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1. SCOPE

This SAE Information Report establishes use cases for a Plug-in Electric Vehicle (PEV) communicating with an Energy

Management System (EMS) as a Distributed Energy Resource (DER).

The primary purpose of SAE J2836/3™ is to

define use cases which must be supported by SAE J2847/3. This document also provides guidance for updates to SAE
J2847/2 to allow an inverter in an EVSE to use the PEV battery when operating together as a distributed energy resource

(DER).

1.1 Purpose

The title of this document suggests that its primary purpose is to present use cases for communication with a PEV as a

DER. This is true
and how a PEV as

Distributed Energy
electric capacity o
hooked up in para
use of a PEV as
aggregator coordin

not just about the hulk grid. The V2G and DER functionality can also be used by a-facility energy man

offset other facility

Even if a PEV is

charging for grid p
Management. Thi
can only vary powe

A PEV could also
emergency backup
pure reverse pow
manufacturer. For

In all of the discus
remember that the

for a stationary gri@l storage unit to discharge all afternoon and recharge at night, a PEV patrticipating in

may need to be ful
for two objectives:
its transportation n

Figure 1 provides
(ESS) is shown at
deal of work going
like the stationary

a DER can serve the bulk grid, the distribution system, and a customer premises:

Resources are small, modular Distributed Generation (DG) or energy storage sy
energy where it is needed on the distribution grid. A PEV using a “utility<interactiy
lel with the primary grid power and it is considered to be a Distributed_Energy Res
a DER will be called Vehicle to Grid (V2G). The term is often‘associated with
ating the power flow of many PEVs to provide frequency regulatior’for the bulk grid

oads during periods of peak demand. These are only two ofmany possible V2G ap

ot capable of reverse power flow, it can still be used as a DER device to allow f
rposes. The use of a variable load for grid purposes+s sometimes called Demand D

r output.

serve as a power source for tools or othér devices, where grid power is not ay
power for a home following a loss of @rid power. These are all off-grid application
er flow and it can be engaged manually using controls and displays providg
hese applications the vehicle is justlike a portable standby generator.

primary purpose of the energy stored in the vehicle battery is transportation. While

y charged by the end of the workday. The use cases for a PEV serving as a DER W
serving the grid in aV2G application and also having enough energy by the time of
beds.

an overview of the purpose of the document. A stationary, grid-connected, ener,
the top-of the diagram. It is considered to be a distributed energy resource (DER
on teintegrate ESS units into the grid. A plug-in electric vehicle (PEV) with an on-h
FESS'and can be considered to be a DER device. This system is shown in the mid

but this document will also provide a broader view of the issues associated with feverse power flow

stems that provide
/e inverter’ can be
ource (DER). The
the concept of an

However, V2G is
hgement system to
lications.

br active control of
spatch or Demand

5 can be considered to be a single-sided use of aDER device and is no different than a generator that

ailable, or provide
s. This is all about
ed by the vehicle

sion of the benefits of reverse’power flow and the use of a PEV as a DER, it is important to always

it may acceptable
a V2G application
ill need to account
departure to meet

gy storage system
. There is a great
oard inverter looks
lle of the diagram.

The possible use

Of reverse-fiow capable FPEVS, aS Inverter-based eSS UNItS, nas generated Signir

cant interest. This

potential use of PEVs has become known as vehicle to grid (V2G). Alternatively, the inverter could be located externally
in the electric vehicle supply equipment (EVSE) in which case the PEV battery is only used to supply or absorb DC power
as required by the inverter. This system concept is shown at the bottom of the figure.

It is often assumed that the premises network will use the Smart Energy Profile 2.0 (SEP2) for communication and the
PEV will be able to use this protocol for communication directly through the EVSE to the Energy Services Interface (ESI).
The ESI can be thought of as the gateway between the premises network and the outside systems. This SEP2
assumption may not be true for many premises networks, in which case the EVSE will need to translate messages from
the protocol used by the local network into SEP2 used by the PEV. SAE J2847/3 will define the communications between
the EVSE and the PEV for those cases where the inverter is on-board the PEV. It is expected that the EVSE to PEV
communications would be by power line carrier (PLC) on the control pilot. If the premises network uses SEP2 and the
EVSE is not needed to perform protocol translation for the PEV, it may be possible for the PEV to use a wireless link
directly to the network.
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FIGURE 1 - PURPOSE OF DOCUMENT

When the inverter s located’in ‘the EVSE it will need to directly interact using the network protocol. This could be SEP2
but in many sites i could. besa different protocol. The use cases in this document and J2847/3 could hglp with the design
of the EVSE communications, but there are other documents such as IEC TR 61850-90-7 that could be directly used by
the EVSE manufadtuterf. An external inverter will need to interact with the battery management system|(BMS) of the PEV.
This will be similar te-the-eemmunications-tusec-ferfastehargingas-definredby-I284H2butthefoeuswill be very different
and changes will be required for DER use. For fast charging, the PEV BMS manages the charging current using the data
link. For DER use, the inverter will draw from the battery or push into the battery whatever current is needed to perform

its DER function. In this case the BMS defines limits for the inverter, but does not manage the inverter power conversion.
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3. DEFINITIONS

This document builds on J2836/1™ and should be considered to be a supplement to that document for the purpose of
reverse power flow and for the PEV serving as a distributed energy resource for the grid. Terms that are first introduced in
this document, or that are particularly relevant to reverse power flow or the use of a vehicle as a distributed ener%/I
resource, or that are modified from the definitions provided in J2836/1™ are defined in this section. Please see J2836/1
and J1715 for the definition of other terms.

3.1 BIDIRECTIONAL CONVERTER

A bidirectional converter is the term used for a device that can convert from AC to DC in one direction to serve as a
battery charger and then be capable of being reversed and convert from DC to AC in the other direc’iion to serve as an

inverter. The device needs to be able to act as either a voltage source or a current source whenyproviding AC power.
The power convergion electronics can be located in the vehicle or in an external unit.

3.2 DEMAND RESPONSE AND LOAD CONTROL (DRLC)
hd from the electric
high load devices.
bgrams.

Demand Response and Load Control is a common function set used to control shedding load on demal
grid. It is a more agtive form of load management than price signals and can be used-to target specific
A plug-in vehicle can serve as a variable or interruptible load while charging and-participate in DRLC pr
3.3 DISTRIBUTED ENERGY RESOURCES (DER)
Distribute Energy
electric capacity or|
wind turbines, onlyf
provide either ene

Resources are small, modular Distributed Generation (DG) and storage technolpgies that provide
energy where it is needed on the distribution gridy,DG, which includes gensets, solaf panels, and small
serve as a source of energy. Storage is a unique form of DER because, unlike pute DG, the unit can
gy or variable demand. Plug-in vehicles are\DER storage systems.
3.4 ELECTRICAL COUPLING POINT (ECP)
Each DER unit hag
storage) and the Io

5 an ECP which is the point of elegtrical connection between the DER source of eng
cal electrical power system (EPS).

ergy (generation or

3.5 ENERGY MANAGEMENT SYSTEM (EMS)

The term Energy
communicate with
can exist at sever

Management System (EMS) is used in this document to describe a compute
a PEV or EVSE fon the purpose of controlling the charging or discharging of the PE
bl tiers: customer premises, distribution level, or system level. These computer s

other names, but the term EMSAWwill be used generically in this document.

3.6 EXPORTAB

L E POWER PANEL (EPP)

An Exportable Pow

er’Panel (EPP) is a vehicle-mounted set of NEMA receptacles that is used to provid

system that can
\V battery. An EMS
ystems may go by

b power to external

loads (V2L). The cords from the loads are plugged into the EPP receptacles. An AC L1 cordset or a portable AC L2
EVSE can be plugged in to the EPP to provide V2V capability. The EPP can be used to connect the vehicle to a home
backup power port to provide V2H capability following a grid failure.

3.7 FORWARD POWER FLOW (FPF)

Forward Power Flow means the direction of energy for Charging a Vehicle.

3.8 FOUR-QUADRANT CONVERTER

This term refers to an electronic device that can produce or absorb both active and reactive power. When a PEV is
discharging the device serves as an inverter converting DC current to AC current. It can displace the AC current
waveform relative to the AC voltage waveform to generate or absorb reactive power, depending on whether it leads or
lags the supplied current relative to the grid voltage. The device converts AC power to DC current to charge the PEV
battery. It can also shift the consumed current relative to the grid voltage waveform to produce or absorb reactive power.
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3.9 POINT OF COMMON COUPLING (PCC)
This is point where the local (premises) and utility electric power systems connect. This would normally be at the electric
meter.

3.10 POWER FACTOR (TOTAL, DISPLACEMENT, AND DISTORTION)

Displacement power factor is defined as the ratio of active (or real) power in Watts to apparent power in Volt-Amps at the
fundamental frequency (50Hz / 60 Hz). It is a measure of the phase shift that occurs between line voltage and line current
when the AC line is loaded with a linear load having reactive characteristics, such as an AC motor. The line current is
sinusoidal in shape, but either leads or lags the line voltage in phase.

Apparent Power ig
Reactive Power ar
Power and Active
current are perfec
efficient for transfef

the vector sum of Active Power and Reactive Power (in VAR — Volt Amps Real
e two sides of a right triangle with Apparent power as the hypotenuse. The angle
Power vectors is the phase angle between the voltage and current waveforms.

ly aligned, then only Active Power is transferred — this is a Power Fagcton of uni
of energy.

ctive). Active and
between Apparent
If the voltage and
y and is the most

Distortion Power F
result of non-linea
power factor. If vol

3.11 POWER FA

Generally Power K

achieve a Power |
between voltage a
power factor of a p

3.12 REGULATIC

Regulation service
demand. In many
priced separately f
The grid operator
power needs. Mug
anticipated load —
during that day,
exceeds the supp
operator computer

and further corrected during every(real time) five minute block during the hour.

Actor is the ratio of fundamental current to total RMS current. The.line current distor]
age distortion is negligible, total power factor is equal to the displacement power fac

CTOR CORRECTION

Factor close to unity for the system. A power converter can be designed to contr

N SERVICES (FREQUENCY REGULATION)

5 are used to continuously fine-tune’the balance of active power (Watts) between po

om power generation and procured as an ancillary service (another such service is

heeds to be able to ensure-generators ramp output up or down in real time to mat

h of this is done by the‘system operator forecasting load and scheduling gener

H
y all of the generators slow down (or droop) under the load and the frequency d

match the load a
scheduled generat
less than full cap
system can charg

d return(the grid frequency to the target of 60 Hz. The reverse happens if the
on at-any instant. Some generators are scheduled to provide frequency regulati
citycand modulating output up or down in response to AGC commands. A grid-t
or dlscharge in response to AGC commands to prowde the same service. (NOTE

3.13 REVERSE POWER FLOW (RPF)

Reverse Power Flow means the direction of energy for discharging a Vehicle.

loading of the AC line. Total power factor is the product of displacement power fa

actor Correction means compensating for any reactive power associated with pg

nd current during either charging or reverse power flow. This functionality can be use
Femises. It can also be used help support voltage on the Distribution or Transmission

power markets, this function,called frequency regulation or automatic generatior

this is done one dayahead for each hour of the following day, then it is correctg

5 measure the-drop and instantly command (using AGC) some generators to increas

lion is normally the
\ctor and distortion
or.

wer conversion to
bl the phase angle
d to correct for low
System.

ver generation and
control (AGC), is
5pinning reserves).
ch system’s active
htors to match the
d one hour ahead
bwever, if the load
rops. The system
e output to exactly
load is less than
pn by operating at
ed energy storage

— Voltage Support

ARS)).
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3.14 VEHICLE TO GRID (V2G)

When vehicle power is fed into the bulk electric grid or a microgrid, we refer to it as “Vehicle-to-Grid” power, or V2G. V2G
is the only mode that allows a vehicle to return power to a home, business, or charge station which is actively connected
to the grid. This could be at home or remote locations and initiated for contract driven ancillary services (regulation, peak
shaving, reserves, etc.). A PEV in V2G operation is considered by utilities to be a Distributed Energy Resource (DER).
For the provision of ancillary services to the grid, V2G is really about bidirectional flow and not just reverse flow. The term
V2G includes the special case where only the rate of charging can be dynamically controlled by the utility — sometimes
this is referred to as V1G.

V2G can also be used solely within the home by a home energy management system to manage the power demand of

the home on the ¢
the grid. A vehicle
grid when providin
voltage or frequeng

3.15 VEHICLE T(

Vehicle to Home d
following the failur
flow is routed to NE
the vehicle panel

powered by the ve
grid before any po
connector to preve
used for V2H usir
However, if anothg
Level 2 EVSE, the

3.16 VEHICLE T(

Vehicle to Home u
V2H-X in this docy
and other electron
connected to the b
An EVSE and prer
with home solar (A
switch to isolate th
reverse DC flow ar
a portable battery
DC reverse power

xternal grid — this Is not a V2H application because the vehicle and home loads ar
on-board inverter must operate as a current source that is synchronized to the volta
g AC power through the J1772™ connection to the EVSE. It must stop power co
y falls outside of IEEE 1547 ™ limits.

D HOME (V2H) USING AN ON-BOARD INVERTER

escribes the capability of a vehicle to act as a backup “generator’-for selected critic
b of the power grid. The vehicle on-board inverter regulates the-voltage and freque
FMA receptacles on the vehicle exportable power panel. A power cord plugs into a N
and to the home’s electrical service through a transfer switch that isolates the (
hicle from the grid. The loads served by the vehicle_@n:board inverter must be disd
ver can be provided to these loads. The inverter output must be disconnected from t
nt voltage from being applied to the connector, pins. The J1772™ connection to th
g the on-board inverter because the AC EVSE must receive power from the p

vehicle can engage through the EVSE in V2G mode using its on-board inverter.
D) HOME (V2H-X) USING AN EXTERNAL INVERTER

5ing an external inverter and DC-reverse flow from the vehicle though the J1772™ ¢
ment. An external EVSE inverter can be designed to use an internal battery to ope
cs when grid power is not\available. This inverter could regulate voltage and frequ
ulk grid and it could act as a current source if it is operating in V2G mode into a liv
hises that is V2H-X-capable can seamlessly switch between V2G and V2H-X. Grid-
V) systems have(this mode switching capability today and can even automatically o
e home from_the grid. The vehicle cannot discriminate between V2G and other 1
d the full responsibility for compliance with IEEE 1547 rests with the EVSE. It is alsg
powered (nverter unit to provide V2L-X and V2V-X capability using the vehicle J17
flow.

e still connected to
je waveform of the
hversion if the grid

al loads in a home
ncy and the power
EMA receptacle on
ritical loads to be
onnected from the
he vehicle J1772™
e EVSE cannot be
emise to operate.

br power source is regulating the voltage and“frequency for an islanded home ang powering the AC

onnection is called
ate its control pilot
ency when it is not
b grid or microgrid.
tied inverters used
perate the transfer
nodes. It is all just
possible to design
2™ receptacle for

3.17 VEHICLE T(

D LOAD (V2L) USING AN ON-BOARD INVERTER

Vehicle to load means the transfer of energy from the Vehicle to a Load. This can be used to support power to tools and
other items not connected to a home or the grid. The vehicle on-board inverter regulates the voltage and frequency and
the power flow is routed to NEMA receptacles on the vehicle exportable power panel. The inverter output must be
disconnected from the vehicle J1772™ connector to prevent voltage from being applied to the connector pins.

3.18 VEHICLE TO VEHICLE (V2V) USING AN ON-BOARD INVERTER

Vehicle to Vehicle means the transfer of energy from one vehicle to another. This could be related to jump starting or
other energy transfer needs between vehicles. The vehicle on-board inverter regulates the voltage and frequency and the
power flow is routed to NEMA receptacles on the vehicle exportable power panel. The inverter output must be
disconnected from the J1772™ connector to prevent voltage from being applied to the connector pins. An AC Level 1
cordset is plugged into a NEMA 120 VAC receptacle on the source vehicle exportable power panel and connected to the
vehicle J1772™ receptacle of the receiving vehicle.
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3.19 VOLTAGE SUPPORT

Voltage support is performed at two levels — at bulk generation and transmission level by the system operator and at the
feeder level by the distribution utility. At the transmission system level Voltage Support is an Ancillary Service related to
the compensation of Reactive Power (VARS). Some generators are capable of producing or absorbing reactive power in
addition to providing real power. There are also special devices that apply a variable capacitive load at transmission
levels to compensate for the inductance of transmission lines and reactive loads. At the feeder level, voltage must be
controlled from the substation to the end of the feeder. This is generally done with a tapped transformer that can adjust
the head end voltage. Capacitors are installed along feeders to compensate for reactive power. Sometimes these can be
switched. A device called a distributed static compensator can be used to dynamically provide reactive power
compensation. A stored energy system with a capability to control both real and reactive power flow (a four quadrant
power converter) cgn provide Voltage Support at system Tevel (like a generator) or at a distribution Teval (like a distributed
static compensator or tapped transformer and switched capacitor bank).
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4. TECHNICAL REQUIREMENTS

This major section discusses issues and considerations related to pure reverse power flow (discharging) under manual
control and the use of a PEV as a distributed energy resource (DER) for use in various types of Vehicle to Grid
applications. While this section is called “Technical Requirements” it is part of an information report, not a standard or
even a recommended practice, and cannot be used to define actual requirements. Some of the discussion may read like
requirements, which in some cases is a reflection that requirements in some existing standards may apply or in other
cases just provides guidance for actual standards that may need to be written. The primary purpose of this section is to
suggest functionality that may need to be considered for implementation in either an inverter located in either the PEV or
EVSE. It also defines use cases to serve as a guide for communication requirements that would be documented in
J2847/3 for communication between an EMS and a PEV on-board inverter. These same use cases could also serve as a
guide for communifation requirements between an external inverter in the EVSE and an EMS. J284/73 could be used for
the EVSE to EMS fommunication, but the SAE documents are primarily focused at communication with the PEV. For the
external inverter communication between the EVSE and the PEV battery management system,will be|documented in an
update of J2847/2| This section reviews some of the considerations needed for reverse DC power flow to an external
inverter.

Section 4.1 descrilpes the relationship of this document to J2836/1™. One top level Use case (PEV4)|and three detailed
use cases (PR2, Up, and U7) are introduced.

Section 4.2 discuspes the basic types of pure reverse power flow (V2G, V2H,-V2L, and V2V). PEV op-board and EVSE
external power cdnversion are reviewed. This section provides guidange for the detailed use cage PR2, Customer
Discharges the PEV.

Section 4.3 discus$es general issues related to communications for reverse power flow. Data entry angd manual control of
reverse power flow are reviewed. The architecture for communication between an EMS and the inverter in the PEV and
ribed. Considerations for communicationbetween an external EVSE inverter and the PEV battery
management systgm are also reviewed.

Section 4.4 review$ work being done by EPRI and IEC regarding the use of advanced inverter functiong in DER devices.

Section 4.5 discugses V2G applications behind ‘the meter, for the distribution feeder, and for the entire electric power
system. The condept of operational bandwidth.is described and its relationship to the different V2G|applications. The
relationship of the BAE use cases to the different V2G applications is shown.

Section 4.6 providés considerations feruse case U6 (Basic DER) which is concerned with the control |of active (charging
or bidirectional) pover by an EMS during a V2G application.

Section 4.7 discusses power factor and reactive power. It provides considerations for use case U7 (Aflvanced DER). U7
provides functions ffor direct control of power factor or reactive power. It also provides autonomous fungtions.

Section 4.8 discugsesconsiderations for the top level use case PEV4 (PEV as a DER). PEV4 cgnsiders the broad
process flow from gfAroliment as a DER device in a V2G application, active participation in a V2G appl{cation, to payment
for the services rendered, an . ion where multiple
allocations are running concurrently.
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4.1 Relationship

This document bui

of SAE J2836/3™ to SAE J2836/1™

Ids on the use cases and general requirements described in SAE J2836/1™

context. This not a standalone document and should be considered to be a supplement to J2836/1™
reverse power flow and for the PEV serving as a distributed energy resource (DER) for the grid. Because of the timing of

updates to the various documents in the SAE J2836™
inconsistency between the documents.
used for guidance. For example, J2836/1™

and must be read in that

for the purpose of

and SAE J2847 series, there may be some temporary
In the event of any inconsistency, the most recently released document should be
provides a detailed use case E (General Registration and Enrollment

Process) for enrolling a PEV in any utility program. This use case should apply to reverse flow applications as well as to
charging, for which it was originally written, but it may need to be updated in a future release of SAE J2836/1™

accommodate any

new information needed for reverse power flow.

It is more appropriate to update this use case than to

create a new standalone detailed use case In SAE J2836/3™"

SAE J2836/1™ iddntifies four top level use cases in the main document and then provides a detailed

in its Appendix A.

for “Discharge” (PR2).
“Customer Connefts PEV to Premises Energy Portal”
Management Prodram” (PEV3), do not specifically mention the use of the PEV as-a DER device.
elements of PEVO through PEV2 that should apply to a PEV serving as a DER device’and these top lg

need to be extend
top level use case
of this document.

SAE J2836/1™
detailed use case
document. Use c3
Specific (PR4). Th
Case “Customer D

The basic enrollm
location use cases|
might be required

locations that are

SAE J2836/1™ de
Program” (U1), “R
programs that alloy
no active control o
The utility benefits
role to play for exe
gate participation @

The “Discrete Eve

also identifies seventeen detailed use cases. Figure 2,"which is derived from SAE J283

" for basic enrollment.

“Customer Attributes” (PEVO0) applies to reverse power flow and it even idéntifies a
The remaining three top level use cases, “Utility Provides Servicesito PEV
(PEV2), and “Customer Enrolls in a P

d to include DER functionality. PEV3 is more specialized for/demand management
‘PEV as a Distributed Energy Resource” (PEV4) is discussed ih section 4.8 and def

5. A comprehensive description for most of these use cases is provided in A
ses were not provided in Appendix B for Discharge (PR2), Diagnostics (PR3), or V¢
ey are described in the PEVO use case, butthey are not listed in the main body of
scharges the PEV” (PR2) is discussed in section 4.2.11 and defined in Appendix B ¢

bnt use case (E), the three PEV connection and energy transfer use cases (S1

o specifically accommodate reverse flow but they are all relevant. There are no EV
nique to reverse power flow-to-the utility grid.

ines five specific utilitysprograms. At present these are all associated only with char
bal Time Pricing Program” (U3), and “Critical Peak Pricing Program” (U4) are all
v the PEV to make informed decisions about when to charge to minimize the cost of
f start or stop_of PEV charging by the utility. The PEV owner benefits from reduce
by incentivizing the PEV owner to shift charging to off-peak periods. These use ca
cution of DER functionality but it is possible that price signaling could be used with O
f the PEW:

ht_Program” (U2) allows the utility to stop charging during a demand response evs

Hescription of each
‘Specific Function”
Customer” (PEV1),
V' Demand Side

There are many
vel use cases may
programs. A new
ned in Appendix A

65/1™ shows these
ppendix B of that
hicle Manufacturer
he document. Use
f this document.

S3), and the four

(L1 — L4) all apply to reverse power flow and DER applications. Some modifications to each of these

SE connections or

jing. “Time of Use
nformational utility
charging. There is
d cost of charging.
ses have no direct
ER functionality to

ent.  This is a rare

event with significa

. U2 has no role to

play for DER applications although U2 and PEV3 describe ancillary service type programs and provide some guidance for
how DER functionality can be used for other ancillary services.

The “Optimized Energy Transfer Program” (U5) allows direct management of the start and stop and the power level used

during a PEV charging session.
at that authorized value.

charger constraints) but the use case doesn’t require it.

It authorizes a power level for charging but does not require the PEV to actually charge
In most cases the PEV would charge at the highest authorized power (within the control pilot and

Use Case “Basic Distributed Energy Resource” (U6) is discussed in section 4.6 and defined in Appendix C of this
document. It provides for the capability to control both forward (charging) and reverse (discharging) active power flow to a
commanded value. The actual communication messages required to implement U6 may allow U5 to be an optional subset
of this use case.
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Use Case “Advanced Distributed Energy Resource” (U7) is discussed in section 4.7 and defined in Appendix D of this
document. This extends U6 to provide the capability for a PEV to also adjust reactive power. This use case will allow for
the EMS to command active and reactive power and it will also allow for autonomous operation using DER curves. The
utility will communicate with the PEV to engage the automatic mode and to select the specific schedules and parameters
to be used during the automatic mode.

General Reqgistration/
Use Case Summary Enooliment Steos

Initial Setup for PHEV-Utility
Communication &

e | Awuthentication

one or more Ay

Ui: Tou g

U2: Direct Load/Price

Caontrol Atllity Programs
U3: Active Managemdgnt (Awareness,

U4: Critical Peak F'nc1: Specific Enroliment)

US: Optimized Chargi
Customer uses

onfy one (How) Binding/Rebinding
51: Cordset EVSE (Startup, VIN
(120 AC to vehicle) Authentication,
S2: Premise EVSE Basic Charging per
(240V AC to vehicle) enrolled program,
53 Premise EVSE wCharger Shutdown)
(DT to vehicle)

Customer uses | (Where)
only one Connection Location
L1: Home: (VIN Authentication,
Connects at premise Basic Charging per
L2: Another's Home enrolled program)

Inside the utility's sedy
terntory &
A premise pays tarif|

B: customer pays tarfff (What)
L3: Ancther's Home

Outside the utility's sprvice

territory

L4: Public:
Curbside, workplace | business, W26, V2H, V2L, V2V
multi family dwelling

FIGURE 2 - SUMMARY OF DETAILED USE CASES
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4.2 Types of Reverse Power Flow

AC power is generated from a DC source, such as a traction battery, using a device called an inverter. For operation as
an off-grid, standalone power source, the inverter regulates the frequency and voltage and the connected loads determine
the current flow from the inverter. A grid-connected inverter must act as a current source and synchronize to the
frequency of the grid voltage waveform. The grid voltage and frequency are far too stiff for a single inverter to shift them.
Bidirectional Converter is the term used for a device that can convert from AC to DC in one direction to serve as a battery
charger and also be capable of being reversed and convert from DC to AC in the other direction to serve as an inverter. A
grid-tied power converter can be designed to either lead or lag its sourced current relative to the grid voltage during either
charging or inverter operation. This is called a Four Quadrant Converter. For simplicity the bidirectional and four quadrant
converters are often just referred to as an “inverter” when discussing reverse power flow. That convention will be followed

here.

The purpose of a glug-in electric vehicle (PEV) and the energy stored in its battery is transportation. A
vehicle and the enpergy stored in its battery are secondary to that primary purpose. Consuming th
delaying the start gr extending the time for charging the battery, increases the risk to the customer that
be able to perform|its intended purpose if an unexpected need for travel arises. In all of the“discussio
reverse power flow and the use of a PEV as a distributed energy resource, it is important to always
primary purpose oflthe energy stored in the vehicle battery is transportation.

Pure reverse power flow is very useful for powering tools or other devices-at a remote site wherg
available; this cappbility is called Vehicle to Load (V2L). A Plug-in Eleetric*Vehicle (PEV) can alsd

power flow to provide a “jump start” to another PEV; this capability is called Vehicle to Vehicle (V2V).

(V2H) describes the capability of a PEV to act as a backup “generatorfor selected critical loads in a

failure of the powef grid. The PEV is connected to the home’s electrical service through a transfer swit
critical loads to be powered by the PEV from the grid. Because these are all off-grid applications, the o
inverter must regulate both the voltage and the frequency andtis the connected loads that determing
flows from the vehlicle battery. This is all about pure reverse power flow and it can be engaged many
and displays provided by the vehicle manufacturer.

Il other uses of the
e energy, or even
the vehicle will not
n of the benefits of
remember that the

grid power is not
use pure reverse
Vehicle to Home
home following the
ch that isolates the
n-board or external
how much energy
ally using controls

Vehicle-to-Grid (V3G) is the only mode that allows a PEV to return power to a home, business, or chafge station which is

connected to a livg grid. When an inverter is conpected to the bulk grid it must be synchronized with
and it must act as @ current source. If there is ajpewer failure the inverter must automatically turn off. T|
of workers that maly be repairing downed lines.) A small, modular storage device connected to the grid
to be a Distributed|[Energy Resource (DER). The real value of a PEV to the grid is its ability to serve as
provide precisely qontrolled bidirectiopalkpower flow — not just reverse flow. The term V2G is often 3
concept of an aggregator precisely/coordinating the bidirectional power flow of many PEVs as DER
frequency regulatign for the bulk grid.” But this is only one of many possible V2G applications.

The most basic V2G operation)is for a homeowner to simply manually start a vehicle’s on-board invertg
power output. Thelhomeowner might want to use the PEV to offset a home air conditioner load during
and then recharge[the.PEV battery at an off peak time. The net power flow into the home may still be
it is possible that a ufility could aIIow and compensate a homeowner for reverse flow from the home urj

the grid frequency
his is for the safety
can be considered
a DER device and
Issociated with the
devices to provide

er and set a steady
an afternoon peak
positive — although
der a net metering

program. While it

 effective to use a

home energy management system (EMS) Commun|cat|on between the EMS and the PEV is requwed to allow the EMS
to control the PEV reverse flow to manage the total demand at the meter. When the PEV is providing reverse power flow
based on instructions from a home EMS it is serving as a DER device. It is not appropriate to refer to this as capability as
V2H, as is sometimes done, because V2H (as defined by this document) requires the PEV to be isolated from the grid.
V2H is for emergency backup or for homes that are not connected to the grid.


https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE J2836/3 Issued JAN2013 Page 17 of 130

Article 625.26, Interactive Systems, of the National Electrical Code (NEC) provides that “electric vehicle supply equipment
and other parts of a system, either on-board or off-board the vehicle, that are identified for and intended to be
interconnected to a vehicle and also serve as an optional standby system or an electric power production source or
provide for bi-directional power feed shall be listed as suitable for that purpose. When used as an optional standby
system, the requirements of Article 702 shall apply, and when used as an electric power production source, the
requirements of Article 705 shall apply.” Article 702, Optional Standby Systems, applies to V2H and Article 705,
Interconnected Electric Power Production Sources, applies to V2G. The on-board or off-board inverter is considered to be
a “utility-interactive inverter” for which there are special requirements in the NEC Article 705. The inverter characteristics
for each type of reverse power flow are summarized in Table 1. There are three basic types of reverse power flow: V2G,
V2H, and V2L (where V2V is a special case of V2L).

TABLE 1 - INVERTER CHARACTERISTICS

Inverter Characteristics
Type of Reverse
Power Flow .
Grid State Output Frequency NEC®
V2G Grid-Tied Current Synch 705
V2H Off-Grid Voltage Regulate 702
V2L (V) Off-Grid Voltage Regulate N/A

. 1741 is intended
s released in July
will introduce new

The utility-interacti
to supplement and
2011 and this coul
advanced capabilit

e (grid-tied) inverter must conform to UL 1741." For utility-interactive equipment, U
be used in conjunction with IEEE 1547"\and IEEE 1547.1™. IEEE 1547.4™ w.
i apply to certain V2G applications. IEEE\1547.8™ is currently being developed and
es for utility-interactive inverters that could also impact V2G operations.

When an on-board

and to the live gr
coupler or it could
inverter, AC powe

NEMA receptacles

The SAE J1772™

not have power ar

reverse flow to an
control pilot and o
inverter is part of

inverter is used for V2G, the ACpower flows directly through the SAE J1772™ c(
0. A utility-interactive inverterlin the EVSE can draw DC reverse power through
bossibly use SAE J2954 wireless transfer equipment. For off-grid applications using
could be routed to a vehicle-mounted, exportable power panel (EPP) which woul
similar to those found ‘en a portable generator.

coupler could not'nermally be used for off-grid applications because the EVSE contrg
d the vehicle_could not engage in power transfer. This is true for both an on-boa
external inverter. However, if the EVSE is modified to use an internal “cold start” bz
her electfonics when grid power is not available, V2H can be achieved. Because
he premises infrastructure and may even control the transfer switch, this use of a

upler to the EVSE
the SAE J1772™
a vehicle on-board
 provide standard

| pilot circuit would
rd inverter and DC
ttery to operate its
an external EVSE
modified EVSE to

engage in DC revelrse flow'is low risk. The external inverter could automatically change from current mgde V2G to voltage

mode V2H after th

(V2G) inverter wh
a modified EVSE.

island is created. It is recommended that an on-board inverter always operate as

a utility-interactive

2H mode even with

The types of reverse power flow available for each combination of inverter configuration and transfer portal are
summarized in Table 2 and each will be discussed in more detail in the following subsections.
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TABLE 2 - REVERSE POWER FLOW OUPUT
Reverse Power Flow Output
Inverter J1772™ Conductive J2954 Wireless Transfer Exportable Power Panel
Transfer to EVSE to EVSE P
On-Board V2G V2H, V2L (V)
External V2G V2G
Modified External* V2H, V2L (V)

* EVSE uses h

4.2.1 Vehicle to
Vehicle to Load (V
plugged into the re
V2H and V2V are §
VAC 15 Amp servi
such as this are f
provided in the PE

Safety interlocks s

when it is regulatipg voltage and frequency for the NEMA receptacles. For example, switches could
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FIGURE 3 - EXPORTABLE POWER PANEL FOR V2L
4.2.2 Vehicle to (ehicle (M2V) with Exportable Power Panel

Vehicle to Vehicle |(V2V)-power flow is similar to a vehicle getting a “jump start”. A battery electric vehicle (BEV) will not
move without usalle’energy in its battery. There may be occasions where a BEV needs some additional energy at a
location where a power outlet is not available for even AC Level 1 charging. This Is never required for a plug-in hybrid
electric vehicle (PHEV) because it can always travel using its gasoline engine. In an emergency it may be desired for a
PHEV or BEV to transfer some energy to a stranded BEV. The simplest way to do this is to plug the BEV AC Level 1
cordset into a NEMA 120V outlet on the source PEV’s EPP. This V2V is really V2L with a PEV as the external load. A
portable AC Level 2 EVSE could be plugged into a NEMA 240 VAC receptacle on the EPP.

Service vehicles will be needed to provide power to stranded BEVSs. It is possible that these vehicles could be plug-in
electric vehicles, although they can easily be conventional vehicles. These vehicles are really mobile commercial charge
stations. This is not really a V2V application. The service vehicle can directly generate the AC power using an engine
mounted or dedicated generator. It could also carry an energy storage system and a DC fast charger. There are many
ways to do this. It's not relevant where the mobile charger gets the energy. It is just a mobile charge station and
connects to the stranded vehicle using the standard SAE J1772™ interface for charging. The service vehicle could
incorporate both an AC Level 2 EVSE and a DC charger. A DC charger would be the most useful for a road call, but some
vehicles may not be capable of DC charging.
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4.2.3 Vehicle to Home (V2H) with Exportable Power Panel

Vehicle to Home (V2H) describes the capability of a PEV to serve as a backup “generator” for selected critical loads in a
home following the failure of the power grid. An on-board inverter regulates the frequency and the voltage. Power is
routed from the inverter to a vehicle-mounted, exportable power panel (EPP) which provides standard NEMA receptacles
similar to those found on a portable generator. A cable connects the PEV to the home backup power port.

An example of a V2H installation is shown in Figure 4. This figure also shows the PEV connected through an EVSE for
V2G which will be discussed in the next section. The PEV would not normally be hooked up to the EVSE and to the

backuQ

power port at the same time. This is not a safety concern because inverter must be disconnected from the SAE
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FIGURE 4 - V2H AND V2G WITH ON-BOARD INVERTER
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4.2.4  Vehicle to Grid (V2G) using On-Board Inverter

An example of the integration of a PEV with an on-board inverter and an AC Level 2 EVSE for V2G is shown in Figure 4.
The L1 and L2 lines from the EVSE are connected to circuit breakers in the main circuit panel of the premises across 240
VAC. If the home does not support backup power there will not be a transfer switch leading to a separate panel for critical
loads. The transformer serving the home will perform the balancing of the 120V loads at the premises. No current will
pass on the ground circuit from the panel to the EVSE to the PEV. The neutral and earth ground are connected at a single
point in the main panel.

This figure also shows the use of a PEV as an optional standby source for V2H which is discussed in another section.
The PEV would not normally be hooked up to the EVSE and to the backup power port at the same time. This is not a

safety concern beg
in V2G operation.
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interactive inverter
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4.2.,5 Vehicle to Grid (V2G) using DC Reverse Power Flow

The PEV battery can be used as a source of energy for an external inverter in the EVSE. The external inverter draws DC
current from the PEV. Bidirectional power conversion electronics could allow the EVSE to operate as a DC charger and
also be capable of acting as a utility-interactive inverter. A four quadrant power converter could also be provided.

The same SAE J1772™ engagement logic will be used for DC charging and discharging. Just as for DC charging,
communication is required between the EVSE and the PEV. PowerLine Carrier on the control pilot will be used for digital
communication, on the 5% PWM value. Requirements are defined in SAE J2931/1 and SAE J2931/4. The
communication messages for controlling reverse power flow will be defined by J2847/2. SAE J2847/2 will require some
additional messages or expanded definitions (to allow negative currents, for example) to allow DC reverse flow. If the
vehicle’s Battery Management System and communication capability are not capable of supporting_réverse power flow,
reverse flow will ngt be possible even though the external electronics are capable of generating AC(power.

Any EVSE with gn inverter will by design support DC reverse power flow. It will include) all of [the SAE J2847/2
communication capability needed to draw DC reverse power from a PEV that supports DC’ reverse power flow. It is
possible that somg PEVs may not support reverse flow from the vehicle battery to the EVSE. The communications may
not support it or the vehicle itself may not support it. In this case the PEV and EVSE will only be gble to perform DC
charging.

For DC charging the SAE J1772™ standard connector can be used and Ahis’is called DC Level| 1 charging. The
connector pins arg limited to 80A DC. Figure 5 shows the standard SAE J1772™ connector with gxternal conversion
using the DC Levgl 1 interconnection to the EVSE. With a 500 VDC battery and 80A of DC current, this would transfer
power at 40kW. The actual power transfer would be limited by the préemises branch circuit rating. A DC Level 1 charger
on a 240 VAC 40 amp branch circuit will have an effective power limit-of 7.7 kW. The same will be trye for reverse flow.
An external inverter on a 40 amp circuit will need to limit current to 32 amps (80%) and deliver no more|than 7.7 kW to the
premises. The EYSE power electronics could potentially beclimited to a lower value. And the PEV battery may also
constrain the maximum DC current. The maximum transfer will be based on the lower of the ratings jestablished for the
battery, the electropics, the branch circuit, the connector. rating, and other constraints.
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FIGURE 5 - SYSTEM ARCHITECTURE FOR DC LEVEL 1 V2G
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Figure 6 shows the combo SAE J1772™ connector with external conversion. The combo connector uses the same core
as the standard connector and adds terminals 6 & 7 to accommodate DC Level 2. The combo connector is limited to 200A
which would transfer power at 100 kW for a 500 VDC battery. Again, the rating of the EVSE, the circuits supplying the
EVSE, and the current limits set by the battery management system will govern the actual maximum transfer capability.
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generally connect
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FIGURE 6 - SYSTEM ARCHHECTURE FOR DC LEVEL 2 V2G

be used for V2G applications.

4.2.6  Vehicle to [Grid (V2G)-Using Wireless Reverse Power Transfer
Reverse power floy will‘bepossible usin% wireless transfer between the vehicle and an external invert

define wireless transfer.” SAE J2836/6"" and SAE J2847/6 will define the communication approach

el 2 or DC Level 3
EV as a source of
PEV. PEVs don't
ral charge stations
e and go from the
led periods, would

br. SAE J2954 will
for managing the
re similar to SAE

actual wireless power transfer hetween the vehicle and the external inverter These documents 4
J2836/2™ and SAE J2847/2 that define communication requirements for conductive DC power transfer.
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4.2.7 DC Reverse Power Flow for Off-Grid Applications (V2H-X, V2L-X)

V2H using a vehicle on-board inverter was described earlier, where power flows from the vehicle to the home transfer
switch using the vehicle exportable power panel and not by the SAE J1772™ connection to the EVSE. An external
inverter (EVSE) could be designed to use an internal “cold start” battery to operate its control pilot and other electronics
when grid power is not available. This type of inverter could regulate voltage and frequency when it is not connected to
the bulk grid. This type of V2H operation will be called V2H-X because it uses external conversion with a special cold
start external inverter. The inverter could act as a current source when it is operating in V2G mode into a live grid or
microgrid. Some grid-tied inverters used with home solar (PV) systems have this mode switching capability today and can
even automatically operate the premises transfer switch to isolate the home from the grid. This is shown in Figure 7.

V2H X Grid Power
""""" PEV | . EVSE | l
| DC RPF | ! AC RPF
Battery +=»  Inverter [——P T;i:;:::r
x P 5 * i l
CAN éPLC CgldﬁStart }
A greony f Critical Load
H g 1 Panel
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i : Control
BMS et SF....1y Electronics
V2 H Grid Power
! DC AC RPF
Battery,“*(—# Inverter FF'.T::{ P Tsrir;ts::r
———rs Eriticattoad

FIGURE 7 - V2H AND V2H-X REVERSE POWER FLOW
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V2G and V2G-X behave the same way beyond the EVSE. In this document the V2G term will be used for both in other
sections of this document. The external inverter does not need a battery backup for the control pilot if it is only going to be
used with a live grid or in an islanded microgrid with another device serving as the frequency and voltage regulator.
Because the grid safety is associated with the inverter, there may be some differences in the communication approach
with the vehicle and the EVSE and inverter behavior when using on-board V2G versus external V2G-X.

For DC reverse flow the vehicle cannot discriminate between V2G-X and V2H-X. It is all just reverse DC flow from the
vehicle and the full responsibility for compliance with IEEE 1547 ™ rests with the external inverter.

For a vehicle equipped with an on-board inverter in a home that only has an AC Level 2 EVSE and that has the required
transfer switch, the emergency backup power for the home can be provided using the V2H capability. If the home does

not have the required transfer switch the V2L capabllity could be used to provide power to specific hom
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https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE J2836/3 Issued JAN2013 Page 27 of 130

4.2.9 Vehicle to Microgrid (V2uG)

This document looks at V2G applications at several levels in the electric power system: at the level of the bulk grid, at the
level of the distribution feeder, and behind the meter. But in each domain the PEV is considered to be connected to the
bulk grid. There is much discussion today about microgrids. When a microgrid is connected to the bulk grid there is no
impact on the ability of a PEV to engage in reverse flow and maintain full compliance with IEEE 1547. The inverter
operates as a current source synchronized with the bulk grid frequency. The inverter must trip in as short a time as 16
milliseconds if the bulk grid frequency or voltage falls outside defined limits. But if the PEV is located in a microgrid which
is disconnected (or islanded) from the bulk grid, an IEEE 1547 compliant inverter may prove to be too sensitive for this
application. The PEV does not have enough power to shift the bulk grid frequency, but if the PEV is one of several
distributed resources in an islanded microgrid, it may have enough power to shift the microgrid frequency and force itself

to trip off. This is

acceptable if the PEV is not "certified” to operate in an islanded microgrid. Buf this may not be the

desired outcome iff the microgrid is depending on one or more PEVs to provide power in the islanded microgrid. |IEEE
1547.4 was issued|in 2011 to define requirements for microgrid operation. Much work needs to bedone to understand the
implications of micfogrid operation on PEV on-board converter design and PEV communicatiofi'within & microgrid.

NOTE: Inverter of

1547, will pot be considered in this version of the document.
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FIGURE 8 - DC MICROGRID

4.2.11 Use Case PR2 - Customer Djscharges the PEV

Several scenarios for the Use Casé PR2, Customer Discharges the PEV, are defined in Appendix B. The V2G scenarios
provide for either manually setting the discharge power or enabling the PEV to participate in a DER|program. For the
other modes the inverter issmanually activated as a voltage and frequency source. Communication is not required with
any EMS for basid discharging. Communication is required with an EMS for the PEV to participate §s a DER. Manual
operation is perforrlned psing vehicle controls and displays.

The scenarios are listed in Table 3. The naming convention begins with the type of reverse power, followed by whether
the power flow is controlled manually (MAN) or as a DER device, and then by whether the transfer of power from the PEV
is AC, DC, or wireless (WL). Discharging under scenario PR2-V2G-DER-AC is of V2G type, controlled as a DER device,
using AC transfer from the vehicle. DC transfer is always from the PEV to an external inverter in the EVSE and uses the
conductive coupler. AC transfer requires an onboard inverter and can either use a NEMA outlet on the vehicle exportable
power panel or the SAE J1772 coupler; the NEMA suffix is used to distinguish the two AC transfer methods.
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TABLE 3 - SCENARIOS FOR USE CASE PR2

Use Case PR2 Use Case PR2 Scenarios Characteristics

SESEN NI Type Control Inverter Outlet
V2G-DER-AC V2G DER On-Board J1772
V2G-DER-DC V2G DER External J1772
V2G-DER-\Wt 26 BER Extertrat Wireless
V2G-MAN-AC V2G Manual On-Board J1772
V2G-MAN-DC V2G Manual External J1772
V2G-MAN-YVL V2G Manual External Wireless
V2H-MAN-AC-NEMA V2H Manual On-Board NEMA
V2H-MAN-IDC V2H-X Manual External J1772
V2L-MAN-AC-NEMA V2L Manual On-Board NEMA
V2L-MAN-I)C V2L-X Manual External J1772
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4.3 Communications for Reverse Power Flow

The inverter is the focus of all communication for reverse power flow. The inverter can be in the PEV with AC power
routing through the EVSE to the electric power infrastructure. Alternatively the inverter can be in the EVSE and DC power
flows from the PEV through the coupler to the inverter in the EVSE. In both cases the PEV and EVSE work as a pair to
provide reverse power flow to the grid. The combined PEV and EVSE appear as a Distributed Energy Resource (DER)
device on the communication network.

The vehicle operator must be able to interact with controls and displays on the PEV, the EVSE, or other equipment to
enable and manage reverse power flow. There are two distinct ways to communicate with the inverter to manage reverse
power flow. One way is for the vehicle operator to use the Human Machine Interface (HMI) on the PEV or EVSE to
manually initiate apd terminate pure reverse power flow and no communication with any external ,erlergy management
system (EMS) or gther controller is involved. The second way is for the vehicle operator to enablethe| PEV to participate
as a distributed energy resource (DER) device and an external energy management system (EMS) w(ll initiate, manage,
and terminate reveyse flow as needed. This is illustrated in Figure 9.

For both situationg controls and displays must be provided for the operator to enter the 'réquired information and enable
actions. The vehicle and EVSE manufacturers will provide proprietary controls and-displays for this purpose. Some
information and cgmmands must be directly entered using PEV controls and displays and alternate data entry locations
may not be permitfed. For other information the preferred data entry location may,be at the inverter, yhich could be on-
board the PEV or|in the EVSE. Alternate data entry locations, such as a premises EMS or a mobjle device, may be
authorized for certain information.

Electronic

] /
Communication “"'""""""'ﬂf-(-)-rf???tion
Jvstems :,"' ""'--..\Distributed Energy Resourcg ™
i !
| A |
Human E _— n \
Machine , Inverter Battery i
Interface i DC |

PEV & EVSE :

ctricPewer
rastructure

FIGURE 9 - INTERFACES WITH INVERTER OF A DER DEVICE
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4.3.1 Data Entry, Customer Communications, and Sources of Information

SAE J2836/5™ and SAE J2847/5 specifically deal with customer interaction with the EVSE and PEV and other devices.
This section will discuss some issues related to customer communication but these documents are the authoritative
documents.

It may be possible to enter data at multiple locations. For example, the data entry for the “Time Charge is Needed” (TCIN)
could be done using controls and displays of the PEV, the EVSE, or even a remote device. However, the data entry is not
the actual “information” until it is accepted by the designated “source” of that information, which is not necessarily the data
entry location. Think of a data entry as potential value for the information and it does not become the actual information
until the designated source for that information accepts, validates, and prioritizes the information.

TCIN is a key parameter that defines the state of the PEV. The PEV must be the source for that infornLation. Even when

TCIN is entered info the PEV controls and displays it must still be validated by logic in the vehicle befo
there is an error in|data entry — for example a time earlier than the current time, the PEV HMl'software

e it is accepted. If
should indicate an

error and ask the dperator to correct the information. The data entry should only be stored in the PEV as TCIN after it has

been validated. Then any other entity that needed to know TCIN could request it from the'PEY.

If TCIN were entergd into the EVSE, the EVSE might do some validation, such as earlier time than pre

it would need to p
value for TCIN. A
TCIN from the sou

Data entry while it
information. The 9
rules, or PEV rule
TCIN was entered
cannot access the

These are not co

software in the application. The SEP 2.0 communication protocol must allow for the data entry for ce

be moved from the

The use cases in t
device based on S
TCIN is entered or
needed. The pro
J2836/5™ use cas

4.3.2 Manual Cd

The most basic V3

vide it to the PEV for the PEV to consider. The EVSE should,only hold the data g
ter the vehicle processes the data entry and updates its TCIN; then the EVSE will
ce which is the PEV.

ource entity should determine the protocol for selection — such as last entered rulg
5. If the source cannot communicate — for example the PEV can’t communicate
into the EVSE. The EVSE might use its data-entry for TCIN in lieu of the PEV TCI
‘source”. But these rules would be embedded in the operational software of the EVS

mmunication protocol decisions. These are decisions that are made by the en

HMI device to the “source” device for the information. SAE J2836/5™™ will deal with

his document will assume ‘that data entry is made and validated and moved to the d
AE J2847/5 messages.and actual processes in the device software. It will assumsg
some control paneland that TCIN will be available from the PEV as the sole desig
cesses for handling“the data entry, validating the entry, and moving it to the Pl
bs and will be_ifnplemented in both embedded software and SEP 2.0 communication

ntrol of Reverse Power Flow

and manually eng

agejthe PEV on-board inverter using controls and displays provided by the vehicle

G capability is to have the vehicle operator connect the PEV to the grid through an

sent time, and then
ntry for a potential
be able to request

may come from multiple places should always go_tethe source where it is transfofmed into validated

s, or lowest power
with an EVSE, but
N value because it
E.

bedded functional
tain information to
these issues.

esignated “source”
, for example, that
hated source when
FV is part of SAE

AC Level 2 EVSE

manufacturer. No

digital communications are required 10 the EVSE or beyona.

The SAE JI77Z°

Control Pilot establishes the maximum

forward and reverse AC current that can be supported by the premises branch circuit. The upper limit is the lower of the
rating of the on-board converter and the control pilot. The AC EVSE cannot be used by itself to engage the PEV in
discharging. But if the PEV is set up to discharge (rather than charge) when it detects the EVSE is ready, the EVSE can
control the start and stop of discharge. The EVSE can also reduce the discharge level below that of the rating on-board
inverter by using the Control Pilot. The vehicle manufacturer can provide the capability for the PEV to start charging
immediately, to start after a programmed delay, or at a programmed time. The PEV could also allow discharging to be
stopped immediately, after a programmed delay, at a programmed time, or when the battery state of charge reaches a
specified minimum level. It is also possible to set a lower power (current) limit for the session. These manual control
modes are at the discretion of the vehicle manufacturer.
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It is somewhat more complex for DC discharging because digital communication is required between the PEV and the
external power convertor (EVSE) to manage the actual DC reverse flow. The communication required for the PEV to
coordinate with the external converter (EVSE) for both forward and reverse DC power flow is defined by SAE SAE
J2847/2. The same vehicle controls and displays used for on-board conversion should also be provided to initiate and
control external conversion. While the digital link between the EVSE and the PEV could allow an intelligent EVSE to
initiate reverse flow rather than charging, it is preferred that the selection of manual reverse versus forward flow be
performed using a specific vehicle authorization. It may be possible for a vehicle operator to enter this authorization into
the PEV using EVSE controls. This maintains the same relationship as that used with an AC Level 2 EVSE. An intelligent
AC or DC EVSE can control start and stop but should not provide the authorization to enter reverse flow. The default

without specific authorization for reverse flow using vehicle controls should be to start charging.

A homeowner might use this manual control capability for PEV reverse flow to offset other home Toads]
then recharge the PEV at off-peak times. While it is possible to just discharge into the grid by manuall
PEV or the EVSE] it is preferred to use a home energy management system (EMS) for this type (
utilities offer net netering programs and allow, for example, a home photovoltaic system™\to pus
grid. However, otHer utilities may only allow the residential load to be offset and do not allow reverse fl
meter may not evgn be capable of reverse flow. In this type of region a home owner waould have to
load and then set the power output of the PEV to be less than that. This could be dynamie. A home H
to keep track of thig and adjust the PEV output to maintain a net zero for the home.

Manual control is the only way to engage the on-board inverter to supply power to the exportable po
V2L, and V2V. The vehicle manufacturer may even provide a capability to manually engage re

at peak times and
y programming the
f operation. Many
h power into their
pw to the grid. The
calculate the home
EMS would be able

wer panel for V2H,
erse flow through

telematics. There|could be different degrees of sophistication for modes of operation dependifg on the vehicle

manufacturer. The vehicle could provide programmed start and stop times or time delays for V2H op|
modes the inverter|operates as a voltage source and the power delivered is determined by the loads. I
specific power delijvery as it can for V2G operation. If the load is teo large for the inverter it will reach
either trip or allow the voltage to sag.

A PHEV may offer] the capability to operate the engine.te>maintain the charge of PEV battery during
should always be ¢ngaged manually at the PEV to allow the operator to ensure that there is adequate
safe to operate the
It would not be en
cost effective.

ironmentally friendly to use the_engine for rate arbitrage in V2G operation and it

4.3.3 Examples pf Manual Control Data.Entry
The operator must
set the power for
defined. This can
could show both v
inverter regulates

adjustment of thes

be able to use controls and displays on the PEV, the EVSE, or on a remote devicq
reverse flow. These settings are shown in Figure 10. For V2G operation the pd
be done as/an explicit value or as a percent of the maximum available reverse p
alues as(the setting is entered. Data entry for power is not required for V2H of
oltage“and frequency and power is determined by the load. It may be desired to al
P setpoints.

eration. For these
cannot be setto a
a current limit and

reverse flow. This
ventilation and it is

engine. While engaging the engine for emergency backup in off-grid V2H situations may be needed.

ay not be even be

to start, stop, and
wer level must be
bwer. The display
V2L because the
ow for some minor
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Power
(kW)
_________ Max Power (ForwardiReverse)
Power Setpoint in kW or %Max
A Yy » Time
Start Time Stop Time

FIGURE 10 - KEY PARAMETERS FOR MANUAL CONTROL

The manual contrdls for starting reverse flow must include a start now capabhility.> Controls may also provide for starting
after a time delay ¢r starting at a specified local time. The controls should niot allow entry of a negativel delay or a starting
time earlier than the current time. These are illustrated in Figure 11.

Start Start at
Now Specified Time

— Start after Delay —>

T E ; » Time

Time Now

FIGURE 11 - OPTIONS FOR MANUALLY CONTROLLING START UP

The manual controls for stopping reverse flow must include a stop now capability. This immediate stop capability must be
prominently displayed whenever reverse flow is being provided. Controls may also provide for stopping after a specified
duration of reverse power flow or stopping at a specified local time. The controls should not allow for entry of a negative
duration or an earlier specified stop time than the actual start or expected start time. These are illustrated in Figure 12.
Manual controls should also be provided for defining a minimum state of charge. This is an additional condition and
reverse flow would stop at the earlier of the designated stop time or the battery reaching the minimum SOC.
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Start
Time

Stop Stop at
Now Specified Time

Stop after Duration —>

| i

Time Now Stop if SOC < Limit
(Additional Condition)

> Hime

FIGURE 12 - OPTIONS FOR MANUALLY CONTROLLING TERMINATION

4.3.4 Energy Mgnagement System Control of Power Flow

Figure 13 shows a|very simplified view of the world of electric power.and electric vehicles. Utility in thig chart means all of
the relevant playefs in the electric power industry. It includeS,the distribution utility, the balancing authority, energy
service companieqd, independent ancillary service aggregators; and others. The “utility world” ends at the meter. Any
premises infrastrugture provided by a utility beyond the meter or control over any equipment within thg premises must be
by mutual agreement of the premises owner with the utility! The definition of premises is also broadly| defined. It means
everything from the meter to the PEV. It can be a residential property. It can be a commercial propertyl with public access
to charge stations| It can be a factory with employee access to charge stations. It might even be [a group of charge
stations along a stjeet. There will always be a mefer and an EVSE.

A

Utility > i€ Premises — >

FIGURE 13 - RELATIONSHIP OF THE UTILITY, PREMISES, AND PEV

V2G operations can be performed in different domains: the bulk grid (or balancing area), the distribution system, and
behind the meter. All of these V2G applications depend on communication between some energy management system
(EMS) and an EVSE and PEV pair. There is the potential to have an EMS in each of the electric power domains. They
might not always be called an EMS, but it's a good generic name.
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The figure shows a Home Area Network (HAN) connecting the meter, premises EMS, and EVSE. This could be any
media from ZigBee, Wi-Fi, cable, to power line carrier (PLC). The EVSE is directly connected to the network and the PEV
connects to the EVSE using PLC. The EMS could use a wireless link to connect directly to the premises network. In a
private residence the network would be based on internet and Smart Energy Profile 2.0 (as will the PEV). Other protocols
(such as BACnet) could be used in commercial or industrial facilities. In this case network protocol translation could be
performed by the EVSE. The figure shows the utility EMS communication coming through the meter (as it could with the
Advanced Metering Infrastructure, AMI), but it could come into the HAN though another gateway. This also shows the
utility using a radio frequency link to the premises, but it could be by internet on optical fiber or cable.

V2G applications will require communication between some EMS and the EVSE-PEV pair. Also the applications will
require control algorithms to be executed by the EMS and the EVSE-PEV pair. V2G applications will require
communication to a network to engage with an external premises or higher tier Energy Management System (EMS). The

PEV could use PL
higher level V2G a
to directly connect
4.3.5 Electronic

The entity contain

actually controls the reverse power flow and other DER functions.

between the EMS
the DER functiona
could be that a PH

Lo communicate with an EVSE that 1S connected t0 a premises network for the purf
pplications. There may be other communication options, such as Wi-Fi, that could b
fo a premises or other network.

Communication Paths to the Inverter

ng the inverter should be the focus for communications for an EMS”because it

Messages may be relayed thr
and the inverter, but it is the inverter that must act on the message. It is the inver
ity in its electronics and embedded software. The term inverter is broadly used in
V computer implements the higher level inverter functignality and sends simple mg

bus to command forward or reverse current and phase angle. Or the PEVymay decode SEP 2.0 mess

them into CAN me

sages for an intelligent inverter. Or the inverter itselfémay be able to directly accept

and the PEV com

unication function could just route these messages to the inverter. There are m3

how a PEV could gccept DER messages and get them to the inverter electronics.

Figure 14 shows cpmmunication with an inverter in the EVSE:*When the inverter is in the EVSE, the H
engage in DC revdrse power flow. This control of DC flow between the EVSE and the PEV is governe
The DC messaged between inverter and battery system\use power line carrier signaling on the control
“direct” path for the EMS to inverter communication,.should be from the HAN to the EVSE communicat
The EVSE controller could decode the SEP 2.0 DER messages and then use internal communications

bus, to operate th
capable of directly

inverter. Alternatively the ‘\EVSE controller could just route the DER messages to
accepting SEP 2.0 messages.

ose of engaging in
e used by the PEV

s the inverter that
ugh other entities
r that implements
this discussion. It
bssages on a CAN
ages and reformat
SEP 2.0 messages
iny possibilities for

FVSE and PEV will
d by SAE J2847/2.
pilot. The primary
on controller (D1).
D2), such as CAN
an inverter that is
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communications and the PEV does not need to.process any of the DER messages. When DC reverse
also has an on-board invérter), the primary path should be the most direct route to the inverter.

(even if the vehicle

Figure 15 shows ¢
use Wifi from the
communications (O
2.0 DER message

with the EVSE on the HAN (A1) and the EVSE would route the messages to the PEV using the PLC ch

PEV would control

FIGURE 14 - COMMUNICATION WITH EVSE INVERTER
is for the HAN controller to use Wifi to-directly reach the PEV (A1) which in turn rout
e handling the inverter messages. The reverse flow of the PEV is entirely h

pmmunication with af-on-board inverter. When the inverter is in the PEV, the direg
HAN controller te\the PEV communication controller (D1). The PEV computer
2), such as CAN;-to control the inverter. Or if the on-board inverter is capable of dir¢
5, these couldyjust be routed by the PEV controller to the inverter. An alternate path

the inverter using the internal link (A3). This may be the only path that is availabl

not have a direct \
EVSE relay servin
decide whether to

{

ifi path,to the PEV. Direct communication with the PEV for reverse power flow wol
as'\a backup if the primary channel is lost. The PEV with the on-board inverter is in

es EMS messages

(A2) to the EVSE controller, which,then uses internal EVSE links to reach the invefter (A3). The PEV

hndled by the DC
flow is being used

t path would be to
could use internal
ectly receiving SEP
is to communicate
annel (A2) and the
e if the home does
Id be best with the
the best position to

se‘the direct or alternate path

Just as electronic communications should focus on the inverter, the HMI entries should also be at the inverter. This

involves less communication.

If the inverter is in the EVSE it makes more sense to start and stop

EVSE. Each of the figures shows HMI-1 and HMI-2 for the preferred and alternate data entry location.

the inverter at the
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4.3.6 DC Revers
SAE J2836/2™ an
external charger o
these documents i

Figure 16 expands
elements. The blu
black dotted lines
communication on
EVSE or the PEV.
messages. This

previously explain

<

Circuit Breaker tery

EVSE

FIGURE 15 - COMMUNICATION WITH PEV INVERTER
e Power Flow Considerations
0 SAE J2847/2 deal with the iaternal messaging between the PEV battery managem

inverter. This section will discuss some issues related to DC power flow to an ext
ill be the authoritative documents.

ent system and an
brnal converter but

on Figure 14 to highlight considerations for management of DC power flow. The red boxes are power
e boxes are contrel and measurement elements. The green boxes are communicatjon protocols. The
are private~.communication links, such as CAN bus. The red dashed lines represent power line
the controlpilot. The green lines represent the chain of networks from the controlling EMS to either the

The labeled ovals are the same as those in Figure 14 — the direct and alternate sequence for EMS
s only a functional block diagram and it is not intended to represent an exact inplementation. As
Jo b dlrect communication with the EVSE inverter is preferred. For the alternate path, the SEP 2.0

messages should ¢
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DC power flow nedds to be controlled differently by an external inverter than by an external fast charge
the BMS establisnes the current profile and effectively controls the entire charging operation by co
external charger oyer the PLC link. The fast(charger provides current flow as requested by the vehiclg
external inverter must control the DC forward or reverse flow from the battery to deliver or absorb pow
the controlling enefgy management system. The BMS needs to establish the current limits for forwa
flow and the invefter control electrenics must manage the current flowing in or out of the inverter
established limits.
disconnecting the battery, but the:current flowing in and out of the battery must be as directly controlled

The DER device
The EMS will command.power to or from the DER as a percent of these maximum ratings. This wil
adjust DER units ¢f different sizes by commanding similar percents.
individual DER by i i i

_______________________________

FIGURE 16 - EXTERNAL INVERTER DETAILS

The BMS must ‘always protect the vehicle battery by either reducing the author

ust provide a maximum forward power and a maximum reverse power rating to th

It can also control the exact f

r. For fast charging
brdinating with the
. For DER use the
br as requested by
rd and reverse DC
to stay within the
zed limits or even
by the inverter.

e controlling EMS.
allow the EMS to
ower output of an

l maximum should

be continuously available over the session. The rating is the lower of the limits established by the battery system, the
inverter rating, and any limitations of the branch circuit. Even though a battery may be able to absorb 15 kW, if the EVSE
is on a 40 Ampere branch circuit, the maximum forward power for the system will be limited to 7.7 kW and this is the
rating that will be reported to the EMS as the maximum forward power. The flat rated forward or reverse power may not
be available across the full range of state of charge of the battery. This limitation is communicated to the EMS from the
DER by providing the available duration at the flat rated power for both discharging and charging. The available duration
value will change throughout the session change as the SOC changes during DER use. This will be discussed more in

section 4.6.1.
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Figure 17 shows a typical charging profile of power versus SOC during fast charging. In this example the vehicle draws
45 kW from 20% SOC and this falls to 15 kW at 80% SOC when fast charging stops. The BMS manages the current
provided by the external charger. If the vehicle had a 30 kWh battery and could go 90 miles at 45 miles per hour, it would
consume battery energy at a continuous rate of 15 kW. The battery may be called on to deliver 75 kW during acceleration
or absorb 45 kW at the start of fast charging, but these are not sustained. For this vehicle a flat rating for continuous
discharge could be 15 kW. The dashed red line at 15 kW represents the maximum DC forward power that can be used
for a DER session. The inverter should be able to command 15 kW of forward power for SOC ranging from zero to 80%.
The fact that the battery could absorb 45 kW at 20% SOC is not useful for using the PEV as a DER device.

50
40 D
DC Fast Charging Profile
30
Power
(kx’)
20
Maximum DC Forward Power \
10
0 T (! T T
0% 20% 40% 60% 80% 100%

State of Charge

FIGURE 17 - TYPICAL FAST CHARGING PROFILE.

In the functional dipgram the inverter 'directly measures frequency, voltage, and current at the electrical connection point
(ECP) of the invertgr. It also measures the DC voltage and current. It controls the power electronics to pither generate AC
current from DC flpw from the battery or the reverse. This is not unlike controlling a traction motor. The DER functions
can be complex. One autonemmous function is switched on by the EMS, but when engaged works by|measuring the AC
line voltage and prpducing-VARs based on a stored curve of VAR versus volts. Another autonomous [function measures
frequency and eithgr produces forward or reverse active power based on a curve of power versus frequgency.

While it is possibleLto-da i X include the full DER
functional capability and act as the DER device for the EMS and then seek to control the inverter power electronics at a
low level by sending current and phase angle commands using the DC control protocol link. This is much more complex
than keeping the control functions with the inverter. There are business issues, liability considerations, and other factors

that favor keeping the DER functionality with the inverter power electronics.

For an external inverter this document assumes that the EMS communication will be received by the EVSE (either directly
or by relay of the full message from the PEV). The PEV will not act on DER messages because it is not serving as a DER
device. The EVSE inverter and the PEV BMS will coordinate on the DC forward and reverse power flow using
communications defined by SAE J2847/2.
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4.3.7 Information Exchange Considerations

Organizations may use different terminology and units of measure to describe the same things. This applies to the
terminology, sign conventions, units of measure, and typical scale factors. For example, a scientist may prefer to express
energy in Joules. A power company engineer might refer to electrical energy in kilowatt-hours. A mechanical engineer
could express it in foot-pounds or British thermal units. Without knowing the unit of measure, a value of 2.5 for energy is
meaningless. Even if the base unit of measure is agreed to be Watts, sometimes the scale of the system determines the
context of the value. For an electronic device a rating of 2.5 could mean Watts, for a home appliance it would most likely
mean kilowatts, and for a large generator it would most likely mean megawatts or even gigawatts. When the context is

known the scale is

often obvious.

When information
information that is

the attributes. Twg¢ different applications can use different names for an item as long as there js @ mu
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System1 System 2
Application Communication Communication Application
Software Software Software Software
MaxRe\leu AYZ KYZ YYmax
Single Int32 Int32 Single
Wattp? Watts1 Watts! Watts

FIGURE 18 - EXAMPLE OF INFORMATION EXCHANGE

The use cases in fhis document may not use terminology or units of measureythat are exactly the same as those of the
Smart Energy Proflle 2.0 or IEC 61850-90-7 technical report. The terminolégy used in this report is only for the purpose of
understanding the |basic information that needs to be exchanged to pefform the function and it is not|intended to define

the exact communjication protocols to be used for the exchange.
document and not|try to use the terminology from a specific protecol*or object model.

extend the use cades from this document into communication messages.

It was decided to use more desciliptive terms in this
The SAE J2847/3 document will
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4.4  Inverter-based Distributed Energy Resources

Distributed Energy Resources are small, modular Distributed Generation (DG) and storage technologies that provide
electric capacity or energy where it is needed on the distribution grid. DG, which could be a diesel generator, gas
microturbine, solar panel array, or small wind turbine, can only serve as a source of energy. However, energy storage
systems are a unique form of DER because, unlike pure DG, the unit can also serve as a variable load. Plug-in Electric
Vehicles (PEV) can be considered to be DER storage systems. Even a PEV that is not capable of reverse power flow can
be used as a DER device to allow for active control of forward power flow for grid purposes. The use of a variable load for
grid purposes is sometimes called Demand Dispatch or Demand Management. This can be considered to be a single-
sided use of a DER device and is no different than a generator that can only vary power output.

Most conventional
some are capable
with the grid frequ
changes do not hg
issuing commands

Some forms of DG
and an inverter is
device by using d

DG devices use electric machines to produce electricity. The power output can
bf producing or absorbing reactive power (VAR). The rotational speed of the machin
ency. These systems generally have significant rotational and thermal cycle inert

This can even be done using the telephone and asking an operator to adjust the pg

such as solar PV systems have no spinning machines. These devices are fundam

irect commands for forward or reverse power as well as-power factor (VAR).

be controlled and
es is synchronized
a and power level

ppen quickly. If these devices must be controlled by a distribution utility, this is cyistomarily done by

wer.

entally DC devices

required to produce AC power. An inverter can be controlledcin-the same manngr as a classic DG

But inverters can

incorporate the computational capability to provide advanced functional capabilities that automatically
VAR based on merured grid conditions. Energy storage systems can offer four quadrant power con
along with the advinced functional capabilities. There is a great deal of<nterest in deploying inverters
functionality in soldr PV systems and stationary grid storage systems,

change power and
ersion capabilities
with this enhanced

It is not clear yet |f there is sufficient economic benefit for PEVs't0 go beyond simple command-reg
include the autondmous functionality. This is primarily being~driven by concerns about power qug
feeders caused bylincreased levels of solar and small wind turbines along the feeder.

ponse inverters to
lity on distribution

4.4.1 Integration of DER with the Feeder

Electric power sygtems (EPS) were designed based on a model of power flowing one way from |
through transmission lines to distribution substations. Generally power leaves the substations on
feeder circuits to feed the customer loads. The voltage for a distribution feeder is set at the substati

regulator or a tapped transformer. The veltage drops along the length of the feeder as customer load

arge power plants
radial distribution
bn using a voltage
s are served. The

utility sets the hea
above a minimum
the feeder to corr

switched on and offf as power factor changes as loads vary.

This control parad

end voltage high enough (but below an upper limit) to ensure that the voltage for t
required value. Becduse customer loads are not purely resistive, banks of capacito
bct power factar, along the feeder. Some capacitors are fixed and some may be

igm gets*more challenging when DG is added along a feeder and the power is

exclusively from th

b sybStation. Even if the DG is only reducing the net load of a customer on the feed

ne last customer is
s are placed along
capable of being

no longer coming
er, it can adversely

impact the ability

f(the utility to manage the voltage and power quality along the length of the feedger. Fossil fuel DG
provides a steady kmmmmﬂmmmltaic (PV) systems

or small wind turbines. The daily and hourly power output for solar PV can be planned for based on weather forecasts,
but the higher frequency power output variation caused by cloud passage is random. Wind puffs can cause similar upsets
to power planning for wind turbines.

IEEE Standard1547-2003 was the first of a series of standards developed by Standards Coordinating Committee 21
(SCC21) on Fuel Cells, Photovoltaics, Dispersed Generation, and Energy Storage concerning distributed resources
interconnection. This standard was designed to ensure the safe interconnection of DER to the EPS. A DER must
disconnect or stop providing power based on excursions of frequency or voltage beyond the specified limits. These limits
are shown in Figure 19 for a 240V reference and are based on the nominal voltages from ANSI C84.1. The clearing time
for disconnecting power varies based on the level of the voltage excursion and can be a short as 160 milliseconds. After a
DER disconnects it may need to stay offline for up to five minutes following the return of system voltage and frequency to
within limits. This example is based on nominal voltage of 240 VAC.
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A utility will normally regulate voltage along a feeder to between 95% and 105% of the reference voltage. If line voltage
sags below 88% or swells above 110% this is considered abnormal. An inverter must stop producing power when
abnormal voltage is detected. If the voltage drops below 88% but not below 50%, the inverter must stop (or clear) within
two seconds. And if voltage drops below 50% it must clear within 160 milliseconds. For a rise in voltage above 110% but
below 120%, the inverter must clear within one second. And for voltage above 120% it must clear within 160
milliseconds. The inverter must also monitor frequency and stop producing power if the frequency falls below 59.3 Hertz
or rises above 60.5 Hertz. Once the inverter disengages following a fault condition, it is not allowed to immediately
reengage when the fault condition ends. Other rules govern reconnect, which may include waiting for five minutes after
conditions return to normal.

IEEE 1547 Voltage Limits

99% 109%

50% 88% 110% 120%
Ll
0.16 2.0 I 1.0I 0{.:58 Y

120V 211.2V (240V|264V 288V

228V 252y
ANSI C84.1 Ranpe A Limits
IEEE 1547 Frequency Limits

0.16 0.16

59.3Hz 60.0Hz 60.5Hz

Clearing Times:in Seconds

FIGURE 19 - IEEE 1547 LIMITS

As penetration of fenewable energy sources increase along a feeder (as measured by the capacity of the renewable
sources to the total| load,.served) this can reduce the voltage stability of the feeder. It is possible that a qudden drop in load
or surge in power putput could drive the local voltage on the feeder above the IEEE 1547 limit which would cause one or
more renewable SOUTCES 10 drop OfliNe and Stay o1 Tor Tive minutes. This 1055 0f generation would cause the voltage to
drop and other DER units might drop offline because of the low voltage limit. This would result in a surge in power down
the feeder. After the feeder stabilized the DER could reconnect but even this could cause the stability problem to reoccur.

Energy storage systems have been deployed as part of solar PV systems primarily to allow excess solar energy to be
captured during the day for reuse at night. This was ideal when customers were not allowed to provide excess power to
the grid. With net metering there may be more value to the customer in supplying the excess solar power to the grid
during peaks and operating from grid power in the evening. The storage system is still useful for maintaining steady
output during cloudy conditions and for emergency backup of the home. These storage systems were not intended to be
a grid resource, but there is increasing interest in using the storage systems to help stabilize the voltages on the feeders.

For a storage device, such as a PEV, the IEEE 1547 limits apply to situations when the power is being discharged. This
standard does not apply to loads. These limits apply to the inverter function, but are not automatically flowed down to the
charger function of a power converter. However, there may be special circumstances, such as where a storage device
may be providing voltage support to the grid, for which bidirectional application of these limits would apply.


https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE J2836/3 Issued JAN2013 Page 44 of 130

4.4.2 Advanced Inverter Functions

The Electric Power Research Institute (EPRI) working with the U.S. Department of Energy, Sandia National Laboratories,
and the Solar Electric Power Association initiated a collaborative effort in 2009 to define common inverter functions and
communication protocols for the integration of smart Distributed Energy Resources (DER) with the grid. The primary
focus of the activity was on inverter-based solar photovoltaic (PV) systems and stationary battery energy storage systems.
The initiative engaged a large number of individuals representing inverter manufacturers, system integrators, utilities,
universities, and research organizations. The resulting work products have provided valuable input to a number of
standards organizations and activities, including the U.S. National Institute of Standards and Technology (NIST), the
IEEE, and the International Electrotechnical Commission (IEC). EPRI documents the functions in Common Functions for

Smart Inverters.

The NIST Smart Grid Interoperability Panel established a Priority Action Plan (PAP-07) for Energy
Interconnection Gyidelines. One of the objectives of PAP-07 was to develop and harmonize. object
storage into IEC 61850-7-420. IEC 61850 is a standard for the design of electrical substatiog.automat
the International E]ectrotechnical Commission's (IEC) Technical Committee 57 (TC57) reference arch
power systems. IHC 61850-7-420 defines the information models to be used in the exchange of infg
Working Group 17|of IEC TC57 is responsible for IEC 61850-7-420, which was first issued in 2009. H
requirements document (Advanced Power System Management Functions and Information Exchanges
DER Devices, Modeled in IEC 61850-90-7) to serve as a bridge between the EPRI documents and the

An interim step in the revision of IEC 61850-7-420 was for IEC TC57 WG7 10 create IEC 61850-90-
technical report to [provide guidance for the revision. The report describ€s)the functions for inverter-ba
including photovoltaic systems, battery storage systems, electric vehicle charging systems, and any d
with a controllablg inverter. It defines the IEC 61850 informationmodels to be used in the exchal
between these inverter based DER systems and the utilities, energy service providers, or other entitie
with managing the |volt, VAR, and watt capabilities of these inverter-based systems.

/ also worked with the IEEE SCC21 torinitiate work on IEEE 1548.8. This new doc
he use of energy storage systems and ‘advanced inverter functions.

NIST SGIP PAP-0
will also deal with

The combined effqg
Initiative), NIST S(Q
making great prog

rts under EPRI Program 174 (Integration of Distributed Renewables - Smart Inver
5IP PAP-07, IEEE SCC21 1547.8 WG, and IEC TC57 WGL17 to develop the smart i
ess. The abstract data models defined in IEC 61850 are being mapped into a numb

The advanced in
These functions

rter functions described by the EPRI and PAP-07 documents will be summariz
ere developed primarily for solar PV systems and associated storage systems.

applied to standalgne, stationary Storage systems. The use of a PEV as a DER was not a significant ¢
the development of these functions. The primary purpose of a solar PV system is to produce power and
as possible for as long as passible. The primary purpose of a PEV is transportation and producing any
for the grid increalses thecrisk that the PEV will be able to meet unexpected transportation needs.
these“documents that do not make sense for a PEV to implement. There are o

functions defined i

Storage and DER
models of energy
on and is a part of
tecture for electric
rmation with DER.
PAP-07 prepared a
for Inverter-based
EC documents.

 as an informative
sed DER systems,
ther DER systems

nge of information

5 which are tasked

iment in the series

er Communication
hverter functions is
br of protocols.

ed in this section.
They can also be
bnsideration during
energy — as much
power and energy

There are some
hers that could be

relative to a solar

implemented but
PV system. Andt
for in the communicational protocols for PEVs.

ay-flot make economic sense based on the relatively small energy capacity of a PE

must be accounted

There are two fundamental approaches to the control of DER devices: immediate functions and autonomous functions.
These approaches will be briefly discussed in the following subsections and in more detail later in the document.
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4.4.3 Immediate Functions

Both EPRI and IEC have defined five inverter functions for DER devices that are based on direct control. The IEC calls
them immediate functions. These immediate control functions assume a tightly coupled interaction between the inverter-
based DER systems and a controlling entity (utility, energy service provider, or customer EMS). These controls require
communication channels with high availability between the controlling entity and the inverter-based DER systems, since
the controlling entity must maintain direct knowledge of the inverter-based DER system status and capabilities. It is
expected that inverter-based DER systems will revert to “default” states if communications are unavailable for some pre-
specified length of time.

The five immediate functions are described below. Only two of them are directly relevant for PEVs (INV3 and INV4). The

IEC implementatiop for a DER storage device Is not sufficient for use with a PEV because of the additig
associated with a IPEV. This needs to be considered in any protocol used with the PEVs. A grid storag
to a minimum resgrve SOC and does not have the additional constraint that the storage system must
specific time. The [controller cannot just operate a PEV to stay above the minimum SOC. It must plan
during a session fo achieve grid requirements and charge the vehicle. This requires additional infg
between the PEV |and EMS and more sophisticated EMS algorithms than required for ‘Stationary st
basis of the EPRI and IEC work. The headings are based on the EPRI definitions of the-five functions.

4.4.3.1 Battery $torage Direct Charge/Discharge Management Function (IEC £unction INV4)

This function requgsts the storage system to charge or discharge at a specific Tate (as a percent of mg
discharging rate). [To account for diversity in the size of storage systems,  the function requests a p
based on the cappcity of the system. For active power out requests{(reverse power flow - storags
percent is relative {o the current value of the maximum discharging rate. For active power in requests (
-storage charging)| the percent is relative to the current value of the ' maximum charging rate. The disc
the inverter and the charging capacity of the charger may differ“A timeout period is included for reve
state of the invertg¢r-based DER system, to ensure that a missed or lost command does not impact

nal considerations
e unit can operate
be recharged by a
the use of the PEV
rmation exchange
brage which is the

ximum charging or
ercentage quantity
e discharging), the
forward power flow
harging capacity of
rting to the default
normal operations

beyond that timeolit period. This is the most basic DERfunction for a PEV. Use Case U6, described in Appendix C, is

based on this function.

4.4.3.2 Fixed Pgwer Factor Function (IEC Function INV3)
Fixed power factor|
default state of th

operations beyond

will be managed through issuing a power factor value. A timeout period is included
e inverter-based DERu\system, to ensure that a missed or lost command does

4.4.3.3 ConnectfDisconnect Function (IEC Function INV1)
The inverter is conpmanded {to)disconnect from the electric power system using an actual switch and n
the inverter power|output™o*off. This function is not related to intentional islanding, and refers to the

switch that separ

for reverting to the
not impact normal

that timeout period<The INV3 function is included in U7, which is described in Appendix D.

ot by commanding
management of a
unction should not

afes at.the DER, leaving customer premises loads connected to the grid. This DER
be used with a P:EV with an on-board inverter because it is also serves as its charger and it sho
connected to the } ;
part of an EVSE management function that could also be used to set the control pilot. It is not clear th

part of the EVSE or PEV DER capability.

4.4.3.4 Maximum Generation Limit Function (IEC Function INV2)

uld always remain
s capability can be
at this needs to be

This function sets the maximum generation level as a percentage of the DER capacity. This function is useful for a solar
PV system that has an unconstrained power output that varies with solar radiation. This function can be used to set the
upper limit. The unconstrained generation (discharging) level for a PEV is zero and it will only discharge above zero if it is
commanded and this is the purpose of the INV4 function. This function is not needed for a PEV for limiting discharging.
This function is not currently set up to limit charging, although it could be extended to allow it. However, INV4 could also
be extended to allow the setpoint to be either a target or a limit for charging. This approach is taken for U6. There are
applications where a specific charging rate is required of a DER and others where it may only be necessary to keep the
DER below a specific charging rate.
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4.4.3.5 Battery Storage Price-Based Charge/Discharge Function (IEC Function INV5)

This function provides a pricing signal (actual price or some relative pricing indication) from which the inverter-based DER
system may decide whether to charge the storage or discharge the storage, and what rate to charge or discharge. This is
not an essential DER function for a PEV. The Pricing functions of SEP 2.0 provide this capability for charging. It is not
likely that a PEV would engage in energy arbitrage and discharge at high prices and charge at low prices. It is more likely
that the home energy management system would deal with the price decisions and engage the PEV using the direct INV4
management function. Price based discharging is not expected to be beneficial for a PEV and INV4 is expected to be
used to control all discharging for PEVs.

4.4.4 Autonomous Functions

The autonomous

nctions are an exciting new concept for DER devices. They are based on the DER inverter directly

measuring line volfage, frequency, or power flow at the electrical coupling point (ECP) and then autemjatically responding

by adjusting the a:{:

function (such as
(defined by a tabu
which could be ong
the DER automatig

Examples of a few
described below.

plitude, direction, and phase angle of the current flow to achieve the desired result. For each type of
Volt-VAR) there can be several different selectable modes which consgistyof an |input-output curve
ar array) and other parameters. The arrays and parameters for each moede are dent ahead of time,
e at enrollment or even at the start of a session. The controlling EMS selects the predefined mode and
ally engages and executes the function as defined by the mode.

of the autonomous modes being considered by EPRI Program 174 and IEC TC57 WGL17 are briefly
'he complete description of the various autonomous functiofs ¢an be found in IEC $1850-90-7. Many

of these functions|are more useful with larger fixed DER devices, such/assolar PV installations which provided the
motivation for the pew functions. The functions are not all appropriate far a*small roaming storage device which may pop
up on different feeflers and only be available for limited durations. Some functions may be more apprppriate when using
a fixed EVSE inveiter than when using a PEV on-board inverter. There may be some issues as how a roaming PEV on-
board inverter can pe authorized by a distribution utility to participate’in certain DER functions.

Some of the autopomous modes for use with a PEV will he“part of utility use case U7, Advanced
Resource. Considgrations for incorporating autonomous. funetions will be discussed in more detail later

Distributed Energy
n this document.
4.4.4.1 Volt-VAR Function
This function allov
distribution utilities
capabilities, differe
issue explicit settin
VAR behaviors to
normal power syst
modes by simply 3
tailored volt-VAR
overhead.

s a DER inverter to manage-its own VAR output in response to the local servigce voltage. Since
could be requesting VAR /support from many different inverter-based DER systems with different
ht ranges, and different.Jocal conditions, it would be very demanding of the communications systems to
gs to each invertersbased DER system every time a VAR change is desired. This flnction allows volt-
pe configured int@ an’inverter using arrays that establish a volt-VAR relationship or curve for use during
bm. Each volt-VIAR behavior is associated with a volt-VAR mode, and requests can e made to change
pecifying the_desired mode. This allows DER inverters to be addressed in groups} with each having
pehaviors| and yet all able to be switched from one mode to another with minimal communication

4442 VoIt-WalIt Eunction

This function provides a mechanism to control output power based on the local voltage. Some utilities have described
circumstances where high solar PV system output and low load causes feeder voltage to go too high at certain times.
There have also been instances where a large number of customers served by the same distribution transformer have
solar PV systems which cause the local service voltage to become too high. The result is that certain PV inverters do not
turn on at all. Existing distribution controls are not able to prevent these occurrences. The Volt-Watt function allows the
DER inverter to automatically reduce its own maximum power output as the voltage at the PCC exceeds a configurable,
utility defined limit. For this function a Voltage-Watt array is defined consisting of volt-watt pairs. There can be multiple
voltage-watt modes configured into an inverter and selected by the utility depending on conditions.
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4.4.4.3 Frequency-Watt Function

The frequency-Watt function is used to mitigate frequency deviations by countering them with reduced or increased
power. When short-term (transient) frequency deviations occur, autonomous responses to such events are desirable
because response must be fast to be of benefit. Long-term frequency deviations or oscillations can be corrected in the
bulk grid using regulation services. However, in smaller systems or during islanded conditions, frequency deviations may
be longer in duration and indicative of system generation shortfalls or excesses relative to load. Deviations from nominal
frequency can cause grid instability, particularly if they cause significant amounts of generating equipment to trip off-line.

One method for countering the over-power problem is to reduce power in response to rising frequency (and vice versa if
storage is available). Adding hysteresis provides additional flexibility for determining the active power as frequency returns

toward nominal. T
immediate comma
4444 Watt-Po
The Watt-Power H
increases. For loy
output the current

leading (underexci
terms underexciteq

IS function may be useful for an aggregator to use to perform frequency regulation 1
nds to each vehicle to adjust power level.

ver Factor Function

actor function can be used to automatically adjust power factor as the feed-in

ather than sending

power of the DER

v power output the inverter current could be set to lag the line voltage waveform and for high power

could be set to lead the voltage. This could range typically from’ 0.90 lagging (0
fed). This is the typical power factor adjustment range of a synchronous genera

verexcited) to 0.85
or from which the

and overexcited originate. Power factor is discussed in section 4.7.1. Most of the [EC discussion has

been about using this automatic power factor compensation during production of power. However, thi

function could also

4445 Low/Hig
The existing |IEEH
circumstances. Ho
reliable delivery of
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certain circumstan
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to remain engage
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This function provi

be used during charging of a storage device.
h Voltage Ride Through (L/HVRT) Function

1547 voltage thresholds for shutting down” inverter-based DER are suitable f
wever, different LIHVRT settings may be needed for higher penetration DER circum
power to loads becomes dependent omsthe generation of distributed resources, then
Lrbances may not be desirable. Even when penetration levels of DER are not part
Ces, it may be desirable that devices stay online longer during disturbances. Examp
hall system, island, or long feeder in which voltage disturbances frequently occur. T
] is particularly true when.the’ DER may be executing autonomous modes that
P excursions.

5 type of automatic

br low penetration
stances. When the
fast disconnection
cularly high, under
es of this scenario
he need for a DER
may be helping to

Hes a flexible mechanism through which general L/IHVRT behavior may be configur

this context, L/HVR
and durations und

d, if so desired. In

T refers only to the,connect/disconnect behavior of the DER, essentially defining the| voltage conditions

r which the DER-may and must connect and disconnect. Two curves of voltage-tim

limits are defined

for the LVRT modg¢: one defings.the “must remain connected limit” and the other defines the “must disconnect limit.” The
region between the curves allows the inverter to remain connected or to disconnect. A similar set of qurves are used for
the HVRT voltage-fime limits. A specific DER may be authorized to use a particular set of limits based on its criticality to
the feeder and its gapability to help stabilize the feeder voltage.
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4.5 Use Cases and V2G Applications

Use cases can be constructed at many levels. The most talked about, if not the defining, application for V2G is the
concept of aggregating a large number of PEVs to perform frequency regulation for the bulk grid. Figure 20 shows the
scope of a use case for an aggregator providing frequency regulation services to a balancing authority by controlling the
charging and discharging of a fleet of PEVs. The blue dashed oval defines the scope of this use case. The figure also
shows a small red dashed oval around a single PEV and EVSE which is labeled U6. This represents the scope of the SAE
use case for enabling a single PEV to charge or discharge in response to external commands received by the PEV from
an authorized energy management system (EMS).

These are both use cases: one constructed from the perspective of an aggregator and the other from the perspective of

an individual PEV| This document will refer to these higher tier use cases as “V2G Applications,” | Certain minimum
information must he exchanged between an individual PEV and the aggregator to allow that vehiCle tp participate in the
V2G application. Tlhis is the focus of use case U6. There are many things that the aggregater must do, such as back
office communicatfion between the aggregator and the balancing authority, which may.hg criticgl elements of the
aggregator’s use case (i.e. V2G application) but have no direct relevance to an individual PEV.

: PEV Fleet Use Caseffor X

: Aggregator Frequency Regulation :

SO 7 S dlUuc: eee ¢
“, [Me%e' AIF'eve' - |eve' . I Tove

FIGURE 20 - USE CASES AND V2G APPLICATIONS

Each V2G application will be associated with a specific domain of the electric power system: the bulk grid (or balancing
area), the distribution system, or behind the meter. Each V2G application will also have a characteristic interval between
requests for changes to the charging or discharging power level of individual PEVs participating in the application. This is
referred to as the Operational Bandwidth in this document. V2G applications will require a minimum power transfer
capability (PTC) for the participating vehicles. Some V2G applications can be accomplished with PEVs that only have
chargers, others will require discharging, and others will require the capability to provide or absorb reactive power (VAR).
The SAE use cases are built around a required PTC of the PEV and EVSE and the information required to engage it. In
summary, each V2G application will serve a specific domain, will have require a specific operational bandwidth, and the
PEV must be capable of engaging in a specific SAE use case.
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45.1 V2G Application Domains

In this document, the electric power system is segmented into three domains: bulk power or balancing area; the
distribution system; and the behind the meter customer. This breakdown is useful for thinking about V2G applications.
The domain is defined by the primary purpose that the controlling entity (EMS) is serving. It is possible that a PEV may
be engaged simultaneously with an EMS from more than one domain.

For the bulk grid the specific location of each PEV is not important, other than the PEV is in the balancing area. And
many PEVs must be aggregated to have a meaningful impact on the area. The aggregator's EMS must engage with each
PEV that is participating in the service and gather information on the time each vehicle plans to depart and the current
vehicle state information. It must process the information from all of the vehicles and decide how to allocate the charging
and discharging power requests to all of the participating vehicles. This is not a trivial problem to manage the fleet to meet
aggregated power[demanded by the system operator and at the same time satisfy individual constrairjts of each vehicle.
These algorithms will most likely be highly proprietary and will be very sophisticated

here could be local
y will use tapped
t System (DMS) or
pad end below the
mall wind turbines,
n DER is added to
on the feeder are
and others can be
port and is part of
ome loads may be
DMS and SCADA
seful and for some

While the balancinf authority seeks to maintain the energy balance across the entire balancingjarea, t
power quality or ¢ongestion problems that a distribution utility must resolve. The distribution utili
transformers to sef the voltage at the substation end of a distribution feeder. A Distribution_Managemen
a Substation Contfol and Data Acquisition (SCADA) system adjusts the transformer taps‘to set the h
upper voltage limitjand the tail end above the lower voltage limit. If there are no phaotovoltaic arrays, s
or generators (DER) along the feeder, the voltage would decrease from the substation to the end. Whse
the feeder this complicates the process of managing voltage along the feedef.. *Electric motor loads
inductive loads and capacitors are often placed along the feeder to compensate. Some are fixed

switched by the DMS to compensate for variation in the reactive loads.) This is called voltage sup
maintaining power|quality. There are also phase to phase imbalances¢o consider. Some DER and §
able to be adjusted by the DMS to alleviate congestion and avoid overloads on distribution equipment.
can be thought of [as an EMS. For the distribution feeder, the PEVs must be on the feeder to be u
applications the spgcific location and phase to which the PEV is-attached is important.

Power and energy|management by a home EMS can bengfit the premises. A utility may establish end
higher during peak| periods to incentivize customers to consume energy at off-peak periods. A residen

rgy prices that are
tial customer could

use an Energy Management System (EMS) to marnage the number of loads active during peak pe

iods. Commercial

[
businesses often Have two meters — one to measure energy use and another to measure the peak aﬂ:erage power used

during any 15 mindite interval during a given month. There is real value in avoiding a spurious 15 min

te peak that could

be easily shifted Qy an EMS. The behind the)meter applications are more focused, although there fan sometimes be
synergy between what a PEV can do behind the meter, on a feeder, and in the control area. For example, a PEV that
cuts back on charging during a peak te-fnanage behind the meter prices is helping reduce feeder congestion and reduce
energy demand in the balancing area..~Sometime these could be in conflict. For example, a PEV in a parking garage that
increases its rate gf charging in response to a frequency regulation command from an aggregator could potentially cause
a peak monthly demand problemfor the facility and cause congestion on a feeder.

4.5.2 Use Caseg and Power Transfer Capability

SAE J2847/1 defines messages for five * ut|I|ty use cases — they are Iabeled U1 to US for “utility” not fgr “use” Case. This
document defines two y. The use of the
word “utility” doesn’t restrict these use cases for use by classic electric power mdustry ut|I|t|es It really refers to any
system beyond the PEV that wants to influence or manage the charging or discharging of a PEV connected to the power
grid. There are many possible applications and scenarios for how a PEV that is capable of reverse flow could be used to
support the grid. The seven utility use cases are listed in Table 4. This table shows the power transfer capability (PTC) of
the inverter supported by each use case. The inverter could either be on-board the PEV or external in the EVSE.

U1 to U5 are only based on charging the vehicle using an on-board or external charger. Even if the PEV or EVSE has a
four quadrant converter, these use cases only deal with charging. U5 is the only one of the charging use cases that
allows the limit to be changed. For many V2G applications the charger must be capable of operating to a commanded
upper limit. If the charger is operating to a commanded power limit, it cannot exceed the limit but it may fall below the limit
as needed for charging. In the absence of a competing application or vehicle battery management system constraint, the
PEV charger would normally be expected to follow the limit.
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U6 allows for bidirectional active power flow. Reverse power flow must always be to a setpoint. Unlike a solar PV
system, which is designed to provide power and can be limited, the optimal power output of a vehicle is zero so a limit is
meaningless. Some V2G applications will require the charger to consume or source a specific power and it is expected to
do this unless notification is provided to the EMS that it cannot. U6 provides for firm commands for both forward and
reverse power flow. The vehicle must protect its battery and not compromise operator or facility safety and this must
always take precedence over power consumption or delivery, but the key difference between a limiting operation and a
commanded operation is the need for notification of non-performance. When a firm forward target power level is not
required by the application, U6 could allow the EMS to command charging to a limit and not to a setpoint.

U7 allows for four quadrant power conversions. The minimum capability for U7 is the ability for the converter to control
power factor under command. This is accomplished by sifting the phase angle of the current sourced by the inverter
relative to the voltage waveform of the grid. Advanced inverters are being developed for solar PV systems and grid
storage systems tfiat are capable of automaiically changing power Ievels or power factor in responrie to changes in a
measured paramefer such as voltage or frequency. Some V2G applications may require the auatomatic functions and
others may only require capability to change power factor by command. It is not clear how many PEVs or EVSEs will
implement the advanced functions.

TABLE 4 - UTILITY USE CASES

Use Case PEV-EVSE Power Fransfer Capability
Charger Limit Commanded Power Setpoint Automatic

Code Name Fixed | Variable | Forward | Reverse Egg\,:g; Functions

U1 Time-of-Use X

u2 Direct Load Control X

U3 Real-Time Pricing X

U4 Criticall Peak Pricing X

us Optimized Energy Transfer

U6 Basic DER

u7 Advang¢ed DER X X X X X
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4.5.3

Operational Bandwidth

Operational Bandwidth (OBW) is defined by the ability to communicate and act on specific messages, the maximum rate
of the message traffic, and the response time for actually achieving a target power flow. This is illustrated in Figure 21.
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FIGURE 21 - ELEMENTS THAT DEFINE OPERATIONAL BANDWIDTH

tional Bandwidth are defined: Hours, Minutes, Seconds, and Cycles. Operational B
tem. The PEV, EVSE;EMS, and any other upstream systems must all have the a
N capability to aceomplish the change in power transfer at appropriate level. The
em defines the.Operational Capability of the system. Table 5 provides a summary qf each Operational

TABLE 5 - EXAMPLES OF OPERATIONAL BANDWIDTH

ndwidth applies to
propriate software
slowest performing

Characteristic

Operational Bandwidth (OBW)

Hours Minutes Seconds Cycles
Fastest Response 15 Minutes 1 Minute 1 Second 1 Cycle (16 ms)
Application . . Frequency
Example Time of Use Load Following Regulation Voltage Support
Communication Advanced Metering Real-Time Dispatch Aut_omatlc Autono_mous
Infrastructure Generation Control Functions
izl L 15 Minutes 5 Minutes 3 Seconds Cycles

Rate
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Hours defines an Operational Bandwidth for messages and system responses needing no more frequent update than
everyl5 minutes. Many of the most basic interactions between the PEV and the grid can be performed in advance of or at
the start of a single charging session. For example, a delayed start time for charging can be established for a session.
The utility Advanced Metering Infrastructure (AMI) communication operates at a low bandwidth of approximate 15 minute
updates. The AMI system could be used by a distribution utility to increase or decrease a power limit during a charging
session to help manage the total load on a specific residential transformer. This provides additional control capability
beyond relying on Time of Use rate schedules.

Minutes defines an Operational Bandwidth for commands at intervals as short as every minute with an expectation of
“immediate” response. Some V2G applications will require the messages to be received and acted on at intervals of one
to five minutes. Commercial buildings often have two meters — one to measure energy (kWh) and another to measure the
peak 15-minute average power demand (kW) that occurs at any time during a month. It may be essential for a commercial

parking garage to Ihe able 1o tighfly manage start up times and adjust charging rates to level the rolling
peaks for the facillty. This could require communication between a facility energy management sys
charging PEVs every minute or two to adjust power flow. Real time energy market systems ‘upda
variable load scheflules on a five minute interval or less. If a PEV is to participate in demand\dispatg
(with reverse flow)| the commands to change power flow could be at intervals of five minutes-or less.

expected to “immefiately” make the power change when the message is received.

Seconds defines
response. Gener|

n Operational Bandwidth for commands as short as every secend’with an expecta
tors, variable loads, and energy storage systems that participate in the ancillary §
frequency regulatign receive Automatic Generation Control (AGC) signals every several seconds. Th
by system operatof, but is in the order of three to six seconds. The participating system is expected t
to respond to the AGC command when received. For demonstrations of V2G conducted by PIM Inte
commands were sent every three seconds to a computer at the University of Delaware, which then

each of three PEV{s. The university computer acts as the aggregator and apportions a share of the
each of the PEVs based on PEV state of charge, time charge is needed, and other requirements. This
and reverse flow.

Cycles defines an [Operational Bandwidth for system response to grid power needs in as short an int
One cycle of 60 Hz power has a period of 16.7 milliseconds. The Cycles capability does not requir
response at this rate. An energy storage system that’is capable of producing reactive power can provi
for the grid. One rhethod to provide this capability.is'to establish a schedule for reactive power versus
power conversion glectronics measures the gridhvoltage and adjusts the phasing of its current flow with
provide the appropriate reactive power. This ‘autonomous operation can be done in cycles. Devices sU
static compensatof operate this way today.- The power schedules to be used for this mode can be
electronics anytime before a session starts. The voltage support mode can be initiated and even storeq

15 minute average
tem and all of the
ite generation and
h or load following
The PEV would be

ion of “immediate”
ervices market for
e AGC rate varies
b immediately start
rconnect, the AGC
sent commands to
total command to
is for both forward

brval as one cycle.
e a command and
de voltage support
grid voltage. The
the grid voltage to
ch as a distributed
sent to the power
schedules can be
vidth is still Cycles

Reactive power does not always need to be proviged autonomously.

conds or Minutes

form certain V2G
ices on the network

to meet its objectives:

every few seconds

from the system operator, but it may not need to engage with every PEV in its aggregauon durmg every interval. It may
only need to command power level changes for a small subset of the vehicles to make the needed adjustment for the
system. The vehicle response time to received messages will not generally be the limiting factor.
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4.5.4 Examples of V2G Applications

Table 6 lists several examples of V2G applications along with several defining and enabling characteristics for each. This
is not intended to be an exhaustive list of possibilities for V2G interaction and other terminology may be used by others for
these sample applications. The primary objective for this document is highlight potential applications for bidirectional and
four quadrant power flow and the use of the PEV as a Distributed Energy Resource. Some of the applications will be
discussed in more detail later sections.

TABLE 6 - EXAMPLES OF V2G APPLICATIONS

Domain VZG Application i) N
PP Bandwidth Cases

System Encourage Off-Peak Charging Hours U1/3/4
System Demand Response Events Hours U2
System Real Time Energy (Load Following) Minutes U6
System Frequency Regulation Seconds U6
System Voltage Support Service Seconds u7
Distributiom Transformer Load Management Hours U5/U6
Distributiom Feeder Load Management Minutes U6
Distributiom Renewable Energy Integration Seconds ue/u7
Distributiom Feeder Voltage Support Cycles u7
Customer Energy Cost Management Hours U5/U6
Customer Demand Charge Management Minutes U6
Customer Facility Power,Quality Cycles ue/u7

The first column shows the domain of-the'energy management system (EMS) that controls the PEV fgr the specific V2G

application. The PEV can serve the~bulk system, the distribution utility, or the customer facility. The second column

provides the name|of the V2G application.

The third column ghows the(typical operational bandwidth (OBW) required for performing the end-to-ephd application. It is

shown as hours, nfiinutesxseconds, and cycles. This is the typical bandwidth required to implement gn application. For

frequency regulatign the<automatic generation command (AGC) signal is sent out every three to six seconds, depending

on the system op rater. It may be that an aggregator can engage in th|s service for a system operaor but use a lower
update rate for each he—vehicles—in—the—aggregation—it—may—be—that—some ptications that could use
autonomous schedules and operate in cycles may be able to be epr|C|tIy commanded in seconds.

The fourth column lists the SAE use case(s) that supports the V2G application. SAE J2836/1™ defines U1 through U5
and relate only to the vehicle as a charging load. This document defines requirements for use cases U6 and U7, in
Appendix C and D, respectively. U6 is used for V2G applications that require bidirectional active power flow. However,
U6 can also be used for V2G demand dispatch applications that only require dynamic control of charging power. U7
provides the capability for an EMS to actively control reactive power. U7 also provides for autonomous DER functions.


https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE J2836/3 Issued JAN2013 Page 54 of 130

Many of the V2G applications listed in the table can be performed without reverse flow and communication requirements
for U1 through U5 are fully defined in SAE J2847/1. However, U5 and U6 overlap. U5 provides for the direct management
of the rate of charging and nothing in the SAE J2836/1™ use case description constrains the power available updates to
low operational bandwidth (hours). In theory, U5 could be used for frequency regulation by accepting commands from an
aggregator every few seconds to adjust charging rate. However, the implementation of U5 in the Smart Energy Profile
may limit its use to applications where all of the changes to the rate of charging must be scheduled at the start of a
session. However, U6 is specifically required to be capable of making adjustments to the rate of charging or discharging
every several seconds. In these examples, U6 is used for demand dispatch applications for which commands to change
the rate of charging are expected regularly during the charging session and U5 is for applications where all of the changes

to the rate of charg

ing can be prescheduled at the start of a session.
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4.5.5.3 Frequency Regulation

The most talked about application for V2G is the concept of an aggregator signing up thousands of PEVs to perform
frequency regulation for the bulk grid. The aggregator bids this ancillary service to the ISO/RTO as a block of capacity.
This was typically a minimum capacity bid of one or two megawatts, but the minimum bid level is now being reduced by
many system operators. The aggregator receives automatic generation control (AGC) signals from the system operator
every few seconds and in turn adjusts the rate of charging or discharging for each PEV in this large fleet to perform the
service. The PEV owners are compensated for participating in the program.

Frequency regulation can also be performed using demand dispatch for a fleet of vehicles that are only charging. This is
sometimes referred to as “V1G” although other terms have been used. It is less risky for a PEV than full V2G frequency
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The Optimized Energy Transfer (U5) use case in SAE J2836/1™ was designed to provide this capability. A distribution
utility EMS can establish a maximum power level for charging and it can be changed during a charging session. It also
allows direct control of the start of charging. Update rates of 15 minutes or more should not be a problem for this type of
operation and U5 is designed to provide this capability.
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If PEVs with reverse flow capability are present, U6 can be used to provide reverse flow to offset charging loads of other
PEVs served by the transformer. Instead of starting a PEV early to avoid a peak at the start of a time of use window, one

vehicle could offset the power requirements of another vehicle to help spread out the charging loads.

45.6.2

Feeder Load Management

This is similar to participation in the real time energy market. The difference is the source of the command. A distribution
utility command center may want to manage congestion at a substation or along a feeder by controlling the load or
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A home EMS could call on a PEV t0 provide reverse flow to offset another residential Toad in order to maintain the entire
premises load below a target limit. The net power flow into the home may still be positive — although it is possible that a
utility could allow and compensate a homeowner for reverse flow from the home. It is not appropriate to refer to this as
capability as Vehicle to Home (V2H), as is sometimes done, because V2H requires the PEV to be isolated from the grid.
V2H is for emergency backup or for homes that are not connected to the grid. V2G is the only mode that allows a PEV to
return power to a home, business, or charge station that is actively connected to the grid.
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45.7.2 Demand Charge Management

Most Commercial facilities, and some residential units, have both energy and demand charges. The demand program
varies widely by utility. It can be based on either 15 minute or 30 minute average peak power. It can be based on the
single highest peak at any time during the month. In some cases there may be differentiation for peaks that occur during
high demand periods versus low demand. In any case, there is a price to be paid for widely varying loads. The price per
kW can be expensive. For some utilities it can be $15 to $20 per peak kW. If a facility never exceeded 50 kW during the
entire month, but for one 15 minute interval the power peaked at 100 kW, the extra demand cost would be $750 for a $15
per KW rate. At an energy price of $0.10 per kWh, the extra energy used during that peak only costs $5.00.

A large parking facility could face significant demand charges if PEVs all arrived in the morning and immediately started to
charge. The facility EMS can actively manage both the starting time and power limits for the charging sessions of each
vehicle to shift. Poyver adjustments need to be made at intervals of between one to three minutes to coptrol the aggregate
average over the folling 15 minute window. The power balancing can be enhanced by using some| of the vehicles to
provide power to the facility.

45.7.3 Facility Rower Quality

Some facilities may have equipment that causes large power surges that do not last.Jang enough to imjpact the 15 minute
demand, but could| cause voltage surges or sags that adversely impact other equipment. A facility EMS may be able to
detect these and cpmmand changes to vehicle charging or reverse flow in secends and help mitigate these. Some may
happen too fast fof an EMS to command correction, but automatic schedulés could be used and VAR gompensation may
be needed to correct facility power factor.
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4.6 Considerations for Utility Use Case U6 - Basic Distributed Energy Resource

This use case is based on the IEC 61850 Function INV4 for charging and discharging a storage DER device. There are
two major aspects of any use case. One is the definition of the information that must be communicated with the PEV or
EVSE or both. The actual use case for communication is described in Appendix C and SAE J2847/3 will define the
implementation of the communication. The other aspect of a use case is the definition of the functionality that must be
embedded in the PEV or EVSE that will allow the inverter to perform the functions based on the communications. This
section describes the functionality required to create the information that is required to be exchanged with an EMS and
the expected behavior of the PEV and EVSE in response to messages from an EMS.

46.1 Maximum Forward Power and Maximum Reverse Power

A battery has a Ngmeplate Energy Capacity, measured in Watt-hours (Wh), but not all of this enefgy ¢an be used by the
vehicle. It may npt be desirable or even possible to discharge every cell in the battery completdly without causing
damage. Similarly jt may not be desirable or possible to fully charge every cell either. The Usable Battery Capacity is the
amount of energy that can actually be used by the vehicle. The nameplate capacity is what4s generally published for a
vehicle. The usable capacity can vary from the nameplate capacity based on the equalization of the cells during charging,
the age of the batfery, the temperature, and many other factors. It is also possible(that the vehicle|manufacturer may
intentionally cut back on topping the battery off or depleting it to zero as part of managing the battery life. Only the vehicle
manufacturer can know the actual usable capacity of a battery, and maybe not even completely. Figurg 22 shows battery
and power flow characteristics.

-« Total Battery Capacity (Wh) P
Usable Battery Capacity (Wh)

Battery Energy

*

SOCNow
SOCLimit
Reverse
Power (W) : Maximum Reverse Power
Dischlarging (+)
: _ . s0C

Charging (-)

Maximum Forward Power

SOCLimit

0% Forward 100%

FIGURE 22 - POWER AND BATTERY CHARACTERISTICS


https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE J2836/3 Issued JAN2013 Page 59 of 130

State of Charge (SOC) is the fraction of battery capacity that is available and ranges from zero to 100 percent. An SOC of
zero percent means that there is no energy left and an SOC of 100 percent means that the battery is full. The figure
shows the SOC as being measured across the usable battery capacity, but it could be defined relative to either. For the
driver's SOC display and for use in range calculations it would be most useful to know the usable capacity and the SOC
relative to the usable capacity. Who wants the gauge to read 90% when it is full and 15% when it is empty? For a BEV,
zero SOC could be at the bottom of the usable range with no reserve. For a PHEV, it might be desired to show zero SOC
at the bottom of the charge depleting range. The vehicle battery management system might use the full range of SOC
across the nameplate capacity. State of Charge is not that useful outside the vehicle battery management system except
for indicative display purposes.

A battery charger normally starts in a constant current (constant power) mode and as the battery gets close to being fully
charged it changes to a constant voltage mode. In the constant voltage mode the power drops off as the battery state of
charge approache$ T00%. Regulating voltage helps prevent overcharging cells that may operate at a higher voltage than
others in the battery system.

During the constant current mode, a charger would normally provide current at the lowet ‘of the fated value of the
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This function is intended to provide a simple mechanism through which the charging and discharging of battery storage
systems may be directly managed. This function assumes that the intelligence which determines charging or discharging
resides outside the storage system and that the storage system (to the extent possible) follows the requests it is given.
This function allows an EMS to periodically issue commands to a storage DER to request that it charge or discharge at a
specific active power level.
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The utility/ESP or the customer EMS takes the following actions for each command:

1. Request a pre-defined set of status information from the DER device, including the status values and the timestamp of
the status. This step is optional because the EMS may have already attained sufficient information about the DER for
its purposes based on previous enrollment activities. For some loosely coupled EMS-DER applications the status
request may only need to be performed at the start of a session. More complex EMS algorithms may require current
status information in advance of each command.

2. Issue command to the DER device to request a change to the active power (charge/discharge) setpoint for the
storage system: Each command has four elements: an Active Power Setpoint Value, a Time Window, a Ramp Time,
and a Reversion Timeout. These parameters are shown in Figure 23.

Maximum Charging or Discharging Power (W)

Active Power Setpoint as Percent of Maxirnum

-

Ney o R

Valye Active Power (W)

Curren
Value

N/

Time Window Ramp Time

(Randomized)

F

Reversion Timeout

..

dl
|

_ Coyimand Received

FIGURE-23 - BASIC ELEMENTS OF THE INV4 POWER SETTING COMMAND

The Active Power|Setpoint Value is provided as a percentage of the maximum reverse (discharging) power or maximum
forward (chargingl power of the storage unit This setting is provided as a percentage betwelen positive 100%
(discharging) and negativel00% (charging). It is recognized that the maximum charging rate and the maximum
discharging rate may differ, such that a setting of 50% charging might result in a different power magnitude than a setting
of 50% discharging. It is understood that this is a “request” and that the actual ability of the end device to charge or
discharge will be affected by many factors.

Time Window is a time over which the DER randomly delays prior to starting to put a new charge or discharge rate
setting into effect. For example, if the time window is set to 30 seconds, then the DER would delay a random time
between 0 and 30 seconds prior to beginning to make the new setting effective. If the time window is set to zero, the
setpoint change starts immediately.
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Ramp Time is the time for the DER to move from the current setpoint to the new setpoint. For example, if a DER is
operating at an active power (discharging) setpoint of 50% and a command is received to increase the setpoint to 80%
with a “Ramp Time” of 20 seconds, the setpoint will ramp from 50% to 80% over 20 seconds — at a rate of 1.5% per
second. Ramp Time is optional and if it is not included a previously established default ramp rate can be used. The rate
of change of the actual active power output could lag the change in the setpoint based on the inverter system dynamics.

Reversion Timeout is a time after which a DER will return to its default charge or discharge setting (typically an idle

state). This ensures that a missed or lost command does not impact normal operations beyond the timeout period.

This parameter is optional and if not included a default timeout period for this function will be used.

Receive respohse to the command from the DER: Successful (plus actual active power setpain
reason: equipment not available, message error, overridden, security error). This could be caompbi
request for appglications with high update rates.
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FIGURE 24 - EXAMPLE OF INV4 COMMAND SEQUENCING

While the INV4 function can be executed by issuing commands one at a time in sequence with the expectation that the
DER executes them immediately, the IEC model also allows for functions to be scheduled. Scheduling can be thought of
as a separate function. The scheduling function could allow the command to be received by the DER but scheduled to
execute at a specified time and not immediately as received. The scheduling function could also allow for a sequence of
commands to be provided as a schedule.
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For the purpose of U6, it will be assumed that the full command will include an optional UTC time with the default
response of starting immediately. If the time is provided, the randomization time window will begin at the designated start
time. If a UTC start time is not provided with the command or it is a time earlier than the current time, the randomization
interval would begin immediately. It is recognized that in an actual implementation in a specific communication protocol
this may be done by a separate scheduling function. But the ability to schedule a power change at a specific time is an
important capability.

4.6.3 Target Setpoint versus Limit Setpoint

Forward Power Flow to a target value (while it is still called charging) is not the same as charging within a specified limit.

For many applications, the utility is only concerned that a PEV maintains its charging rate below a specified limit. They
don’t care if the vehicle operates at the limit, below the limit, or is not even charging at all. Their concern is only that the
PEV keep its powpr consumption below the limit. This functionality may also be called Demand-\Digpatch or Demand
Management. The SAE J2836/1™ Optimized Energy Transfer (U5) use case defines this.fype df capability. Other
applications will refluire the PEV to consume or source a specific target power level and it is.expectef to do this unless
notification is prov|ded to the EMS that it cannot. The vehicle must protect its battery and not compfomise operator or
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at the same time minimize any PEV customer disappointment caused by incomplete charging. An EMS in this application
would need to delay the start of charging for some vehicles, reduce the rate of charging for others, or even draw power
from some vehicles that are participating as DER devices to maintain the facility demand below a limit. It may not be
possible under some circumstances for an EMS to allocate power to each PEV during the day such that facility target
limits are not exceeded and every vehicle is fully charged. This requires developing metrics for quantifying the cost of
customer disappointment versus the cost of exceeding a facility limit. The EMS power allocation algorithms to do this
effectively can be very complex. Central to any EMS algorithm is the ability to understand the charging requirements of
each PEV and how it changes during the session.

Four parameters completely describe the charging requirements of a PEV: Time Charge is Needed (TCIN), Maximum
Forward Power, Energy Request, and Minimum Charging Duration. These parameters are shown in Figure 25. The Time
Now could be at the start of a session or during transfer. The figure shows the charging profile of power versus time that
is required to complete the required transfer. The area under the power curve (shown in green) is the total required
energy transfer.
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One of the most essential parameters is the time that the PEV must complete charging. This is called the Time Charge is
Needed (TCIN). The PEV is the source of this information. TCIN can be directly entered using vehicle controls and
displays. There may also be alternate methods to enter this time using the EVSE or even a mobile device. TCIN would
normally not change during a session, but it is possible that a driver could update this using a mobile device. It's
impossible for an EMS to do any intelligent power allocation if it is not known when the PEV plans to be disconnected.

As described earlier, the Maximum Forward Power is the lower of the rating of the PEV charging system or that defined
by the EVSE control pilot. The term Power Request is used for this same parameter in the SAE J2836/1™ Optimized
Energy Transfer (U5) use case. The term Maximum Forward Power will be used in this document rather than Power
Request to maintain consistency with the term Maximum Reverse Power.

Energy Request |s the total energy needed at the input to the EVSE from the electric power sygtem. The vehicle
manufacturer will pjecide how to compute the Energy Request. Typically this calculation must @ccount for the actual
usable capacity (UCAP) of the battery in the specific vehicle at that time (assuming that SOC is measured against UCAP).
It also accounts for the efficiency of the power conversion and any parasitic loads that are)time dependent and not
proportional to power.

Power
Time Chajge
Is Needgd
< Minimum Charging Duration —) i
Maximum Forward Power : :
Energy Request
» Time

Tim
Nov

[14]

)

FIGURE 25 - PARAMETERS THAT DEFINE PEV CHARGING REQUIREMENTS

If it is assumed thgtthe objective is to fully charge the battery, the equation below is an example of hgw Energy Request
could be calculated:

1.0-s0C

——————+ ParasiticLoads x (TCIN — TimeNow)
Efficiency

EnergyRequest = UCAP *

The availability of Energy Request from the PEV mitigates the need for an EMS to carry out this type of calculation and
retrieve information about the useable battery capacity, SOC, charger efficiency, and parasitic loads from the PEV.

One of the most important parameters is the Minimum Charging Duration. This determines the latest time that an EMS
can delay the start of charging for a PEV. Minimum Charging Duration is not simply equal to the Energy Request divided
by Maximum Forward Power. That is because the charger will change modes from constant current to constant voltage
for the last part of the charging cycle. This is needed to avoid overcharging cells and to protect battery life. The battery
management system of the PEV is best equipped to define the profile or any buffer and calculate the Minimum Charging
Duration.
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It is essential that during any V2G activity that that the PEV continuously update the Energy Request and the Minimum
Charging Duration. The battery SOC will change during charging or discharging and the remaining energy required to
complete charging and the time needed to do it will change. This is illustrated by the scenario shown in Figure 26 where a
PEV is engaged in a V2G activity that requires a forward flow followed by reverse flow. The upper chart shows how the
Energy Request varies during the session. It decreases during forward power flow, as expected. During reverse power
flow it increases and even rises above the Energy Request value at the time of connection.

On the right side of the lower chart a charging profile is shown based on the Energy Request at Time Now. This defines
the latest start time for the required energy transfer. This backloaded charging profile is extended on the upper plot as the
dotted line labelled Energy Transfer Capability at Maximum Forward Power. When the Energy Request intercepts this
curve, the PEV must revert to charging. At Time Now the Energy Request plot could continue along the red arrow if
discharging continues or follow the green arrow if charging is started at the maximum rate. If the V2G EMS were to use
this PEV for moreJorward power flow, as shown by the green arrow, It may be able 1o stay engaged ir] V2G longer. This
is critical informatjon for the EMS because it indicates when the PEV must disengage from~V24G and engage in
unrestricted charging. The EMS may take this into consideration in how it schedules power flows.
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FIGURE 26 - RELATIONSHIP OF CHARGING PARAMETERS
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4.6.5 Duration at Maximum Forward Power Flow

An EMS may need to know how long the PEV can provide forward power at the maximum forward power. This is called
the Duration at Maximum Forward Power. The top chart in Figure 27 shows a normal situation where there is some
slack time in the charging (forward power flow) process. This will always be less than the Minimum Charging Duration
because it only considers the constant current portion of the charging profile.

The duration is based on knowing the state of charge value (SOC Limit Forward) where the charger changes modes from
constant current at the Maximum Forward Power to constant voltage mode. If the SOC is below that limit the duration
could be calculated as

UcAP (SOCLimitF'oTward—SOC)
Efficiency

DurationMaximumForwardPower = - —
MaximumForwardPower—ParasiticLoads

This is only an exgmple of how it could be calculated and each vehicle manufacturer will determine hpw to calculate the
value.

The lower chart shpws what could happen if more energy was requested than couldAéd€livered, the driver moved in the
time charging neefled to be completed, or something interrupted charging. In this,case the time is [established by the
TCIN and not the Hattery physics.

Power

Now TCIN
1—— Minimum Charging Duration —} :

Duration Maximum

Forward Power
Charge \\C\)j“
C) : E : »Time
Power
Now TCIN
1__ Migiidm .Chargmg
H Duration

Duration Maximum
Forward Power

Charge

» Time

FIGURE 27 - FORWARD POWER FLOW MEASURES
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4.6.6 Duration at Maximum Reverse Power Flow

The PEV also needs to compute the Duration at Maximum Reverse Power and update it as battery SOC changes. This
is shown in Figure 28. The unrestricted reverse flow limit can be simply calculated by using the greater of the minimum
SOC limit for flat maximum reverse power or an operator specified minimum reserve limit. This is not a trivial calculation
but the available battery energy can be converted to delivered power using the conversion efficiency and parasitic loads.
Both of these actually work against the production of power and assist in the consumption of power. If the battery can be
fully discharged to the specified limit and there is time to then fully recharge by disconnect, then the limit is set by the
battery SOC. The top chart shows this situation. The lower chart shows a situation where the recharging the discharge
and original charging requirements set the Duration for Maximum Reverse Power. At any time, the EMS needs to know
how much power is available and for how long for both charging and discharging. While it is not exact, the EMS can

trade power for timle.
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FIGURE 28 - REVERSE POWER FLOW MEASURES
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It is more complex to determine the Duration at Maximum Reverse Power because of the need to allow for charging. This
involves calculating the lowest value that the SOC could reach and still complete charging in the remaining time.

_ TCIN-TimeNow—MinimumChargingDuration
$0Cx =S0C - Efficiency 1
UCAP+( + )

MaximumReversePower = EfficiencysMaximumForwardPower.

If there is slack time as shown in the upper chart (where SOCKx is less than the SOC Limit Reverse) then

UCAP+(SOC—-SOCLimitReverse)+Efficiency

MaximumReversePower+ ParasiticLoads

DurationMaximumReversePower =

If there is no slack time as shown in the lower chart, then

UCAP+(SOC-SOCx)+Efficiency

MaximumReversePower+ ParasiticLoads

DurationMaximumReversePower =

These are messy ¢quations and each vehicle manufacturer will define their own method. Bat the valu¢ makes it easy for
the EMS to know how long the maximum reverse power can be used. While it is only approximate, the EMS can trade
power for time.

4.6.7 Time of Rdference

The vehicle needs|to continually update the value of the Energy Request and.the Durations at Maximyim Forward Power
and Reverse Powdr. These measurements must also have an associated.Time of Reference to allow the EMS to correct
for any time delay [n communication and use. For example if the vehicle is’sourcing reverse power at 3 kW and maximum
reverse power is 5|lkW and the time at maximum reverse is 0.5 hours:and the time of reference is 2:00{00, for the EMS at
2:02:00 using this jinformation, the corrected time at maximum maést'be adjusted for the two minutes at 3 kW that would
have been consumed. The energy content available at the timeyof reference was 5 kW for 0.5 hours + 2.5 kWh. During
the 2 minutes at 3[kW, 0.1 kWh has been consumed leaving.2.4 kWh. The corrected time at 5 kW is 0.48 hours. The
EMS logic may nof require this accuracy for planning, but the reference time allows for correction. Thig may be useful for
longer update interyvals.
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4.6.8

Recommended Information Available to EMS from PEV

Information that should be made available to the EMS from the PEV is listed in Table 7.

TABLE 7 - RECOMMENDED PEV INFORMATION FOR U6

Information Units Dynamic Notes

Time Charge is Needed UTC

Energy Request Watt-hours Yes

Minimum Eharging-Buration seconds Yes

Maximun] Forward Power Watts Power-Request (U5)
Maximun] Reverse Power Watts

Duration Maximum Forward Power seconds Yes

Duration Maximum Reverse Power seconds Yes

Active Power Watts Yes Actual value
Active Power Setpoint Percent Yes Accepted Value
Time of Reference UTC Yes
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IEC Function INV4 allows a Ramp Time to be specified for linearly changing the setpoint value from the current value to

the new value once the change is authorized to start.

If a value of zero is specified, the setpoint will be immediately

changed, although the dynamics of the inverter and its software will determine the ramp rate of the actual power. If the
parameter is not provided, a default value could be used, which may be zero for a step change.
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IEC Function INV4 does not include a specific stop time but it does include a Reversion Timeout that serves this purpose
if a new command is not received before the end of the timeout period. The receipt of the next command normally acts as
the termination of the prior command. If the next command is not received by a reversion timeout, the PEV is expected to
revert to zero output or resume charging, as appropriate. It is expected that new commands would be provided at an
update rate that is consistent with the operational bandwidth of the V2G application. For frequency regulation these
commands may be required every three seconds. For management of a facility peak 15-minute monthly demand, the
updates may be needed every one or two minutes. For managing loads on a transformer, these commands could be 15
minutes or longer. When a new command is received it replaces the current setpoint. If the timeout is not specified, the
PEV should use a default value that is consistent with the application.

The parameters associated with each Active Power Setpoint command are listed in Table 8.

TABLE 8 - ACTIVE POWER SETPOINT COMMAND PARAMETERS

Command Parameter Units Opt | Default Notes

Setpoint Vialue Percent Percent of maximum, negatie is charging
Setpoint type Boolean Yes 0 Target =@, Limit = 1

Start Time uTC Yes Now If UTC < Time Now, use star{ Now

Time Window seconds Yes 0

Ramp Time seconds Yes 0

Reversion|Timeout seconds Yes 1000 Application can have a defau|t

The PEV must ack
level change is th
active power level
shall indicate the rg

4.6.10 Levels of B
Three levels of en
and cooperative ef
not want to acquirg
the EMS, and the ¢

For minimal engad

nowledge the command as successfubor not successful. If the command is accep
bn successfully implemented, the available response will include a measurement
after it has been reached. If the(Command cannot be successfully executed, the

bason.

MS Engagement with a PEV

gagement between-an'EMS and a PEV are described: minimal engagement, info
gagement. The infoermation available from the PEV to the EMS will support all levels
or use the information. The level of engagement will depend on the V2G applicatid
ommunication*channel between the EMS and PEV.

ement'the EMS may not care about the state of each PEV, its need to charge by

even its ability to
PEVs in its aggre
average value for

¥ation without actually bothering to gather the specific limits of each PEV. It mig

participate as a DER. It might broadcast a percent of maximum reverse flow con

ted and the power
of the actual new
vailable response

med engagement,
, but an EMS may
n, the capability of

a specific time, or
mand to all of the
ht just assume an

ut the DER during

enrolliment and it uses that information for estimating the available capacity. It may not even care if any individual PEV
can actually provide the requested power. The expectation would be that the PEV would participate if it can and drop out
when it can’t or must revert to charging.

An EMS using informed engagement would acquire certain vehicle state information to be used for planning power
allocation, but it would not assume any responsibility for ensuring that the PEV completes charging during the session. It
would expect that the PEV would drop out if it needed to revert to charging. It may plan its usage of each PEV to optimize
its ability to perform the aggregated function. At this level, the EMS would expect confirmation that the requested power
setting was accepted or rejected and notification if the PEV dropped out to charge.
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Cooperative engagement requires the EMS to accept responsibility for ensuring that the PEV can complete charging by
the designated time that charging is needed. The EMS might end the DER session before charging is complete, but the
PEV should be capable of charging at its requested power level to achieve its target SOC by the expected time of
departure. The full functionality of U6 should allow for cooperative engagement. A home EMS would be more likely to
engage cooperatively than an aggregator serving hundreds of vehicles.

The expectation is that the PEV would gather, prepare, and present all of the information needed by an EMS to support
the cooperative engagement. U6 will define this information. An EMS may not choose to retrieve or use the available
information. This all depends on the V2G application and the embedded algorithms in the EMS for managing the PEVs.

The typical information requirements for the different level of EMS engagement are shown in Table 9.

TABLE 9 - LEVELS OF ENGAGEMENT

Informed

Levels of E

MS Engagement

Minimal

Cooplerative

Behavior of EMS and PEV for EMS broadcasts EMS plans power EMS manages

the level of ingagement. PEV power commands commands based powef for the V2G

provides information to support without planning. on available power. appligation and also

any level of EMS engagement. PEV breaks off to PEV bréaks off to to meet PEV
perform charging. perferm-charging. chargjng objectives

Maximum Fprward Power Optional Required Requf(red

Maximum Reverse Power Optional Required Requijred

Duration Max Forward Power Required Requijred

Duration Max Reverse Power Required Requijred

Time Charge is Needed Requijred

Energy Regpest Requijred

Minimum Charging Duration Requijred

4.6.11 A V2G Exgmple — Facility Demand Charge Management

This section provides ansexample of how a facility EMS could use some of the use case information infa simple algorithm
to allocate power tp mininize monthly demand charges. Commercial businesses pay a demand charge that is based on
the highest average-power reached during the month over either a rolling 15 minute or 30 minute %veraging interval,
depending on the ufilify. This can be a significant charge and a monthly rate of $15 0 $25 per peak KW is not uncommon.
A facility with ten AC Level 2 charge stations could achieve a peak facility demand of 66 kW if ten vehicles charge
simultaneously at 6.6 kW each for a single 15 minute period at any time during a month. If this could be limited to 40 kW
by effective power allocation, that would cut the peak demand by 26 kW and save the facility $650 on the monthly
demand charge at a $25 per kW rate.

The example algorithm does not enforce a hard limit, but it uses some simple intelligence to allocated power to each of
the connected vehicles. The vehicles are all allowed to fully charge. A key allocation parameter is the Utilization Factor
(UF) which is defined as the Minimum Charging Duration divided by the difference between the Time Charge is Needed
and the Time Now. This denominator must not be allowed to be less than minimum interval.

Minimum Charging Duration

Utilization Factor = — - :
Limited(Time Charge Is Needed—Time Now)
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This Algorithm is executed every one minute and is based on UF. The EMS gathers information from each connected

PEV, executes the allocation algorithm, and then provides an active power setpoint value as a perce
each PEV. The reversion timeout period should be slightly longer than one minute.
windows are used they should only be a few seconds.

nt of maximum for

If ramp times or random time

1. For vehicles the least risk is to allow each vehicle to start charging immediately at its Maximum Forward Power. All of
the connected vehicles that have not completed charging are assigned a preliminary allocation of 100%. If the sum of
all of the allocated power is less than a target facility limit, no further action is required.

2. If this preliminary allocation takes the facility over the target, vehicles with a UF less than 0.6 that have not already
started to charge are allocated 0% of their maximum in order of increasing UF until the facility power is below the
target limit, if ppssible. This establishes a late start for some of the vehicles.

3. If the tentative| power allocation still exceeds the facility target, all vehicles with a UF less.than (.9 are assigned a

power setpoin{ percent equal to 1.1 times their UF. For example, a vehicle with a UE.ef)0.7 wd
setpoint value pf 77%. Those with a UF of 0.9 or greater retain their preliminary allocation-of 100%

This algorithm wag used as part of a project sponsored by the New York State Energy Research
Authority (NYSERIDA) called the “Electric Transportation Energy Storage System Eeasibility Study” wh
in NYSERDA Rep¢rt 11-08, May 2011. For a Monte Carlo simulation of a shopping mall scenario ug
charge stations, the peak monthly demand is reduced from an unmanaged maonthly peak value of 77
facility target limit gf 55 kW. The annual demand charges are reduced by $5700 for a monthly demand
per peak kW. There is some art to selecting the target because the mofithly demand peak follows the
to a point and ther] reverses as the target is further reduced. That is beCause this algorithm requires tf
to be completed by the Time Charge Is Needed for each PEV and, at.some point early limiting to stay u
limit results in mosf vehicles receiving a setpoint of 100% later in their session.

There are many possible algorithms. This one is very simple. Approaches using artificial intelligen
could predict arrivals and charging requirements could perform better. However, the purpose of this ¢
promote this specific algorithm, but it is to show how theinformation available to an EMS in use case

uld be assigned a

and Development
ich is documented
ing 18 AC Level 2
kW to 58 kW for a
charge rate of $25
target value down
e Energy Request
nder an overly tight

ce techniques that
iscussion is not to
J6 can be used for

the intelligent allochtion of power to vehicles. Also,:this type of demand charge management is not something that allows

the charging powef profile to all be prescheduled.\at the start of a session. Other vehicles will be com
facility and conditipns impacting intelligent power’ allocation for any vehicle can change by the minut

ing and going at a
For an EMS to

a)

c.

manage a 15 minute peak facility demand,.it' needs to be executing the algorithm at least every finute or two and

adjusting the pow
may require vehiclg

r setpoint for individual vehicles as needed. Other V2G applications, such as fre
b active power setppintvalue updates as frequently as every several seconds.

guency regulation,
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4.7 Considerations for Use Case U7 - Advanced Distributed Energy Resource

Unlike Use Case U6 (Basic DER) which is based only on IEC 61850 Function INV4, Use Case U7 (Advanced DER) uses
several IEC 61850 inverter functions. U7 builds on U6, which is only concerned with bidirectional power conversion, and
adds the communications and functionality required to take advantage of four quadrant power conversions. The IEC
61850 Function INV3, which allows the power factor of a DER device to be set to a fixed value by EMS command, is one
of the U7 functions. Several functions are included to allow for the autonomous operation of the inverter to modes and
schedules selected by the EMS. The actual use case for communication is described in Appendix D and SAE J2847/3
will define the implementation of the communication. This section describes the functionality required to create the
information that is required to be exchanged with an EMS and the expected behavior of the PEV and EVSE in response to
messages from an EMS.

4.7.1 Reactive H

In a simple circuit

waveforms. For a pure resistive load, the current and the voltage remain exactly in phase and-their pro

time is always po{
product of current
entering the linear,

Inductors, which a
placed across the
This causes the c|
power. A pure indu
an electric field. W
current leads the v
29. For half of eac

negative, indicating that on average, exactly as much energyflows toward the load as flows back. F
ere is no net energy flow over one cyelé*and the energy temporarily stored in the magnetic field of an

and capacitance th
inductor or the ele
circuit is called the

+

ower, Apparent Power, and Power Factor
consisting of an AC voltage source and a linear load, both the currentand volt

itive; indicating that the direction of energy flow does not reverse. "Eor this purd
and voltage is called Active (or Real) Power and is measured. inyWatts (W). Al
resistive load is consumed.

nductor coil a magnetic field builds up, and it takes a périod of time for the current
rrent to lag the voltage in phase and consequently inductors are said to absorb of
ctive load causes the current to lag the voltage by 90 degrees. Capacitors store en
hen a current flows into a capacitor to chargg_it;'the voltage lags the current —
pltage. These devices are said to generate reactive power. These relationships are
h cycle, the product of voltage and currentiis\positive, but on the other half of the ¢

ctric field of a capacitor is exchanged\with the generator during every cycle. This flg
reactive power and is measured in Volt-Amperes Reactive (VAR).
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FIGURE 29 - EFFECT OF INDUCTANCE AND CAPACITANCE

Capacitance — Current Leads Voltage
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Practical loads have resistance, inductance, and capacitance. If all of the loads are linear devices, the simple circuit will
have a pure sinusoidal voltage and current waveform displaced by a phase angle. A vector diagram can be created using
root-mean-square (rms) values of the voltage and current waveform and the displacement phase angle between the two
waveforms. This is shown in Figure 30. This “Complex Power” vector has a magnitude which is the product of the rms
current and rms voltage and it is called the Apparent Power which is measured in Volt-Amperes (VA). The vector is
rotated counterclockwise from the real (“x”) axis by the phase angle between the voltage and current waveforms. The
product of the apparent power and the cosine of the phase angle is the active power (W). The product of the apparent
power and the sine of the phase angle is the reactive power (VAR). Although different terms are used for units of
measure for active, reactive, and apparent power, they are all equivalent: the magnitude of 1.0 W equals 1.0 VA which
equals 1.0 VAR.

+VAR
Complex Power
\\lpn\ Reactive
oN® Power
o’ (VAR)
P@Qa‘e Phase Angle ¢
! +Watts
Active Power (W)

FIGURE 30 - COMPONENTS OF COMPLEX POWER VECTOR
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er Factoris defined as the ratio of active power to apparent power at the fundamenta
veforms that are not highly distorted this is approximately equal to the cosine of th

between the curre

nt-and voltage at the fundamental frequency. Nonlinear devices, such as rectifiers

s. By measuring rms voltage-and rms current the apparent power can be computs

be less than active power. Where the waveforms are purely sinusoidal the power fag
ptween the current@nd voltage sinusoid waveforms. Some care must be taken whe
leads or lags voltage by more than 90 degrees for which the cosine would b

d as their product.
is not possible for
tor is the cosine of
n using the cosine
e negative. Sign
ly range from zero

| frequency (50 Hz
e phase angle (¢;)
| and other factors

can lead to distorti

on or the waverorms. Inis Is captured Dy the Distortion Power Factor which can b

e computed as the

ratio of the rms current at the fundamental frequency (4, ms) to the total rms current (4ms). Total power factor is the product
of displacement power factor and distortion power factor.

I .
Power Factor (ﬂ) cosine

rms


https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE J2836/3 Issued JAN2013 Page 74 of 130

Power factor is a practical measure of the efficiency of a power distribution system. In an electric power system, a load
with a low power factor draws more current than a load with a high power factor for the same amount of useful power
transferred. The higher currents increase the energy lost in the distribution system, and require larger wires and other
equipment. Because of the costs of larger equipment and wasted energy, electrical utilities will usually charge a higher
cost to industrial or commercial customers where there is a low power factor. Utilities typically charge additional costs to
customers who have a total power factor below some limit, which is typically 0.9 to 0.95. Sometimes an electronic device
is listed with a cosine ¢ number to represent power factor. A number of 0.98 would look very good, but if the device’s
distortion power factor is 0.9, the total power factor is now only 0.81 — not very good.

For the purpose of U7, power factor control is primarily about using an inverter to control the displacement power factor.
This is done by directly controlling the phase angle of the supplied or consumed AC current relative to the grid voltage

waveform. Moder

current. In subseqyent discussion the term power factor will be used to mean displacement power facto

The IEC and the IREE have different sign conventions for the inherently unsigned power factor.yThe IE
Electric Institute (HEI) convention is the same and EEI is sometimes used to define this sign conventio
to convey additionpl information about what is actually an unsigned ratio of two positive_magnitudes
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TABLE 10 - POWER FACTOR SIGN CONVENTIONS
Quadrants + VAR
Q2 Q1
<+—— Charging (-) Discharging (+) —»
Q3 | Q4
Attribute Q1 Q2 Q3 Q4
Active Power Positive Negative Negative Positive
Reactive Powler Positive Positive Negative Negative
IEEE Sign Negative Positive Negative Positive
IEEE Angle (-P0 < ¢ < +90) Lags () Leads (C) Lags (1) Leads (C)
IEC Sign Positive Negative Negative Positive
IEC Angle (-1B0 < ¢ < +180) Lags (C) Lags (C) Leads (I) Leads (I)
IEC Excitatiovr Overexcited Overexcited Underexcited Underexcited

The IEC uses a pojver factor sign convention that is"aligned with the direction of active power flow from|a producer and it

is positive in Q1 and Q4. It is redundant with the sighed value of active power and does not provide any|

guidance as to

whether the phase|angle of current to voltage-isileading or lagging as does the IEEE sign convention. However, because
the IEC also measlires the lead or lag angle using the full range of -180 to +180 degrees it allows the ppwer factor sign to
be automatically agsigned by using cosine'¢. With the extended phase angle current lags voltage for QL and Q2 and
leads in Q3 and Q4. The IEC sign cofvention requires a “generator” excitation to be specified along with the signed

power factor. The term comes from\how synchronous generators are operated to supply or absorb rea

Most generators
frequency. To supply reactive-power, the generator exciter (which is a DC power supply) increases the

'tive power.

nnected t0<the grid are synchronous generators, meaning that they operate at the same electrical

field current of the

rotor. This increasps the magnetic field of the rotor raising the generator voltage and this causes reqctive power to be

Therefore when a generator is supplying reactive power (+VAR) its mode of ope
it has a lagging power factor (Q1).

supplied to the grid.
as overexcited an

ation is referred to

When a generator_consumes reactive power (-VAR) it is

underexcited and it has a leading power factor (Q4). For a generator a lagging power factor is associated with the supply
of reactive power to the grid. For a load a lagging power factor is associated with absorbing reactive power (Q3). This
creates some confusion as to whether positive reactive power is inductive or capacitive — it depends on the frame of

reference.

It is possible that either the IEEE or IEC sign convention could be used by a V2G application for controlling power factor.
Any command to an inverter to operate at a specific power factor must designate the power factor sign convention being

used, provide a signed value for the power factor setpoint, and if the IEC convention is being used als

o define whether it

must be overexcited or underexcited. The key is that the inverter must set the phase relationship of the controlled current

waveform at the correct angle with the grid voltage waveform.
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Figure 31 shows the first quadrant for a four quadrant inverter in a storage DER. This quadrant is for the supply of both
active and reactive power to the grid. The inverter has a maximum apparent power limit for discharging which is
determined by the inverter electronics, the energy storage system, and the branch circuit. For this quadrant the Minimum
Power Factor is defined by the selection of the maximum reverse power limit relative to the maximum apparent power
limit. The red shaded triangle is the operating region for power factor control in this quadrant.

Reactive Power (VAR)
A Maximum Apparent Power

Discharging (VA)

- Minimum Power Factor

Active Power
(Discharging)

PN

Maximum Reverse Power

FIGURE 31 - MINIMUM POWER FACTOR

When power factof is being controlled_along with active power, it would be unusual to expect a minjmum power factor
below 0.85 leading or lagging. Synehronous generators do not have symmetric reactive power limifs and may not be
capable of absorbipg more than9:95 on some machines at rated output of active power. For an inverter the lead and lag
angles for power factors in thefahge of 0.85 should be capable of being symmetric. There could be a flifference between
charging and discharging.if\the maximum apparent power is not the same for both charging and discharging. While it is
possible that ther¢ coudld, be a different value for the minimum power factor for each quadrant {e.g., minPFQL1 to

minPFQ4), for the purposes of a PEV it is expected that the highest value from all four quadrants couldl be used to define
a single minimum. i i inj tor rating that can

be used for all four quadrants. For a DER that operates at a continuous high output, such as a solar PV system or a
charging PEV, this power factor mode provides an effective way to control reactive power through the power factor
setpoint. However, the absolute reactive power is significantly limited by the constraint that full active power capability
must be simultaneously available.

If the maximum inverter current is set by the inverter to exactly lag the voltage waveform by 90 degrees, the active power
will be zero and all of the Maximum Apparent Power is supplied as reactive power. This is shown by the shaded gray
rectangle along the reactive power axis in Figure 32. This would be a pure voltage support mode of operation for a DER.
If an Available Reactive Power limit is set at the intercept of the minimum power factor, this would allow reactive power to
be controlled as a percent of the Available Reactive Power across the full range of active power. This is shown by the blue
shaded rectangle. Direct reactive power control could be an alternative function to controlling power factor, although
power factor control is more traditionally used.
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Reactive Power (VAR)
A

Maximum Reactive Power
(Pure VAR Mode)

Available Reactive Power
(VAR Mode with U6)

-~ Minimum Power Factor,
(Power Factor Mode)

Active Power
(Discharging)

>

A

Maximum Reverse Power

FIGURE 32 - VAR AND POWER-FACTOR ZONES

does not take very
fields of inductive
rents to move the
use its inverter to
ere will always be
ause the battery is
ere are many very

Reactive power is Jike dealing with a weight on a spring. Once the weight is bobbing up and down, it
much energy to siistain the oscillation. In the grid the reactive energy goes between the magnetic
elements and the [electric fields of capacitive elements\\"Losses occur because of the circulating cu
energy between one storage medium and another @during every half cycle. A storage system can
directly move enerngy in and out of the grid every half cycle to produce or absorb reactive power. Tk
some power consymed from the battery or the grid to operate the inverter, but this will be small. Bec
charged and dischprged during every half cycle this does not result in deep cycling of the battery. Th
small cycles but the energy content is very small.
Reference

4.7.2 Voltage and Reference Voltage Offset

The inverter can ¢
system (EPS). Fo
conditions at the p

nly directly measure parameters at its electrical connection point (ECP) to the I¢cal electric power
many of thé.autonomous functions the independent variable, such as voltage, is ne¢ds to be based on
bint of cammon coupling (PCC). This is point where the local and utility electric powef systems connect.

This would normally be<at,the electric meter. There could be a voltage offset from the voltage that can be measured at
the inverter and the~-PCC. This is called the Reference Voltage Offset. The measured voItage at the ECP can be
corrected to the Reference affset will be installation
dependent. The distribution utility may even prefer that the offset be defined through the transformer to the connection to
the feeder. For customer and system level V2G applications this voltage offset correction may not be necessary. It is
primarily needed for distribution V2G applications.

Figure 33 shows a local EPS with both an AC and DC EVSE. The ECP will be at the inverter output and this is the point
where the inverter can measure frequency, voltage and other parameters. The voltage drop from the PCC to the ECP is
shown as VRefOfs on the diagram. This drop is due to resistance in the wiring and other devices. The value of this
constant may be a factor based on utility guidelines or an actual measured value. The inverter stores this setting.
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FIGURE 33 - VOLTAGE REFERENCE OFFSET
4.7.3 Recommepdations for U7 Fixed Power:Factor function

This U7 function is|based on the “Fixed Power Factor Function” defined in the EPRI Common Function$ document and on
“Function INV3: adjust power factor” defined in IEC 61850-90-7. This section provides a brief overview of the EPRI and
IEC function for dirpct management efithe power factor during the charging or discharging of a storage DER device.

This function is intended to provide a simple mechanism through which the power factor of a DER mgy be set to a fixed
value. The command structurée.is similar to that of INV4 in section 4.6.2. The command would have & setpoint value for
power factor, a rarjdomization’time window, a ramp time, and a reversion timeout. The setpoint value is a signed power
factor. The command also designates whether the IEEE or IEC sign convention is being used. With tHe IEEE convention
the quadrant is edgsily determrned because the mverter knows whether it is charging or drschargng With the IEC
convention the powe S : em of information is
required to determrne the quadrant The mverter must know the excrtatron or equrvalently whether the current is leading
or lagging the voltage.

This function is intended to be capable of being used with the INV4 (U6) function for controlling active power. The
minimum power factor setting for this function must be capable of being achieved at the maximum forward power and
maximum reverse power limits and all values between. The EMS should not request a lower absolute value of a power
factor than the inverter is capable of supporting.

Information that should be made available to the EMS from the PEV is listed in Table 11. The parameters associated with
each Power Factor Management command are listed in Tablel2. The command approach is as described in 4.6.9 for
active power management. Some of the information from U6 is needed to understand the PEV status for charging if the
EMS is engaged in also managing the charging session.
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TABLE 11 - RECOMMENDED PEV INFORMATION FOR FIXED POWER FACTOR

Information Units Dynamic Notes

Minimum Power Factor None -1.0to 1.0

Time Charge is Needed UTC

Energy Request Watt-hours Yes

Minimum Charging Duration seconds Yes

Maximum Forward Power Watts Power Request (U5)

Time of Re¢ference uTC Yes

TABLE 12 - FIXED POWER FACTOR SETPOINT COMMAND PARAMETERS
Command|Parameter Units Opt Default Notes
PF Setpoin} Value Power Factor<1.0 to 1.0
PF Sign Cgnvention Boolean 0 IEEE=0,IEC=1
PF Excitatipn Boolean Underexcited = 0, Overexcited = 1
Start Time UTC Yes Now If UTC < Time Now, use start Now
Time Windpw seconds Yes 0
Ramp Time seconds Yes 0
Reversion Timeout seconds Yes 1600 Application can have a default
4.7.4 Recommefpdations for U7 Fixed VAR function

A fixed VAR functi
PAPOQO7 document i

bn is not specifically defined as ancimmediate function by either EPRI or IEC. However, the NIST SGIP

VV13 (static inver
function is based

hdirectly defines an immediate-function for fixed VAR control as part of the autonomg@us volt-VAR mode
er mode based on settings)s* The Smart Energy Profile 2.0 implements a Fixed YAR function. This
the SEP 2.0 Fixed VAR function.

This function is int¢nded to provide a. simple mechanism through which the reactive power of a DER m
value. The commpnd structure is similar to that of INV4 in section 4.6.2. The command will have g
reactive power, a randomization-time window, a ramp time, and a reversion timeout. The setpoint
percent of a defined maximumwalue. The type of maximum value to be used with the setpoint must alsg
command.

If this function is tq be ‘used with the INV4 (U6) function for controlling active power, the Available Real

ny be set to a fixed
setpoint value for
value is a signed
0 be defined in the

ctive Power should

be calculated as thhereactive power at the minimum power factor at the maximum charging or discha

rging power. This

value of reactive power can be provided with active power ranging from maximum charge rate to m
rate. This is equivalent to operating in the blue zone in Figure 32. For pure voltage support with the

power, except for covering switching losses, the reactive power can be directly commanded as a perce
reactive power, which is based on the maximum volt amperes.

Information that should be made available to the EMS from the PEV is listed in Table 13.

aximum discharge
PEV at zero active
nt of the maximum
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TABLE 13 - RECOMMENDED PEV INFORMATION FOR FIXED VAR FUNCTION

Information Units Dynamic Notes

Maximum Reactive Power VAR

Available Reactive Power VAR

Time Charge is Needed uTC

Energy Request Watt-hours Yes

Minimum Charging Duration seconds Yes

Maximum [Forward Power Watts Power Re(huest (U5)
Time of R¢ference uTC Yes

The parameters a
described in 4.6.9
status for charging

Ssociated with each Fixed VAR command are listed in Table 14. .The comma
for active power management. Some of the information from U6 _is needed to ur
if the EMS is engaged in also managing the charging session.

TABLE 14 - FIXED VAR COMMAND PARAMETERS

nd approach is as
derstand the PEV

Command Parameter Units Opt Default Notes

VAR Setpoipt Value Percent Signed percent of selected |imit

VAR Limit Tlype Boolean 0 0 = %AvailableVAR 1 = %NlaxVAR

Start Time uTC Yes Now If UTC < Time Now, use stayt Now

Time Windgw seconds Yes 0

Ramp Time seconds Yes 0

Reversion Tlimeout seconds Yes 1000 Application can have a default
4.7.5 Autonomols Curve Functions

IEC 61850-90-7 d
something (X) and
line voltage, frequ
inverter, such as
processing. In ord

order lag function @and afyoptional rate limit. These can be combined using a rate limited first order la

Figure 34. For eaq

efines a number-of Jautonomous functions. Many of these are based on the |
then producing an’ output (Y) based a stored function (Y=f(X)). The independent V
bncy, active power, and other parameters. The function output (Y) could be a @
active powef, or it could be an indirect output, such as power factor, that need
br to smeoth potential step changes in inverter output, the IEC document allows f

htype of X-Y system (such as volt-VAR), there may be different stored curves with

and limits. A utility,

nverter measuring
ariable (X) can be
irect output of the
s some additional
or an optional first
y filter as shown in
different filter gains

would select which stored curve set is to be used for a specific DER session.



https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE J2836/3 Issued JAN2013 Page 81 of 130

Rate Limited First Order Lag Filter

Curve Function Gain . Rate Limit Integral
X Y \Z Y
—  v=fx) [P 1 — j: — {dt —
é T

FIGURE 34 - STRUCTURE OF AN AUTONOMOUS FUNCTION

The functions are |called curve functions because they are defined by a piece-wise linear array of (X, Y) data points.
Linear interpolation is to be used to compute the value of Y for a value of X that is between the valueq of two data points
in the array. Examples of two curves defined by four data points each are shown.jn-Figure 35. For Values of X outside
the range of the afray points, the value of Y for the end points is to be used. This is shown by the [dotted lines in the
sample functions. | The top function shows a curve with deadband (zero output for a middle range| of X). It is also
possible that the values of X in the array reverse to create hysteresis. This is shown by the lower functipn.

The arrays must b¢ received from a valid source, checked by the PEV{or‘errors, and then stored in adyance of a session.
This could be long| before they are needed to be used. The EMS controlling the PEV as a DER selec}s the function and
curves to be used and either initiates it immediately or schedules it¢e’run later.
Y
(x1!Y1)
(X,Y;) |Deadband
X
(X3 Y2)
(xdle)
Y
(XsYs)  (X4,Y4)

,k_) \ Hysteresis .
N\ N

(X5,Y3) (XzY5)

FIGURE 35 - ARRAY FUNCTIONS
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IEC 61850-90-7 defines a number of autonomous functions and others may be added in the future. If an inverter is
designed to receive and implement any of these functions based on a single array of (X, Y) points with a selectable X and
Y, it should be easy to add new functions. The volt-VAR, frequency-Watt, volt-Watt, and Watt-power factor functions are
briefly described in section 4.4.4 of this document. The IEC document provides much more background on how these and
other autonomous functions can be used by a utility. The Smart Energy Profile 2.0 is expected to be used for
communication with an on-board inverter and it provides the communication structure for each of these autonomous
functions. However, an external EVSE inverter could be connected to a network that is not based on SEP 2.0, although

other communication protocols are also including support for these functions.

476 LowandH

igh Voltage Ride Through Functions

As discussed in sg¢ction 4.4.1, IEEE 1547-2003 requires that an inverter (while connected and prod
must stop producing power within a defined clearing interval if an abnormal voltage is detected. CThi
well when there was a low penetration of DER devices on a distribution feeder.

DER device trippe
increases the utility
to stabilize the vol
intended to providg

The LVRT and HV]|
the nominal voltag
HVRT functions. T
event. The red cU
regions. The gree
within the green sl
the inverter does
transitions, but slo

$

It was not ajproble
off line during a disturbance. But as the penetration of renewable sources, such as|
might prefer that DER devices ride through the voltage disturbance without trippin

fage. The Low Voltage Ride Through (LVRT) and High Voltage Ride_Through (H
this capability.

RT concept is shown in Figure 36. Four piece-wise linear curtves are defined. Twdg
b and represent the LVRT functions and two are located above the nominal voltage
he y-axis shows the voltage as a percent of nominal {100%). The x-axis shows
rves define the “must disconnect” boundaries and the DER must be disconnected
h curves define the “must remain connected” boundaries and the DER is expected to
aded regions. The DER “may disconnect” outside-the green curves. For a DER th
ot have to physically disconnect but it must step providing power. The figure on
ing segments could also be provided to the BER by a utility using these arrays.

standard worked
for the utility if a
solar PV systems,
j and actively help
/RT) functions are

LEing active power)

are located below
and represent the
the duration of an
in the red shaded
remain connected
at uses an inverter
y shows stair-step

A
P1 P2 Must Disconnect
? Ips P4
Ips P6
—— .
E 3 ¢ :
P1 PZI May Disconnect
) ®
100° P3 P4
3 o Must Remain Connected
o P3 P4
S | P1 P2 - E
5 ¢ May Disconnect
> o
Step Change Test Vector P5 P6
P3 .
P1 P2 Must Disconnect
T=0 Event Duration (seconds)

FIGURE 36 - LVRT AND HVRT CONCEPT
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The term LVRT implies that the must disconnect curve would be lower or longer than the IEEE 1547 limits when this
function is being used, otherwise it would not be a ride through of a low voltage event. However, nothing prevents the
must disconnect curve being used to just implement the IEEE 1547 limits. This function provides flexibility in allowing the
limits to be selected and not fixed in the inverter. It is not required to provide a must remain connected curve, in which
case the must disconnect curve still separates the must disconnect and may disconnect regions. However, it would
normally be expected that the inverter would remain connected in the “may disconnect” region if it could do so without
harm to the inverter or PEV. When a must remain connected region is established the expectation that the inverter
remains connected is much higher, but it is still responsible for self protection.

The LVRT and HVRT functions look like the other autonomous curve functions. However, these curves are only a
specification of the voltage and duration limits for the inverter to implement and are not intended to be actual executable
functions. These limits must be interpreted by using a perfect step change in voltage from 100% to a specified level and

then reading the d{irafion for crossing the boundary curve at that voltage Tevel. This 1S MMustrated by thg

In this example, w
below the voltage
duration defined b
ways. Again, it is
receives a curve it
protection function
the protection func

Figure 37 shows an LVRT must disconnect curve which uses a sloped line segment from P4 to P5. H

this example which
a single intermedia
values set to the a

nich is based on the LVRT must disconnect curve, for every step change in voltage
value of point P5 and above the voltage value of point P4, the DER must disconne
y the duration value of point P4 or P5. This is a specification limit which(can be i
not appropriate to think of these curves as a gate for actual voltage waveforms.

must analyze the curve and set up its hardware or software detection logiC to implg
5. This process will be described by example for an inverter that uses a set of even
ions.

will use pure event-timers to implement the function, the inverter will convert the s
te level. This is shown by the inverter introducing two new data points, P45A and
verage of the voltage values of points P4 and P5. P45A is set to the duration value

dotted blue arrow.
to any value at or
Ct before the event
mplemented many
When the inverter
ment the specified
t-timers to execute

or the purposes of
oped segment into
P45B, with voltage
of P4 and P45B is

set to the duration pf P5. Individual event detectors and timers can noew be set up for three events.

4 100%
A A
. Jest Waveforms
3| D S—— o
£ :
S :
| R C oo : P45B
® :
=) :
g ................................ P3 "
s
Event 1 Event 2 Event 3
P1 l P2

& >

T= Event Duration (seconds)

FIGURE 37 - EXAMPLE OF LVRT IMPLEMENTATION

For Event 3, which is shown by the red shaded region, the event timer starts counting if the voltage drops below the value
of point P5 and the event is ended and the timer is reset if the voltage rises above that value. The inverter must be off-
line before the timer reaches the duration value of point P5. The inverter must account for any voltage measurement
delays and any delays in shutdown following the timer trip when it sets up the timers, because the clearing times are
based on the actual time to disconnect based on actual voltage transients. A similar timer can be set up for Event 2 which
is now based on point P45A and Event 1 which is based on point P3.
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Figure 37 also shows two superimposed step changes in green — one with a solid line and one with a dotted line. These
could be used to test the implementation of the function. Both step changes drop below the value of P3 which activates
all three event timers. The sold line quickly returns to 100% before Event 1 would time out and all events are reset. The
dotted line shows that Event 1 trips. The other events would reset, but it only requires one to trip the inverter. While this
example is based on the step changes and this inverter design using timers will work perfectly for that condition, the
timers will also work for arbitrary waveforms. Any individual timer activates when its threshold is crossed and resets when
it crosses above it. So in a ramp down the Event 3 timer would start before the Event 2 timer which would start before the
Event 1 timer. If Event 1 reset by a slight rise in voltage, Event 3 might still be active. If the voltage dropped back below
the Event 1 threshold, it would restart the Event 1 counter and Event 3 may still be active. Again, the diagram is a
specification based on pure step changes in voltage and not a voltage waveform gate.

It is possible to design an event detector that can use a sloped exit condition, such as the P4-P5 segment. In this case the

“‘event” would trigder when the voltage dropped below P5 and be reset it the voltage climb above P5l

case the trip window would need a dynamic gate of trip voltage versus duration.

The IEC allows thgt these slopes can be converted to intermediate steps for inverters that onlyyuse ey
shown in the exanple. The example showed using only a single intermediate level for vehicle invertel
levels would provide a better approximation for a sloped segment. The single step conversion of sloj
not be a major congcern to a utility for PEV inverters. Utilities that desire more steps to @pproximate a sl
a single intermedigte step could just send curves to vehicles with all of the steps defined.

This function defings only the mechanism through which the settings are communicated and does not
that would actually| be provided and used. Various countries, states, or other organizations such as th
specific L/IHVRT fequirements. The intention is that this function Will*be sufficiently flexible to
requirements. While the curves convey utility requirements to the inverter, the actual implementation b,
also account for arfy inverter limitations and safety considerations.

Unlike solar PV systems which are connected and providing.energy for many hours, vehicles have
production capacity. Small DER devices, such as PEVs, may not be required to be capable of L/IHVRT
that even if they arg capable that they may not be authorized by a utility to use the capability. It is poss
be required to only|luse the IEEE 1547 limits.

4.7.7 Loading and Executing Autonomous Fungtions

There are two distinct phases for autonomousfunctions: a loading phase and an executing phase. Th
of each function can be designed into the.inverter, but there can be several modes for each function
specific set of curves. It could be possible for an inverter to have several sets of curves for each fung
must be provided tp the inverter from the utility during a loading phase. The utility can then instruct the
a loaded function gnd curve set. The combination of a function and a set of curves are often called a m
several volt-VAR njodes for the)volt-VAR function.

The loading of curyes and<establishment of modes must occur before the mode can be activated. This
prior to being actiated. by’ a utility as an integrated load and activate exchange. Alternatively, loading
part of an initial enfollment process and the utility would only need to activate a saved mode just prior td

However, in this

ent timers, as was
s. However, more
bed segments may
bped segment than

define the settings
e IEEE may issue
support all such
y the inverter must

ery limited energy
And it is possible
ble that PEVs may

b general structure
vhich depend on a
tion. These curves
inverter to execute
bde. There can be

could be done just
could be done as
use.

The communication protocol and inverter functionality must allow for loading curves for specific modes and performing
any necessary verification that the curves do not have defects. The provider of the curves should make certain that all of
the data points are correct in advance of transmission to the inverter, but the inverter must check that there are not
defects that could cause problems for the inverter. It will not be possible to verify that the curves always contain the
intended functionality, but obvious defects such as points with negative frequency for a frequency-watt curve can be
detected and the errors flagged to the provider. After the curves are verified they would be saved by the inverter for that
mode.

The processes of loading a mode schedule and of commanding a saved mode to activate are different scenarios in U7.
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4.8 Considerations for Use Case PEV4 - PEV as a Distributed Energy Resource

Use Case PEV4 (PEV as a Distributed Energy Resource) describes the process steps needed to enroll in a V2G
application (or program), perform the initial setup of the PEV or EVSE, engage in one or more sessions, be compensated
for participation, and terminate the participation in the V2G program sometime in the future. This use case is defined in
Appendix A. This section discusses some of the issues and considerations that guide the implementation of the use case.
4.8.1 Show me the money!

The purpose of a PEV is transportation. A PEV needs to charge its battery to perform that purpose. It only needs to
discharge its battery to accelerate and to cruise. Discharging its battery while the PEV is stationary increases the number

of charge-discharge cycles over those required for only transportation. The use of reverse flow increa
energy transfer negded to fill the battery and reduces the available time to do it. This increases the s}
not having sufficient energy in the battery if the PEV is needed for unexpected travel. The lowest ris
start charging as goon as it is plugged in and at the maximum rate that the PEV, the EVSE,\and the
sustain. This may [not be the most economically favorable approach for the PEV owner or iin the be
stakeholders, but if tops off the PEV battery in the shortest time.

A pure variable lopd is not formally considered to be a DER device because, unlike a solar PV sy
storage system, it[never produces energy. Loads are always distributed, but they are not energy re
management generally refers to loads that can be scheduled to be interrupted-during critical peaks. A
charging in responpe to such a prescheduled demand management event . Démand dispatch is a term
to describe variabl¢ loads that can be dynamically controlled. Varying a load can be just as effective foi
the output of a geperator. This document considers the use of pure variable rate charging, without a
also be a DER appllication.

Use cases U5 and|U6 both provide the capability to directly manage active power flow during charging.
uble the range of active power control, many V2G applications can be very effeclv

reverse flow can
only varying the rgte of charging of the PEV. Demand @jspatch can be performed using only a ch
complex than a bidirectional or four quadrant converter~(inverter). Variable rate charging has no advers
life because there|is no increase in the depth orwiumber of charging cycles. However, extending
charging session ljy delaying the start or reducing-the rate of charging still increases the risk to the
sufficient battery elpergy if an earlier than planned-need to travel arises.

The use of reversd
inverters (in the P
payments or disco
for emergency bad
providing this V2H
provide other bene
complicates the bu
time of purchase o

power flow (discharging) must have sufficient value to the PEV owner to offset an
EV or EVSE) and any~potential reduction in vehicle battery life. Value isn't just ab
ints, but value can still be evaluated using alternative business cases. For example
kup of a homg‘after a power failure (V2H) could be of value to a homeowner. The

capability could be compared with the cost of a portable generator. Of course,

fits that the) portable generator cannot, such as the ability to participate in frequeng
siness case, but there will always be a value assessment that must be made by the
the-PEV and EVSE and when considering participation in any application.

sing the amount of
to the operator of
for the PEV is to
grid can physically
st interest of other

stem or an energy
sources. Demand
PEV can suspend
that is being used
a utility as varying
ny reverse flow, to

While the use of
ely performed by
rger which is less
e impact on battery
the duration of a
PEV of not having

y extra cost for the
out receiving cash
, the use of a PEV
ncremental cost of
the PEV may also
y regulation. This
PEV owner at the

It is not the purpose Of this doTUMENt 10 PETfOrmT value asSESSMIENtS Of the various DUSINESS Cases 10

using a PEV as a

DER for V2G applications. There are many technical, regulatory, and market issues to be worked to create viable and
sustainable business cases for the use of a PEV as a DER device across the different V2G domains of balancing area,
distribution feeder, and behind the meter. However, there must always be some perceived value to the PEV owner for
participating in a V2G application, even for charging-only applications. This could be as simple as a receiving a lower cost
for parking or charging by agreeing to allow a commercial parking facility to manage its demand charges by using its EMS
to control the PEV rate of charging during the session.
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4.8.2 The Business Deals

Every V2G application will be based on one or more business relationships, or “deals.” Some entity will own the V2G
application (or program) and will receive the direct benefit from using a PEV as a DER. There are different tiers of deals
for V2G applications. This document will be concerned only with the direct V2G deal between the EMS owner and the
PEV or EVSE inverter. An aggregator could bid frequency regulation services to a system operator and be compensated
for that service. The aggregator uses its EMS to control a fleet of PEVs to perform the service. The aggregator
compensates the PEV owners for their participation. The deal of interest here is the one between the aggregator and
each PEV and not the one between the aggregator and the system operator.

The inverter is the core of a DER device. It is the DER device. The functionality of interest to the EMS is that of the
inverter, not the PEV battery. When the Inverter IS on-board the PEV, this Is simple. It gets much more complex if the
inverter is external to the PEV in the EVSE. The use of an external inverter introduces the requirement for a business
arrangement between the PEV and the EVSE. This discussion is about business deals and notthe physical control of the
inverter and vehiclp battery. Figure 38 shows four PEV4 scenarios and the various business‘deals that could be needed
to engage in a V2G application.
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FIGURE 38 - BUSINESS DEALS ASSOCIATED WITH V2G APPLICATIONS

The scenario where the inverter is on-board the PEV is relatively clean. This is called the “PEV Direct Scenario.” The
upper block diagram illustrates this business case. Two business arrangements are required to engage in the V2G
program: one between the owner of the PEV and the owner of the V2G application (PEV V2G Deal) and one between the
owner of the PEV and the owner of the EVSE (EVSE AC Deal). The dotted red lines show these business relationships.
For the purpose of these discussions, the dotted lines are not intended to show a communication link, only a business
relationship. The communication between the EMS and the PEV could come through the EVSE. There may also be
many intermediate communication systems and networks between the EMS and the EVSE. This diagram is only intended
to show that the PEV agrees to allow its inverter to be used by the EMS to perform a V2G application in return for some
value received by the PEV owner. The PEV can enroll in a V2G application and directly fulfill the contract.
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These agreements could be very formal agreements or they may be very informal. For example the use of the PEV
behind the meter by a home EMS would not require any business deals between the PEV and home EMS or between the
PEV and EVSE. But there would need to be some setup information entered into both the home EMS and the PEV and
possibly even the AC EVSE. At a public parking garage, the PEV would require a formal business arrangement with a
frequency regulation aggregator and would have a simple payment plan of some sort with the garage (EVSE) owner for
the use of the equipment, parking space, and energy.

The business situation gets more complex when the inverter is located in the EVSE. There are three scenarios that use
an external EVSE inverter. Each of these will be described below.

The EVSE owner could directly sign up as a DER device with the V2G application owner. This scenario is called the
“EVSE Direct Scenario” and is shown by the second block diagram in Figure 38. Two business arrangements are required

to engage in the
EVSE owner and
formal agreementg
program for partici

be as simple as a preferred rate for parking and charging at a commercial parking garage.

If a commercial pa
to be a Building to
EVSE is “enrolled”

many EVSE units and the building EMS would be informal — just what is needed to set up the commun
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with the utility wou
power transfer. T
vary the rate of cha
some of the possii
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The most complex
(program) but plan
DER control com
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2G program: one between the EVSE owner and V2G owner (EVSE V2G Deal) an
e PEV owner (PEV DC Deal). Just as with the PEV Direct scenario these agreem
or they may be very informal. The owner of the EVSE receives value frenthe
bation. The owner or the PEV in turn receives some value from the owner ©f,the EV

king facility signs up to use all of its DC EVSESs to perform a DER dpplication, this w
Grid (B2G) program. In this case it would use a facility EMS to control the individual

a B2G provider using its EMS to communicate with the atility EMS. The B2G enroll
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\rging or discharging of their PEVs during the day::ln some ways this is a simpler de
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1S to the PEV and

then to the EVSE. The owner of the PEV and the owner of the EVSE to be used for the PEV’s V2G program must agree
to allow the EVSE inverter to be used (EVSE DC Deal). This agreement allows the EVSE to use the PEV as a DC power
source and defines the compensation arrangement of the EVSE owner for allowing the PEV to engage in the V2G
application.
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There may also need to be an arrangement to allow the EVSE to operate using the PEV to relay information between the
EMS and the EVSE inverter (EVSE Relay Deal). Most likely the financial aspects the EVSE DC Deal and the EVSE
Relay Deal would be combined, but the setup will be unique. While the communication process for an external inverter
using the PEV battery is identical for all external inverter scenarios and governed by SAE J2847/2, the use of the PEV as
a relay is unique to this scenario. The setup, if even possible with some equipment, will be very different than when the
EMS communicates directly with the EVSE. The PEV may not use the same network protocol as the EVSE and
coordination may be required to not convert EMS messages that are to be relayed from the EVSE to the PEV and then
back to the EVSE inverter. While this scenario is possible, it is very complex to implement in the PEV and EVSE and not
likely to be widely used.

This discussion has been about business relationships between PEV, EVSE, and EMS owners and not about how the
EMS communicatg¢s with the PEV and EVSE to perform the V2G application.  As discussed In otfler sections of this
document, the preferred DER control communication path should be between the EMS and theTinverter regardless of
whether it is locatgd in the PEV or EVSE. For on-board inverters the messages may need to. travel |from the premises
network to the EMSE and across a power line carrier link to the PEV inverter. There may be many tiers of protocol
translation betwee the EMS and the PEV inverter, but the control path is still direct.

4.8.3 Process Flow for the DER Direct Scenario
5s flow. There is a
EV battery. The

This will be used

For a PEV with an
single integrated
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to establish the prg

on-board inverter, the use of a PEV as a DER can be described by a single proce
DER device. There is no business deal between the BPEV’ inverter and the H
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cess than can be used for the other scenarios.
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are shown in Figur
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e 39. The scenario is based on there being an entity with an energy management s

begins with enrollment which can be with a utility, with an ancillary services aggregator, with a building

entity. The enrolle
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FIGURE 39 - PEV4 DER PROCESS CHART
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4.8.3.1 Enrollment Process Step

There are different V2G applications based on the domain and operationally bandwidth. The enrollment process will vary
based on the domain and the participants. Enroliment will be formal with a utility, ESCO, EVSP, or Ancillary Service
Aggregator. It could be less formal at a parking gara%le. And at a private residence it would be very informal. A generic
enrollment use case (E) is described in SAE J2836/1 ™.

A formal enrollment process will require an application by the PEV owner to participate, which can be in person, by phone,
by internet, or even by mail. A contract will be made. This is just as with any other utility project for a residential owner.
This may result in a password and a contract ID being provided to the PEV owner to be entered into the PEV to enable
the PEV to participate in the application. At a parking garage, the driver may just be handed a ticket with the password
that is required to fictivate the EVSE. This may be an automatic enrollment that allows the garage to mmanage the rate of
charging during the session.

4.8.3.2 Initial Seftup Process Step

Some of the V2G [applications and some of the functions in use case U7 may benefit from” a onetim
many future V2G sessions. This may require manual data entry in the vehicle to perform the initializ
require the PEV tg be connected to the EVSE and the internet to download andjcehfigure settings.
loading curves to support autonomous functions as described in 4.7.7. 1t may be possible to perform t
of a regular chargifng session that will use the specific new application, but it is-hotthe same process as
every regular sess|on. It is also possible that the initial setup could be performed as a background tas
that is associated with a different V2G application.

4.8.3.3 Session [Process Step
Figure 39 shows

terminated. The f
between enrollme
EVSE over many

hat for any given enrollment there can be(many sessions until participation the
gure is not intended to denote parallel sessions. Some applications may only ha
t and termination. Other applications>may involve participation every time the Pl
ars.

The session step dan be segmented into lower level process steps as shown in Figure 40. The active §
by the plugging in|of the PEV to the EVSE and-\the unplugging of the PEV from the EVSE, although
entry can be perfofmed in the PEV just before-or just after plugging in the PEV.

e setup to support
ation. It also may
This may include
his step at the start
that used to setup
k during a session

V2G application is
e a single session
FV connects to an

session is bounded
some manual data
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FIGURE 40 - ELEMENTS OF ACTIVE SESSION

step is where the vehicle operator would enable the PEV to participate in a specific
s could also be preauthorized and happenautomatically whenever the PEV is plug
tial setup process step could also be performed for the intended V2G application ¢
rformed during an earlier charging session. This is the process step where the ve
en the vehicle is expected to disconnect and it needs to be fully charged.

being plugged in the PEV must establish secure communication with the EMS ¢
ch mutual agreement to engage in the application during the session. This is where
lished and that EMS and PEV are authorized to engage. Terms such as associatio

information exchange, certificate update,\ecertificate installation, authentication, authorization, and ide

this process step.

This figure only ghows one V2&“application occurring within the connection period, but it is pos
sequential sessions could be-gntered for a specific V2G application or for different applications. It is
non conflicting applications*ceuld run in parallel. A representative V2G application is shown by the blug
the V2G application was.not scheduled to begin immediately after plug in, the PEV could either wait o
determined by other.opérator settings. Use Cases U5, U6 and U7 primarily deal with the processes 8
shown by the blue khaded boxes

V2G application as
ped in at a specific
uring this step if it
hicle operator also

pntrolling the V2G
the security of the
h, binding, protocol
ntification apply to

bsible that several
also possible that
shaded blocks. If
r start charging, as
nd communication

Before the V2G application starts the EMS and PEV will perform an electronic initialization. This could occur immediately
after plug-in and the establishment of communication or it could occur just before the application starts sending the first
command to the PEV. This is the time that information that may not need to be updated regularly during the V2G
engagement is exchanged between the EMS and the PEV. Information that changes throughout the V2G engagement
would be part of the execution phase.

During the execution phase the EMS and PEV will exchange information and commands at a regular update rate,
consistent with the operational bandwidth of the V2G application. This will continue until the V2G application releases the
PEV, or the PEV needs to disengage to complete charging, or the operator disconnects the PEV from the EVSE.
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Immediately after the V2G application ends, there may be some summary information that needs to be exchanged
between the EMS and the PEV. This is done during the V2G wrap up step. This step may not be needed if running
summary information is provided to the EMS after each pass through the command loop. This avoids a potential problem
if the vehicle is unplugged before the summary information is transferred. In this case the PEV will need to complete the
data processing and transmit it during a subsequent connection event.

The update block is not related to the V2G application being performed. While the PEV is engaged in charging or another
DER activity, it is possible that curves and parameters could be updated for a future session as a background task during
the current session. The initial setup process step described earlier could be performed this way. The update process

could involve manual data entry and establishing communication with the EMS for a future new V2G application.

4.8.3.4 Post Seq

sion Process Step

After a PEV discomnects there will need to be back office post processing by the V2G application’owner to assess DER

performance and @
prior to disconnect
be completed the
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4.8.3.5 Termina
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ion Process Step
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rmality of the enrollment will generally dictate the farmality of the termination prog
e termination requirements for formal agreements:* Some enrollments may only be
automatic. Specific notification of application,owner in person, by email, by intern
pdate of vehicle settings may be required.~An electronic exchange may be requireq
h EMS may also be required. At the end™“of this step the contract is considered
pleted, and the ability to engage in an glectronic association between the PEV and

pow Differences for External EVSE Inverter Scenarios

bwn for the PEV Direct scenario apply to the scenarios that are based on an exter
require enrollment, initial ‘setup, a session, a post session, and termination. All of t
50 apply. As expected, there are some differences in the business deals and details
| difference is thie ,communication between the external inverter and the PEV b3

communicates wit

inverfer requires the use of two communication and control structures. The EMS f
the' on-board or external EVSE inverter to control the functionality of the inverter

pvided by the PEV
e this transfer can
y when the PEV is
some post session

nrollment must be
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for a single event
et, or mail may be
between the PEV
complete, all final
application EMS is

hal EVSE inverter.
he elements within
of each step. One
ttery management

pr V2G application
as a DER device.

This is the primary purpose of this document and JZ84773.

THhiS IS all about supplying or absorbing real and reactive

power as needed by the V2G application. There is also a DC control process for managing the current flow in and out of
the battery as needed by the inverter to perform its DER functions. The communication required for control of DC power
flow between the EVSE and the PEV will be discussed in the next section. The control process is the same independent
of whether the owner of the PEV or the owner of the EVSE contract with the owner of the V2G application.

The business deals for DC power will vary depending on whether the PEV owner or EVSE owner sign up with the V2G
application. If the EVSE owner takes on the business deal for the V2G application, the EVSE owner will need to provide
some value for the PEV owner (PEV DC Deal). If the PEV owner takes on the business deal for the V2G application, the
PEV owner will need to provide some value for the EVSE owner (EVSE DC Deal). The control communication for the
external EVSE inverter to interact with the PEV is the same for both DC Deals. It is only the compensation flow that is
different depending on whether the PEV owner or EVSE owner gets paid by the V2G application operator. The
information exchange between the PEV and EVSE need to support both business cases.
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The enrollment in the DC Deals could be very simple. If the EVSE and PEV are owned by the same entity there is no
need for a business deal — only the control capability is needed. In a commercial parking facility, both deals could end up
being reflected in the charges for access to the EVSE. The access fee to the EVSE would be lower if the EVSE was
providing the V2G service and would be higher if the PEV was providing the V2G service using the EVSE inverter.

4.8.4.2 J2847/2 and the External Inverter

The power electronics of an on-board charger is designed to transfer energy to the battery as controlled by the battery
management algorithms that define the charging profile. An objective is to charge in the shortest time, subject to the
available external power and the rating of the charger, while protecting battery life. The charger may operate in a
constant current mode or constant voltage mode. The charger power electronics is the slave of the PEV charging
algorithms. The AC current drawn by the charger from the grid at any instant is a direct consequence of the current
flowing into the bdftery and any losses due to charger efficiency or other vehicle Toads. The battery|requirements lead
and the grid current follows.

An on-board inverfer functions more like the PEV traction drive than the on-board charger,.(The traction drive uses the
battery as a source of power for acceleration and regenerative braking and of energy for range’ during gruise. The current
flow in and out the battery is as required for vehicle operability, subject to protective limits $et by the battery
management systgm. The inverter must respond to the power needs of the grid in s@me-applications|in much the same
way that the tractign drive responds to the vehicle driver needs for acceleration and-braking. The cufrent flowing in and
out of the battery ig a consequence of the required AC current flow requirements:0f the V2G application

An on-board chargler/inverter will need two distinct modes of operation. IngheCharger mode the current flow is controlled
as needed by the battery. This mode would be used with use case U5, where the V2G application is only concerned with
limiting the rate of [charging. In the inverter mode, the DC current flowds a result of the inverter providing or absorbing a
specific target valug of real and reactive power to the grid. This mode.would be used with use case U6fand U7. There is a
difference betweer) forward power flow to a target value (U6) and pérmissive charging to a set upper limit (U5). The PEV
algorithms for congrol of the power electronics and the relationship to the BMS for the inverter function and charger
function will be different.

An external invertgr will also need to have both a pure-charger mode and an inverter mode. SAE J2847/2 was created to
define the communications between the PEV and ar_external DC fast charger. SAE J2847/2 will need to be extended to
provide for the inverter mode operation. The purpose and functionality of an inverter and a charger arg very different and
changes will be ngeded to accommodate the_inverter requirements. It could be that the existing megsage structure will
support both modefs and the differences will bein the embedded functionality in the PEV BMS to allow fpr inverter mode.

4.8.4.3 SAE J2847/3 and the ExterpalNnverter
Use Cases U5, U6} and U7 defineithe inverter functionality and information exchange requirements betyeen the EMS and

the PEV on-board inverter tgrallow many V2G applications to be performed. SAE J2847/3 will| define the actual
communications thiat the PEV will use. It is expected that the PEV will use Smart Energy Profile 2.0 (SEP2).

ot use SEP2 there
unication channel
: neric problem and
It is likely that the EVSE could perform this

The V2G applicatipn EMS’may or may not use SEP2 to communicate with PEVs. If the EMS does n
will be a need to translate between the native EMS protocol and SEP2 somewhere in the physical com
between the EMS it i ' i i IS
not specific to PEVs and protocol translators will be needed on the smart grid.
function if the premises network does not use SEP2.

The bidirectional protocol translation will be needed. The EVSE may be the device that performs it. None of this is
related to the scope of vehicle communication. The expectation is that the vehicle sends and receives information in only
SEP?2 protocol and it is the responsibility of some entity outside the PEV to do the translation.

The relationship between SAE J2847/3 and an external inverter is less clear. The external EVSE inverter is connected
directly to the premises network. If the network supports SEP2, the EVSE inverter could use SAE J2847/3 for guidance.
However, the external inverter could implement its functionality based on the network protocol. It is only relevant that the
PEV be able to provide DC power flow as needed by the EVSE inverter. SAE J2847/2 will govern this exchange. The
external EVSE serving as a DER can directly follow the IEC 61850 object model and the local network protocol.
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4.8.4.4 EMS to PEV to EVSE Relay

This scenario for using an external EVSE inverter is presented, but it is a bad idea. This is the case where the owner of
the PEV signs up with the V2G application provider and plans to use the PEV to engage with the EMS and relay
messages to the EVSE. The relay approach would require the EVSE inverter to respond to SEP2 DER messages routed
through the PEV from the EMS. The PEV embedded software must be designed to allow for relay of EMS commands to
the EVSE. The EVSE must be designed to receive the commands from the PEV and act on them, not route them
somewhere.  This mode allows the EVSE to be invisible to the EMS because all of the security and authorization is
between the EMS and the PEV. But it is cleaner to establish communications directly between the EMS and the EVSE,

even if the compen

sation is setup between the EMS and the PEV.

4.8.5
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nay be engaged with a facility EMS to help manage peak demand charges!during ch
distribution utility providing VAR support for the feeder using an autonomeus volt-VA
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the facility EMS is
r actually sets the
es of engagement

brs are designed to
ts. If there is any

tate of charge that

E control pilot must
reverse flow target



https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE

J2836/3 Issued JAN2013

Page 95 of 130

The PEV must als
EVSE. There will
state of charge at
the time needed fq
that the PEV will d

4.8.6

The characteristicq
Appendix A.

Facility

Facility |<
EMS D S B 1

Distribution

Bulk Grid

A

¥O

L = = =
<
<.
Y

PEV4 Scepario Summary

\ 4

System
EMS

/_
o
= m
<5
=
)
m
I
i\
M
(4]
(4]
o
o
I

[ Balancirg
Area

FIGURE 41 - THREE TIERS OF'V2G APPLICATIONS

D protect the capability to achieve the targetenergy state by the expected time of d
pe a disengage time from any reverse flow action based on the state of charge of thg
he expected time of disconnect from\the EVSE, the power rating of the on-board @
r conditioning, PEV hotel and parasitic loads, charger efficiency, and other factors known to the PEV,
bmand that the PEV disengage.from reverse flow and resume charging under its owr] control.

TABLE 15 - CHARACTERISTICS OF PEV4 SCENARIOS

sconnect from the
battery, the target
r external charger,

of each of the four-PEV4 scenarios are listed in Table 15. The process flows for gach are defined in

PEV4 Scenario Name

PEV4 Scenario
Characteriqﬁics . . B

PEV Direct EMSE Direst PEV-EVSE Direet+HPEV EVSE Relay
Inverter Location PEV EVSE EVSE EVSE
V2G Deal With PEV owner EVSE owner PEV owner PEV owner
DC Value Received by PEV owner EVSE owner EVSE owner
EMS communicates with PEV EVSE EVSE PEV
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4.8.7 Participation in V2G Applications - Use Cases are Not Selected by the Driver

Advanced inverter functions that could be used by a DER device to support the grid were discussed in section 4.4. The
relationship of SAE use cases U5, U6, and U7 to potential V2G applications of a DER device was reviewed in section 4.5.
Information exchange considerations between the PEV or EVSE inverter and the EMS of a V2G application were explored
in section 4.6 for U6 and in section 4.7 for U7. A PEV or EVSE inverter is not required to implement all of the functionality
defined by IEC 61850-90-7 as reflected by U6 or U7. Much of what is defined in these sections has been implemented in
the DER function of the Smart Energy Profile 2.0.

When a PEV is enrolled in a V2G program and it has the inverter functionality to enable it to perform the V2G application
by engaging with the EMS for the application, the driver does not select a use case, such as U6. These are only for the
purpose of defining the communication messages required to be exchanged between the PEV and the EMS. It guides the
details of the communication protocol. SAE J2847/3 will use the information from this document tg define the messaging
required to allow a|PEV to engage with an EMS to perform as a DER device in a V2G application.

ed in different V2G
pscribed in section
application during

This top level use
programs and son
4.8.5. Depending
a session or it may

ase, PEV4, explores the steps from enrollment to termination. A PEV may-be enroll
e may be expected to happen simultaneously during one connection intérval as d
bn how the PEV is setup, the PEV may automatically just start to engage with a V2G
take a specific action by the driver to enable participation duringthat session.

Some form of dats
4.3. As a minimuni

entry will be required for every session. This is discussedin’section 4.3.1 and other sections within
the driver must define when the vehicle plans to discafnnect from the EVSE. As described earlier in

this document, the
PEV, the EVSE, 0
likely be done usin
Vehicle navigation
J2847/5 is expectq
PEV in place of a
selection can be m

“source” for the “time charge is needed” is always the PEV, but the actual data entry could be at the
I even by a remote device. When data is entered“dsing vehicle controls and displays, this will most
g proprietary hardware and software and the lookvand feel may vary between vehicle manufacturers.
systems perform the same basic functions, but the controls and displays vary widely by manufacturer.
d to govern how remote data entry on a pertable device or EVSE could be receivedd and used by the
lirect entry at the vehicle. For the purpase of this document, it is assumed that any manual entry and
ade and accepted by the inverter.

For participation in
designate, for exa
the session. The

a V2G application, it is expected.that the PEV will display information to allow the PEV operator to
ple, that it is desired for the véhicle to engage with a specific frequency regulation aggregator during
river enters that the PEV willhdepart at 5:00 pm and needs a 100% SOC at departufe. The enrollment

application with the aggregator may have required that the V2G application engage cooperatively and use the PEV for

frequency regulatign, but also ensure that.itis charged by departure. Maybe this is a selectable option.

selects participation from 1:00 p.m. te~2:00 p.m. The data entry within the PEV or between the PE
manual entry devide is not governed by’SAE J2847/3 — only the exchange of information between the
The term U6 will hot appear to the driver in any implementation because it is only a reference fg
functionality and messaging between the EMS and PEV inverter to make use of the functionality. O
exist in the commupication protocol, the name U6 or even IEC names like INV4 are not relevant.

In summary, opergtionallya driver will apply to participate in a program with a V2G application provid
necessary informagiomto allow the PEV to actually engage with the EMS as a DER device. This may

Maybe the PEV
V and an alternate
PEV and the EMS.
r defining inverter
nce the messages

er and receive the
require a onetime

initialization proce

m the V2G EMS or

back office systems. There will be standard controls and displays provided by the vehicle manufacturer that allow the
vehicle to use its inverter functionality as a DER device with some EMS. There may be options to do this data entry using
the EVSE or a remote device as defined by J2847/5. The specific functions that the EMS requests the PEV inverter to use
do not have to be designated. The V2G application will command whatever inverter functions are needed and
implemented in the PEV using the communication protocol.

The objective is to define the inverter functionality and the communication capability to allow the PEV to be used as a
DER device by a wide range of V2G applications — at the bulk system level, the distribution feeder, and behind the meter.
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5. NOTES
5.1 Marginal Indicia

A change bar (l) located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE HYBRID - EV COMMITTEE
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APPENDIX A - USE CASE PEV4

Al USE CASE NAME: PEV AS A DISTRIBUTED ENERGY RESOURCE (PEV4)

A.2 USE CASE SUMMARY

This use case describes the process steps needed to enroll a PEV or EVSE as a DER in a V2G application (or program),
perform the initial setup of the PEV or EVSE, engage in one or more sessions, be compensated for participation, and
terminate the participation in the V2G program sometime in the future.

A.3

USE CASE NARRATIVE

This is intended to|
V2G application. T
the functionality o
application. Many
the inverter. This
participate with the
conducting busine
and equipment.

be a high level overview of the processes used for a PEV or EVSE to engagé. as
he inverter is the core of a DER device. However, only a few of the process steps in
f the inverter and active communication between the inverter and the\EMS c(
of the process steps in PEV4 involve electronic communications for purposes other
s true of the processes involved with establishing secure communications and auth
V2G application EMS. There may be other processes associated-with-providing me
5S transactions.  Some of the data entry functions will be provided using proprieta

This use case is at a summary level and it is not intended to be a guide for any specific communicat

J2847/3 will addre
J2847/2 will deal w
a PEV battery.
A4 OVERVIE

Four scenarios wi
scenario are listed

5s the communication needs between the PEV and.EMS for use cases U6 and U
ith the EVSE inverter to PEV communications required for the EVSE inverter to be 3

[V OF SCENARIOS

| be described in this appendix.
in the Table A.1.

TheZnames of each scenario and the key char

TABLE A.1 —OVERVIEW OF PEV4 SCENARIOS

a DER device in a
volve actual use of
ntrolling the V2G
than the control of
orizing the PEV to
ter information and
y vehicle software

ion standard. SAE
7. Similarly SAE
ble to operate with

Acteristics of each

. PEV4 Scenario Name
PEV4 Scenalrlo
Characteristlics . . .

PEV Direct EVSE Direct PEV EVSE Direct | PEV EVSE Relay

Inverter Locdtion PEV EVSE EVSE EVSE
V2G Deal With PEV owner EVSE owner PEV owner PEV owner
DC Value Reeetvetby PEV-ownet EvSEownet EVSE owner
EMS communicates with PEV EVSE EVSE PEV
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A5 SCENARIO NAME: PEV4 - PEV DIRECT

A5.1 Scenario Narrative

An owner of a PEV with an on-board inverter wishes to enroll and participate in a V2G application (program). This
scenario describes the process steps to enroll in the program, perform the initial setup of the PEV, engage in one or more

sessions, be compensated for participation, and terminate the participation in the V2G program sometime in the future.

Two business arrangements are required to engage in the V2G program: one between the PEV owner and V2G owner
(PEV V2G Deal) and one between the PEV owner and the EVSE owner (EVSE AC Deal). These agreements could be

very formal agreements or they may be very informal. For example the use of the PEV behind the meter by a home EMS

would not require any business deals between the PEV and home EMS or between the PEV and EV.S
need to be some setup information entered into both the home EMS and the PEV and possibly even t
public parking garage, the PEV would require a formal business arrangement with a frequency regulat
would have a simple payment plan of some sort with the garage (EVSE) owner for the usé of the ¢

space, and energy

A.5.2 Precondjtions

The PEV has an ¢n-board inverter and it is capable of communicating with the EMS of the V2G ap
owner. The invertef has the required functionality to perform the intended V2G-application.

A.5.3 Scenariq Step-by-Step Description

TABLE A.2 - PEV DIRECT"SCENARIO

E. But there would
he AC EVSE. Ata
on aggregator and
equipment, parking

plication (program)

Process Htep Actor(s) Description
1 - Enroliment V2G Owner V2G owner promotes a V2G program and makes enyollment materials
PEV Owner available to PEV owners. PEV owner provides completed enroliment
information to V2G owner. V2G owner accepts the application and
provides setup materials to the PEV owner. V2G owher sets up the
PEV in the EMS and other back office systems.
EVSE Owner EVSE owner promotes use of EVSE for DER use and makes
PEV Owner enrollment materials available to PEV owner. PEV gwner provides
completed enrollment information to EVSE owner. EVSE owner accepts
the application and provides setup information to PE)V owner. EVSE
owner sets up the PEV in the EVSE and any back office systems.
2 - Initial Setup PEV Owner The appropriate settings are manually entered using| PEV controls and
PEV displays to allow the PEV to participate as a DER device in the enrolled
V2G program using the AC EVSE. This can be donel as a background
update during another charging event or at the start pf the first session
during which the PEV will participate in this new V2G program.
3 - Session
3.1 - Plug-in PEV PEV Owner PEV is connected to an AC Level 2 EVSE that allows the PEV to
participate as a DER.
3.2 - Session Setup PEV Owner PEV owner enters session settings using PEV controls and displays to
PEV allow the PEV to participate as a DER device in the enrolled V2G
program. Communication may need to be established to complete the
activity. It may be started before plugging connecting to the EVSE.
3.3 - Establish PEV PEV and EMS establish secure communications and enable the PEV to
Communication EMS engage as a DER device under control of the EMS for the enrolled V2G
program.
3.4 - Initialize V2G PEV Prior to or immediately at the start of the active V2G engagement of the
EMS PEV as a DER, the PEV and EMS exchange information that is
expected to remain constant during the execution phase
3.5 - Execute V2G PEV EMS receives state information from PEV and provides DER control
EMS commands to PEV continually during the active engagement.
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Process Step Actor(s) Description
3.6 - Wrap up V2G PEV EMS receives final state information from PEV. PEV may acquire
EMS information from meter or other devices to relay to EMS or EMS may
directly engage other systems.
3.7 - Updates PEV Owner PEV owner may perform data entry that is needed for a future V2G
PEV session. Automatic updates by the EMS of parameters or curves for a
future session may also occur. If required for the current session this
EMS must have been done during a prior session or during the session setup
phase.
3.8 - Unplug PEV PEV Owner The PEV is disconnected from the EVSE. The PEV should terminate
. and wrap up any V2G program that has not already ended before
il disconnect. If final information exchange with EMS has not been
completed, information must be saved and provided|to EMS during a
future connection event.
4 - Post Session EMS EMS provides V2G engagement information,for PEV to the V2G
V2G Owner owner’s bac_:k office systems for performance assesgment and
compensation of PEV owner.
5 - Termination PEV Owner PEV owner provides request to V2G owner to no longer participate in
V2G Owner the enrolled V2G program in accerdance with terms pf enroliment. V2G
owner accepts termination and r€sets EMS. PEV owner resets PEV to
PEV disable V2G program. This could be automatic for sipgle event
EMS enroliments.
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A.6 ASCENARIO NAME: PEV4 - EVSE DIRECT
A.6.1 Scenario Narrative

An owner of an EVSE with an inverter wishes to enroll and participate in a V2G application (program). This scenario
describes the process steps for the EVSE owner to enroll in the program, perform the initial setup of the EVSE, engage in
one or more V2G sessions, be compensated for participation, and terminate the participation in the V2G program
sometime in the future.

Two business arrangements are required to engage in the V2G program: one between the EVSE owner and V2G owner
(EVSE V2G Deal) and one between the EVSE owner and the PEV owner (PEV DC Deal). Just as with the PEV Direct
scenario these agfeements could be very formal agreements or they may be very informal. The owner of the EVSE
receives value from the owner of the V2G program for participation. The owner or the PEV in turn\receives some value
from the owner of [the EVSE, and this could be as simple as a preferred rate for parking and charging at a commercial
parking garage.

If a commercial pafking facility signs up to use all of its EVSEs to perform a DER application; this would be considered to
be a Building to Gilid (B2G) program. In this case it would use a facility EMS to manage.the individuall EVSE units. Each
EVSE is enrolled with the facility EMS under this scenario. The facility itself is enrolled as a B2G proyider using its EMS
to communicate with the utility EMS. The individual V2G enroliments tier tola single B2G enrollment. The B2G
enrollment for the facility with the utility would be formal. The internal agreements’ between the many BVSE units and the
building EMS would be informal — just what is needed to set up the,communication. Each PEV would have an
arrangement with the facility, which operates the EVSE units, for the DC power transfer.

A.6.2 Precond|tions
The EVSE has an|inverter that is capable of communicating with’the EMS of the V2G application (prggram) owner. The
inverter has the reguired functionality to perform the intended V2G application. The PEV is capable of engaging with an
external inverter fof DC power flow.

A.6.3 Scenariq Step-by-Step Description

TABLE'A.3 - EVSE DIRECT SCENARIO

Process Step Agtor(s) Description

1 - Enrollment V2G Owner V2G Owner promotes a V2G program and makes erroliment materials
EVSE Owner available to EVSE owners. EVSE owner provides cgmpleted
enrollment information to V2G owner. V2G owner agcepts the
application and provides V2G setup materials to the [EVSE owner. V2G
owner sets up the EVSE in the V2G EMS and other pack office
systems.
EVSE Owner EVSE owner promotes use of DC power flow and m@kes enrollment
PEV Owner materials ayai|a0|e 10 PEVOWnNer. PEV OwWner provides completed
enrollment information to EVSE owner. EVSE owner accepts the
application and provides DC flow setup materials to the PEV owner.
EVSE owner sets up the PEV in the EVSE and any back office
systems.
2 - Initial Setup EVSE Owner The appropriate settings are manually entered using EVSE controls and
EVSE displays to allow the EVSE to participate as a DER device in the
enrolled V2G program. This can be done as a background update
during another charging event or at the start of the first session for this
new V2G program.
PEV Owner The appropriate settings are manually entered using PEV controls and
PEV displays to allow the PEV to participate in DC charging, DC forward
power flow, and DC reverse power flow with the designated EVSE
inverter.

3 - Session



https://saenorm.com/api/?name=33e2d07b5544b2d9523b442371cb734a

SAE J2836/3 Issued JAN2013 Page 102 of 130
Process Step Actor(s) Description
3.1 - Plug-in PEV PEV Owner The PEV is connected to the DC EVSE
3.2 - Session Setup PEV Owner PEV owner enters session settings using PEV controls and displays
PEV and allows the PEV battery to be used by the EVSE inverter for DC
power flow. EVSE retrieves information from PEV, as needed, to
EVSE perform session setup of the EVSE for the V2G program.
3.3 - Establish EVSE EVSE and EMS establish secure communications and enable the
Communication EMS EVSE to engage as a DER device under control of the EMS for the
enrolled V2G program.
PEV PEV and EVSE establish secure communications to allow for
EVSE management and control of DC power flow by the EYSE inverter.
J2847/2 governs communication.
3.4 - Initialize V2G EVSE Prior to or immediately at the start of the active’V2G |engagement of the
PEV EVSE as a DER, the EVSE and EMS exchiange infofmation that is
expected to remain constant during the éxecution pHase. EVSE
EMS retrieves information from PEV as needed-to providd to EMS or as
needed by EVSE to manage DC power flow.
3.5 - Execute NV2G EVSE EMS receives state informationdfrom EVSE and proyides DER control
PEV commands to EVSE continuallyyduring the active engagement. EVSE
retrieves information from PEV as needed to providg to EMS or as
EMS needed by EVSE to manage DC power flow.
3.6 - Wrap up[V2G EVSE EVSE receives final state information from PEV and|then EMS receives
PEV final consolidated state information from EVSE. EVSE may acquire
information from\PEV, meter, or other devices to relgy to EMS or EMS
EMS may directly engage other systems.
3.7 - Updates EVSE Owner EVSE owner'may perform data entry that is needed for a future V2G
EVSE session, (Automatic updates by the EMS of parametgers or curves for a
futuresession may also occur. If required for the curfent session this
EMS mustthave been done during a prior session or during the session setup
phase.
3.8 - Unplug REV PEV Owner The PEV is disconnected from the EVSE. The EVSH should terminate
EVSE and wrap up any V2G program that has not already gnded.
4 - Post Session EMS EMS provides V2G engagement information for EVYE to the V2G
V2G Ovwnér Owner back office systems for performance assessment and
compensation of EVSE owner.
EVSE EVSE provides PEV engagement information to EV$E owner’s back
EVSE Owner office systems for performance assessment and conmpensation of PEV
owner.
5 - Termination PEV Owner PEV owner provides request to EVSE owner to no Ignger participate in
EVSE Owner the DC flow program in accordance with terms of enfollment. EVSE
owner accepts termination and resets EVSE. PEV gwner resets PEV to
PEV disable DC program. This could be automatic for single event
EVSE enrollments.
EVSE Owner EVSE owner provides request to V2G owner to no Ignger participate in
the-enrolledM2Gprogram--aceerdance-withtermsof enrolliment. V2G
V2G Owner owner accepts termination and resets EMS. EVSE owner resets EVSE
EVSE to disable V2G program. This could be automatic for single event
EMS enroliments.
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A7 SCENARIO NAME: PEV4 - PEV EVSE DIRECT

AT7.1 Scenario Narrative

An owner of a PEV wishes to directly enroll and participate in a V2G application (program) but plans to use an inverter in
an EVSE. The EVSE is setup to communicate directly with the V2G EMS. This scenario describes the process steps for
the PEV owner to enroll in the program, perform the initial setup of the PEV, engage in one or more V2G sessions, be
compensated for participation, and terminate the participation in the V2G program sometime in the future.

This scenario requires the EVSE be used in the PEV’s V2G program to be approved by the V2G owner to directly
participate with the EMS for control of the DER. Three arrangements are used: one between the PEV and V2G owners
(PEV EVSE Direct V2G Deal) , another between the EVSE and V2G owners (EVSE DER Deal), and a third between the

PEV and EVSE oy
and defines the co

AT7.2 Precond
The EVSE has an
inverter has the re
external inverter fo

A.7.3 Scenarid

tions

ners (EVSE DC Deal). This last agreement allows the EVSE to use the PEV as g
mpensation arrangement of the EVSE owner for allowing the PEV to engage in the V

inverter that is capable of communicating with the EMS of the V2G application (prg
uired functionality to perform the intended V2G application. The-.REV/is capable o
I DC power flow.

Step-by-Step Description

TABLE A.4 - PEV EVSE DIRECT-.SCENARIO

DC power source
PG application.

gram) owner. The
f engaging with an

Process [Step Actor(s) Description
1 - Enroliment V2G Owner V2G ewner promotes a V2G program and makes eprollment materials
PEV Owner available to PEV owners. PEV owner provides conpleted enroliment
information to V2G owner. V2G Owner accepts the|application and
provides V2G setup materials to the PEV owner. V2G owner sets up
the PEV in the V2G EMS and other back office sysjems.
V2G Owner V2G owner promotes a V2G program and makes enrollment materials
EVSE Gwher available to EVSE owners. EVSE owner provides completed enrollment
information to V2G owner. V2G Owner accepts the|application and
provides V2G setup materials to the EVSE owner. Y2G owner sets up
the EVSE in the V2G EMS.
EVSE Owner EVSE owner promotes use of EVSE inverter for use by PEVs that wish
PEV Owner to directly e_nroII in a V2G program. PEV owner pro vides completed
enrollment information to EVSE owner. EVSE owngr accepts the
application and provides DC power flow setup matgrials to the PEV
owner. EVSE owner sets up the PEV in the EVSE fo allow DC flow.
2 - Initial Setup PEV Owner The appropriate settings are manually entered using PEV controls and
PEV displays to allow the PEV to participate as a DER device in the enrolled
V2G program and to allow the PEV to participate i DC charging, DC
forward-power flow, ard D€ Teverse power flowwith the EVSE inverter.
This can be done as a background update during another charging
event or at the start of the first session for this new V2G program.
3 - Session
3.1 - Plug-in PEV PEV Owner The PEV is connected to the DC EVSE
3.2 - Session Setup PEV Owner PEV owner enters session settings using PEV controls and displays to
PEV allow the PEV battery to be used by the EVSE inverter for DC forward
and reverse power flow. The EVSE retrieves information from PEV, as
EVSE needed, to perform session setup of the EVSE for the V2G program.
Initial setup information for EVSE inverter may need to be transferred
from PEV to EVSE.
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Process Step Actor(s) Description
3.3 - Establish PEV PEV and EVSE ((ejstablisr; sfe(I:DUée comrr}rnicgtiotr:s té)vasllgvy for J
I management and control o power flow by the inverter an
Communication EVSE the relay of information between the EMS and the EVSE for V2G DER
messages. SAE J2847/2 governs communication for power flow
control.
EVSE EVSE and EMS establish secure communications and enable the
EMS EVSE to engage as a DER device under control of the EMS for the
PEV’s enrolled V2G program.
3.4 - Initialize V2G EVSE Prior to or immediately at the start of the active V2G engagement of the
Sy EVSE as a DER, the EVSE and EMS exchange information that is
ol expected to remain constant during the execution ghase. EVSE
EMS retrieves information from PEV as needed to pfovide to EMS or as
needed by EVSE to manage DC power flow.
3.5 - Executé V2G EVSE EMS receives state information from EVSE, and prqvides DER control
PEV commands to EVSE continually during the active epgagement. EVSE
retrieves information from PEV as needed to provide to EMS or as
EMS needed by EVSE to manage DC-power flow.
3.6 - Wrap up V2G EVSE EVSE receives final state information from PEV angl then EMS receives
PEV final consolidated state information from EVSE. EVSE may acquire
information from PEV, meter/ or other devices to rejay to EMS or EMS
EMS may directly engage other systems.
3.7 - Updatep EVSE Owner EVSE owner may.perform data entry that is needed for a future V2G
session. Automaticyupdates by the EMS of paramaters or curves for a
EVSE : ) . -
future session may also occur. If required for the cyrrent session this
EMS must have been done during a prior session or during the session setup
phase.
PEV Owner PEV owner may perform data entry that is needed for a future V2G
PEV session. If required for the current session this must have been done
EMS durihg a prior session or during the session setup ghase
3.8 - Unplug[PEV PEV Owner The PEV is disconnected from the EVSE. The EVSE and PEV should
terminate and wrap up any V2G program that has not already ended. If
PEV - - .
final information exchange with EMS has not been pompleted,
EVSE information must be saved and provided to EMS dyring a future
connection event.
4 - Post Session EMS EMS provides V2G engagement information for PEV to V2G Owner
V3G Owner Ezgl/( gvfz‘llr(]:eersystems for performance assessment ahd compensation of
EVSE EVSE provides PEV engagement information to E{SE owner’s back
EVSE Owner office systems for performance assessment and compensation of EVSE
owner by PEV owner.
5 - Termination PEV Owner PEV owner provides request to EVSE owner to no fonger participate in
EVSE Owner the DC flow program and V2G program accordance with terms of
enrollment. EVSE owner accepts termination and fesets EVSE. PEV
PEV owner resets PEV to disable DC program and V2G|program. This could
EVSE be-attematicforsingle-eventenreliments:
PEV Owner PEV owner provides request to V2G owner to no longer participate in
V2G Owner the enrolled V2G program in accordance with terms of enroliment. V2G
owner accepts termination and resets EMS. PEV owner resets PEV to
PEV disable V2G program. This could be automatic for single event
EMS enroliments.
EVSE Owner EVSE owner provides request to V2G owner to no longer participate in
V2G Owner the enrolled V2G program in accordance with terms of enrollment. V2G
EVSE owner accepts termination and resets EMS. EVSE owner resets EVSE

EMS

to disable V2G program.
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