an EV's user interface , a 
human interface on the charging apparatus 230 , through a 
computer or any number of user or machine - to - machine 
interfaces . The controller 240 may determine , based on the 
request and as part of determining a power charging sched 
ule , if the charging apparatus 230 has the capability to 
service the request and , if not , negotiate with the controller 
230A thereof or send a message to the user of the EV 
inquiring whether another option is acceptable . For example , 
the negotiation implemented by the controller 240 may 
include inquiries such as : “ Can the charger complete the 
charge session by the requested time or cost ? Does the 
charger have the primary energy necessary or must it draw 
from or negotiate with multiple or alternative energy 
sources ? Does the request follow a set of rules established by 
the owner of the intelligent charging system ? ” In one 
embodiment , some of the EP information used in such 
negotiation may be provided by the smart meter 212 . 
[ 0123 ] In an exemplary implementation of the technology 
of the present disclosure , a power charging schedule for an 
EV may be determined for the microgrid 202 of the system 
200 , which is configured to serve the power needs of an area , 
such as city having curbside parking and smart light poles 
which have EV charging capabilities . Such municipal charg 
ing services may be free or require payment of fee . Based on 
the limited availability of such EV chargers , the controller 
240 may be configured to exchange information with indi 
viduals who own and desire to rent charging on a home EV 
charging apparatus , such as the charging apparatus 230 of a 
house 216 of the system 200 , and determine whether such 
EV charging apparatuses may be used to fulfill an EV 
charging request as part of a power charging schedule . The 
controller 240 may effectively serve as a platform or broker 
that matches EV owners who desire a charging spot with a 
private homeowner who may be willing to rent his EV 
charging apparatus on the microgrid 202 , such as during the 
day when the homeowner is at work . In a further embodi 
ment , the controller 240 may handle billing to provide that 
a homeowner , as a charging provider , is compensated by an 
EV user who uses electricity supplied from the homeown 
er's EV charging apparatus for charging . Advantageously , 
the power charging schedule determined by the controller 
240 may provide for charging of an EV from additional 
power suppliers for EV charging who provide information as 
to when and how much power is available . 
[ 0124 ] In one embodiment of the system 200 , private 
homeowners who produce their own energy ( using solar , 
wind , etc. ) and have energy storage capabilities may have a 
surplus that otherwise needs to be discarded , such that the 
energy is wasted , because supply of the surplus energy as 
power to the Grid 10 is unavailable or undesired . The 
controller 240 may instead provide , according to a power 
charging schedule , that such surplus is sold to EV users at a 
significantly competitive price , such as below the clearing 
price , and in one embodiment the controller 240 may 
determine the electricity supply price based on a market 
mechanism , such as an auction . 
[ 0125 ] In a further embodiment , a homeowner having a 
higher voltage power capability charging apparatus may 
provide EP information to the controller 240 that better 
( quicker ) charging service is available for a premium , and 
the controller 240 may determine a power charging schedule 
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in accordance with such pricing premium and acceptable 
preferences for charging indicated in information in a charg 
ing request from an EV user . 
[ 0126 ] Advantageously , the controller 240 may use all or 
parts of many types of the EP information , including pref 
erences and rules and other real time data , to determine a 
power charging schedule that optimizes charging of an EV , 
at a selected level , such as Level 2 , without overloading the 
power system 200 , and in a way that optimizes choices such 
as cost , pollution , quality within social and physical limita 
tions of the microgrid 202 , and which includes using alter 
native power resources , such as DERs , Renewables or 
energy storage system , on the microgrid 202 in a most 
efficient manner . 
[ 0127 ] In a further embodiment , the controller 240 may , 
based on EP information , in block 606 , perform a prediction 
power charging scheduling process , when a trigger condi 
tion is determined from the EP information , to determine 
power charging schedules for satisfying future expected 
power charging requirements from the microgrid 202 , using 
energy which has been previously stored and generated from 
alternative power resources on the microgrid 202. In such 
embodiment , it is assumed that the microgrid 202 may be 
supplied with a predetermined maximum power from the 
Grid . The EP information , from which the trigger condition 
is determined , may include alternative power resource infor 
mation indicating availability of electric power for supply to 
the microgrid 202 from alternative power resources on the 
microgrid 202 , and condition information indicating current 
and expected energy storage and power consumption for the 
microgrid 202. The condition information may include , for 
example , power consumption condition information indicat 
ing current and expect power consumption by power con 
sumption devices including one or more stationary power 
consumption devices , such as appliances in houses 216 , and 
one or more mobile power consumption devices , such as an 
apparatus that uses electric energy to cause the EV's wheels 
to rotate and appliances installed in EVs 255 owned by 
owners of respective houses 216. In addition , the condition 
information may desirably include real time information 
indicating current and expected energy storage at one or 
more stationary energy storage devices on the microgrid 
202 , such as Storage 220 , and one or more mobile energy 
storage devices , such as the batteries of the EVs 255 owned 
by owners respectively of the houses 216. In one embodi 
ment , the condition information may be obtained from EP 
information acquired from or provided by a social media 
server or network 280 . 
[ 0128 ] The controller 240 , based on the condition infor 
mation , may determine predictive energy storage and power 
consumption information for the microgrid 202 , which 
includes an estimate of an amount of energy likely to be 
available for supply from the microgrid 202 and an amount 
of energy likely to be consumed from the microgrid 202 at 
a future time . 
[ 0129 ] When the controller 240 determines a trigger con 
dition is present , the controller 240 may perform the pre 
diction power charging scheduling process . The trigger 
condition may be determined to exist based on , for example , 
the predictive energy storage and power consumption infor 
mation . The trigger condition effectively may represent a 
determination of an anticipated energy shortage for the 
microgrid 202 during a future time period . In another 
embodiment , the trigger condition may be determined when 

the anticipated energy shortage that is determined satisfies a 
predetermined critical energy shortage condition , or the 
condition information indicates a predetermined event , such 
as a change in weather or environment , an anticipated traffic 
condition or a social event , has occurred or is to occur . In a 
further embodiment , the trigger condition may be deter 
mined using historic driving pattern or population behavior 
information indicated in the EP information , which may be 
obtained from information from the server 270 or the server 
280 . 
[ 0130 ] In one embodiment , the trigger condition may 
set time , such as a periodic time indicated by a time 
schedule , for example , 10 am on weekdays during the 
months of July and August where the microgrid 202 is 
supplied energy from a segment of the Grid 10 which also 
supplies energy to a major city having a population greater 
than , for example , one million people . In this embodiment , 
the trigger condition is set to several hours before an 
expected time when an energy shortage on the Grid 10 , or 
also the microgrid 202 , is likely to exist , such as in the 
afternoon during weekdays in July and August when energy 
usage is expected to peak . 
[ 0131 ] In one embodiment , the predictive energy storage 
and power consumption information may be determined 
from transaction energy information supplied from the 
server 270 and indicate a predictive pattern of energy storage 
and consumption for a predetermined class of energy con 
sumers , a predictive model of operational status of energy 
equipment , or information indicating an incentive predicted 
to shift time of energy usage . 
[ 0132 ] In one embodiment , the controller 240 may , by 
performing the prediction scheduling , determine power 
charging schedules that may satisfy , based on energy sup 
plied from the microgrid 202 , expected power charging 
requirements of selected power consumption devices , such 
as appliances including air conditioning units of the houses 
216 , at a future time period , such as during a weekday in the 
month of July . For example , the power charging schedules 
may be determined by the prediction scheduling , based on 
information indicating a maximum power that is predicted to 
be available from the Grid and also information which 
indicates an amount of power that is predicted to be avail 
able from the alternative resources 218 , 220 and 222 at the 
future time period . 
[ 0133 ] Further in the embodiment in which there a deter 
mination of the trigger condition , as part of block 606 , the 
controller 240 may determine power charging schedules for 
storing energy generated at , for example , the DER 218 or the 
Renewable 222 , at a time prior to the future time period ; 
power charging schedules for supplying power to the 
selected appliances at the houses 216 from the microgrid 
202 before and during the future time period ; and a power 
charging schedule for charging from the microgrid 202 a 
battery of one or more EVs 255 during the future time 
period . In addition , as part of block 608 , the controller 240 
may control transmitting , over the communication network , 
charging instruction signals respectively according to each 
of the power charging schedules determined in block 606 . 
[ 0134 ] Also in the embodiment in which there is a deter 
mination of the trigger condition , power charging schedules 
for respective EVs may be determined to satisfy expected 
power charging requests therefrom for charging from the 
microgrid 202 at the future time period . In another embodi 
ment , the charging instructions may include directions for 
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charging the EVs respectively at different locations on 
microgrid 202 , such as at different houses 216 containing 
respective EV charging apparatuses 230 , and at different 
times during the future time period , such as at a first period 
before , a second time period during , and a third time period 
after the time or time period of a predetermined event which 
is indicated by the condition information . In still another 
embodiment , one or more of the power charging schedules 
may include price of charging information , where a price of 
charging for a specific power charging schedule may be 
based on an indicated time for charging by a charging 
apparatus 230 on the microgrid 202 , or the location of the 
charging apparatus , such as in relation to a location associ 
ated with a predetermined event . The predetermined event 
may , for example , comprise energy related activities at an 
office building complex whose energy needs are to be served 
by the Grid during the future period , where the complex is 
located near the microgrid 202 and is predicted to have a 
high energy demand during the future period . 
[ 0135 ] Still further in the embodiment in which there is a 
determination of the trigger condition , the controller 240 
may control transmitting to selected EVs , over the commu 
nication network , instruction signals determined according 
to the power charging schedules that change existing power 
charging schedules for charging the selected EVs from the 
microgrid 202 determined before the trigger condition was 
determined . The instructions signals may indicate a changed 
power charging schedule that indicates a time for charging 
a first of the selected EVs from the microgrid 202 at a time 
different from the future time period , or a time for discharg 
ing energy to the microgrid 202 from a second of the 
selected EVs during the future time period , such that the 
energy may be supplied , for example , to a third of the 
selected EVs . In another embodiment , the charging instruc 
tion signals may direct the controller of an appliance which 
is installed at one or more of the houses 216 , to decrease 
power consumption from the microgrid 202 at a predeter 
mined time before or during the future period . 
[ 0136 ] Most of the foregoing alternative examples are not 
mutually exclusive , but may be implemented in various 
combinations to achieve unique advantages . As these and 
other variations and combinations of the features discussed 
above may be utilized without departing from the subject 
matter defined by the claims , the foregoing description of the 
embodiments should be taken by way of illustration rather 
than by way of limitation of the subject matter defined by the 
claims . As an example , the preceding operations do not have 
to be performed in the precise order described above . Rather , 
various steps can be handled in a different order , such as 
reversed , or simultaneously . Steps can also be omitted unless 
otherwise stated . In addition , the provision of the examples 
described herein , as well as clauses phrased as “ such as , " 
" including ” and the like , should not be interpreted as lim 
iting the subject matter of the claims to the specific 
examples ; rather , the examples are intended to illustrate only 
one of many possible embodiments . Further , the same 
reference numbers in different drawings may identify the 
same or similar elements . 

1. A method for charging at least one battery , the method 
comprising : 

controlling , by a processing device , at a power system 
control device , 
receiving , over a communication network , power con 

sumption information of consumption devices on an 

electric power grid and alternative power resource 
information indicating availability of electric power 
for supply to the electric power grid from an alter 
native power resource on the electric power grid , 

in which a power resource system including the alterna 
tive power resource is on the electric power grid , and 

in which , when the electric power grid is in an isolated 
state , the electric power grid is capable to satisfy 
predetermined power consumption requirements 
respectively of the consumption devices , using electric 
power from the power resource system ; 
determining , for a mobile energy storage and power 

consumption device , as a given combined power 
consumption and alternative power resource device 
on the electric power grid , a power charging sched 
ule for charging a battery of the mobile energy 
storage and power consumption device , in accor 
dance with charging preference information for the 
mobile energy storage and power consumption 
device , the power consumption information and the 
alternative power resource information ; and 

transmitting , over the communication network , a 
charging instruction signal for charging the battery 
of the mobile energy storage and power consumption 
device from the electric power grid , according to the 
power charging schedule . 

2. The method of claim 1 , wherein the power charging 
schedule includes supplying power to the power grid from 
the alternative power resource . 

3. The method of claim 1 , wherein the charging instruc 
tion signal indicates a charging apparatus on the power grid , 
and a time for charging the mobile energy storage and power 
consumption device at the charging apparatus . 

4. The method of claim 1 , wherein the charging instruc 
tion signal indicates a first time for supplying power from 
the mobile energy storage and power consumption device to 
the power grid and a second time for charging the mobile 
energy storage and power consumption device at a charging 
apparatus on the power grid . 
5. The method of claim 1 , wherein the power charging 

schedule is determined based on transactive energy infor 
mation received over the communication network . 

6. The method of claim 1 , wherein the power charging 
schedule is determined based on at least one of information 
of charging apparatus availability , a current queue at a 
charging apparatus on the power grid , working status of the 
charging apparatus or a discount for charging , received over 
the communication network . 

7. The method of claim 1 , wherein the power charging 
schedule is determined based on information indicating at 
least one of state of charge , location or preferred time for 
charging of the mobile energy storage and power device , 
received over the communication network . 
8. The method of claim 1 , wherein the charging instruc 

tion signal includes an instruction for a second mobile 
energy storage and power consumption device to supply 
electric power therefrom to the power grid at a first time 
prior to a second time indicated for charging of the mobile 
energy storage and power consumption device from the 
power grid . 

9. The method of claim 8 , wherein the power charging 
schedule is determined based on a change of a first power 
charging schedule of the second mobile energy storage and 
power consumption device to a second power charging 



US 2020/0023747 A1 Jan. 23 , 2020 
15 

schedule , in which the second mobile energy storage and 
power consumption device is a second combined power 
consumption and alternative power resource device on the 
power grid . 

10. The method of claim 1 , wherein the charging instruc 
tion signal includes an instruction for the alternative power 
resource to supply power to the power grid at a time when 
the mobile energy storage and power consumption device is 
indicated for charging from the power grid . 

11. The method of claim 1 , wherein the alternative power 
resource information indicates a time period for supply of 
excess available power , and an amount of the excess avail 
able power for supply from the alternative power resource to 
the power grid , and 
wherein the charging instruction signal is for charging the 

mobile energy storage and power consumption device 
using the excess available power from the alternative 
power resource at a charging apparatus of the power 
grid . 

12. The method of claim 11 , wherein the charging appa 
ratus is identified in the alternative power resource infor 
mation and associated with the alternative power resource . 

13. The method of claim 12 , wherein the alternative 
power resource information indicates time of availability 
and maximum power charging rate of the charging appara 
tus . 

14. The method of claim 13 , wherein the alternative 
power resource information indicates cost for charging using 
the charging apparatus . 

15. The method of claim 1 , wherein the power consump 
tion information is based on at least one of sensor informa 
tion from an Internet of Things ( IoT ) sensor of a given power 
consumption device , a device monitoring environmental 
conditions associated with the power grid or a user of 
electric power supplied over the power grid . 

16. The method of claim 15 , wherein the power consump 
tion information includes predicted energy consumption 
information determined from the sensor information . 

17. The method of claim 1 , wherein the mobile energy 
storage and power consumption device is an electric vehicle 
( EV ) , and the power charging schedule is determined based 
on information of at least one of a driving route of a user of 
the EV , a favorite charging apparatus of the user , a preferred 
charging apparatus of the user or consumption of power 
from the power grid associated with user behavior . 

18. The method of claim 1 , wherein the alternative power 
resource includes at least one of a Distributed Energy 
Resource ( DER ) , a renewable energy resource or an energy 
storage system . 

19. A method for charging at least one energy storage 
device from an electric power grid , in which the electric 
power grid is operable in an isolated state from a distribution 
power grid , and in which the electric power grid is config 
ured to be supplied with a predetermined maximum power 
from the distribution power grid , the method comprising : 

controlling , by a processing device , at a power system 
control device , 
receiving , over a communication network , alternative 
power resource information indicating availability of 
electric power for supply to the electric power grid 
from alternative power resources on the electric 
power grid , and condition information indicating 
current and expected energy storage and power con 
sumption for the electric power grid , in which the 

condition information includes ( i ) power consump 
tion condition information indicating current and expect power consumption by a plurality of power 
consumption devices including at least one station 
ary power consumption device and at least one 
mobile power consumption device , and ( ii ) energy 
storage condition information indicating current and 
expected energy storage at a plurality of energy 
storage devices which include at least one stationary 
energy storage device and at least one mobile energy 
storage device ; 

determining , based on the condition information , pre 
dictive energy storage and power consumption infor 
mation for the electric power grid ; 

performing a prediction power charging scheduling 
process using the predictive energy storage and 
power consumption information , when a trigger con 
dition is determined , 

wherein the process is performed to determine a plu 
rality of power charging schedules for satisfying , 
from the electric power grid , expected power charg 
ing requirements of first power consumption devices 
of the plurality of power consumption devices at a 
predetermined future time period , based on the pre 
determined maximum power from the distribution 
power grid and the alternative power resource infor 
mation , 

wherein the power charging schedules include first 
power charging schedules for storing energy gener 
ated at respective first alternative power resources on 
the electric power grid during a first time period 
before the future time period , at least one second 
power charging schedule for supplying power to the 
at least one stationary power consumption device 
before and during the future time period , and at least 
one third power charging schedule for charging from 
the electric power grid the at least one mobile energy 
storage device during the predetermined future time 
period ; and 

transmitting , over the communication network , first , 
second and third charging instruction signals respec 
tively according to the first , second and third power 
charging schedules . 

20. The method of claim 19 , wherein the trigger condition 
is determined based on the predictive energy storage and 
power consumption information and is a determination of an 
anticipated energy shortage for the electric power grid 
during the predetermined future time period . 

21. The method claim 20 , wherein the condition infor 
mation is real - time information and the trigger condition is 
determined when the anticipated energy shortage deter 
mined from the predictive energy storage and power con 
sumption information satisfies a predetermined critical 
energy shortage condition . 

22. The method of claim 20 , wherein the trigger condition 
is determined when the condition information indicates a 
predetermined event has occurred or is to occur . 

23. The method of claim 22 , wherein the predetermined 
event a change in weather or environment , an anticipated 
traffic condition or a social event . 

24. The method of claim 19 , wherein the condition 
information includes information obtained from a social 
media network . 
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25. The method of claim 20 , wherein the trigger condition 
is determined using historic driving pattern or population 
behavior information . 

26. The method of claim 19 , wherein the trigger condition 
is a predetermined set time . 

27. The method of claim 26 , wherein the predetermined 
set time is a periodic time indicated by a time schedule . 

28. The method of claim 19 , wherein the predictive 
energy storage and power consumption information indi 
cates at least one of ( i ) a predictive pattern of energy storage 
and consumption for a predetermined class of energy con 
sumers , ( ii ) a predictive model of operational status of 
energy equipment , or ( iii ) information indicating an incen 
tive predicted to shift time of energy usage . 

29. The method of claim 19 , 
wherein the at least one mobile power consumption 

devices includes a plurality of mobile power consump 
tion devices , and wherein the at least one mobile energy 
storage device includes a plurality of mobile energy 
storage devices , 

wherein the trigger condition is determined when the 
condition information indicates a predetermined event 
has occurred or is to occur , and 

wherein the process is performed to determine a plurality 
of fourth power charging schedules for satisfying , from 
the electric power grid , expected power charging 
requests from a first plurality of mobile power con 
sumption devices of the plurality of mobile power 
consumption devices at the future time period . 

30. The method of claim 29 , wherein the first plurality of 
mobile power consumption devices and a first plurality of 
mobile energy storage devices of the plurality of mobile 
energy storage devices are contained respectively in a plu 
rality of electric vehicles ( EVS ) . 

31. The method of claim 30 , wherein the third power 
charging instructions are transmitted respectively in 
response to requests for charging received from the plurality 
of EVs over the communication network . 

32. The method of claim 30 , wherein the fourth power 
charging instructions include directions for charging the first 
plurality of mobile energy storage devices respectively at a 
plurality of different locations on the electric power grid at 
a plurality of different times during the predetermined future 
time period , and wherein the predetermined future time 
period includes a first period before , a second time period 
during , and a third time period after a predetermined event 
indicated by the condition information . 

33. The method of claim 32 , wherein price of charging 
information is indicated in one or more of the fourth power 
charging schedules , and a given price of charging in a given 
fourth power charging schedule is in accordance with at least 
one of time for charging by a charging apparatus on the 
electric power grid or location of the charging apparatus in 
relation to a location of the predetermined event . 

34. The method of claim 31 , further comprising : 
controlling , by the processing device , transmitting to 

second EVs of the EVs each containing a second 
mobile power consumption device and a second mobile 

energy storage device , over the communication net 
work , fourth instruction signals determined according 
to the power charging schedules and for changing fifth 
power charging schedules respectively for charging the 
second mobile energy storage devices from the electric 
power grid determined before the trigger condition is 
determined , 

wherein the changed fifth power charging schedules 
include at least one of a first time for charging a given 
one of the second mobile energy storage devices from 
the electric power grid different from the future time 
period or a second time for discharging energy to the 
electric power grid from a given another of the second 
mobile energy storage devices during the future time 
period . 

35. The method of claim 19 , wherein the energy generated 
is from solar or wind energy and stored at one of the first 
alternative power resources . 

36. The method of claim 19 , wherein the second charging 
instruction signals direct the at least one stationary power 
consumption device to decrease power consumption from 
the electric power grid at a predetermined time before or 
during the predetermined future period . 

37. An apparatus for charging at least one battery , the 
apparatus comprising : 

a processing device and a memory including instructions 
which , when executed by the processing device , con 
trol : 
receiving , over a communication network , power con 

sumption information of consumption devices on an 
electric power grid and alternative power resource 
information indicating availability of electric power 
for supply to the electric power grid from an alter 
native power resource on the electric power grid , 

in which a power resource system including the alterna 
tive power resource is on the electric power grid , and 

in which , when the electric power grid is in an isolated 
state , the electric power grid is capable to satisfy 
predetermined power consumption requirements 
respectively of the consumption devices , using electric 
power from the power resource system ; 
determining , for a mobile energy storage and power 

consumption device , as a given combined power 
consumption and alternative power resource device 
on the electric power grid , a power charging sched 
ule for charging a battery of the mobile energy 
storage and power consumption device , in accor 
dance with charging preference information for the 
mobile energy storage and power consumption 
device , the power consumption information and the 
alternative power resource information ; and 

transmitting , over the communication network , a 
charging instruction signal for charging the battery 
of the mobile energy storage and power consumption 
device from the electric power grid , according to the 
power charging schedule . 


