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1. SCOPE

This SAE Information Report establishes use cases for a plug-in electric vehicle (PEV) communicating with a DER Managing
Entity (DME) as a distributed energy resource (DER) which is 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
either a DER or as a power source for loads which are not connected in parallel with the utility grid. Beyond these two
specific communication objectives, this document is also intended to serve as a broad guide to the topic of reverse power
flow (discharging) and vehicle-to-grid (V2G) technology.

1.1 Purpose

Distributed energy resources are small, modular dlstrlbuted generatlon (DG) or energy storage systems that provide electric

power or energy w
parallel with the pri
(V2G). The termis
frequency regulatiq
also be used by a
These are only twg

Evenifa PEVis no
for grid purposes.
management. This
vary power output.
Interaction (VGI).

APEV could also s

backup power for & home following a loss of grid power. These are\all off-grid applications. This is all

power flow, and it
these applications,

In all the discussion of the benefits of reverse power flow and the use of a PEV as a DER, it is important t¢

that the primary p
stationary grid stor]

need to be fully charged by the end of the workday,: The use cases for a PEV serving as a DER will neec

objectives: serving
needs.

can be hooked up in
mary gr|d power, and |t is deflned to be a DER. The use of a PEV asa DER will be called vehicle-to-grid

often associated with the concept of an aggregator coordinating the power flow ef'ma
n for the bulk grid. However, V2G is not just about the bulk grid. The V2G.and DE
facility energy management system (EMS) to offset other facility loads during period
of many possible V2G applications.

t capable of reverse power flow, it can still be used as a DER devicé-o’allow for active)
The use of a variable load for grid purposes is sometimestcalled demand di
can be considered a single-sided use of a DER device and is ho’different than a gen
This is sometimes designated as V1G. Both V1G and V2G_ are considered to be fo
brve as a power source for tools or other devices, where grid power is not available, or
can be engaged manually using controls anddisplays provided by the vehicle man
the vehicle is just like a portable standby generator.

irpose of the energy stored in the-vehicle battery is transportation. While it may b

age unit to discharge all afternoon-and recharge at night, a PEV participating in a V

the grid in a V2G application and having enough energy by the time of departure to me

Figure 1 provides

n overview of the-purpose of the document. A stationary, grid-connected energy sto

is shown at the tof of the diagram. lt.is a DER. There is a great deal of work going on to integrate ESS
A PEV with an onbpard inverter.looks like the stationary ESS and can be a DER device. This system is g
of the diagram. The possible-use of reverse-flow capable PEVs, as inverter-based ESS units, has ge
interest. This poteftial use*0fPEVs has become known as vehicle-to-grid (V2G-AC). Alternatively, th
located externally inh thelectric vehicle supply equipment (EVSE), in which case the PEV battery is onl
absorb DC power @s.required by the inverter. This system concept (V2G-DC) is shown at the bottom of

ny PEVs to provide
R functionality can
s of peak demand.

control of charging
spatch or demand
erator that can only
ms of Vehicle Grid

provide emergency
About pure reverse
ifacturer (VM). For

always remember
e acceptable for a
PG application may
to account for two
et its transportation

rage system (ESS)
units into the grid.
hown in the middle
nerated significant
b inverter could be
y used to supply or
the figure.

It is sometimes assumed that a premises network will use the IEEE 2030.5 (IEEE Standard for Smart Energy Profile
Application Protocol), known as 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 onboard
the PEV. It is expected that the EVSE to PEV communications would be by powerline 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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Energy Storage System (DER)

Premises Network

e il iy

; Inverter* Battery
i DC
i
1
1

e
i
i PLC &1283773 Plug-in Electric Vehicle [OER)
1
1
. Inverter* | |1 Batt

< : (ACL2) nverter attery

ACl 1 BC
i
1
1
1
i
i EVSE and PEV (DER)
1
l PLCR: 12847
'==| DCEVSE B/ I . > PEV
Inverter®* |« =c »| Battery
*NOTE: Inverter means bidirectional or four quadrant cpnverter
Figure 1 - Purpose of document
When the inverter is in the EVSE, it Will need to directly interact using the network protocol. This could be{SEP2, but in many

sites could be a different protocol..The use cases in this document and SAE J2847/3 could help with the glesign of the EVSE
communications, Hut there aréother documents such as IEC 61850-7-420 ED2 that could be directly lused by the EVSE
manufacturer. An gxternal inverter will need to interact with the battery management system (BMS) of the PEV. This will be
like the communicationsused for fast charging as defined by SAE J2847/2, but the focus will be very different, and changes
will be required for|DER~uUSe (refer to SAE J2847/2). 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 cprrent 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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latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J2836/1 Yse-Cases-fer-Communication-BetweenPlug-in-Yehieles-and-the-Ytiity-Grid

2.2 Related Publications

The following publ|cations are provided for information purposes only and are not a required,part of fhis SAE Technical

Report.

2.2.1 SAE Publi¢ations

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA

and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J1715 Hybrid Electric Vehicle (HEV) and Electric Vehicle (EV) Terminology

SAE J1772 SAE Electric Vehicle and Plug-in Hybrid Electrie Vehicle Conductive Charge Coupler

SAE J2836 Instructions for Using Plug-In Electric Vehicle (PEV) Communications, Interoperahility and Security
Documents

SAE J2836/2 Use Cases for Communication Between Plug-in Vehicles and Off-Board DC Charger

SAE J2836/4 Use Cases for Diagnostic:Communication for Plug-in Electric Vehicles

SAE J2836/5 Use Cases for Custemer Communication for Plug-in Electric Vehicles

SAE J2836/6 Use Cases for(Wireless Charging Communication for Plug-in Electric Vehicles

SAE J2847/1 Communication for Smart Charging of Plug-in Electric Vehicles Using Smart Energy Profile 2.0

SAE J2847/2 Comimunication Between Plug-in Vehicles and Off-Board DC Chargers

SAE J2847/3 Eommunication for Plug-in Vehicles as a Distributed Energy Source

SAE J2847/5 Communication Between Plug-in Vehicles and Customers

SAE J2847/6 Communication for Wireless Power Transfer Between Light-Duty Plug-in Electric Vehicles and
Wireless EV Charging Stations

SAE J2894/1 Power Quality Requirements for Plug-In Electric Vehicle Chargers

SAE J2894/2 Power Quality Test Procedures for Plug-In Electric Vehicle Chargers

SAE J2931/1 Digital Communications for Plug-in Electric Vehicles

SAE J2931/4 Broadband PLC Communication for Plug-in Electric Vehicles
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SAE J2953/1

SAE J2953/2

SAE J2954

SAE J2954/2

SAE J3068

SAE J3072

Plug-in Electric Vehicle (PEV) Interoperability with Electric Vehicle Supply Equipm

ent (EVSE)

Test Procedures for the Plug-in Electric Vehicle (PEV) Interoperability with Electric Vehicle Supply

Equipment (EVSE)
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3. DEFINITIONS

This document builds on SAE 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 energy resource,
or that are modified from the definitions provided in SAE J2836/1, are defined in this section. Please refer to SAE J2836/1
and SAE 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 direction to serve as an inverter.

3.2 DEMAND RESPONSE AND LOAD CONTROL (DRLC)

Demand response|and load control (DRLC) is a common function set used to control shedding load o
electric grid. It is almore active form of load management than price signals and can be uséd;to targe
devices. A plug-in yehicle can serve as a variable or interruptible load while charging andparticipate in

3.3 DISTRIBUTED ENERGY RESOURCES (DER)
Distribute energy
electric power or
wind turbines, onl
provide either enengy or variable demand. Plug-in vehicles can serve as)DER storage systems.

sources (DER) are small, modular distributed generation (DG) and storage technd
nergy where it is needed on the distribution grid. DG, which’ includes gensets, sola

3.4 ELECTRICAL CONNECTION POINT (ECP)

Each DER unit had an electrical connection point (ECP) which'is the point of electrical connection betwe|
of energy (generatjon or storage) and the local electric power system (EPS).

3.5 ELECTRIC YEHICLE POWER EXPORT EQUIPMENT (EVPE)

This is defined by INEC 2023 as the equipment;.including the outlet on the vehicle, that is used to provig
voltages greater than or equal to 30 VAC or 60 YDC to loads external to the vehicle, using the vehicle as

3.6 ENERGY MANAGEMENT SYSTEM (EMS)

The term energy management system’(EMS) is used in this document to describe a computer system th

with a PEV or EV$E for the purpose of controlling the charging or discharging of the PEV battery. A
several tiers: custgmer premises, distribution level, or system level. These computer systems may go b
the term EMS will e used-generically in this document.

3.7 EXPORTABLE POWER PANEL (EPP)

h demand from the
t specific high load
DRLC programs.

logies that provide
panels, and small

serve as a source of energy. Storage is a unique form,6f DER because, unlike pufe DG, the unit can

en the DER source

e electric power at
a source of supply.

t can communicate
EMS can exist at
y other names, but

An exportable power panel (EPP) is a vehicle-mounted set of NEMA receptacles that is used to provide power to external

loads. The cords from the loads are plugged into the EPP receptacles.

3.8 FORWARD POWER FLOW (FPF) - CHARGING

Forward power flow (FPF) means the direction of energy for charging a vehicle. While the term “forward” suggests a positive
sign convention, care must be used with any communications because the convention for DER devices is to use a positive
sign to designate energy produced (discharged) by the DER.
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3.9 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.

3.10 INVERTER

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 t current source and

ha invartar A _arid connacted-inverter (e —utilibvintaractiva inuvartary muct ant 9 o
e—-HHE e —gHa HH e -eer—-8—thty-Hteactihe-H e e Hdstactas—<

synchronize to the converter are often
just referenced as

3.11 POINT OF C
This is point where¢|
3.12 POWER FA

Displacement pow

fundamental frequé¢ncy (50 Hz/60 Hz). It is a measure of the phase shift that occurs between line volta

when the AC line
sinusoidal in shape

Apparent power is

power are two sidés of a right triangle with apparent power as the hypotenuse. The angle between a

active power vecto

aligned, then only active power is transferred; this is a power factor of unity and is the most efficient for

Distortion power f3
result of non-linea
power factor. If vol
3.13 POWER FA

Power factor corre

factor close to unity for the system. A power converter can be designed to control the phase angle bg

current during eith
premises. It can al

3.14 REGULATIC

frequency of the grid voltage waveform. A bidirectional converter or four-quadrant
being an inverter.

OMMON COUPLING (PCC)
the local (premises) and utility EPS connect. This would normally be at’the electric n
CTOR (TOTAL, DISPLACEMENT, AND DISTORTION)

br factor is defined as the ratio of active (or real) power in.watts to apparent power in

s loaded with a linear load having reactive characteristics, such as an AC motor.
but either leads or lags the line voltage in phase.

the vector sum of active power and reactive (power (volt amperes reactive, VAR).

s is the phase angle between the voltagetand current waveforms. If the voltage and o
ctor is the ratio of fundamental current to total rms current. The line current distort
loading of the AC line. Total_power factor is the product of displacement power f3

age distortion is negligible, total power factor is equal to the displacement power fac

CTOR CORRECTION

ction means compensating for any reactive power associated with power conversion

br charging,or reverse power flow. This functionality can be used to correct for loy
50 be used-help support voltage on the distribution or transmission system.

N-SERVICES (FREQUENCY REGULATION)

heter.

olt-amperes at the
ge and line current
The line current is

A\ctive and reactive
bparent power and
urrent are perfectly
transfer of energy.

ion is normally the
ctor and distortion
or.

fo achieve a power
tween voltage and
power factor of a

Regulation services are used to continuously fine-tune the balance of active power (watts) between power generation and
demand. In many power markets, this function, called frequency regulation or automatic generation control (AGC), is priced
separately from power generation and procured as an ancillary service.

3.15 REVERSE POWER FLOW (RPF) - DISCHARGING
Reverse power flow (RPF) means the direction of energy for discharging a vehicle. While the term “reverse” suggests a

negative sign convention, care must be used with any communications because the convention for DER devices is to use
a positive sign to designate energy produced by the DER.
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3.16 UTILITY-INTERACTIVE INVERTER

An inverter intended for use in parallel with an EPS to supply common loads and sometimes deliver power to the utility. This
is also called a grid-connected inverter.

3.17 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. A PEV
in V2G operation is considered by utilities to be a DER. 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; sometimes, this is
referred to as V1G. V2G-AC designates the use of an onboard inverter feeding AC power back through the EVSE. V2G-DC

designates the use of DC current from the PEV battery with an inverter located in the EVSE.

3.18 VEHICLE-TO-HOME USING AN ONBOARD INVERTER (V2H-EPP)

Vehicle-to-home dgscribes the capability of a vehicle to act as a backup “generator” for selecgted-critic
isolated from the gower grid (for example, after the failure of the power grid). The vehicle onboard iny
voltage and frequeincy, and the power flow is routed to NEMA receptacles on the vehicle'EPP. A powg
NEMA receptacle ¢n the vehicle panel and to the home’s electrical service through a transfer switch that
loads to be powergd by the vehicle from the grid. The loads served by the vehicle onboard inverter mu
from the grid befor¢ any power can be provided to these loads. The inverter outputmnust be disconnecte
AC receptacle to pfevent voltage from being applied to the pins. The AC connection to the EVSE cann
using the onboard|inverter because the AC EVSE must receive power from the premise to operate. H
power source is regulating the voltage and frequency for an islanded homg and powering the AC EVS
engage through th¢ EVSE in V2G mode using its onboard inverter.

3.19 VEHICLE-TQ-HOME USING AN EXTERNAL INVERTER (V2H-DC)

Vehicle-to-home uging an external inverter and DC reverse flow from the vehicle though the charging
V2H-DC in this dogument. An external EVSE inverter can b&‘designed to use an internal battery to ope
and other electron|cs when grid power is not available. This inverter could regulate voltage and frequ
connected to the bulk grid, and it could act as a current source if it is operating in V2G mode into a live g
EVSE and premisgs that is V2H-DC capable can seamlessly switch between V2G and V2H-DC. Grid-
with home solar (AV) systems have this mode_switching capability today and can even automatically g
switch to isolate th¢ home from the grid. The vehicle cannot discriminate between V2G and other modes.
DC flow, and the fu|l responsibility for compliance with IEEE 1547 rests with the EVSE. Itis also possible 1
battery powered inyerter unit to provide ¥20-DC and V2V-DC capability using the vehicle charging recept
power flow.

3.20 VEHICLE-TQ-LOAD (V2L}USING AN ONBOARD INVERTER (V2L-EPP)
Vehicle-to-load me
other items not corj
power flow is route

ans the transfer of energy from the vehicle to a load. This can be used to support
nected to a home or the grid. The vehicle onboard inverter regulates the voltage and
d to\NEMA receptacles on the vehicle EPP.

al loads in a home
erter regulates the
br cord plugs into a
isolates the critical
st be disconnected
i from the vehicle’s
bt be used for V2H
owever, if another
bE, the vehicle can

connector is called
rate its control pilot
bncy when it is not
rid or microgrid. An
tied inverters used
perate the transfer
Itis all just reverse
0 design a portable
acle for DC reverse

power to tools and
frequency, and the

3.21 VEHICLE-TO-VEHICLE (V2V) USING AN ONBOARD INVERTER

In the context of reverse flow, vehicle-to-vehicle means the transfer of energy from one vehicle to another. The term is
generally used more broadly in the industry to refer to vehicle-to-vehicle communications, so it is best to avoid confusion
and just consider this application to be a special case of V2L-EPP. The vehicle onboard inverter regulates the voltage and
frequency, and the power flow is routed to NEMA receptacles on the vehicle EPP. 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 charging receptacle
of the receiving vehicle.
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3.22 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) can provide
voltage support at system level (like a generator) or at a distribution level (like a distributed static compensator or tapped
transformer and switched capacitor h:ml()

4. TECHNICAL REQUIREMENTS

This major section| discusses issues and considerations related to pure reverse power flow)(discharg
control and the us¢ of a PEV as a DER for use in various types of vehicle-to-grid applications. While t
“technical requirements,” it is part of an information report, not a standard or even a recommended prac
used to define actual requirements. Some of the discussion may read like requirements,-which in some ¢
that requirements ih some existing standards may apply, or in other cases just prevides guidance for aq

ing) under manual
is section is called
tice, and cannot be
ases is a reflection
tual standards that

may need to be wijtten. The primary purpose of this section is to suggest functiondlity that may need t¢ be considered for

implementation in gither an inverter located in either the PEV or EVSE. It also)defines use cases to s
communication requirements that would be documented in SAE J2847/3.fot communication between &
onboard inverter. These same use cases could also serve as a guide forcommunication requirements b
inverter in the EVSE and an EMS. SAE J2847/3 could be used for the EVSE to EMS communication, but t
are primarily focus¢d on communication with the PEV. For the external inverter, communication betweer
PEV BMS will be dJocumented in an update of SAE J2847/2. This, section reviews some of the considd
reverse DC power fflow to an external inverter.

Section 4.1 descrifjes the relationship of this document to!SAE J2836/1. One top-level use case (PEV4
use cases (PR2, UB, and U7) are introduced.

Section 4.2 discusges the basic types of pure.reverse power flow (V2G, V2H, V2L, and V2V). PEV ¢
external power cdnversion are reviewed. This® section provides guidance for the detailed use ca
discharges the PEVY.

Section 4.3 discus$es general issues related to communications for reverse power flow. Data entry an
reverse power flow are reviewed. The-architecture for communication between an EMS and the inverter
EVSE is described. Considerations for communication between an external EVSE inverter and the §
reviewed.

Section 4.4 reviews$ worK.on inverter-based distributed energy resources being done by EPRI and IEC r
smart inverter funclions’in DER devices.

brve as a guide for
n EMS and a PEV
etween an external
he SAE documents
the EVSE and the
rations needed for

and three detailed

nboard and EVSE
se PR2, customer

i manual control of
in the PEV and the
PEV BMS are also

bgarding the use of

Section 4.5 discusses V2G applications behind the meter, for the distribution feeder, and for the entire EPS. The concept
of operational bandwidth is described along with its relationship to the different V2G applications. The relationship of the
SAE use cases to the different V2G applications is shown.

Section 4.6 provides considerations for use case U6 (basic DER) which is concerned with the control of active (charging or
bidirectional) power by an EMS during a V2G application.

Section 4.7 discusses power factor and reactive power. It provides considerations for use case U7 (advanced DER). U7
provides functions for direct control of power factor or reactive power. It also provides autonomous functions.
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Section 4.8 discusses considerations for the top-level use case PEV4 (PEV as a DER). PEV4 considers the broad process
flow from enroliment as a DER device in a V2G application, active participation in a V2G application, to payment for the
services rendered, and to contract termination. It deals with considerations for conflict resolution where multiple allocations
are running concurrently.

Section 4.9 discusses issues associated with the approval by a utility of the interconnection of a DER that consists of the
fixed site EVSE and a roaming PEV with an onboard inverter. This is unprecedented. The SAE J3072 standard was
developed to address these issues.

4.1 Relationship of SAE J2836/3 to SAE J2836/1

This document builds on the use cases and general requirements described in SAE J2836/1 and must be read in that
context. This is nof j 836/1 for the purpose
of reverse power fi se of the timing of
updates to the vari brary inconsistency
between the docu hould be used for
guidance. For exa Iment process) for
enrolling a PEV in as to charging, for
which it was origin mmodate any new
information needeq a new standalone
detailed use case i

ous documents in the SAE J2836 and SAE J2847 series, there may be some temp
ments. In the event of any inconsistency, the most recently released document s
mple, SAE J2836/1 provides a detailed use case E (general registration jand enro
any utility program. This use case should apply to reverse flow applications as well
blly written, but it may need to be updated in a future release of SAE. J2836/1 to accqa

for reverse power flow. It is more appropriate to update this use case than to creatg
h SAE J2836/3 for basic enroliment.

SAE J2836/1 identifies four top-level use cases in the main document and thén provides a detailed de
its Appendix A. “Customer attributes” (PEVO) applies to reverse power flow;, and it even identifies a “s
“discharge” (PR2).|The remaining three top-level use cases, “utility provides services to PEV customer”
connects PEV to gremises energy portal” (PEV2), and “customer enrolls in a PEV demand side man

scription of each in
becific function” for
(PEV1), “customer
agement program”

(PEV3), do not spdcifically mention the use of the PEV as a DER device. There are many elements of P
that should apply tp a PEV serving as a DER device, and theseitop-level use cases may need to be 4
DER functionality. |IPEV3 is more specialized for demand management programs. A new top-level us
distributed energy fesource” (PEV4), is discussed in 4.8 and-defined in Appendix A of this document.

SAE J2836/1 also (dentifies 17 detailed use cases. Figure 2, which is derived from SAE J2836/1, shows
cases. A comprehgnsive description for most of these use cases is provided in Appendix B of that do
were not provided |n Appendix B for discharge (PR2), diagnostics (PR3), or vehicle manufacturer speci
described in the PEVO use case, but they arenpt listed in the main body of the document. Use case “cu
the PEV” (PR2) is fliscussed in 4.2.11 and defined in Appendix B of this document.

The basic enroliment use case (E), the\three PEV connection and energy transfer use cases (S1 to S3), 4
use cases (L1 to L§)
required to specifigally accommodate reverse flow, but they are all relevant. There are no EVSE conn
that are unique to feverse power flow to the utility grid, although the EVSE for both S2 and S3 must be ¢
reverse power floyw. SAE_J2836/1 defines five specific utility programs. At present, these are all as
charging. “Time of| use grogram” (U1), “real time pricing program” (U3), and “critical peak pricing prg
informational utility| programs that allow the PEV to make informed decisions about when to charge to n

all apply to reverse power flow and DER applications. Some modifications to eacI

EVO through PEV2
xtended to include
e case, “PEV as a

these detailed use
tument. Use cases
fic (PR4). They are
stomer discharges

nd the four location
of these might be
ctions or locations
esigned to support
sociated only with
gram” (U4) are all
hinimize the cost of

charging. There is|no-active control of start or stop of PEV charging by the utility. The PEV owner ber

efits from reduced

cost of charging. The utility benefits by incentivizing the PEV owner to shift charging to off-peak periods. These use cases
have no direct role to play for execution of DER functionality, but it is possible that price signaling could be used with DER
functionality to gate participation of the PEV.

The “discrete event program” (U2) allows the utility to stop charging during a demand response event. This is a rare event
with significant advanced notice. The top-level use case PEV3 uses the discrete event program. 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.
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The “optimized energy transfer program” (U5) allows direct management of the start and stop and the power level used
during a PEV charging session. It authorizes a power level for charging but does not require the PEV to actually charge at
that authorized value. In most cases, the PEV would charge at the highest authorized power (within the control pilot and
charger constraints), but the use case doesn’t require it. While SAE J2836/1 only defined U5 for charging, the IEEE 2030.5
Smart Energy Profile 2.0 (SEP2) implemented U5 as a function called “flow reservation” and extended it to allow the power
and energy request to be for either charging or discharging. The use of flow reservation is described in SAE J2847/3.

Use case “basic distributed energy resource” (U6) is discussed in 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
controlling entity provides new settings to the smart inverter as needed to support the V2G application.

Use case “advanced dlstnbuted energy resource” (U7) is discussed |n 4.7 and defined in Appendlx D of this document.
Unlike U6, which desc , s 3 tions (beyond U6),
each of which coulfd be opt|onally |mplemented in add|t|on to U6 by the |nverter system For a four-qua irant converter, U7
includes functions [that a DER controlling entity could use to directly set either the power factorror'the value of reactive
power. U7 also defines an autonomous volt-VAR function which would be activated by and use.curves provided by a DER
controlling entity. This document only discusses those smart inverter functions which were relévant to VPG and required by
IEEE 1547-2018. There are many more functions defined by EPRI and IEC which could,be implemented by an inverter
system and suppofted by future versions of SEP2.

There are two fung

serve as a DER. |
the PEV in the EV
with both configura

amentally different approaches for a PEV and the EVSE to which the PEV is conng
one case, the inverter is located onboard the PEV; in the othercase, the inverter is
E, or even beyond if a DC microgrid is used. While the term&ehicle-to-grid (V2G) is g
ions, and that convention will be followed in this document, V2G would be more proq

cted to collectively
located external to
enerally associated
erly used only with

the case of the PEY onboard inverter. A more descriptive term for the EVSE'inverter case would be to cdll it “EVSE-to-grid.”
There are some vdry unique technical and regulatory considerations.associated with a roaming PEV onboard inverter that
do not apply to a sfationary EVSE inverter.
1 General Registration/
Detailed Use Case @ } Gnmial Buuistation,
Initial Setup for PHEV-Utility
Summar Communication &
Customer seldcts J2836 . Authentication 128363
one or morg ! |
) i Why) A
U1: TOU Price
U2: Demand Raespdnse (DR) .
U3: RTP (Active Mgnagement) Utility Programs
U4: Critical Peak Piicing (Awareness,
US: Optimized Chafging Jpecific Enrollment)
U6: Basic DER
U7: Advanced DER]
Customer usps
only one HOW) Binding/Rebinding
S51: Cordset EWSE (Startup, VIN
{120V AC to vehicle) Authentication,
52: Premise EYSE Basic Charging per
{240V AC to vehicle) enrolled program,
53 Premise EYSE w'Charger Shutdown)
(DC to vehicle)

Customer uses  (Where)
only one Connection Location

L1: Home (VIN Authentication,
Connecls at premise Basic Charging per
L2: Another's Home enrolled program)
Inside the wlility’s service
territory &
A premise pays tariff (What)
B: customer pays tariff
L3: Another's Home PR1: PR4:
Qutside the utility's service .
terrilory Charge VM Specrﬁ
L4: Public
Curbside, workplace, business, VzG, V2H V2L
mulli 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
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 R 3 C shicle and the energy
stored in its battery are secondary to that prlmary purpose Consumrng the energy, or even delaylng the start or extending
the time for charging the battery, increases the risk to the customer that the vehicle will not be able to perform its intended
purpose if an uneXpected need for travel arises. In the discussion of the benefits of reverse power flow and the use of a
PEV as a DER, it is important to always remember that the primary purpose of the energy stored in the vehicle battery is
transportation.

Pure reverse powe

this capability is c#

another PEV; this

act as a backup “g
of the power grid).
loads to be powere
must regulate both
the vehicle battery
provided by the VIV

Vehicle-to-grid (V2
connected to a live
and it must act as

flow is very useful for powering tools or other devices at a remotersite where grid power is not available;
lled vehicle-to-load (V2L). A PEV can also use pure reverse~power flow to provide a “jump start” to
capability is called vehicle-to-vehicle (V2V). Vehicle-to-home,(V2H) describes the capability of a PEV to
bnerator” for selected critical loads in a home isolated from¢he power grid (for example, after the failure
[The PEV is connected to the home’s electrical service thfough a transfer switch that|isolates the critical
d by the PEV from the grid. Because these are all off:grid applications, the onboard jor external inverter
the voltage and the frequency, and it is the connected'loads that determine how much energy flows from
This is all about pure reverse power flow, and it\Can be engaged manually using controls and displays
l.

G) is the only mode that allows a PEV toreturn power to a home, business, or chailge station which is
grid. When an inverter is connected.{e/the bulk grid, it must be synchronized with fhe grid frequency,
h current source. If there is a power.failure, the inverter must automatically turn off. This is for the safety

of workers that m

y be repairing downed lines. A 'small, modular storage device connected to the grid is defined as a

distributed energy fesource (DER). The real value'of a PEV to the grid is its ability to serve as a DER
precisely controlled bidirectional power flow, notjust reverse flow. The term V2G is often associated wit
aggregator precisgly coordinating the bidirectional power flow of many PEVs as DER devices to
regulation for the bulk grid. But this is only.ene of many possible V2G applications.

The most basic V2G operation is fer’a homeowner to start a vehicle’s onboard inverter and set a st
manually. The honjeowner might.want to use the PEV to offset a home air conditioner load during an &
then recharge the PEV battery¢at an off-peak time. The net power flow into the home may still be pog
possible that a utility coulduallow and compensate a homeowner for reverse flow from the home un
program. While it mpay b€ possible to manually control reverse flow for this purpose, it is much more effe
EMS. Communication‘between the EMS and the PEV is required to allow the EMS to control the P

Hevice and provide
h the concept of an
provide frequency

pady power output
fternoon peak and
itive, although it is
der a net metering
ctive to use a home
EV reverse flow to

manage the total demand at the meter. When the PEV is providing reverse power flow based on instru

ttions from a home

EMS, it is serving as a DER device. Itis 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.

Article 625.48, “Interactive Equipment,” of the 2023 National Electrical Code (NEC) provides that “electric vehicle supply
equipment that incorporates a power export function and that is part of an interactive system that serves as an optional
standby system, an electric power production source, or a bi-directional power feed shall be listed and marked as suitable
for that purpose. When used as an optional standby system, the requirements of Parts | and Il of Article 702 shall apply;
when used as an electric power production source, the requirements of Parts | and Il of Article 705 shall apply.”

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).
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Table 1 - Inverter characteristics

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

An EVSE utility-interactive (grid-tied) inverter (V2G-DC) must conform to UL 1741 SB. An onboard utility-interactive inverter
system is certified to SAE J3072, and the interconnecting AC EVSE is certified to UL 1741 SC. UL 1741 SC and SAE J3072
are intended to supplement and be used in conjunction with IEEE 1547-2018 and IEEE 1547.1-2020 or later versions.

When an onboard finverter is used for V2G, the AC power flows directly through the charging coupler i the EVSE and to
the live grid. An SAE J1772 single phase charging coupler can be used for V2G-AC or V2G-DC, and«this|connection is often
shown in figures infthis document. Other single phase charging connectors, such as SAE J3400;can algo be used. And the
SAE J3068 connegtor can be used for three phase V2G operation. A utility-interactive inverter in the HVSE can draw DC
reverse power thrqugh the charging coupler, or it could possibly use SAE J2954 wireless’transfer equipment. For off-grid
applications using fa vehicle onboard inverter, AC power could be routed to a vehiclesmounted EPP which would provide
standard NEMA refeptacles like those found on a portable generator.

The charging coupler could not normally be used for off-grid applications becatise;the EVSE control pilpt circuit would not
have power and thie vehicle could not engage in power transfer. This is true for both an onboard inverfer and DC reverse
flow to an external jnverter. However, if the EVSE is modified to use an internal “cold start” battery to operate its control pilot
and other electronis when grid power is not available, V2H can be achieved. Because an external EVSE inverter is part of
the premises infragtructure and may even control the transfer switch, this use of a modified EVSE to engage in DC reverse
flow is lower risk. The external inverter could automatically change‘from current mode V2G to voltage mode V2H after the
island is created. If is recommended that an onboard inverter_always operate as a utility-interactive (V2G) inverter when
using the charging|coupler, and therefore, the inverter could not'.engage in V2H mode even with a modified EVSE.

SAE defines each type of reverse power flow by combining a designation for a basic type with the designation for the port
on the PEV used|for the transfer (e.g., V2L-EPP, V2G-AC). These are summarized in Table 2 fgr several different
applications of reveérse power flow. Two new basig types are introduced which are variations of V2G uged with AC (V2M)
or DC (V2D) microgrids. These will be defined.dater. The PEV power transfer ports are the DC coupler} AC coupler, EPP,
and wireless powdr transfer (WPT). The pafagraph number where each SAE type is discussed is lisfed below the type
designation.
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Table 2 - SAE types of reverse power flow

PEV Power Transfer Port
Reverse Power Flow
Application Basic Type DC AC EPP WPT
Power plug-in loads which are not connected V2L-DC V2L-AC V2L-EPP
to a facility power system vl 425 426 4.21
J2847/2 J2847/5 -
V2V-DC V2V-AC
Charge another electric vehicle; special V2L Va2V 425 4.2.6 V22/5E1PP
J2847/2 J2847/5 -
PEV is only sourde of backup power for varoe V2rAe VoHEPP | VZHWPT
islanded home (NEC 702) V2H 425 426 421 4.2.4
J2847/2 J2847/3 X J2847/6
Connected in pargllel with utility grid V2G-DC V2G-AC V2G-WPT
(NEC 705) or to igslanded AC microgrid with V2G 423 422 424
strong VF source J2847/2 J3072 J2847/6
Connected to a “Weak” islanded AC V2M V2M-DC V2M=AC
microgrid; special case of V2G (V2G) 427 a4.2.7
Connected to a DIC microgrid which could be V2D V2D-DC
in islanded facility|; special case of V2G (V2G) 428
421 Use of EPP (V2L-EPP, V2V-EPP, V2H-EPP)
A vehicle can provifle an onboard generator to regulate voltage and,frequency for loads connected to NEMA outlets mounted
on the vehicle. Thi$ is called an exportable power panel (EPP).NEC 2023 Article 625.60 (“AC Receptagle Outlets Used for

EVPE”) applies to the EPP. For operation as an off-grid, standalone power source, the inverter regulates
and the amplitude |of the output AC voltage waveform, and the AC current flowing from the inverter is
connected loads. Tlhe inverter must be rated to a power [eével which can support the connected loads, or
may droop, or the inverter may even shut down dug to"a reaching a current limit.

Vehicle-to-load (V2L) describes the basic capability of a PEV to use an onboard inverter to power extg
plugged into the receptacles on a vehicle-mounted EPP. V2L-EPP is the basic off-grid capability,
VV2V-EPP are spedjal V2L applications. The EPP provides standard NEMA receptacles, such as NEMA
15 A service, NEMA 5-20R for 120 VAG 20 A service, and NEMA 14L-30 for 240 VAC 30 A service. R
are found on portable generators. The’appropriate protective devices for the receptacles must also be p
The onboard inverier regulates_both the voltage and frequency for the off-grid applications.

Safety interlocks should be\provided to prevent the inverter from applying AC voltage to the pins of th
connector when it is regulating voltage and frequency for the NEMA receptacles. For example, switches
in the PEV to rout¢ power to the EPP and isolate the mains (L1 and L2) of the SAE J1772 receptacle

both the frequency
determined by the
the inverter voltage

rnal loads that are
and V2H-EPP and
5-15R for 120 VAC
Panels such as this
rovided in the PEV.

e vehicle charging
could be provided
. Figure 3 shows a

configuration for intereonnecting with the EPP. An EVSE would not normally be connected to the PH

\VV during V2L-EPP

operation, but it is possible that the PEV could be connected to an EVSE and the switches (S1 and S2) prevent injecting

voltage into the grid.
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Figure 3 - Exportable power panel for V2L-EPP

bw is similar/te a vehicle getting a “jump start.” A battery electric vehicle (BEV) wi
5 battery.\There may be occasions where a BEV needs some additional energy at
Available for even AC Level 1 charging. The simplest way to do this is to plug the PEV
outteton the source PEV’s EPP. This V2V-EPP is really V2L with a PEV as the exte
d-dsing onboard controls and displays.

| not move without
a location where a
AC Level 1 cordset
nal load. V2V-EPP

V2H-EPP 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 onboard inverter regulates the frequency and the voltage. Power is routed from the inverter
to a vehicle-mounted 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. V2H-EPP should be controlled using onboard controls and

displays.

An example of a V2H-EPP installation is shown in Figure 4. This figure also shows the PEV connected through an EVSE
for V2G-AC, which will be discussed in the next 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 because the inverter must be disconnected from the
charging coupler whenever the inverter is engaged in V2H-EPP operation. The EVSE and the home’s backup power port
could be located such that it is not even possible to connect both at the same time.
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This is the same type of installation used with any backup generator. Article 702 of the NEC, “Optional Standby Systems,”
applies to integration of the PEV with the home. After a power failure, the homeowner positions the PEV near the home’s
backup power port and connects it to a vehicle 240 VAC NEMA outlet with a special cable. The transfer switch isolates the
critical load panel from the grid and connects it to the backup power port. If the critical loads were not disconnected from
the grid during V2H-EPP operation, it could cause safety issues for repair personnel. The PEV inverter is then started and
begins producing power for the home during the emergency.

The onboard inverter should never be allowed to operate as a “utility interactive inverter” when using the NEMA outlets. It
should only operate as a standby system and regulate voltage and frequency. Also, voltage should not be applied to the
pins of the vehicle charging coupler when it is being applied to the EPP. An automatic transfer switch should not be used
because this could allow grid power to be applied back through the vehicle outlet when power is restored. NEC Article 702.4
requires the PEV inverter to have adequate capacity and rating to supply all of the equipment intended to be operated at
one time.

If a home has a r¢gnewable energy power system that is designed to switch over to become the voltage and frequency
source for an islanded home following a grid failure, this could cause problems if the PEV is-connected in parallel using
V2H-EPP mode. In this case, both inverters would be independently setting the voltage andfrequency|for the home. This
could create stability and load balancing problems. The PEV could be connected throughhthe EVSE in[V2G-AC mode if it
was downstream of the transfer switch, but it is likely that the inverter would trip out in a.weak microgrid. An external system
may be able to perform load balancing by adjusting the voltage and frequency setpoints-of the sources.

NOTE: For this vgrsion of the document, it will be assumed that the PEV will. be’the sole power soufce for any off-grid
operation.
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Figure 4 - V2H-EPP and V2G-AC with onboard inverter
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4.2.2 Vehicle-to-Grid Using Onboard Inverter (V2G-AC)

An example of the integration of a PEV with an onboard inverter and an AC Level 2 EVSE for V2G-AC 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 or 208 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 120-V 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-EPP, 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 because the outlets on the EPP must be disconnected from the inverter whenever the inverter is engaged in

V2G-AC operation

A special EVSE is
detail later in the d
charging or revers
inverter must not s

engage in charging.

vehicle controls an

The onboard inverier could be a bidirectional or four-quadrant converter. A utility=interactive inverter op
source and synchr

which requires the
duration. This can

not allowed to reepgage for 5 minutes after the grid frequency and veltage return within limits. Revers
allowed when usir:[? an AC Level 1 cordset connected to a standard outlet in the premises. A utility-

designed to opera

For manually contr
as defined by SAE

controls and displg

control pilot.

The more advand
communication with an EMS in the home; at a utility, or with a third-party aggregator. The EMS n¢

communicate with

define the commur]

applications.

4.2.3 Vehicle-to-

V2G-DC is fully dg

external inverter i
electronics could a

required to support V2G-AC. It must meet the requirements of SAE J3072. This’is
bcument. The SAE J1772 control pilot engagement logic will work equally to.connec
e flow. The current limit set by the control pilot will be identical for both forward ang
burce more current than allowed by the control pilot. The normal defaultshould alway
The operator must always enable the reverse power flow. This would fformally be 3
d displays.

bnizes its output to the grid frequency. This type of invertef must meet the requirem
nverter to stop discharging if the grid voltage or grid frequency falls out of a specified .
be as short as 160 ms for certain abnormal voltage ov frequency transients. Once th

into a grid voltage of 240 VAC will automatically prevent reverse flow into a 120 VA
plled, pure reverse power flow, no communication between PEV and EVSE or beyond
J3072. Steady reverse flow can be cempletely managed by the vehicle operator us
ys provided by the VM. The vehicle.operator can set the output power up to the limit
ed V2G-AC applications(will require the PEV to operate as a DER device.
he PEV inverter to ceordinate forward and reverse power flow. A primary purpose of

ication requirementsbetween the PEV and the EMS to enable operation of the PE

Grid Using-BC Reverse Power Flow (V2G-DC)

fined(by* SAE J2847/2 (2023-09 or later). The PEV battery can be used as a sourg
the”EVSE. The external inverter draws DC current from the PEV B|d|rect|onal

ssible.

discussed in more
the PEV for either
reverse flow. The
s be for the PEV to
ccomplished using

erates as a current
ents of IEEE 1547,
hnge for a specified
b inverter trips, it is
e flow must not be
interactive inverter
C nominal voltage.

is required, except
ng only those PEV
established by the

These will require
peds to be able to
this document is to

as a DER in V2G

e of energy for an
power conversion

OW

A four-quadrant power converter could also be prowded -

nteractive inverter.

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 are defined by SAE 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 BMS
and communication capability are not capable of supporting reverse power flow, reverse flow will not be possible even
though the external electronics are capable of generating AC power.
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Any EVSE with an 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 some
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 able to perform DC charging.

53 Vehicle |
547 | EVSE
o |
Traction S1 |
Battery | _— |
= S2 i
- | Jg1772™
| Standard
/J7 : Connector
PLC
55 | : PLC
-—e/ | . L\1FDC+ l EVSE &
AC Level 2, S6 < 1 o =
Charger __O/A . ) =
DC|Level 1 o - | =
33 >Ground ~
/J7 l | " BiDirectional I Ground
o 3%, >CP Charger IBSTII
/J7 Detect
252 1Controller

For DC charging, t
pins are limited to §
interconnection to

actual power trans
branch circuit will K
40-A circuit will nej
EVSE power electr
DC current. The m
branch circuit, the

Figure 5 - System architecture for DC Level 1 V2G-DC

he SAE J1772 standard connector-can be used, and this is called DC Level 1 charg
0 ADC. Figure 5 shows the standard SAE J1772 connector with external conversion uj
the EVSE. With a 500-VDC:battery and 80 A of DC current, this would transfer po
fer would be limited by thé premises branch circuit rating. A DC Level 1 charger o
ave an effective power limit of 7.7 kW. The same will be true for reverse flow. An ex
ed to limit current t0532*A (80%) and deliver no more than 7.7 kW to the premises
onics could potentially be limited to a lower value. And the PEV battery may also cong
Bximum transfer will be based on the lower of the ratings established for the battery,
connector rating,'and other constraints.

Figure 6 shows th
the standard conn
which would trans
EVSE, and the cur

combo_SAE J1772 connector with external conversion. The combo connector uses
ctor and adds terminals 6 and 7 to accommodate DC Level 2. The combo connecto
er-power at 100 kW for a 500-VDC battery. Again, the rating of the EVSE, the cir

ing. The connector
5ing the DC Level 1
wer at 40 kW. The
n a 240-VAC 40-A
ternal inverter on a
continuously. The
train the maximum
the electronics, the

5 the same core as
is limited to 200 A
cuits supplying the
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Figure 6 - System architecture for DC{Level 2 V2G-DC

and VAR capability can be provided for all DC levels, it is not as likely that DC LeV
Lld be effectively used to participate in utility use “cases using only the connected H
5e are expensive specialized systems, and theirpurpose is to quickly charge a PEV. P

el 2 or DC Level 3
EV as a source of
EVs don't generally

connect to these charge stations for very long. However, it is possible that a site with several charge stations could draw on

reverse flow and V|
likely that a lower-
applications.

4.2.4 Vehicle-to-
SAE J2954 establi

field and compatibi
plug-in electric veh

AR capability to help smooth grid power fluctuations as PEVs come and go from the
cost DC Level 1 EVSE, that can afford to be occupied for extended periods, woul

Grid (Home) Using Wireless. Poewer Transfer (V2G-WPT, V2H-WPT)

Shes an industry-wide sspecification that defines acceptable criteria for interoperabili
ity, minimum performance, safety, testing, and alignment for the wireless power tran
cles. SAE J2836/6,establishes use cases for communication between PEVs and the

power transfer as
messages betwee

The published ve
charging, from grid

V2G-WPT is the t

specified in SAE J2954. SAE J2847/6 establishes requirements and specifications f
wirelessly charged electric vehicles and the wireless charger.

ions ,of-these documents (as of the publication date of this document) only adg
to vehicle, but bidirectional energy transfer may be evaluated for a future standard.

location. It is more
d be used for V2G

y, electromagnetic
sfer for electric and
EVSE for wireless
br communications

ress unidirectional

quadrant converter

to use bidirectional wireless power transfer with the electric vehicle to engage as a DER. The ability to perform V2H-WPT
without any facility power is more complex than for V2H-DC, so the V2H-WPT mode will not be considered for now.
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4,25 DC Reverse Power Flow for Off-Grid Applications (V2H-DC, V2L-DC, V2V-DC)

V2H-DC and V2L-DC are fully discussed in SAE J2847/2. V2H-EPP using a vehicle onboard inverter was described earlier,
where power flows from the vehicle to the home transfer switch using the vehicle EPP and not by the charging 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-DC 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.

AIALL PN Grid Power

VZITOGC
,""""" PEV. . EVSE | l
! DC RPF | EAC RPF
| Battery [ Inverter |———p Trar?sfer
: S B ! Switch
CAN | EPLC _ Cgld Start | l
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! i ! Control |
s b ZF..iy| Electronics

VZH EPP Grid Power

DC AC RPF
Battery |—®|- Inverter [— T,Z::; — Tsr‘:;::ﬁr
ECAN l
' A n
Z S— BMS Critical Load
: PEV Panel

Figure 7 - V2H-EPP and V2H-DC reverse power flow

V2G-AC and V2G-DC behave the same way beyond the EVSE. 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 onboard V2G-AC versus external V2G-DC.

For DC reverse flow, the vehicle cannot discriminate between V2G-DC and V2H-DC. It is all just reverse DC flow from the
vehicle, and the full responsibility for compliance with IEEE 1547 rests with the external inverter.
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For a vehicle equipped with an onboard 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-EPP capability. If the home does
not have the required transfer switch, the V2L-EPP capability could be used to provide power to specific home appliances
using extension cords.

If the homeowner wants to have a DC Level 1 charging capability to allow faster charge times, it may be worth buying a DC
Level 1 bidirectional or four-quadrant converter with the ability to operate off-grid. There are many possible variations of the
design that could include automatic transfer switches. This equipment would allow for faster charging and automatic
islanding and backup power for the home. This would also allow higher power V2G-DC operation than might be available
using an onboard inverter through an AC Level 2 EVSE (V2G-AC).

Itis also possible to design a portable battery powered converter unit to provide V2L-DC capability using the vehicle charging
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Home (Load or Vehicle) Using Modified EVSE (V2H-AC, V2L-AC, V2V-AC)
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ould not be able to engage the PEV for charging or discharging unless a backup pov
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primary source for voltage and frequency regulation for the islanded home. While automatic mode change may provide a
more convenient response to a grid power failure, the lack of actual operator engagement in the mode change has higher
risk to unintentionally feeding power back into a failed grid.

A special portable AC EVSE box with NEMA outlets could be created to allow V2L-AC operation. It is not clear why such a
box would be created if vehicles with onboard inverters are directly equipped for V2L-EPP. The V2L-AC box would not have
the safety implications discussed for V2H-AC because it would be clear that the loads were isolated from the grid.

NOTE: V2H-AC using an onboard inverter with a modified AC L2 EVSE will not be considered further in this version of the
document. The preferred approach would be to use either V2H-EPP or V2H-DC for this purpose. It is less risk for
the VM to only allow the onboard inverter to operate in V2G-AC mode when connected to the AC EVSE.
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4.2.7 Vehicle to Microgrid (V2M-AC, V2M-DC)

This document looks at V2G applications at several levels in the EPS: at the level of the bulk grid, at the level of the
distribution feeder, and behind the meter. But in each domain, the inverter, whether onboard the PEV (V2G-AC) or in the
EVSE (V2G-DC), is considered to be connected to the bulk grid. V2M-AC and V2M-DC designate modes where a smart
inverter operating in a V2G mode may need to be coordinated by a microgrid EMS to balance power delivery.

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 using V2G-AC 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 ms if the bulk
grid frequency or voltage falls outside defined limits. But if the PEV is in a microgrid which is disconnected (or islanded)
from the bulk grid, an IEEE 1547 complrant inverter may prove to be too sensitive for thls applrcatron The PEV does not
have enough powe rces in an islanded

microgrid, it may ha

is not “certified” to
on one or more PH
NOTE: Inverter op
will not be

4.2.8 DC Microg

Figure 8 shows the
of DC charging. Hg
Level 1 charger st3
DC microgrid facil
eliminates potentia
DC microgrid uses
support DC loads 4§

A considerable nur
energy source (stg
efficient than an

ve enough power to shrft the mlcrogrrd frequency and force |tself to trrp off Thrs isfac
bperate in an islanded microgrid. But this may not be the desired outcome if the mic
Vs to provide power in the islanded microgrid.

considered in this version of the document.
rids (V2D-DC)

use of a DC microgrid for power distribution within a facility (This architecture could b
wever, for the purpose of this discussion, assume thatihis is a “park and charge” lo
tions will be used on a 380-VDC circuit in place of AC kevel 2 charge stations on 24
tates the interconnection of solar PV systems, small wind turbines, and facility b
problems of integrating many grid-tied inverters:into a facility AC power distribution s
a single utility-interactive inverter to connect alPthe DC power flows with the grid. The
nd electronically controlled motors (just as*is . done with the PEV traction motor).

nber of off-board DC chargers are expeéted to be AC-to-DC converters. However, if t
instead of DC to A

AC-to-DC converter; plus, it only requires one conversion,

communications de¢fined by SAE J2847/2 between-the charger and the PEV can remain unchanged. T

to the charger is ng
power flow is poss

inverter can do this

reverse power flow

A 380-VDC bus, s
This bus voltage is|
charge facility to m

t of concern the PEV. There js no such thing as a four-quadrant DC-DC converter. O
ible, and this prevents the PEV from directly engaging in providing VAR to the gr
using DC power frem the PEVs. The basic DER functionality could be used to g
s by the facility inverter or even beyond.

hown in Figure-8, is a reasonable level for DC-DC conversion for vehicle batteries
being promated by the Emerge Alliance, although a 600-VDC bus might be more af
nimize current flow. These are facility decisions, but they do impact the design of the

tionary storage or PV), consideration should be given to a DC-to-DC converter that

ceptable if the PEV
ogrid is depending

eration in an islanded microgrid, other than as a current source and in strict conformance to IEEE 1547,

e used for any level
cation and that DC
-VAC circuits. The
attery banks. This
ystem because the
microgrid can also

he facility has a DC
is generally more
C to DC. All the
e source of power
hly bidirectional DC
d. Only the facility
ontrol forward and

from 200 to 600 V.
propriate for a fast
DC-DC converters.



https://saenorm.com/api/?name=932c25feeddc1cd8526a95b0885237b0

SAE INTERNATIONAL

J2836™/3 FEB2024

Page 28 of 117

429 Use Case
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modes, the inverte
for basic dischargi
performed using ve

The scenarios are
power flow is contr|

Bidirectional
Converter

DC/DCEVSE

Figure|8 - DC microgrid (V2D-DC)
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Table 3 - Scenarios for use case PR2

Use Case PR2 Use Case PR2 Scenarios Characteristics

Scenario Name Type Control Inverter Outlet
V2G-DER-AC V2G-AC DER Onboard SAE J1772
V2G-DER-DC V2G-DC DER External SAE J1772
V2G-DER-WPT V2G-WPT DER External Wireless
V2G-MAN-AC V2G-AC Manual Onboard SAE J1772
V2G-MAN-DC V2G-DC Manual External SAE J1772
V2G-MAN-WPT V2G-WPT Manual External Wireless
V2H-MAN-EPP V2H-EPP Manual Onboard NEMA
V2H-MAN-DC V2H-DC Manual External SAEJ1[772
V2L-MAN-EPP V2L-EPP Manual Onboard NEMA
V2L-MAN-DC V2L-DC Manual External SAE J1[772
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4.3.1 Data Entry, Customer Communications, and Sources of Information

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 information. Even when
TCIN is entered into the PEV controls and displays, it must still be validated by logic in the vehicle before it is accepted. If
there is an error in data entry (for example, a time earlier than the current time), the PEV HMI software should indicate an

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

been validated. The
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E J3072 (as discussed in 4.9). The EVSE provides site DER settings for the on
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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 VM.
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For DC discharging, digital communication is required between the PEV and the external power convertor (EVSE) to
manage the actual DC reverse flow (V2G-DC). 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 J2847/2. The same vehicle controls and
displays used for onboard conversion could 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 loads at peak times and

then recharge the
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Figure 10 - Key parameters for manual control
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The manual controls for starting reverse flow must include a start now capability. Controls may also provide for starting after

a time delay or starting at a specified local time. The controls should not allow entry of a negative 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 : : » Time

Time Now

Figure 11 - Options for manually controlling startup

The manual contrdls 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 reversg power flow or stopping at a specified local time. The cantrols 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 illusfrated in Figure 12.
Manual controls shiould 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 batteny reaching the minimum state of charge (SOC).

Start
Time
: Stop Stop at
Now Specified Time

Stop after Duration —)—

Time Now Stop if SOC < Limit
(Additional Condition)

Figure 12 - Options for manually controlling termination
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4.3.4 EMS Control of Power Flow

Figure 13 shows a very simplified view of the world of electric power and electric vehicles. Utility in this chart means all of
the relevant players in the electric power industry. It includes the distribution utility, the balancing authority, energy service
companies, independent ancillary service aggregators, and others. The “utility world” ends at the meter. Any premises
infrastructure provided by a utility beyond the meter or control over any equipment within the 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 property with public access to charge
stations. It could be a factory with employee access to charge stations. It might even be a group of charge stations along a
street. There will always be a meter and an EVSE.

A

Utility > i€ Premises ——>

Figure 13 - Relationship ofthe utility, premises, and PEV

V2G operations cap be performed in different domains: the bulk grid (or balancing area), the distribution $ystem, and behind
the meter. All of thg¢se V2G applications depend on communication between some EMS and an EVSE apd PEV pair. There
is the potential to Have an EMS in each of the gléctric power domains. They might not always be called an EMS, but it's a
good generic namg.

The figure shows 4 home area network(HAN) connecting the meter, premises EMS, and EVSE. This gould be any media
from ZigBee to WiqFi to cable to 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 priyate residence, the
network could be based on internet and SEP2 (as could the PEV). Other protocols (such as BACne{) could be used in
commercial or indystrial facilities. In this case, network protocol translation could be performed by thg EVSE. The figure
shows the utility ENIS communication coming through the meter (as it could with the advanced metering ipfrastructure, AMI),
but it could come [nto the HAN through another gateway. This also shows the utility using a radio frequency link to the
premises, but it colild-be by internet on optical fiber or cable.

V2G applications will require communication between some EMS and the EVSE-PEYV 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 EMS. The PEV could use PLC to communicate with an EVSE
that is connected to a premises network for the purpose of engaging in higher level V2G applications. There may be other
communication options, such as Wi-Fi, that could be used by the PEV to directly connect to a premises or another network.
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4.3.5 Electronic Communication With the Inverter

The entity containing the inverter's DER logic and power electronics should be the focus for communications for an EMS
because it is the inverter that actually controls the reverse power flow and other DER functions. Messages may be relayed
through other entities between the EMS and the inverter, but it is the inverter that must act on the message. This discussion
assumes that the EMS communicates with the EVSE using IEEE 2030.5 (SEP2). It is the inverter that implements the DER
functionality in its electronics and embedded software. The term “inverter” is broadly used in this discussion. It could be that
a computer implements the higher level inverter functionality and sends simple messages on a local bus to command active
power (P) and reactive power (Q) settings for the power conversion device. Or a communication device may just decode
SEP2 messages and reformat them into CAN or Modbus messages for an intelligent inverter device. Or the inverter device
in either the EVSE or PEV may be able to directly accept SEP2 messages, and the PEV communication function could just
route these messages to the smart inverter.

Figure 14 shows communication with an inverter in the EVSE. When the inverter is in the EVSE, the) EVSE and PEV will
engage in DC forwprd and reverse power flow. This example shows the controlling EMS engagingiwith an EVSE computer
using the DER fungtion of SEP2, as shown by green arrow. The EVSE computer creates P/Q setpoint values to be used by
the power electrorfics based on the DER command messages. This example assumes that the EVSE uses Modbus to
communicate between its computer and the inverter power electronics. The BMS in the /REV provideg information to the
EVSE controller, syich as maximum forward and reverse DC current limits that the battery can support, s shown by the red
arrow. The messa],;es associated with control of DC flow between the EVSE and the-PEV are governgd by SAE J2847/2
and use PLC signaling on the control pilot per SAE J2931/4. The example shows the PEV using CAN for internal
communication andl converting between CAN and SAE J2847/2 message for engaging with the EVSE.
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Figure 14 - Communication with EVSE inverter

Figure 15 provides an example of communication by an offsite EMS with an onboard inverter. This example assumes that
the EVSE has two connections to the HAN. One path is used by the EVSE as a network device for its own purposes, such
as allowing an EMS to set the value of the SAE J1772 control pilot signal. The EVSE also provides a capability to directly
pass the SEP2 XML encoded internet messages from the EMS to the PEV using a MAC/PHY bridge. The EVSE activates
this bridge only if it is secure to do this for the connected PEV. The actual internet content in SEP2 just flows through the
EVSE from the HAN to the PEV communication controller. The green arrows designate the SEP2 DER information. The
PEV controller processes the SEP2 DER functions and provides P/Q setpoints to the power electronics using CAN
messages.
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Just as electronic communications should focus on the inverter, the HMI entries should also be at the entity containing the
inverter. This involves less communication. If the inverter is in the EVSE, it makes more sense to engage the inverter at the
EVSE. Each of the figures shows HMI-1 and HMI-2 for the preferred and alternate data entry location.
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DC power flow nedds to be controlled differently by an external inverterthan by an external fast charger.

N

Figure 16 - External inverter details

For fast charging,

the BMS establishes the current profile and effectively controls therentire charging operation by coprdinating with the
external charger oyer the PLC link using SAE J2847/2 messages.“The fast charger provides current flqw as requested by
the vehicle. For DER use, the external inverter must control theDC forward or reverse flow from the Qattery to deliver or
absorb power as r¢quested by the controlling EMS. The BMS*needs to establish the current limits for forward and reverse
DC flow, and the ihverter control electronics must manageithe current flowing in or out of the invertef to stay within the

established limits.

The BMS must always protect the vehicle battery by either reducing the authorized limits or even

disconnecting the hattery, but the current flowing in and out of the battery must be as directly controlled by the inverter. This
requires a new DER mode to be implemented in SAE-J2847/2.

The DER device must provide a maximum fofward power and a maximum reverse power rating to the cqntrolling EMS. The

EMS will commang power to or from the, DER as a percent of these maximum ratings. This will allow
DER units of differgnt sizes by commanding similar percent. It can also control the exact power output o

the EMS to adjust

f an individual DER

by computing the percent of rating needed to achieve the target power level. The rated maximum should be continuously

available over the

ession. The rating'is the lower of the limits established by the battery system, the

any limitations of the branch circuit. Even though a battery may be able to absorb 15 kW, if the EVSE i$
| be reported to the

circuit, the maximum forward-power for the system will be limited to 7.7 kW, and this is the rating that wi

will provide for any addltlonal mformatlon needed by the EVSE from the PEV.

nverter rating, and

on a 40-A branch

ss the full range of

¢ available duration
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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 up to 20% SOC, and this falls to 15 kW at 80% SOC when fast charging stops. The PEV manages the current
provided by the external charger. If the vehicle had a 30-kWh battery and could go 90 miles at 45 mph, 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 a VM defined value for 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 0 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. This is only an
example. It is the responsibility of the VM to define the value to be used for maximum DC forward power, and it is not
expected that the value would change during a session. The value is intended to be a discharge rate that is achievable for
a continuous discharge from 100% SOC to some minimum SOC level. The same approach would be used with other
settings.

50
40 N
DC Fast Charging Profile
30
Power
(kW)
20
Maximum DC Forward Power \
10
0 T T T T
0% 20% 40% 60% 80% 100%
State of Charge
Figure 17 - Typical fast charging profile

In the functional diagram, the inverter‘directly measures frequency, voltage, and current at the ECP of the inverter. It also
measures the DC yoltage and current/ It controls the power electronics to either generate AC current from DC flow from the
battery or the revdrse. This is_netiunlike controlling a traction motor. The DER functions can be complex. The volt-VAR
autonomous functipn, when switched on by the EMS, works by measuring the AC line voltage and producing VARs based
on a stored curve ¢f VAR ersus volts. Another autonomous function measures frequency and either produces forward or
reverse active power based on a curve of power versus frequency.
While it is possibl(z todo it may not he pr ident to dncign a chfnm where the vehicle is nylnnr"rnrl to_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. 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 is exchanged between two ent|t|es it is |mportant to agree on aII of the attnbutes of the element of
information that is to-be-excha s s ! pgrtant than all of the
attributes. Two different appllcatlons can use d|fferent names for an |tem as Iong as there isa mutual ynderstanding of all
of the attributes when that information is exchanged.

a measured value,
easure, any power
e different ways to
can agree on the
tem of information,
which would allow
d scale factors and
internal use. When

It is critical that anyjone using information from a source understand the meaning of that information. For
the user may need|to know exactly what is being measured, the accuracy, the resolution,the units of m
of ten multiplier, when it was measured, how often it is measured, and other characteristics. There an
know. If the communication content is to be minimized between entities, all ofithe”participants

characteristics of ifformation to be provided by each source. A binary label can be defined to identify the
and a binary valde can be provided. A communication protocol could allow“12 bits for a label,

4096 different itemps to be defined for all of the participants and say 32 bits fof the data. The predefine
label codes allow tie receiving entity to identify the item of information and-te_convert the binary data for

communication is hore robust, it is possible to send the value and all of the’ attributes with the informati

In describing use cases in this document, terminology may be used;such as “maximum reverse power fl
in kilowatts. The same information for a DER device might be referred to as “Wmax” in the IEC 6185

pN.

ow” and expressed
object model and

expressed in watts| SEP2 may identify it as “setMaxW.” It is netimportant that same terms be used eve
the attributes of the actual information are mutually understoed.

rywhere as long as

Figure 18 shows an example where System 1 may be.a PEV and System 2 may be a utility EMS. The
software may use @4 name “MaxRevPwr” for maximumreverse power and use a single precision variable with the power in
kilowatts. The utility EMS software may use an internal name of “Wmax” for that information and use it in yvatts. To exchange
information, the commmunication software in System 1 converts the internal variable into a message with some label “XYZ”
and in some format such as Int32. It is using deciwatts to preserve one decimal place in the binary transfation to an integer.

vehicle proprietary

System:1 System 2
: Application Communication i i Communication Application
Softwa J Seftware J k Software
MaxRevPwr XYZ XYZ Wmax
Single Int32 , Int32 Single ,
i Watts? Watts? P Watts? Watts '

Figure 18 - Example of information exchange
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The use cases in this document may not use terminology or units of measure that are exactly the same as those of SEP2
or the IEC 61850-90-7 technical report. The terminology used in this report is only for the purpose of understanding the
basic information that needs to be exchanged to perform the function, and it is not intended to define the exact
communication protocols to be used for the exchange. It was decided to use more descriptive terms in this document and
not try to use the terminology from a specific protocol or object model. The SAE J2847/3 document will extend the use
cases from this document into communication messages.

4.4 Inverter-Based Distributed Energy Resources

Distributed energy resources are small, modular distributed generation (DG) and storage technologies that provide electric
power 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 turblne can only serve as a source of energy. However energy storage systems are a unique
form of DER becapse s s sidered to be DER
storage systems. Bven a PEV that is not capable of reverse power ﬂow can be used as a DER dewce to allow for active

control of forward power flow for grid purposes. The use of a variable load for grid purposes is sometin
dispatch or deman@l management. This can be considered to be a single-sided use of a DER device and
a generator that cgn only vary power output.

Most conventional DG devices use electric machines to produce electricity. The power.output can be cd
are capable of prodqucing or absorbing reactive power (VAR). The rotational speed of the-machines is sy
grid frequency. The¢se systems generally have significant rotational and thermal cygcle inertia, and powe
not happen quickly| If these devices must be controlled by a distribution utility, this is'Customarily done by
This can even be done using the telephone and asking an operator to adjust the ‘power.

Some forms of DG} such as solar PV systems, have no spinning machines. These devices are fundamg
and an inverter is rgquired to convert to AC power. An inverter can be.controlled in the same manner as §
by using direct comnmands for forward or reverse power as well as\power factor (VAR). But inverters ¢

nes called demand
is no different than

ntrolled, and some
hchronized with the
r level changes do
ssuing commands.

entally DC devices,
classic DG device
an incorporate the

computational capgbility to provide advanced functional capabilities that automatically change power and VAR based on

measured grid cor|ditions. Energy storage systems can offer<four-quadrant power conversion capabil
advanced functiongl capabilities. There is a great deal of interest in deploying inverters with this enhan
solar PV systems 4nd stationary grid storage systems.

Itis not clear yet if there is sufficient economic benefitfor PEVs to go beyond simple command-response
the autonomous fupctionality. This is primarily being driven by concerns about power quality on distribut
by increased levelg of solar and small wind turbines along the feeder.

441 Integration of DER With the Feeder
Electric power systems (EPS) were designed based on a model of power flowing one way from large pg
transmission lines fo distributiontsubstations. Generally, power leaves the substations on radial distribt
to feed the customér loads. Thelvoltage for a distribution feeder is set at the substation using a voltage re
transformer. The vpltage drops along the length of the feeder as customer loads are served. The utility

voltage high enoudh (but below an upper limit) to ensure that the voltage for the last customer is above 4
value. Because customer loads are not purely resistive, banks of capacitors may be placed along th

ties along with the
ced functionality in

inverters to include
on feeders caused

wer plants through
tion feeder circuits
gulator or a tapped
sets the head end
minimum required
e feeder to correct

power factor along|the‘/feeder. Some capacitors are fixed, and some may be capable of being switched d
factor changes as loads vary.

n and off as power

This control paradigm gets more challenging when DG is added along a feeder and the power is no longer coming
exclusively from the substation. Even if the DG is only reducing the net load of a customer on the feeder, it can adversely
impact the ability of the utility to manage the voltage and power quality along the length of the feeder. Fossil fuel DG provides
a steady power output and is more predictable than renewable sources such as solar photovoltaic (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.
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IEEE Standard 1547-2003 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 from the 2003
standard are shown in Figure 19 for a 240-V 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 as short as 160 ms.
This example is based on nominal voltage of 240 VAC. These default values were modified by Amendment 1 in 2014. A
major revision to IEEE 1547 was published in 2018 which introduced “smart inverter functions” and major modifications to
abnormal voltage and frequency monitoring and response. For the example in this section, the IEEE 1547-2003 values will
be used because they are still representative of the issues.

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 swel Yo i en stop producing
power when abnormal voItage is detected. If the voltage drops below 88% but not below 50%, the invierter must stop (or
clear) within 2 secgnds. And if voltage drops below 50%, it must clear within 160 ms. For a rise inoltage above 110% but
below 120%, the inverter must clear within 1 second. And for voltage above 120%, it must clearwithin 160 ms. The inverter
must also monitor frequency and stop producing power if the frequency falls below 59.3 Hz o rises abpve 60.5 Hz. Once
the inverter disengpges 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 5 minutes after conditions.return to normal

IEEE 1547 Voltage Limits
95% 105%

50% 88% 110% 120%
0.16 2.0 1.0 0.16
120V 211.2V (240V|264V 288V
228V 252V

ANSI C84.1 Range A Limits

IEEE 1547 Frequency Limits

<016 0.16

59.3Hz 60.0 Hz 60.5Hz

Clearing Times in Seconds

Figure 19 - IEEE 1547-2003 limits

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.
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For a storage device, such as a PEV, the IEEE 1547-2003 limits apply to situations when the power is being discharged.
IEEE 1547-2003 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.
IEEE 1547.9-2022 was published as a guide to energy storage applications, including electric vehicles.

4.4.2 Smart 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 DER with the grid (EPRI Program 174). The primary focus of the activity
was on inverter-based solar PV systems and stat|onary battery energy storage systems. The initiative engaged many people
representing inverte nufacturers 0 3 85632 organizations. The resulting
work products have prowded vaIuabIe mput to many standards orgamzatlons and act|V|t|es |nclud|n the U.S. National
Institute of Standafds and Technology (NIST), the IEEE, and the International Electrotechnical Gommission (IEC). EPRI
documents the funftions in Common Functions for Smart Inverters, which was updated periodjcally aftefr EPRI reconvenes
the working group o consider new functions or to modify existing functions. The most current version ¢ of the report was
published in 2016.|The EPRI document is free to the public, and SAE recommends it as the best sourcg for learning about
smart inverter functions.

The NIST Smart Gfid Interoperability Panel (SGIP) established a Priority Action Plan(PAP-07) for Energy Storage and DER
Interconnection Guidelines. One of the objectives of PAP-07 was to develop and:harmonize object models of energy storage
into IEC 61850-7-420. IEC 61850 is a standard for the design of electrical (Substation automation apd is a part of the
International Electrotechnical Commission’s (IEC) Technical Committee<{57 (TC57) reference architecture for EPS.
IEC 61850-7-420 defines the information models for the exchange of information with DER. Working Grqup 17 of IEC TC57

is responsible for [EC 61850-7-420, which was first issued in 2009.

An interim step in the revision of IEC 61850-7-420 was for IEC TC57 WG 17 to create IEC 61850-90-T as an informative
technical report to |provide guidance for the revision. The repert ‘describes the functions for inverter-based DER systems,
including photovolfaic systems, battery storage systems, electric vehicle charging systems, and any qther DER systems
with a controllable |nverter. It defines the IEC 61850 information models to be used in the exchange of information between
these inverter-basged DER systems and the utilities,.energy service providers, or other entities whi¢ch are tasked with
managing the volt,[VAR, and watt capabilities of these“inverter-based systems.

The combined effgrts under EPRI Program 74" (Integration of Distributed Renewables - Smart Inverfer Communication
Initiative), NIST SGIP PAP-07, IEEE SCC21 1547.9 WG, and IEC TC57 WG17 to develop the smart inverter functions is
making great progress. The abstract datamodels defined in IEC 61850 are being mapped into a number of protocols.

The advanced inverter functions described by the EPRI and PAP-07 documents are summarized in this section. These
functions were deyeloped primarily for solar PV systems and associated storage systems. They can|also be applied to
standalone, stationary storage(sSystems. The use of a PEV as a DER was not a significant consideration during the
development of thgse functions. The primary purpose of a solar PV system is to produce power and efergy - as much as
possible for as IonI as possible. The primary purpose of a PEV is transportation, and producing any power and energy for

the grid increases [the tisk that the PEV will be able to meet unexpected transportation needs. There are some functions
defined in these dqcuments that do not make sense for a PEV to implement. There are others that codld be implemented
but may not make economic sense based on the relatively small energy capacity of a PEV relative to a solar PV system.
And there are other characteristics of PEVs that are not included in the DER model that must be accounted for in the
communicational protocols for PEVs.

There are two fundamental approaches to the control of DER devices: direct control 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 Direct Control 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 direct 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. Some of the direct control functions are described below using the EPRI terminology.

Several direct control functions are described below. The IEC implementation for a DER storage device is not sufficient for
use with a PEV because of the additional considerations associated with a PEV. This needs to be considered in any protocol
used with the PEV i j ini dditional constraint
that the storage s to stay above the
minimum SOC. It must plan the use of the PEV during a session to achieve grid requirements andicharge the vehicle. This
requires additionalinformation exchange between the PEV and EMS and more sophisticated EMS algor{thms than required
for stationary storage, which is the basis of the EPRI and IEC work. The headings are basedon-the EPRI definitions of the
five functions.

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

This function requgsts the storage system to charge or discharge at a specific ¢ate”(as a percent of mg
discharging rate). To account for diversity in the size of storage systems, the function requests a percent
on the capacity of the system. For active power out requests (reverse power.flow - storage discharging),
is relative to the cufrent value of the maximum discharging rate. For active.power in requests (forward p
charging), the negdtive percent is relative to the current value of the;maximum charging rate. The disc
the inverter and th¢ charging capacity of the charger may differ. The.controlling entity has access to the
can use these to qompute the value for the percent setpoint if a’specific value in watts is desired. It i
function could be ¢xpanded in the future to allow either type<of setpoint to be provided. A timeout pe
reverting to the default state of the inverter-based DER system to ensure that a missed or lost comma
normal operations [beyond that timeout period. This is the“most basic DER function for a PEV. This fU
support the use of|lan EVSE-PEV storage system, and SAE use case U6 extended this function to bef
needs.

4.4.3.2 Battery $torage: Coordinated Charge/Discharge Management Function

This function was gadded to version 3 ofthe EPRI report based on SAE U6. While it uses EPRI terminol
rather than the SAE terminology used with U6, they are exactly the same function. The need for a v
target SOC by a ddfined expected time of departure is important for vehicles. But it may be equally impor|
ESS to be ready to| provide backup.for an expected arrival of severe weather in the area. The command
the same from the DER contraller to the DER. The difference is only the additional signals that can be o
is expected to inclyde the new'U6 DER status parameters in the object model.

4.4.3.3 Fixed PQwenrFactor Function (IEC Function INV3)

ximum charging or
Aage quantity based
he positive percent
ower flow - storage
harging capacity of
se parameters and
5 possible that this
riod is included for
hd does not impact
nction did not fully
ter support vehicle

pgy for parameters
ehicle to achieve a
fant for a stationary
structure is exactly
ptionally used. IEC

Fixed power factor will be managed through issuing a power factor value. A timeout period is included for reverting to the
default state of the inverter-based DER system, to ensure that a missed or lost command does not impact normal operations
beyond that timeout period. The INV3 function is included in U7, which is described in Appendix D.

44.3.4 Fixed Reactive Power Function

This document also includes a fixed reactive power function within the U7 function group because it is supported by the
Smart Energy Profile 2.0 (refer to IEEE 2030.5-2013). This function could be used when a specific amount of reactive power

must be absorbed or supplied. This is particularly useful if reactive power is needed when a zero active power. This function
is not specifically described by EPRI or IEC as a direct function, but it is discussed indirectly.
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4,435 Connect/Disconnect Function (IEC Function INV1)

The inverter is commanded to disconnect from the EPS using an actual switch and not by commanding the inverter power
output to off. This function is not related to intentional islanding and refers to the management of a switch that separates at
the DER, leaving customer premises loads connected to the grid. This DER function should not be used with a PEV with an
onboard inverter because it is also serves as its charger and it should always remain connected to the EVSE. The EVSE
can be used to disconnect the PEV using its internal breaker. This capability can be part of an EVSE management function
that could also be used to set the control pilot. It is not clear that this needs to be part of the EVSE or PEV DER capability.

4.43.6 Maximum Generation Limit Function (IEC Function INV2)

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
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can be authorized by a distribution utility to participate in certain DER functions.

Some of the autonomous modes for use with a PEV will be part of utility use case U7, advanced distributed energy resource.
Considerations for incorporating autonomous functions will be discussed in more detail later in this document.
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4441 Volt-VAR Function

This function allows a DER inverter to manage its own VAR output in response to the local service voltage. Since distribution
utilities could be requesting VAR support from many different inverter-based DER systems with different capabilities,
different ranges, and different local conditions, it would be very demanding of the communications systems to issue explicit
settings to each inverter-based DER system every time a VAR change is desired. This function allows volt-VAR behaviors
to be configured into an inverter using arrays that establish a volt-VAR relationship or curve for use during normal power
system. Each volt-VAR behavior is associated with a volt-VAR mode, and requests can be made to change modes by
simply specifying the desired mode. This allows DER inverters to be addressed in groups, with each having tailored volt-VAR
behaviors, and yet all able to be switched from one mode to another with minimal communication overhead.

44.42 Volt-Watt Function

This function provides a mechanism to control output power based on the local voltage. Some ufiliti
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One of these functions is called the low voltage ride through (LVRT) function. The LVRT function consists of a set of
voltage-duration data points that define a “must disconnect” specification curve and another set of data points that define a
“must remain connected” specification curve. This function will be discussed in more detail in 4.7.6.

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
EMS.
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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 be exchanged between an individual PEV and the aggregator to allow that vehicle to participate in the V2G application.
This is the focus of use case U6. There are many things that the aggregator must do, such as back-office communication
between the aggregator and the balancing authority, which may be critical elements of the aggregator’s use case (i.e., V2G
application) but have no direct relevance to an individual PEV.

.® {- \ n_...
Balancing Authority
AGC [l Back Office
.s. \§ = . / .0.

. . >\
: PEV Fleet Use Caselfor .
: Aggregator Feetjuency Regulation :

! ! S U6: eee ;
“, [HM"e%e' |"To%e' - | Teve' " . O

Figure 20 - Use cases and V2G applications
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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.

451

V2G Application Domains

In this document, the EPS 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.
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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 constraints of each vehicle.
These algorithms will most likely be highly proprietary and will be very sophisticated.

While the balancing authority seeks to maintain the energy balance across the entire balancing area, there could be local
power quality or congestion problems that a distribution utility must resolve. The distribution utility will use tapped
transformers to set the voltage at the substation end of a distribution feeder. A distribution management system (DMS) or
a substation control and data acquisition (SCADA) system adjusts the transformer taps to set the head end below the upper
voltage limit and the A | wind turbines, or
generators (DER) @long the feeder, the voltage would decrease from the substation to the end When|JER is added to the
feeder, this compli¢ates the process of managing voltage along the feeder. Electric motor loads on.the feeder are inductive
loads, and capacitgrs are often placed along the feeder to compensate. Some are fixed, and others can|be switched by the
DMS to compensafe for variation in the reactive loads. This is called voltage support and is partiofmainta|ning power quality.
There are also phase-to-phase imbalances to consider. Some DER and some loads may be able to pe adjusted by the
DMS to alleviate gongestion and avoid overloads on distribution equipment. DMS and SCADA can be thought of as an
EMS. For the distiibution feeder, the PEVs must be on the feeder to be useful, andfor some applications, the specific
location and phasg to which the PEV is attached are important.
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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 BMS constraint, the PEV charger would normally be
expected to follow the limit.

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.
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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
that are capable of automatically changing power levels or power factor in response to changes in a measured parameter
such as voltage or frequency. Some V2G applications may require the automatic 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 Transfer Capability
Charger Limit Commanded Power Setpoint Automatic

Code Name Fixed Variable | Forward | Reverse | Power Fagtor | Functions

U1 Time-¢f-Use X

Uz Direct|Load Control X

U3 Real-Tlime Pricing X

U4 Critical Peak Pricing X

us Optimized Energy Transfer X

U6 Basic PER X X X

u7 Advanced DER X X X X X

4.5.3 Operational Bandwidth

Operational bandwlidth (OBW) is defined by the ability to communicate @anhd’act on specific messages, thHe maximum rate of

the message traffig, and the response time for actually achieving a target power flow. This is illustrated [n Figure 21.
EMS PEV
Receive and Decode
ifi DER Commands
Receive and Decode — Other Entities —
Information Execute DER Commands
o — Relay Messages and — and Update Yehicle State
Execute V2Q Application Translate Protocols Information
Algorithms
) Encode and Transmit
Encode ang Transmit Acknowledgements and
DER Commands Vehicle State

Operational Bandwidth

Figure 21 - Elements that define OBW

Y

Four tiers of OBW are defined: hours, minutes, seconds, and cycles. OBW applies to the end-to-end system. The PEV,
EVSE, EMS, and any other upstream systems must all have the appropriate software and communication capability to
accomplish the change in power transfer at appropriate level. The slowest performing element of the system defines the
operational capability of the system. Table 5 provides a summary of each operational bandwidth.
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Table 5 - Examples of OBW

Operational Bandwidth (OBW)

Characteristic Hours Minutes Seconds Cycles
Fastest response 15 minutes 1 minute 1 second 1 cycle (16 ms)
Application example Time of use Load following Frequency regulation Voltage support

I Advanced metering . . Automatic generation Autonomous
Communication . Real-time dispatch .
infrastructure control functions
Typical update rate 15 minutes 5 minutes 3 seconds Cycles

Hours defines an OBW for messages and system responses needing no more frequent update than every 15 minutes.
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autonomous operationycan be done in cycles. Devices such as a distributed static compensator operate
power schedules t i ' ' i

support mode can be initiated, and even stored schedules can be switched as frequently as every several seconds by
command from an EMS. The OBW is still cycles because the system is operating in real time. Reactive power does not
always need to be provided autonomously. There may be other modes where it could follow a command and response
protocol using a seconds or minutes OBW.

starts. The voltage

These four levels are indicative of the types of end-to-end performance that is required to perform certain V2G applications
by the EMS. The EMS may not require the same level of performance from all of the devices on the network to meet its
objectives. For example, a frequency response aggregator will receive AGC commands every few seconds from the system
operator, but it may not need to engage with every PEV in its aggregation during 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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454 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 DER. Some of the applications will be discussed in more detail later
sections.

Table 6 - Examples of V2G applications

Operational Use
Domain V2G Application Bandwidth Cases
Sy-. tUIII Ellbuwayc uff-pc;a'r\ bhaly;lly : :UUID U1IISII4
Sygtem Demand response events Hours U2
Sygtem Real time energy (load following) Minutes U6
Sygtem Frequency regulation Seconds U6
Sygtem Voltage support service Seconds u7
Dis}ribution Transformer load management Hours u5/uU6
Dis}ribution Feeder load management Minutes U6
Distribution Renewable energy integration Seconds ue/u7
Dis}ribution Feeder voltage support Cycles U7
Cusgtomer Energy cost management Hours us/uU6
Cusgtomer Demand charge management Minutes ué6
Cugtomer Facility power quality Cycles ue/u7

ows the domain of the EMS that controls the PE\Afor the specific V2G application. The PEV can serve

e distribution utility, or the customer facility.

The first column sh
the bulk system, th

The second colump provides the name of the V2G application.

The third column s
seconds, and cyclg
signal is sent out e

service for a systein operator but use a lower update rate for each of the vehicles in the aggregation. It

of the applications
seconds.

The fourth column
relate only to the ve
and D, respectively

hows the typical OBW required for performing the end-to-end application. It is shown
s. This is the typical bandwidth required to implement an application. For frequency r
very 3 to 6 seconds, depending.onthe system operator. It may be that an aggregator

that could use autonomous_schedules and operate in cycles may be able to be expli
lists the SAE usecase(s) that supports the V2G application. SAE J2836/1 defines

hicle as a charging’load. This document defines requirements for use cases U6 and U
. U6 is usedifor V2G applications that require bidirectional active power flow. Howe

as hours, minutes,
egulation, the AGC
can engage in this
may be that some
Citly commanded in

J1 through U5 and
7, in Appendices C
er, U6 can also be

used for V2G demand dispatch applications that only require dynamic control of charging power. U7 proyides the capability

for an EMS to actijely control reactive power. U7 also provides for autonomous DER functions.

Many of the V2G applications listed in the table can be performed without reverse flow and communigation requirements
for U1 thrOUgh U5 are fu”_y definredn-SAEI284++However U5and-Y6ovet :ap. Y5 pIUV;dUD for-thedirect management
of the rate of charging, and nothing in the SAE J2836/1 use case description constrains the power available updates to low
OBW (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 charging
can be prescheduled at the start of a session.
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4,55 Balancing Area (Bulk Power) Applications

4551 Encouraging Off-Peak Charging and Demand Response Events

A primary concern that utilities have with PEVs is the potential adverse impact that they could have on the bulk power grid
if they charged during peak load periods. The power grid has significant excess generation capacity at night, and utilities
want to encourage off-peak charging. Most of the early consideration was to provide incentives for PEV owners to charge
at night. Use cases were developed and documented in SAE J2836/1 to provide the capability for a utility to communicate
with the EVSE and PEV for this purpose. Four utility use cases are described in SAE J2836/1 and associated messages
are described in SAE J2847/1 to provide these capabilities: time of use (U1), direct load control (U2), real time pricing (U3),
and critical peak pricing (U4) provide these capabilities. While the utility does not actually command the start of charging,
the intention of the use case is to establish a favorable time for the start of charging or the interruption of charging for a
scheduled deman sultin a large jump
in demand if large zation time window
is also used by the|

resnonse-event The use of nrice schedules to auide start times for charaina couldr
g g g gy

humbers of vehicles start at the exact same time. This can be mitigated if a randomi
PEV as part of this function.

455.2 Real Tinje Energy (Load Following and Demand Dispatch)

As discussed earli¢r, the grid system operator updates generation (or load) schedules every 5 minutes

fo keep the system

in balance. This is|sometimes called load following for generators or demand dispateh’for variable o3
considered to be gart of the real time energy market for the bulk grid, but in someareas, it may be ¢
ancillary service. These assets are dispatched as step changes for each 5-minuté.interval. This is not fr
(which will be disclissed later). Unlike a generator (which can only adjust output up or down for load f
load (which may b
from production to [consumption and seamlessly engage in both load following and demand dispatch.

An individual PEV |may not have enough power and energy capadity’to directly participate in this mark
could be controlled by an aggregator to play in this market. While the availability of PEVs with full bid
enhances the capdcity of the aggregator, it is possible to modulate the demand of vehicles that are only
in demand dispatch. The aggregator needs to establish a base level of charging for all of the PEVs. Ea
different base levell The aggregator increases or decreases’the collective rate of charging as commitmer
operator change bgtween 5-minute real time intervals.

4553 Frequenpy Regulation

The most talked-apout application for V2G is the concept of an aggregator signing up thousands o
frequency regulatign for the bulk grid. Thelaggregator bids this ancillary service to the ISO/RTO as a blo
was typically a minimum capacity bid ‘of 1 MW or 2 MW, but the minimum bid level is now being reducg
operators. The agg
of charging or disgharging for each' PEV in this large fleet to perform the service. The PEV owners ar]
participating in the |program.

Frequency regulation calr also be performed using demand dispatch for a fleet of vehicles that are on
sometimes referredl to'as “V1G,” aIthough other terms have been used It is less rlsky for a PEV than

ds. This is usually
bnsidered to be an
equency regulation
pllowing) or a pure

capable of increasing or decreasing consumption for.demand dispatch), a storage device can swing

et, but many PEVs
rectional capability
charging to engage
th PEV can be at a
t to the grid system

f PEVs to perform
ck of capacity. This
ed by many system

regator receives ‘AGC signals from the system operator every few seconds and in tyirn adjusts the rate

e compensated for

y charging. This is
full V2G frequency

regulation becausd.i

g toward achieving

the desired state of charge at departure It|s p033|ble for an aggregator tohave a mixed fleet o vehicles with some that can
only participate in demand dispatch and others that can offer full bidirectional power capability.

4554 Voltage Support Service

In order to maintain transmission voltages within acceptable limits, facilities under the control of the system operator are
controlled to produce (or absorb) reactive power. The amount of voltage support service (VSS) that must be supplied is
determined based on the reactive power support necessary to maintain transmission voltages within limits that are generally
accepted in the region. VSS is normally provided by large generators and special VAR compensation devices at the

transmission level. It could be possible for an aggregator to provide VSS by directly managing the power factor of a large,
aggregated fleet of PEVs.
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4.5.6 Distribution System Applications

45.6.1 Transformer Load Management

Most of the early utility concern was about managing the aggregate impact of charging PEVs across a control area: the
impact on the bulk power system. Today, there is increasing interest in managing power flow at the level of a single
residential transformer and the distribution feeder. During the early years, the PEVs will not have any substantive impact on
the grid, even at peak times, but they can create local problems.

If four families on a single residential transformer all have electric vehicles and start charging at exactly midnight, this could
create an overload problem for the transformer. The utility could install a larger transformer to resolve the problem. However,
another solution would be to stagger the start tlmes Instead of starting to charge all four PEVS at midnight, it could make

more sense to sta
8:00 p.m. start.

Another desired ca
at the power rating
of energy could cor
a charging rate of }
in addition to stagg

The optimized ene|
EMS can establish
direct control of thg
and U5 is designeq

If PEVs with rever;
PEVs served by th
vehicle could offse
456.2 Feederl
This is similar to p
utility command ce
power on a specifiq
can be enhanced \
456.3 Renewa
Renewable energy
as clouds move pa
on the distribution

of an averaging eff
swells and other p

pability is the ability to control the rate of charging. In a time of use program, the PEV v
of its charger. This will result in the shortest charging time. A PEV with a 64k charge
hplete charging in 1 hour. But if a utility knew that the PEV wasn’t leaving-until 6:00 a.nj.,

P kW, and the PEV would complete charging by 3:00 a.m. if it started at’'midnight. Th
ering start time.

rgy transfer (U5) use case in SAE J2836/1 was designed to.provide this capability.

a maximum power level for charging, and it can be chanded during a charging seg
start of charging. Update rates of 15 minutes or more shuld not be a problem for thi
to provide this capability.

se flow capability are present, U6 can be used t0-provide reverse flow to offset char
e transformer. Instead of starting a PEV earlyito avoid a peak at the start of a time ¢
the power requirements of another vehiclé.to help spread out the charging loads.

oad Management

hter may want to manage congestion at a substation or along a feeder by controlling t
feeder. Some of this could be done by only managing the aggregate charging load @
yith bidirectional flow.

ple Energy Integration

sources may,experience short-term power fluctuations. Solar PV arrays are subject tg
5t. Wind turbine output can vary in the short term because of wind gusts or sags. This ¢
feeder.. The larger balancing area may not see any problem of load and generation
fect deross the area. But a feeder may experience more fluctuation which can cau
ower quality issues along the feeder. PEVs along the specific feeder can serve as

absorb excess pov

oferred rate for the

ould start charging
r that needs 5 kWh
it could authorize
s is another option

A distribution utility
sion. It also allows
5 type of operation,

ging loads of other
f use window, one

brticipation in the real time energy-market. The difference is the source of the comnpand. A distribution

he load or sourcing
n a feeder, but this

power fluctuations
an create problems
Mmismatch because
se voltage sags or
a variable load to

er-0r prnvidp energy to compensate for a short dmp PEV/s near the tail end could

De sourcing power,

and those at the head end could be absorbing power. The distribution of PEVs along the feeder can be a significant benefit.
While this section discusses renewable sources, similar disturbances can come from load switching. Lower frequency
disturbances can be thought of as power limiting or offset where the corrections can be done over several minutes.
Short-term disturbances could occur over seconds and require faster response. Frequency does not shift locally (it is the
same across the area), but voltage can vary dynamically along the length of the feeder.

456.4 Feeder Voltage Support

In some cases, the voltage along the feeder can be supported by adjusting real loads or providing real power under the
command of a distribution utility control system. This has already been discussed. In other cases, reactive power (VAR)
must be provided. A four-quadrant converter can provide this capability. In some cases, the need for VARs is slow enough
to allow it to be dispatched. Some disturbances require adjustment in cycles. This is too fast to command from a substation,

but inverters can be designed to measure the grid voltage and respond with VARs according to a preprogrammed volt/VAR
schedule. Different schedules can be used for different feeder situations.
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4,57 Customer Applications

45.7.1 Energy Cost Management

One purpose of a premises EMS is to manage the total energy use during the day to minimize energy costs. The EMS
measures the total power demand of the premises and adjusts the charging power of the PEV and other controllable loads
to optimize energy costs. A high OBW is generally not required for managing energy usage unless there is a high energy
cost penalty for short peaks, in which case the EMS should operate more like a peak limiter.

A home EMS could call on a PEV to provide reverse flow to offset another residential load 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 row from the home Itis not appropnate to refer to this as capability

emergency backup
to a home, busines

4572 Demand

or for homes that are not connected to the grid. VZG is the onIy mode that allows.a)B
s, or charge station that is actively connected to the grid.

Charge Management

Most commercial facilities, and some residential units, have both energy and demand charges. The dem

widely by utility. It g
peak at any time d
periods versus low
expensive. For sorn
but for one 15-min
At an energy price

A large parking fag
charge. The facility
vehicle to shift. Po
over the rolling 15-
to the facility.
45.7.3 Facility H
Some facilities ma
demand but could

an be based on either 15-minute or 30-minute average peak poweft-can be based o
uring the month. In some cases, there may be differentiation foripeaks that occur d

demand. In any case, there is a price to be paid for widely varying loads. The pr
he utilities, it can be $15 to $20 per peak kW. If a facility nevier exceeded 50 kW durin
ite interval the power peaked at 100 kW, the extra demand cost would be $750 for
of $0.10 per kWh, the extra energy used during thatqeak only costs $5.00.

ility could face significant demand charges if PEVs'all arrived in the morning and imn

EMS can actively manage both the startingitime and power limits for the chargin
ver adjustments need to be made at intervals-between 1 and 3 minutes to control the
minute window. The power balancing cafitbe enhanced by using some of the vehicle

ower Quality

have equipment that causes large power surges that do not last long enough to im|
ause voltage surges or sags that adversely impact other equipment. A facility EMS m

these and comma

d changes to vehicle:charging or reverse flow in seconds and help mitigate these.

he grid. V2H is for
EV to return power

bnd program varies
h the single highest
uring high demand
ce per kW can be
g the entire month,
A $15-per-kW rate.

nediately started to
J sessions of each
aggregate average
s to provide power

pact the 15-minute
by be able to detect
Some may happen

too fast for an EMS|to command correction, but automatic schedules could be used, and VAR compensation may be needed

to correct facility p

4.6 Considerati

wer factor.

s for Utility Use Case U6 - Basic Distributed Energy Resource

This use case is bpsed‘en"EPRI’s “battery storage: coordinated charge/discharge management” funcfion. There are two
major aspects of ahy-use case. One is the def|n|t|on of the |nformat|on that must be communlcated W|t the PEV or EVSE
or both. The actual he implementation
of the communication using SEP2. 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.
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4.6.1 Maximum Forward Power and Maximum Reverse Power

A battery has a nameplate energy capacity, measured in watt-hours (Wh), but not all of this energy can be used by the
vehicle. It may not be desirable or even possible to discharge every cell in the battery completely without causing damage.
Similarly, it 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 what is 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
battery, the temperature, and many other factors. It is also possible that the VM may intentionally cut back on topping the
battery off or depleting it to zero as part of managing the battery life. Only the VM can know the actual usable capacity of a
battery, and maybe not even completely. Figure 22 shows battery and power flow characteristics.

< Total Battery Capacity (Wh) P
Usable Battery Capacity (Wh)

BatteryEnergy

*

SOCNow
SOCLimit
Reverse
Power (W) ; Maximum Reverse Power
Discharging (+)
< sSqcC

Charging (-)

Maximum Forward Power

SOC Limit

Forward

0% 100%

Figure 22 - Power and battery characteristics

State of charge (SOC) is the fraction of battery capacity that is available and ranges from 0 to 100%. An SOC of 0% means
that there is no energy left, and an SOC of 100% 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 BMS might use the full range of SOC across the nameplate capacity. SOC is not that useful outside the
vehicle BMS 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 approaches 100%. Regulating voltage helps prevent overcharging cells that may operate at a higher voltage than
others in the battery system.
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During the constant current mode, a charger would normally provide current at the lower of the rated value of the complete
charging system or the current limit established by the control pilot. The charging system limit is based on the charger power
electronics as well as any DC current limits established by the BMS. The maximum AC charging current and the line voltage
of the charger define the maximum forward (charging) power. The blue rectangle in the figure defines the zone for
unrestricted forward power flow.

The SOC used to trigger the mode change (SOC limit forward) is not something that would be communicated outside of the
charging system, but it can be used by the PEV to calculate a more useful parameter for external use by an EMS: the
duration at maximum forward power. This will be described in a later section.

The behavior for reverse (discharging) power flow is similar to charging. In this case, the maximum discharge current would

be the lower of that establlshed by the control p|Iot or the ratlng of the inverter system. As with charging, the system power

constraint will be b;

The lower limit for

energy reserve va
discharge can be b
in the figure define

The maximum forw
across a wide rang
braking, or portions
46.2 EPRIand

U6 was based on

onstant power discharge may be set for battery protection and life considerations-or

ptter defined for an EMS by the PEV providing the duration at maximum reverse powe
5 the zone for unrestricted reverse power flow.

ard and reverse power limits should be based on the continuous pewer capability of
of the fast-charging profile, but these should not be part of the DER rating. See 4.3.6 f
EC Direct Charge/Discharge Storage Function

the “battery storage: direct charge/discharge management function” defined in {

Functions docum

IEC 61850-90-7. This section provides a brief overview of the EPRJ and IEC function for direct managen
and discharging ofl a storage DER device. EPRI adopted the<SAE U6 function and issued it in versio

“battery storage: ¢

This function is int
systems may be d
resides outside the
function allows an

active power level.

The utility/ESP or t
1. Request a pre
the status. Thi
its purposes b

request may o
status informat

nt and on “Function INV4: request active “power (charge and discharge stq

ordinated charge/discharge managementfunction.”

ended to provide a simple mechapism through which the charging and discharging
rectly managed. This function assumes that the intelligence which determines char

EMS to periodically issue gommands to a storage DER to request that it charge or dis

he customer EMS.-takes the following actions for each command:

defined set oftstatus information from the DER device, including the status values ar
5 step is optional because the EMS may have already attained sufficient information
ased onhprevious enrollment activities. For some loosely coupled EMS-DER appli
hly need'to be performed at the start of a session. More complex EMS algorithms 1
ion in"advance of each command.

ue. If it is a specified reserve value, the PEV may share it, but just as with-charging,

o protect a specific
the availability of
. The red rectangle

the battery system

e of battery SOC. A PEV battery system is capable of power surges during acceleration, regenerative

br more discussion.

he EPRI Common
rage)” defined in
ent of the charging
n 3 of its report as

of battery storage
ging or discharging

storage system and that the storage system (to the extent possible) follows the requgsts it is given. This

Charge at a specific

d the timestamp of
about the DER for
cations, the status
hay require current

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.
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Figure 23 - Basic elements of the power setting command

er setpoint value is provided as a percentage of the maximum reverse (discharging)

(discharging) and negative 100% (charging). It is_\recognized that the maximum charging rate

discharging ra
setting of 50%
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e starts immediately. Time window is optional.

he time forythe DER to move from the current setpoint to the new setpoint. For ex
activespower (discharging) setpoint of 50% and a command is received to increase

with a “ramp tifne” 0f20 seconds, the setpoint will ramp from 50 to 80% over 20 seconds at a rate ¢
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ynamics.

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; if not included, a default timeout period for this function will be used.

Receive response to the command from the DER: successful (plus actual active power setpoint) or rejected (plus

reason: equipment not available, message error, overridden, security error). This could be combined with the status
request for applications with high update rates.
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An example of the command sequencing is shown in Figure 24. This shows an application where the EMS issues commands
to the DER at a regular update interval. The EMS requests status from the DER (shown by the green arrow) and uses this
as part of developing the setpoint command for the DER device (which is shown by the blue arrow). The gray bar indicates
the reversion timeout included with the command which must be longer than the command interval. Each command may
optionally include a randomization time window (shown as a blue bar) and a ramp time (shown as a red bar). The actual
random time delay is the product or a uniform random number and the value of the time window. The actual start of the
ramp is indicated by the small red arrow coming out of the randomization bar. The example shows that the setpoint begins
to ramp at this time and completes ramping based on the specified ramp time. The response to the command is shown by
the upward red arrow (from the DER to the EMS). If this is to reflect a successfully achieved setpoint and possibly actual
active power value, it should not be requested or issued until after specified time window and ramp time.

Request Issue Receive
DER Status Command Respo|nse
........ | T R W TN SR W W) |
— Reversion Timeout
s Time Window _
i *Ti i ]
Ramp Time § «— URN * Time Window
) 2
Power l
Active Power Setpoint ’
» Time
“1— Update Interval ——

Figure 24 - Example of command sequencing

While the INV4 fun
executes them imr
separate function.
at a specified time
to be provided as §

For the purpose of
of starting immedig
UTC starttime is n
begin immediately.

Ction can be executed by issuing commands one at a time in sequence with the expeg
hediately, the IEC model also allows for functions to be scheduled. Scheduling can
The scheduling function could allow the command to be received by the DER but sc
and not immediatelyas received. The scheduling function could also allow for a sequ
schedule.

U6, it will'lbe assumed that the full command will include an optional UTC time with th
tely. Jf the time is provided, the randomization time window will begin at the design
bt provided with the command or it is a time earlier than the current time, the randomiz
Itis recognized that in an actual implementation in a specific communication protocqd

tation that the DER
be thought of as a
heduled to execute
ence of commands

e default response
hted start time. If a
htion interval would
| this may be done

by a separate sche

4.6.3 Target Set

duling Tunction. but the abllity 10 scChedule a power change at a SpeclIfic time IS an Im

point Versus Limit Setpoint

portant capability.

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 power consumption below the limit. This functionality may also be called demand dispatch or demand management.
The SAE J2836/1 optimized energy transfer (U5) use case defines this type of capability. Other applications will require the
PEV to consume or source a specific target power level, and it is expected to do this unless notification is provided to the
EMS that it cannot. 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 limit value and a target value is the
need for notification of non-performance if the charging level is below the specified value.
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Reverse power flow must always be to a specific target, and the INV4 function provides this capability. Unlike a solar PV
system, which is designed to provide power and can be limited, the natural power output of a PEV is zero. Any power output
will reduce the battery SOC and increase the risk that the battery will not have sufficient energy if the vehicle must be used
unexpectedly.

The IEC provides Function INV2 for limiting the output of a generator. This function is not set up to limit the charging of a
storage DER, but it could perform this function if it allowed for the limit value to be either positive (for production) or negative
(for consumption). Alternatively, the INV4 function could allow for the setpoint command value to be either a target or a limit.
For discharging, the value must always be a target. For charging, it could be either depending on the objective of the EMS
application. A PEV will almost always follow the charging limit as long as it is operating in the constant current mode of its
charging cycle. And it may not follow a target when the battery is in the zone where the charger must be in a constant
voltage mode. The behavior of the charging system will be the same for a target value or a limit value much of the time, the
primary difference hning whether it is considered to be a rnlr_\nrfthn error condition if the hhnrgnr is t operating at the

setpoint.

zed energy transfer (U5), the power level authorization (i.e., power available)|from the EMS is only an
hicle could and generally would charge at the limit, but it could fall below the-limit, and notification is not
harger is drawing less than the authorized power level. The INV4 function could be [used to implement
charging setpoint values and designates the setpoint as a limit.
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tions will require an EMS to accept responsibility for cooperatively managing the g
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at the same time npinimize any PEV customer disappointment caused by incomplete charging. An EM$
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Some V2G applica

exceeded and ev
disappointment ve
be very complex. d
it changes during t

Four parameters c
and minimum char
or during transfer.
transfer. The area

One of the most e
needed (TCIN). Th
There may also be|
change during a se
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sus the cost of exceeding a facility limit. The EMS power allocation algorithms to do
entral to any EMS algorithm is the ability’to understand the charging requirements of
ne session.

bmpletely describe the charging,;requirements of a PEV: TCIN, maximum forward pow
pjing duration. These parameters are shown in Figure 25. The time now could be at th
The figure shows the charging profile of power versus time that is required to con
Linder the power curve (shown in green) is the total required energy transfer.

5sential parameters is the time that the PEV must complete charging. This is called
e PEV is the source of this information. TCIN can be directly entered using vehicle co
alternate methods to enter this time using the EVSE or even a mobile device. TCIN
ssion, but-it is possible that a driver could update this using a mobile device. It's imp
t power allocation if it is not known when the PEV plans to be disconnected.

cost of customer
this effectively can
each PEV and how

er, energy request,
e start of a session
hplete the required

the time charge is
ntrols and displays.
would normally not
pssible for an EMS

As described earliq

r. 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 is the total energy needed at the input to the EVSE from the EPS. The VM will decide how to compute the
energy request. Typically, this calculation must account 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.
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Figure 25 - Parameters that define PEV charging requirements

t the objective is to fully charge the battery, Equation 1<is an example of how energ

1.0-SOC
Efficiency

Energy Request = UCAP * + Parasitic'Loads * (TCIN — Time Now)

energy request from the PEV mitigates the*need for an EMS to carry out this type
about the useable battery capacity, SOC, charger efficiency, and parasitic loads fro

portant parameters is the minimumicharging duration. This determines the latest tim
charging for a PEV. Minimumcharging duration is not simply equal to the energy
bower. That is because the.charger will change modes from constant current to cons
ging cycle. This is needed\to avoid overcharging cells and to protect battery life. The
efine the profile or anytpuffer and calculate the minimum charging duration.

during any V2G @activity the PEV continuously update the energy request and the

me neededto do it will change. This is illustrated by the scenario shown in Figure 3
activity that requires a forward flow followed by reverse flow. The upper chart sho
ng thessession. It decreases during forward power flow, as expected. During rev
) rises\@above the energy request value at the time of connection.

y request could be

(Ea. 1)

of calculation and
m the PEV.

e that an EMS can
request divided by
tant voltage for the
BMS of the PEV is

minimum charging
uired to complete
6, where a PEV is
ws how the energy
brse power flow, it

On the right side o

thetowerchart, acharging profite s shownm based o theenergy Tequest at time o

. 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 labeled “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
more forward power flow, as shown by the green arrow, it may be able to stay engaged in V2G longer. This is critical
information for the EMS because it indicates when the PEV must disengage from V2G and engage in unrestricted charging.
The EMS may take this into consideration in how it schedules power flows.
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4.6.5 Duration a
An EMS may need
duration at maximy
the charging (forw
considers the cons

The duration is ba

current at the maxyimum forward power to constant voltage mode. If the SOC is below that limit, the

calculated as:

Reverse
Power

Figure 26 - Relationship of charging parameters

Maximum Forward Power Flow

Minimumm
<4— Charging
Duration

Energy Request

to know how long the PEV can provide forward power at the maximum forward power. This is called the
m forward power. Thetop. chart in Figure 27 shows a normal situation where there is|some slack time in
brd power flow) procéss. This will always be less than the minimum charging duratfon because it only

tant current portion‘of the charging profile.

sed on knowing the SOC value (SOC limit forward) where the charger changes mgdes from constant

UCAP*(SOC Limit Forward—SOC)

Duration Maximum Forward Power =

duration could be

Efficiency

(Eq. 2)

Maximum Forward Power—Parasitic Loads

This is only an example of how it could be calculated, and each VM will determine how to calculate the value.

The lower chart shows what could happen if more energy was requested than could be delivered, the driver moved in the
time charging needed to be completed, or something interrupted charging. In this case, the time is established by the TCIN
and not the battery physics.
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4.6.6 Duration a
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Figure 27 - Forward power flow measures

Maximum Reverse Power Flow

s to compute the duration at maximum reverse power and update it as battery SOC changes. This is
. The unrestricted reverse flow limit can be simply calculated by using the greater of|the minimum SOC
limit for flat maximym reverse power or an operator-specified minimum reserve limit. This is not a trivial

calculation, but the

hergy can be converted to delivered power using the conversion efficiency and pargsitic loads. Both of
K against the productien of power and assist in the consumption of power. If the hattery can be fully
specified limit and-there is time to then fully recharge by disconnect, then the limit i3 set by the battery
t shows this situatien. The lower chart shows a situation where the recharging the disgharge and original

charging requirements set the ddration for maximum reverse power. At any time, the EMS needs to know how much power

is available and for

how long-Aef. both charging and discharging. While it is not exact, the EMS can tradg power for time.
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Figure 28 - Reverse power flow measures
It is more complex|to détermine the duration at maximum reverse power because of the need to allow for charging. This
involves calculatingl; thellowest value that the SOC could reach and still complete charging in the remairjing time.

TCIN—Time Now—Minimum Charging Duration Eq. 3
Efficiency R} 1 ) ( qg. )
Maximum Reverse Power ' Efficiency*Maximum Forward Power.

SOCy = SOC —

UCAP*(

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

UCAP#(SOC-SOC Limit Reverse)*Efficiency

Duration Maximum Reverse Power = ; — (Eq. 4)
Maximum Reverse Power+Parasitic Loads
If there is no slack time as shown in the lower chart, then:
. . UCAP#*(SOC—SOCy)+Effici
Duration Maximum Reverse Power = ut 2)-Efficiency (Eq. 5)

Maximum Reverse Power+Parasitic Loads
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These are messy equations, and each VM will define their own method. But the value 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 Reference

The vehicle needs to continually update the value of the energy request and the durations at maximum forward power and
reverse power. These measurements must also have an associated time of reference to allow the EMS to correct for any
time delay in communication and use. For example, if the vehicle is sourcing reverse power at 3 kW, and maximum reverse
power is 5 kW, and the time at maximum reverse is 0.5 hour, and the time of reference is 2:00:00, for the EMS at 2:02:00
using this information, the corrected time at maximum must be adjusted for the 2 minutes at 3 kW that would have been
consumed. The energy content available at the time of reference was 5 kW for 0.5 hour to 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 hour. The EMS logic may not
require this accuracy: for plnnning’ but the reference time allows for correction _This may be usefulforlon r update intervals.

46.8 Recommenpded Information Available to EMS from PEV
Information that shpuld 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
Mipimum charging duration Seconds Yes
Maximum forward power Watts Power request (U5
Mgximum reverse power Watts
Ddration maximum forward power Seconds Yes
Ddration maximum reverse power Seconds Yes
Adtive power Watts Yes Actual value
Adtive power setpoint Percent Yes Accepted value
Time of reference uTC Yes

Some of this informpation may not changewover the session and may only be needed by the EMS at the gtart. Others (which
are listed as dynaric in the table) will-definitely change throughout the session and will be needed to pe retrieved by the
EMS at more regular intervals, possibly-before each command. Not all V2G applications will require the] EMS to acquire all
of the available PE)V information.

4.6.9 Recommended Activey\Power Command and Command Response

The EMS must corhmand the PEV to provide forward or reverse power flow. It achieves this by providing a new setpoint for
active power. The setpornt is a S|gned percent value between 100 and +100% A posmve percent indicates discharging
(reverse power flow i v power. A negative
percent indicates chargmg (forward power flow), and the charger consumes power at the specrfred percent of the maximum
forward power. This is exactly how it is defined in Function INV4.

The command must also have a start time parameter. One way is to start to change the setpoint immediately after the
command is received, and another way is to specify an exact start time (UTC). For each of these basic methods, it should
also be allowed to provide a randomized time window, as defined in Function INV4. If an EMS sends a specific UTC time
that is earlier than the time now, it should be converted into immediate. The randomization must be consistent with the
update interval. It doesn’t make sense to have a 20-second randomization for a command that is updated every 5 seconds.
If the time window is set to zero, the change begins immediately.

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 OBW of the V2G application. For frequency regulation, these commands may be required every
3 seconds. For management of a facility peak 15-minute monthly demand, the updates may be needed every 1 minute or
2 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- Acti point [ :

Command Parameter Units Opt | Default Notes
Setpointjvalue Percent Percent of maximum, nggative is ¢harging
Setpointjtype Boolean Yes 0 Target = 0, Limit = 1
Start time uTC Yes Now If UTC < time now, use start now
Time wirldow Seconds | Yes 0
Ramp time Seconds | Yes 0
Reversidn timeout Seconds | Yes 1000 Application'can have a default

The PEV must ackhowledge the command as successful or not successfulvIf the command is accepted and the power level
change is then sucgessfully implemented, the available response will include a measurement of the actual new active power
level after it has bgen reached. If the command cannot be successfully executed, the available response shall indicate the
reason.

4.6.10 Levels of BMS Engagement with a PEV

Three levels of engagement between an EMS and a PEV are described: minimal engagement, informedl engagement, and
cooperative engagement. The information available from the PEV to the EMS will support all levels, byt an EMS may not
want to acquire oruse the information. The level of engagement will depend on the V2G application, the capability of the
EMS, and the communication channel betweenjthe EMS and PEV.

For minimal engagement, the EMS may ot care about the state of each PEV, its need to charge by a specific time, or even
its ability to participate as a DER. It might broadcast a percent of maximum reverse flow command to a|l of the PEVs in its
aggregation withoyt actually bothering to gather the specific limits of each PEV. It might just assume anf average value for
the aggregation. The aggregatorimay have previously gathered information about the DER during enrgliment, and it uses
that information fof estimating.the available capacity. It may not even care if any individual PEV can gctually provide the
requested power. The expectation would be that the PEV would participate if it can and drop out when it fan’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.

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

Table 9 - Levels of engagement

Levels of EMS Engagement

Minimal

Informed

Cooperative

Behavior of EMS and PEV for the level of
engagement. PEV provides information to
support any level of EMS engagement.

EMS broadcasts
power commands
without planning.
PEV breaks off to
perform charging.

EMS plans power
commands based

on available power.

PEV breaks off to
perform charging.

EMS manages
power for the V2G
application and also
to meet PEV
charging objectives.

Inform

ation Requirements

Maximum forward power

Optional Required

Required

Maximum rev

erse power

Duration max
Duration max

forward power

Required R
reverse power

equired

Time charge i
Energy reque

Minimum chaiging duration

5 needed
5t H

equired

4.6.11 AV2G Ex3
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to allocate power tg
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$25-per-kW rate.

The example algor

connected vehicles.

which is defined a
time now. This den

This algorithm is e
executes the allocd
The reversion time
should only be a f¢

mple - Facility Demand Charge Management
es an example of how a facility EMS could use some of theZuse case information in

wer reached during the month over either a rolling 15-mihute or 30-minute averaging
can be a significant charge and a monthly rate of $16 to $25 per peak kW is not ur]
charge stations could achieve a peak facility demand of 66 kW if ten vehicles charg
single 15-minute period at any time during a month. If this could be limited to 40 kW|
uld cut the peak demand by 26 kW and save the facility $650 on the monthly de

thm does not enforce a hard limit, buliit uses some simple intelligence to allocated p
The vehicles are all allowed to.fully charge. A key allocation parameter is the util
5 the minimum charging duratieh-divided by the difference between the time charge
ominator must not be allowed:to be less than minimum interval.

Minimum Charging Duration
Limited(Time Charge Is Needed—Time Now)

Utilization Factor =

kecuted every 4 _minute and is based on UF. The EMS gathers information from ea
tion algorithm;:and then provides an active power setpoint value as a percent of maxi
but period-should be slightly longer than 1 minute. If ramp times or random time wind
w seconds:

1. For vehicles, t
the connected

e Ieast rlsk is to allow each veh|cle to start charglng |mmed|ately at its maX|mum fo

a simple algorithm

minimize monthly demand charges. Commercial businesses pay a demand charge that is based on the

nterval, depending
common. A facility
e simultaneously at
by effective power
mand charge at a

bwer to each of the
zation factor (UF),
is needed and the

(Eq. 6)

th connected PEV,
mum for each PEV.
ows are used, they

rward power. All of

all of the allocated power is Iess than a target faC|I|ty I|m|t no further action is requwed

00%. If the sum of

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 possible. This establishes a late start for some of the vehicles.

3. Ifthe tentative power allocation still exceeds the facility target, all vehicles with a UF less than 0.9 are assigned a power
setpoint percent equal to 1.1 times their UF. For example, a vehicle with a UF of 0.7 would be assigned a setpoint value

of 77%. Those

with a UF of 0.9 or greater retain their preliminary allocation of 100%.
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This algorithm was used as part of a project sponsored by the New York State Energy Research and Development Authority
(NYSERDA) called the “Electric Transportation Energy Storage System Feasibility Study,” which is documented in
NYSERDA Report 11-08, May 2011. For a Monte Carlo simulation of a shopping mall scenario using 18 AC Level 2 charge
stations, the peak monthly demand is reduced from an unmanaged monthly peak value of 77 to 58 kW for a facility target
limit of 55 kW. The annual demand charges are reduced by $5700 for a monthly demand charge rate of $25 per peak kW.
There is some art to selecting the target because the monthly demand peak follows the target value down to a point and
then reverses as the target is further reduced. That is because this algorithm requires the energy request to be completed
by the time charge is needed for each PEV, and at some point, early limiting to stay under an overly tight limit results in
most vehicles receiving a setpoint of 100% later in their session.

There are many possible algorithms. This one is very simple. Approaches using artificial intelligence techniques that could
predict arrivals and charging requirements could perform better. However, the purpose of this discussion is not to promote
this specific a|gori’rhm, butitis to show how the information available to an EMS inuse case UG can be used for the inte"igent
allocation of powef to vehicles. Also, this type of demand charge management is not something that allows the charging
power profile to al|l be prescheduled at the start of a session. Other vehicles will be coming and going at a facility, and
conditions impacting intelligent power allocation for any vehicle can change by the minute..For an EMS to manage a
15-minute peak fadility demand, it needs to be executing the algorithm at least every minute orjtwo and adjusting the power
setpoint for individyal vehicles as needed. Other V2G applications, such as frequency regulation, may reguire vehicle active
power setpoint valyie updates as frequently as every several seconds.

4.7 Considerations for Use Case U7 - Advanced Distributed Energy Resource

Unlike use case U
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5 (basic DER), which is based only on IEC 61850 Function)INV4, use case U7 (ad
inverter functions. U7 builds on U6, which is only concerned with bidirectional pow
cations and functionality required to take advantage ofyfeur-quadrant power conversio
ch allows the power factor of a DER device to beset to a fixed value by EMS comi
ral functions are included to allow for the autonemous operation of the inverter to mo
S. The actual use case for communication is described in Appendix D, and SAE J2§
the communication. This section describes'the functionality required to create the
anged with an EMS and the expected behavior of the PEV and EVSE in response to
ild include many of the functions defined by IEC 61850-7-420 Ed2 (2021) or later, it
to meet the requirements of IEEE 1547-2018 or later versions. IEC 61850 defines 1

hted.
ower, Apparent Power, and"Power Factor

consisting of an_AC) voltage source and a linear load, both the current and volt
ure resistive load, the current and the voltage remain exactly in phase, and their pro
live, indicating:that the direction of energy flow does not reverse. For this pure resistiy
ge is called\active (or real) power and is measured in watts (W). All the active power
nsumed.

vanced DER) uses
er conversion, and
ns. The IEC 61850
nand, is one of the
des and schedules
47/3 will define the
information that is
messages from an
shall include those
hany functions, but

Ctions may not be required to be\implemented in a specific utility service area or ¢ven allowed to be

hge are sinusoidal
duct at any point in
e load, the product
entering the linear,

re.sometimes called reactors, store energy in the form of a magnetic field. When

placed across the

voltage is initially

nductor coil, a magnetic field builds up, and it takes a period of time for the current|to reach full value.

This causes the current to lag the voltage in phase, and consequently, inductors are said to absorb or consume reactive
power. A pure inductive load causes the current to lag the voltage by 90 degrees. Capacitors store energy in the form of an
electric field. When a current flows into a capacitor to charge it, the voltage lags the current, or, equivalently, the current
leads the voltage. These devices are said to generate reactive power. These relationships are illustrated in Figure 29. For
half of each cycle, the product of voltage and current is positive, but on the other half of the cycle, the product is negative,
indicating that on average, exactly as much energy flows toward the load as flows back. For pure inductance and
capacitance, there is no net energy flow over one cycle, and the energy temporarily stored in the magnetic field of an
inductor or the electric field of a capacitor is exchanged with the generator during every cycle. This flow of energy in the
circuit is called the reactive power and is measured in volt-amperes reactive (VAR).
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Figure 29 - Effect of inductance and capacitance
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Figure 30 - Components of complex power vector

Power factor is formally defined as the ratio of the active power to apparent power. This is always true, even for highly
distorted waveforms. By measuring rms voltage and rms current, the apparent power can be computed as their product. It
is also possible to measure the active power. Power factor is a ratio of unsigned values, and it is not possible for apparent
power to be less than active power. Where the waveforms are purely sinusoidal, the power factor is the cosine of the phase
angle between the current and voltage sinusoid waveforms. Some care must be taken when using the cosine when the
current leads or lags voltage by more than 90 degrees for which the cosine would be negative. Sign conventions for power
factor, which by formal definition is an unsigned quantity with a value that can only range from zero to one, will be discussed

in more detail later

in this section.
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Displacement power factor is defined as the ratio of active power to apparent power at the fundamental frequency (50 Hz
or 60 Hz). For waveforms that are not highly distorted, this is approximately equal to the cosine of the phase angle (¢1)
between the current and voltage at the fundamental frequency. Nonlinear devices, such as rectifiers, and other factors can
lead to distortion of the waveforms. This is captured by the distortion power factor which can be computed as the ratio of
the rms current at the fundamental frequency (/A.ms) to the total rms current (ims). Total power factor is the product of
displacement power factor and distortion power factor.

PowerFactor = (1”&) cosined, (Eq. 7)

rms

Power factor is a practical measure of the efficiency of a power distribution system. In an EPS, 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 equipme
costs of larger equ|pment and wasted energy, electrical utilities will usually charge a higher cost to indus
customers where there is a low power factor. Ultilities typically charge additional costs to customers ‘who
factor below some|limit, which is typically 0.9 to 0.95. Sometimes, an electronic device is listedwith a
represent power fgctor. A number of 0.98 would look very good, but if the device’s distortionpower fa
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 centrol the displace]
This is done by difectly controlling the phase angle of the supplied or consumedAC current relative
waveform. Modern power converters include power factor correction electronicsito minimize harmor
current. In subseqyent discussion, the term “power factor” will be used to meanydisplacement power fag

The IEC and the IEEE have different sign conventions for the inherentlysunsigned power factor. The IE|
Electric Institute (EEI) convention is the same, and EEI is sometimes-used to define this sign conventio
to convey additiongl information about what is actually an unsigned ratio of two positive magnitudes bety
Some of this depends on the frame of reference.

There are two framles of reference for measuring power. Most\of the discussion in this section has been 2
into loads from an
where positive power flows into a load. The SAE terminology of forward (+) and reverse (-) power floy
uses a consumer feference frame. Power flow can*also be looked at from the perspective of a gener
power flows from the generator to the load. Utilities'typically use this producer frame of reference, and a
this convention. Discharging storage produces power and is positive power flow in this frame of refere
frame of referencelis used for U6 and U7.

Table 10 provides the IEEE (EEI) and {EC sign convention for power factor. The quadrants are shown in
the table. In a prodlucer’s frame of reference, active power is positive in Q1 and Q4 when it flows from a
and it is negative in Q2 and Q3 when it flows from the load to the generator. Reactive power is positive
negative for Q3 arld Q4 based.on the axis convention. The top two rows of the table describe these d
IEEE sign conventjon denates whether the current is leading voltage by using a positive power facto

nt. Because of the
trial or commercial
have a total power
cosine ¢ number to
tor is 0.9, the total

ment power factor.
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ic distortion of the
tor.
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v relative to a PEV
htor where positive
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the diagram above
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for Q1 and Q2 and
haracteristics. The
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lagging by using a|negative power factor for Q1 and Q3. This is based on using the smaller included angle with the phase

angle being limited|to -90:t0 +90 degrees, which is equivalent to switching from a producer to a consumel]

frame of reference
er needs to set the

in Q2 and Q3. In thetEEE convention, the signed power factor is sufficient to determine where the inver]

current phase angle relative to the grid voltage.
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Table 10 - Power factor sign conventions

Quadrants + VAR
Q2 : Q1
<+—— Charging (-) : Discharging (+) —»
Q3 | Q4
-VAR
Attribute Q1 Q2 Q3 Q4
Active power Positive Negative Negative Positive
Reactive powgr Positive Positive Negative Negative
IEEE sign Negative Positive Negative Positive
IEEE angle (-90 < ¢ < +90) Lags (1) Leads (C) Lags (1) Leads (C)
IEC sign Positive Negative Negative Positive
IEC angle (-180 < ¢ < +180) Lags (C) Lags (C) Leads (I) Leads (I)
IEC excitation Overexcited Overexcited Underexcited Underexcited

The IEC uses a po
is positive in Q1 a
whether the phase
the IEC also meas
be automatically as
in Q3 and Q4. The
The term comes fr

wer factor sign convention that is aligned with4he direction of active power flow fron

angle of current to voltage is leading orlagging as does the IEEE sign convention.
ires the lead or lag angle using the fulkrange of -180 to +180 degrees, it allows the
signed by using cosine ¢. With the-extended phase angle, current lags voltage for Q1
IEC sign convention requires a {generator” excitation to be specified along with the s
bm how synchronous generators are operated to supply or absorb reactive power.

Most generators ¢
frequency. To sup
rotor. This increas
to the grid. There
overexcited, and it
and it has a leadi
power to the grid.
confusion as to wh

It is possible that

pnnected to the grid are.synchronous generators, meaning that they operate at t
ly reactive power, the-generator exciter (which is a DC power supply) increases the
s the magnetic field.of the rotor raising the generator voltage, which causes reactive p
ore, when a generator is supplying reactive power (+VAR), its mode of operatio
has a laggingpower factor (Q1). When a generator consumes reactive power (-VAR
g power factor (Q4). For a generator, a lagging power factor is associated with the
or a load;-a lagging power factor is associated with absorbing reactive power (Q3).
ther{positive reactive power is inductive or capacitive; it depends on the frame of re

a producer, and it

nd Q4. It is redundant with the signed valuerof active power and does not provide any guidance as to

However, because
ower factor sign to
and Q2 and leads
gned power factor.

he same electrical
field current of the
bwer to be supplied
h is referred to as
, it is underexcited,
supply of reactive
This creates some
erence.

blling 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, also 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.

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.
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Reactive Power (VAR)
A

Maximum Apparent Power
Discharging (VA)

-
-
-

Active Power
(Diseharging)

P

Maximum Reverse’Power

Figure 31 - Minimum power factor

When power facton
0.85 leading or lag
absorbing more th
power factors in th
and discharging if {
there could be a ¢

is being controlled along with active poweryjt would be unusual to expect a minimum
ging. Synchronous generators do not have symmetric reactive power limits and may
hn 0.95 on some machines at rated output of active power. For an inverter, the lead
e range of 0.85 should be capable.of'being symmetric. There could be a difference
he maximum apparent power is netthe same for both charging and discharging. Whi
ifferent value for the minimum‘power factor for each quadrant (e.g., minPFQ1 to
purposes of a PEV,, it is expected that the highest value from all four quadrants could be used to defing
In this case, the sinallest angle should be selected to define a minimum power factor rating that can
quadrants. For a DIER that operates at a.continuous high output, such as a solar PV system or a chargi
factor mode provides an effective way to"control reactive power through the power factor setpoint. Hoy
reactive power is sjgnificantly limited by the constraint that full active power capability must be simultang

If the maximum inJerter current’is set by the inverter to exactly lag the voltage waveform by 90 degree
will be zero, and 3l of thesmaximum apparent power is supplied as reactive power. This is shown b
rectangle along thg reactive power axis in Figure 32. This would be a pure voltage support mode of op€g
an available reactiye_power limit is set at the intercept of the minimum power factor, this would allow re

Minimum Power Facigq

power factor below
not be capable of
and lag angles for
between charging
e itis possible that
minPFQ4), for the
a single minimum.
be used for all four
hg PEV, this power
vever, the absolute
bously available.

5, the active power
y the shaded gray
ration for a DER. If
active power to be

controlled as a pefcent 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)

(Power Factor Mode)

Active Power
(Discharging)

>

PN

Maximum Reverse Power

Figure 32 - VAR and power factor zones

Reactive power is [like dealing with a weight on a spring. Once the. weight is bobbing up and down, it [does not take very
much energy to spistain the oscillation. In the grid, the reactive, energy goes between the magnetic| fields of inductive
elements and the dlectric fields of capacitive elements. Losses:6ccur because of the circulating currents fo move the energy
between one storage medium and another during every half\cycle. A storage system can use its inverfer to directly move
energy in and out|of the grid every half cycle to produge;or absorb reactive power. There will always be some power
consumed from the battery or the grid to operate the inverter, but this will be small. Because the battery is charged and
discharged during gvery half cycle, this does not resultin deep cycling of the battery. There are many very small cycles, but
the energy contentis very small.

4.7.2 Reference|Voltage and Reference Voltage Offset

The inverter can only directly measure parameters at its ECP to the local EPS. For many of the autonornous functions, the
independent variahle, such as voltage, needs to be based on conditions at the PCC. This is the point where the local and
utility EPS connectl This would normally be at the electric meter. But there are applications, such as a single kW-level DER,
where the Point of |[Connection{(PoC) can be used for the functions instead of the PCC. The point wherg the functions and
requirements of IEEE 1547.is_met is defined as Reference Point of Applicability (RPA). 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
voltage at the ECP|canbe’corrected to the reference voltage by adding the value of the reference voltagg offset. This offset
will be installation gépendent. The distribution utility may even prefer that the offset be defined through the transformer to
the connection to the Teeder. For customer and system Tevel VZG 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.

While this is described by both EPRI and IEC in this manner, the actual offset is directly impacted by the current flowing
between the PCC and ECP and cannot be a calibration constant. SAE informed both EPRI and IEC of this problem.
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4.7.3 Recomme

This U7 function ig
“Function INV3: ad
IEC function for dirn

This function is int
value. The comma
a randomization ti
command also des
is easily determing
factor sign only ind
quadrant. The inve

Figure 33 - Voltage reference offset
ndations for U7 Fixed Power Factor.Function

based on the “fixed power factor function,” defined in the EPRI Common Functions
just power factor,” defined in'IEC 61850-90-7. This section provides a brief overvie
ect management of the power factor during the charging or discharging of a storage

bnded to provide alsimple mechanism through which the power factor of a DER ma
nd structure is similar to that of INV4 in 4.6.2. The command would have a setpoint val
me window, awfamp time, and a reversion timeout. The setpoint value is a signed
ignates whether the IEEE or IEC sign convention is being used. With the IEEE conve
d because-the inverter knows whether it is charging or discharging. With the IEC cor
catesthe direction of the active power, and an additional item of information is requir
rter ' must know the excitation or equivalently whether the current is leading or lagging

Utility Electric Power System

hate VRef

document, and on
w of the EPRI and
DER device.

y be set to a fixed
Lie for power factor,
power factor. The
ntion, the quadrant
vention, the power
ed to determine the
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 Table 12. 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 -1.0t0 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 reference uTC Yes

Tablet2—Fixee : . F

Commahd Parameter Units Opt Default Notes
PF setpoint value Power factor -1.0 to 1.0
PF sign cpnvention Boolean 0 IEEE=0, IEC =1
PF excitation Boolean Underexcited 50, Overexcited 5 1
Start time uTC Yes Now If UTC < time.now, use start now
Time winglow Seconds Yes 0
Ramp time Seconds Yes 0
Reversion timeout Seconds Yes 1000 Application can have a default

474 Recomme

This function is int¢nded to provide a simple mechanism through*which the reactive power of a DER m
nd structure is similar to that of INV4 in 4.6:2."The command will have a setpoint value
a randomization tifne window, a ramp time, and a reversion timeout. The setpoint value is a signed p
ne type of maximum value to be used\with the setpoint must also be defined in the cq

value. The comma
maximum value. T
If this function is to
calculated as the r|

of reactive power ¢

for covering switch
which is based on

Information that sh

hdations for U7 Fixed VAR Function

be used with the INV4 (U6) funétion for controlling active power, the available reacti
eactive power at the minimum-power factor at the maximum charging or discharging
an be provided with active.power ranging from maximum charge rate to maximum d
is equivalent to opgrating in the blue zoneuin Figure 32. For pure voltage support with the PEV at zero a
ng losses, the reactive power can be directly commanded as a percent of the maxim
he maximum voltamperes.

puld be madé.available to the EMS from the PEV is listed in Table 13.

Table 13 - Recommended PEV information for fixed VAR function

py be set to a fixed
for reactive power,
rcent of a defined
mmand.

e power should be
power. This value
ischarge rate. This
ctive power, except
um reactive power,

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 request (U5)
Time of reference uTC Yes

The parameters associated with each fixed VAR command are listed in Table 14. 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 14 - Fixed VAR command parameters

Command Parameter Units Opt Default Notes
VAR setpoint value Percent Signed percent of selected limit
VAR limit type Boolean 0 0 = %AvailableVAR, 1 = %MaxVAR
Start time uTC Yes Now If UTC < time now, use start now
Time window Seconds Yes 0
Ramp time Seconds Yes 0
Reversion timeout Seconds Yes 1000 Application can have a default

4.7.5 Autonomous

Curvae-bunetiona
pro- OO ve T O iotiorTsS

IEC 61850-90-7 dg
(X) and then produ
frequency, active
active power, or it
smooth potential s
optional rate limit.
X-Y system (such
select which stored

ep changes in inverter output, the IEC document allows for an optional first order |
hese can be combined using a rate limited first order lag filter as"shown in Figure 3

curve set is to be used for a specific DER session.

Rate Limited First Order Lag Filter

The functions are ¢
interpolation is to &
array. Examples of
of the array points,
The top function sh

fines a number of autonomous functions. Many of these are based on the inverter-me
cing an output (Y) based a stored function (Y=f(X)). The independent variable’(X) d
ower, and other parameters. The function output (Y) could be a direct output of the
could be an indirect output, such as power factor, that needs some additional prog

as volt-VAR), there may be different stored curves with different/filter gains and lin

asuring something
an be line voltage,
inverter, such as
essing. In order to
ag function and an
4. For each type of
hits. A utility would

Curve Function Gain . Rate Limit Integral
. Y, D— Ye S
» = f(x) 1 L L dt—
: T

Figure 34 - Structure of an autonomous function

alled curve functionssbecause they are defined by a piece-wise linear array of (X, Y)
e used to compute. the value of Y for a value of X that is between the values of twg
two curves defined by four data points each are shown in Figure 35. For values of

the value of Y:for the end points is to be used. This is shown by the dotted lines in thg
ows a cupvewith deadband (zero output for a middle range of X). It is also possible {

in the array reversg¢ to create-hysteresis. This is shown by the lower function.

The arrays must b¢

This could be long

received from a valid source, checked by the PEV for errors, and then stored in ad
PeIore

curves to be used and either |n|t|ates it |mmed|ately or schedules it to run Iater

v

data points. Linear
data points in the
outside the range
e sample functions.
hat the values of X

ance of a session.
ts the function and
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Figure 35 - Array functions

IEC 61850-90-7 defines a number of autonomous functions, and otherssmay 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 selectabl¢ 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 4.4.4 of this dopument. The IEC document provides much* more background on how these and |other autonomous
functions can be uged by a utility. The Smart Energy Profile-2.0 is expected to be used for communicatipn with an onboard
inverter, and it proyides the communication structure foreach of these autonomous functions. However| an external EVSE
inverter could be g¢onnected to a network that is not-based on SEP2, although other communication|protocols are also
including support for these functions.

4.7.6 Low and High Voltage Ride Through(Functions

As discussed in 4.4.1, IEEE 1547-2003requires that an inverter (while connected and producing activeé power) must stop
producing power wjithin a defined clearing interval if an abnormal voltage is detected. This standard worked well when there
was a low penetration of DER devices on a distribution feeder. It was not a problem for the utility if a DER device tripped
offline during a disjurbance. But as the penetration of renewable sources, such as solar PV systems, ifcreases, the utility
might prefer that DER deviceside through the voltage disturbance without tripping and actively help to sjabilize the voltage.
The low voltage ride through (LVRT) and high voltage ride through (HVRT) functions are intended to prgvide this capability
and have been added to.the latest version of the standard, i.e., IEEE 1547-2018.

This section is pt ily basec i j j 7 or Smart Inverters.
IEEE 1547-2018 deflnes these funct|ons and expands on them. In Jurlsd|ct|ons that reqwre conformance with
IEEE 1547-2018, the IEEE guidance should be followed. This section is only for basic understanding of the concept.

The LVRT and HVRT concept is shown in Figure 36. Four piece-wise linear curves are defined. Two are located below the
nominal voltage and represent the LVRT functions, and two are located above the nominal voltage and represent the HVRT
functions. The y-axis shows the voltage as a percent of nominal (100%). The x-axis shows the duration of an event. The
red curves define the “must disconnect” boundaries, and the DER must be disconnected before entering the red shaded
regions. The green curves define the “must remain connected” boundaries, and the DER is expected to remain connected
within the green shaded regions. The DER “may disconnect” outside the green curves. For a DER that uses an inverter, the
inverter does not have to physically disconnect, but it must stop providing power. In IEEE 1547-2018, the “must remain
connected” is further classified into two behaviors: Mandatory Operation and Momentary Cessation. In the standard, the
Mandatory Operation boundary is not curve changeable, whereas the Momentary Cessation boundary can be changed.
The figure only shows stair-step transitions, but sloping segments could also be provided to the DER by a utility using these
arrays.
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In this example, which.is{based on the LVRT “must disconnect” curve, for every step change in voltag
alue of point P5 and above the voltage value of point P4, the DER ‘must dlsconne
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Figure 36 - LVRT and‘HVRT concept

plies that the “must disconnect” curve-would be lower or longer than the IEEE 15
ed; otherwise, it would not be a ride through of a low voltage event. However, nothing
being used to just implement the |EEE 1547 limits. This function provides flexibility in

curve still separates the “must.disconnect” and “may disconnect” regions. However, it
nverter would remain connécted in the “may disconnect” region if it could do so W

hen a “must remain connected” region is established, the expectation that the inverter
it is still responsible-for self-protection.

VRT functions Yook like the other autonomous curve functions. However, these
voltage and)duration limits for the inverter to implement and are not intended to bs
mits must(be"interpreted by using a perfect step change in voltage from 100% to a

not fixed in the inverter. It is notirequired to provide a “must remain connected” curvg,

17 limits when this
prevents the “must
allowing the limits
in which case the
would normally be
ithout harm to the
remains connected

curves are only a
actual executable
specified level and
dotted blue arrow.

iration forcrossing the boundary curve at that voltage level. This is illustrated by the

duration defined by

to any value at or
t” before the event
ented many ways.

Again, it is not appropriate to think of these curves as a gate for actual voltage waveforms. When the inverter receives a
curve, it must analyze the curve and set up its hardware or software detection logic to implement the specified protection
functions. This process will be described by example for an inverter that uses a set of event timers to execute the protection

functions.

Figure 37 shows an LVRT “must disconnect” curve which uses a sloped line segment from P4 to P5. For the purposes of
this example, which will use pure event timers to implement the function, the inverter will convert the sloped segment into a
single intermediate level. This is shown by the inverter introducing two new data points, P45A and P45B, with voltage values
set to the average of the voltage values of points P4 and P5. P45A is set to the duration value of P4, and P45B is set to the
duration of P5. Individual event detectors and timers can now be set up for three events.
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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 dro
of point P5, and th¢ event is ended and the timer is reset if the voltage rises above that value. The invel
before the timer reaches the duration value of point P5. The inverter must account for any voltage measu
any delays in ceas|ng to discharge following the timer trip whenit sets up the timers, because the cleari
on the actual time fo disconnect based on actual voltage transients. A similar timer can be set up for Ev
based on point P4%A, and Event 1, which is based on point’P3.

Figure 37 also shqws two superimposed step changes in green: one with a solid line and one with a
could be used to tgst the implementation of the funetion. Both step changes drop below the value of P3,
three event timers.|The sold line quickly returns;to 100% before Event 1 would time out and all events ar
line shows that Event 1 trips. The other events'would reset, but it only requires one to trip the inverter.

is based on the stgp changes and this inverter design using timers will work perfectly for that condition,
work for arbitrary waveforms. Any individual timer activates when its threshold is crossed and resets wh
it. So in a ramp doyn, the Event 3 timér would start before the Event 2 timer, which would start before {
Event 1 reset by a glight rise in voltage, Event 3 might still be active. If the voltage dropped back below the
it would restart the [Event 1 codnter and Event 3 may still be active. Again, the diagram is a specification

changes in voltagel and not\a.voltage waveform gate.

It is possible to degign‘an‘event detector that can use a sloped exit condition, such as the P4-P5 segme]

ps below the value
ter must be off-line
rement delays and
g times are based
ent 2, which is now

dotted line. These
which activates all
e reset. The dotted
While this example
the timers will also
bn it crosses above
he Event 1 timer. If
Event 1 threshold,
based on pure step

nt. In this case, the

“event” would trigger-when the voltage dropped below P5 and be reset if the voltage climbs above P

b. However, in this

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

The IEC allows that these slopes can be converted to intermediate steps for inverters that only use event timers, as was

shown in the example. The example showed using only a single intermediate level for vehicle inverte
levels would provide a better approximation for a sloped segment. The single step conversion of sloped

rs. However, more
segments may not

be a major concern to a utility for PEV inverters. Utilities that desire more steps to approximate a sloped segment than a

single intermediate step could just send curves to vehicles with all of the steps defined.

This function defines 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

define the settings
e IEEE, may issue

specific L/HVRT requirements. The intention is that this function will be sufficiently flexible to support all such requirements.
While the curves convey utility requirements to the inverter, the actual implementation by the inverter must also account for

any inverter limitations and safety considerations.
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Unlike solar PV systems, which are connected and providing energy for many hours, vehicles have very limited energy
production capacity. Small DER devices, such as PEVs, may not be required to be capable of L/HVRT. And it is possible
that even if they are capable, they may not be authorized by a utility to use the capability. It is possible that PEVs may be
required to only use the IEEE 1547 limits.

4.7.7 Loading and Executing Autonomous Functions

There are two distinct phases for autonomous functions: a loading phase and an executing phase. The general structure of
each function can be designed into the inverter, but there can be several modes for each function which depend on a
specific set of curves. It could be possible for an inverter to have several sets of curves for each function. These curves
must be provided to the inverter from the utility during a loading phase. The utility can then instruct the inverter to execute
a loaded function and curve set. The combination of a function and a set of curves are often called a mode. There can be
several volt-VAR modes-forthe volt-\VAR function

The loading of curyes and establishment of modes must occur before the mode can be activatedi Fhis
prior to being activated by a utility as an integrated load and activate exchange. Alternatively, loading co
of an initial enrolimient process, and the utility would only need to activate a saved mode just(prior to usg

could be done just
Lild be done as part

D

L.

The communicatiop 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 cgrtain that all of the
data points are corfect in advance of transmission to the inverter, but the inverter must check that there are not defects that
could cause problemns 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 dete¢ted and the errors
flagged to the provjder. After the curves are verified, they would be saved-by the inverter for that mode.

The processes of Ipading a mode schedule and of commanding a saved mode to activate are different $cenarios in U7.

4.8 Consideratigns 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
(or program), perfporm the initial setup of the PEV or(EVSE, engage in one or more sessions, be
participation, and ferminate the participation in the M2G program sometime in the future. This use
Appendix A. This section discusses some of the issues and considerations that guide the implementatiqg

a V2G application
compensated for
case is defined in
n of the use case.

4.8.1 Show Me the Money!

The purpose of a PEV is transportation, A;\REV needs to charge its battery to perform that purpose. It only
its battery to accelerate and to cruise! Discharging its battery while the PEV is stationary increas
charge-discharge gycles over those required for only transportation. The use of reverse flow increases th
transfer needed to fill the batteryand reduces the available time to do it. This increases the risk to the op
sufficient energy in the battery.if the PEV is needed for unexpected travel. The lowest risk for the PEV
as soon as it is plupgged in.and at the maximum rate that the PEV, the EVSE, and the grid can physicall
not be the most ecpnomigally favorable approach for the PEV owner or in the best interest of other stake

needs to discharge
es the number of
e amount of energy
brator of not having
is to start charging

sustain. This may
holders, but it tops

off the PEV battery| in-the shortest time.

A pure variable load is not formally considered to be a DER device because, unlike a solar PV system or an ESS, it never
produces energy. Loads are always distributed, but they are not energy resources. Demand management generally refers
to loads that can be scheduled to be interrupted during critical peaks. A PEV can suspend charging in response to such a
prescheduled demand management event. Demand dispatch is a term that is being used to describe variable loads that
can be dynamically controlled. Varying a load can be just as effective for a utility as varying the output of a generator. This
document considers the use of pure variable rate charging, without any reverse flow, to also be a DER application.

Use cases U5 and U6 both provide the capability to directly manage active power flow during charging. While the use of
reverse flow can double the range of active power control, many V2G applications can be very effectively performed by only
varying the rate of charging of the PEV. Demand dispatch can be performed using only a charger which is less complex
than a bidirectional or four-quadrant converter (inverter). Variable rate charging has no adverse impact on battery life
because there is no increase in the depth or number of charging cycles. However, extending the duration of a charging
session by delaying the start or reducing the rate of charging still increases the risk to the PEV of not having sufficient
battery energy if an earlier-than-planned need to travel arises.
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The use of reverse power flow (discharging) must have sufficient value to the PEV owner to offset any extra cost for the
inverters (in the PEV or EVSE) and any potential reduction in vehicle battery life. Value isn’t just about receiving cash
payments or discounts, but value can still be evaluated using alternative business cases. For example, the use of a PEV
for emergency backup of a home after a power failure (V2H) could be of value to a homeowner. The incremental cost of
providing this V2H capability could be compared with the cost of a portable generator. Of course, the PEV may also provide
other benefits that the portable generator cannot, such as the ability to participate in frequency regulation. This complicates
the business case, but there will always be a value assessment that must be made by the PEV owner at the time of purchase
of the PEV and EVSE and when considering participation in any application.

It is not the purpose of this document to perform value assessments of the various business cases for using a PEV with an
EVSE 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 feederand behind the meter However_ there must nlwqye be some pnrhni\/nd value

to the PEV owner

for participating in
cost for parking or
EMS to control the

4.8.2 The Busing

Every V2G applica
application (or prog

of deals for V2G applications. This document will be concerned only with the direct'V2G deal between t

the owner of either
be compensated f
aggregator compe
aggregator and ea

The inverter is the
PEV and the EVS
discussion is abou

Figure 38 shows tw

a V2G application, even for charging-only applications. This could be as simple_as
charging by agreeing to allow a commercial parking facility to manage its demand ¢
PEV rate of charging during the session.
bss Deals

tion will be based on one or more business relationships, or “deals.” Some entity
ram) and will receive the direct benefit from using a PEV and EMSE as a DER. Then

the PEV or the EVSE. An aggregator could bid frequency regulation services to a sy

nsates the PEV owners for their participation. The business deal of interest here is th
ch PEV or EVSE and not the one between the aggregator and the system operator.

core of a DER device. This is more complicated with V2G because it is always the
E that form the DER, and the inverter could be in the PEV (V2G-AC) or the EVS
business deals and not the physical control of the inverter and vehicle battery.

o PEV4 scenarios and the various business deals that could be needed to engage in

——
| I — ——
-

B receiving a lower
harges by using its

will own the V2G
e are different tiers
he EMS owner and
stem operator and

pr that service. The aggregator uses its EMS to control a fleet of PEVs to perforin the service. The

e one between the

combination of the
E (V2G-DC). This

a V2G application.

r"" PEV as DER “‘-‘
PEV
Inverter:
~ __,_EVSE Uf?___ PEV Direct Scenario
¥~ EVSEas DERH‘
(el
o ~ [EVUse _. EVSE Dlrect Scenario

Figure 38 - Business deals associated with V2G applications
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The scenario where the inverter is onboard the PEV is called the “PEV direct scenario.” This is a V2G-AC type of reverse
flow. 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 as DER) and one between
the owner of the PEV and the owner of the EVSE (EVSE use). The dotted red lines show the business relationship between
the EMS owner and the owner of the entity containing the inverter (PEV in this case). The dotted black lines show the
business relationship between the EVSE owner and PEV owner. In this scenario, the PEV owner compensates the EVSE
owner for use.

For the purpose of these discussions, the dotted lines are not intended to show a communication link, only the business
relationships between the EVSE owner, the PEV owner, and the V2G application EMS owner. For the purpose of this
V2G-AC example, it can be assumed that the EMS is using the SEP2 DER function to directly engage the onboard inverter.
The EVSE provides a MAC/PHY bridge to aIIow direct communlcatlon between the EMS and PEV. There may also be many
intermediate com A A only intended to show
that the PEV agregs to allow its inverter to be used by the EMS to perform a V2G application in_réetlirn for some value
received by the PRV owner. The PEV can enroll in a V2G application and directly fulfill the contract.

These business agreements could be very formal agreements, or they may be very informal.)For exanpple, the use of the
PEV and EVSE behind the meter by a home EMS would not require any business deals between the PEV and home EMS
or between the PE) and EVSE. But there would need to be some setup information entered into both the home EMS and
the PEV and possibly even the EVSE. At a public parking garage supporting PEV direet, the PEV woyld require a formal
business arrangenjent with a frequency regulation aggregator and would have a simnple payment plan off some sort with the
garage (EVSE) owher for the use of the equipment, parking space, and energy:

The next scenario Is designated as EVSE direct and is shown as the seconddblock diagram. This is a V2|G-DC type with the
inverter located in |the EVSE. The EVSE owner would directly sign up~as/a DER device with the V23 application owner
(EVSE as DER). The EVSE owner also needs to compensate the PEV owner for use of the PEV (PEV use). Just as with
the PEV direct scepario, these agreements could be very formal agreements, or they may be very infofmal. The owner of
the EVSE receives|value from the owner of the V2G program for participation. The owner of the PEV in furn receives some
value from the ownler 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 parking facility signs up to use all of its V2G-DC EVSEs to perform a DER applica
considered to be g building-to-grid (B2G) program, In-this case, it would use a facility EMS to control t
units. Each EVSE is “enrolled” with the facility EMS Under this scenario. These internal EVSE as DER ag
the many EVSE unijts and the building EMS would be informal; just what is needed to set up the commur]
itself is enrolled as|a B2G provider using its EMS to communicate with the utility EMS. The B2G enroll
with the utility woul|d be formal. Each PEV would have a PEV use with the parking facility for the DC g

ion, this would be
e individual EVSE
reements between
ication. The facility
ment for the facility
ower transfer. The

facility may offer p
or discharging of th

This discussion ha
communicates with
the preferred DER|

eferred parking ratés)or charging rates to PEV owners that allow the facility to vary the rate of charging
eir PEVs during the day.

5 been aboutbusiness relationships between PEV, EVSE, and EMS owners and not gbout how the EMS
the PEVand EVSE to perform the V2G application. As discussed in other sections of this document,
control ‘communication path should be between the EMS and the inverter regardlgss of whether it is

located in the PEV or EVSE. For onboard inverters, the messages may need to travel from the prem

ses network to the

EVSE and across p PLC link to the PEV inverter. There may be many tiers of protocol translation bet

veen the EMS and

the PEV inverter, but the control path is still direct.

4.8.3 Process Flow for the DER Direct Scenario

For a PEV with an onboard inverter, the use of a PEV as a DER can be described by a single process flow. There is a single
integrated DER device. There is no business deal between the PEV inverter and the PEV battery. The communication
between the PEV inverter and the PEV BMS is a private matter. This will be used to establish the process than can be used
for the other scenarios.
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The DER direct process is based on a V2G application operator using a PEV as a DER device. The major process steps
are shown in Figure 39. The scenario is based on there being an entity with an EMS. It all begins with enrollment, which
can be with a utility, with an ancillary services aggregator, with a building operator, or other entity. The enrolled PEV can
then participate in actual V2G applications controlled by the service provider's EMS (as described in 4.5). The V2G operator
will then compensate the PEV owner for participation in their V2G application. The service provider will have an EMS that
is capable of engaging the PEV as a DER device. The blue shaded boxes are process steps that involve electronic
interaction with the inverter. The other process steps do not require electronic communication with the inverter.

There are five major steps in the process: enroliment, initial setup, session, post-session, and termination. Each step will
be briefly discussed.

Enrollmen

Initial Setup

Session Post Session

Termination

Figure 39 - PEV4 DER process chart

4.8.3.1 Enrolimgnt Process Step

There are different|V2G applications based on the domain and:@BW. The enroliment process will vary based on the domain

and the participant
aggregator. It coul
enrollment use cag

A formal enrolimen
by internet, or ever
may result in a pas
to participate in the
to activate the EVS
the session.

4.8.3.2 Initial S¢

Some of the V2G 3
future V2G sessior

5. Enroliment will be formal with a utility, .enérgy services company (ESCO), EVSP,
d be less formal at a parking garage. And at a private residence, it would be very
e (E) is described in SAE J2836/1.

t process will require an application by the PEV owner to participate, which can be in

by mail. A contract will be.made. This is just as with any other utility project for a resi
sword and a contract ID being provided to the PEV owner to be entered into the PEV
application. At a parking garage, the driver may just be handed a ticket with the passw
bE. This may be anatfomatic enrollment that allows the garage to manage the rate

tup Process Step

pplications and some of the functions in use case U7 may benefit from a onetime set
s. This’may require manual data entry in the vehicle to perform the initialization. It a

PEV to be connec

d-to the EVSE and the internet to download and configure settings. This may includ

or ancillary service
nformal. A generic

person, by phone,
dential owner. This
to enable the PEV
ord that is required
of charging during

Lp to support many
so may require the
e loading curves to

support autonomous Tunctions as described in 4.7.7. [t may be possible t0 perform this step at the start o

a regular charging

session that will use the specific new application, but it is not the same process as that used to set up every regular session.
It is also possible that the initial setup could be performed as a background task during a session that is associated with a
different V2G application.

4.8.3.3 Session Process Step

Figure 39 shows that for any given enrollment, there can be many sessions until participation the V2G application is
terminated. The figure is not intended to denote parallel sessions. Some applications may only have a single session

between enrollment and termination. Other applications may involve participation every time the PEV connects to an EVSE
over many years.

The session step can be segmented into lower level process steps as shown in Figure 40. The active session is bounded
by the plugging in of the PEV to the EVSE and the unplugging of the PEV from the EVSE, although some manual data entry
can be performed in the PEV just before or just after plugging in the PEV.
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Plug in

Session Setup

Unplug

The session setup
a DER device. Thi
EVSE location. Init
not already perforn
the time when the

Immediately after
application and rez
connection is esta
information exchan
process step.

This figure only sh
sessions could be
applications could
application was no
by other operator 3

blue shaded boxesd.

Before the V2G ap
after plug-in and th

Figure 40 - Elements of active session

step is where the vehicle operator would enable the REV*to participate in a specific
5 could also be preauthorized and happen automatically whenever the PEV is plug
al setup process step could also be performed for.the intended V2G application durir
ned during an earlier charging session. This is the“process step where the vehicle op
ehicle is expected to disconnect and it needs {6 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 wherg
blished and EMS and PEV are .authorized to engage. Terms such as associatior
ge, certificate update, certificate.installation, authentication, authorization, and identif]

bws one V2G application occurring within the connection period, but it is possible that
entered for a specific V2G application or for different applications. It is also possible
run in parallel. A representative V2G application is shown by the blue shaded

scheduled to begin immediately after plug in, the PEV could either wait or start charg
ettings. Use cases U5, U6, and U7 primarily deal with the processes and communic

plication starts, the EMS and PEV will perform an electronic initialization. This could

1

:
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the security of the
, binding, protocol
cation apply to this
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that nonconflicting
blocks. If the V2G
ing, as determined
ation shown by the

occur immediately

command to the |

eCestablishment of communication, or it could occur just before the application sta

engagement is exchanged between the EMS and the PEV. Information that changes throughout the
would be part of the execution phase.

V2G engagement

During the execution phase, the EMS and PEV will exchange information and commands at a regular update rate, consistent
with the OBW 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.

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.
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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-Session Process Step

After a PEV disconnects, there will need to be back-office post-processing by the V2G application owner to assess DER
performance and determine compensation for services. Information needed by the EMS should be provided by the PEV
prior to disconnect during the post-DER phase of the active session. If the disconnect happens before this transfer can be

completed, the PEV needs to save the information and provide it to the EMS at the first opportunity when the PEV is
connected again. For every connection event and V2G application engagement, there will need to be some post-session

data processing.

4.8.3.5 Termina

When a PEV own

terminated. The fofmality of the enroliment will generally dictate the formality of the termination-process.

will define the tern
termination is autd
required. Manual u
EMS may also be
and the ability to e

4.8.4 Process Fl

All of the steps sho
a session, a post-s
some differences i
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4.8.41
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and out of the battg
power flow betwee|

The business deal
application. If the B
some value for the
PEV owner will neg

Control and Business Deals for DC Power Flow

ion Process Step
er no longer wishes to participate in a future session of a V2G application, the €

hination requirements for formal agreements. Some enroliments may ‘only be for
matic. Specific notification of application owner in person, by email,”by internet,
pdate of vehicle settings may be required. An electronic exchangebetween the PEV
required. At the end of this step, the contract is considered complete, all final payme
hgage in an electronic association between the PEV and application EMS is cleared.

ow Differences for EVSE Direct Scenario

wn for the PEV direct scenario apply to the EVSE direct. EVSE direct will require enro
ession, and termination. All of the elements within the session step also apply. As ¢
n the business deals and details of each step. One primary operational difference is
al inverter and the PEV BMS.

inverter requires the use of fwo communication and control structures. The EMS f
the EVSE inverter to contfolthe functionality of the inverter as a DER device. The EM

as needed by the V2G application. There is also a DC control process for managing
ry as needed by the inverter to perform its DER functions. The communication requir
h the EVSE and the PEV will be discussed in the next section.

5 for DC pewer will vary depending on whether the PEV owner or EVSE owner sig
F\V/SE owner takes on the business deal for the V2G application, the EVSE owner V

nrollment must be
The contract terms
h single event and
br by mail may be
and the application
nts are completed,

Iment, initial setup,
xpected, there are
the communication

pr V2G application
S can be expected
g or absorbing real
the current flow in
ed for control of DC

n up with the V2G
vill need to provide

PEV ewner (PEV DC deal). If the PEV owner takes on the business deal for the V|

PG application, the

d to\provide some value for the EVSE owner (EVSE DC deal). The control communicattion for the external
EVSE inverter to i i i ' i w 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.

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.
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4.8.4.2 SAE J2847/2 and the External Inverter

The power electronics of an onboard 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 battery
and any losses due to charger efficiency or other vehicle loads. The battery requirements lead, and the grid current follows.

An onboard inverter functions more like the PEV traction drive than the onboard charger. The traction drive uses the battery
as a source of power for acceleration and regenerative braking and of energy for range during cruise. The current flow in
and out of the battery is as required for vehicle operability, subject to protective limits set by the BMS. The inverter must

respond to the pov

er needs of the. grirl n-some. gpplibgfinne n-much-the same Wa. that the traction dr

ve responds to the

vehicle driver neeq
required AC currer

s for acceleration and braking. The current flowing in and out of the battery is_a)c
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pnsequence of the

An onboard charggr/inverter will need two distinct modes of operation. In the charger mode{the current flow is controlled

as needed by the
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specific target valu
difference betweer
algorithms for cont
will be different.

An external inverts

pattery. This mode could be used with use case U5, where the V2G application is 0
charging. In the inverter mode, the DC current flow is a result of the inverter provig
e of real and reactive power to the grid. This mode would be usedwith’use case U6
forward power flow to a target value (U6) and permissive charging to a set upper |
ol of the power electronics and the relationship to the BMS for'the inverter function a

r will also need to have both a pure charger mode andvan inverter mode. SAE J284
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and U7 define the inverter functionality and information exchange requirements bet
verter to allow many V2G applications to be performed. SAE J2847/3 defines the acty
be. It is expected that the PEV(will use SEP2.

n EMS may or may not use SEP2 to communicate with PEVs. If the EMS does not u
late between the native EMS protocol and SEP2 somewhere in the physical comn
bnd the PEV. It ispossible that multiple translations may be required. This is a gene

specific to PEVs, and protocol translators will be needed on the smart grid. It is likely that the EVSE

function if the preni

The bidirectional p

ises network ‘does not use SEP2.

fotocol translation will be needed. The EVSE may be the device that performs it. No

to the scope of ve

nicle Cornmunication. The expectation is that the vehicle sends and receives inform
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he of this is related
ation in only SEP2

protocol, and it is tll\e 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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4.8.5 Simultaneous V2G Applications and Rules of Engagement

Much of the discussion has been about a PEV engaging in a V2G application. But it may be possible to engage in parallel
applications and at different tiers. Figure 41 shows three tiers of V2G applications running in parallel across three domains.
A PEV may be engaged with a facility EMS to help manage peak demand charges during charging. It may also be engaged
with a distribution utility providing VAR support for the feeder using an autonomous volt-VAR function. And a system level
aggregator may be using the PEV as part of a fleet to perform frequency regulation. If the facility EMS is only interested in
limiting the rate of charging of the PEV, this may not be a conflict if the aggregator actually sets the charging or discharging
rate. However, allowing simultaneous applications can create conflicts and rules of engagement will be needed to arbitrate
the conflicts.

Safety is the highest priority. Zero reverse flow or zero voltage applied is safe. Utility-interactive inverters are designed to
tnp within speciﬁe hln:\ring times if the measured grirl \lnlf:\gn or 'FrnrJI| JSRCY fall out of cpobifinr{ limits—tfthere is any conflict

between commands from any source, zero reverse flow must always take priority.

The PEV must always protect itself from damage. There may be lower or upper limits on the.battery[SOC that must be
protected.

The facility limits must always be respected in both directions. The power levels defined by the EVSE control pilot must

never be exceeded for either charging or discharging. If a premises EMS provides a lower forward or reyerse flow target or
limit than any extefnal EMS, or even the control pilot, the premises EMS limit shalkalways apply.

Facility Distribution Bulk Grid

L Racility J( ............................

EMS D S B N wa 1

A v

| I .S Distribution | . .

: { EMS }‘ n

! Vvl o
| T N A J| System

i . EMS| |
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PEV-EVSE ] ] : I Feeder . ‘ Balancipng
Inverter . Area )

Figure 41 - Three tiers of V2G applications

The PEV must also protect the capability to achieve the target energy state by the expected time of disconnect from the
EVSE. There will be a disengage time from any reverse flow action based on the state of charge of the battery, the target
state of charge at the expected time of disconnect from the EVSE, the power rating of the onboard or external charger, the
time needed for conditioning, PEV hotel and parasitic loads, charger efficiency, and other factors known to the PEV that the
PEV will demand that the PEV disengage from reverse flow and resume charging under its own control.
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48.6 PEV4 Sce

nario Summary

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

Appendix A.
Table 15 - Characteristics of PEV4 scenarios
PEV4 Scenario PEV4 Scenario Name
Characteristics PEV Direct EVSE Direct
Inverter location PEV EVSE
V2G deal with PEV owner EVSE owner
DT value received by PEVowner
EMS communicates with PEV EVSE
4.8.7 Participatign in V2G Applications - Use Cases Are Not Selected by the Driver

Advanced inverter
of SAE use cases |
considerations bet
for U7. APEV or E
by U6 or U7. Much

When a PEV is en
by engaging with t
purpose of defining
details of the comr
required to allow a

This top-level use

programs, and sofne may be expected to happen simultaneously during one connection interval as

Depending on how

functions that could be used by a DER device to support the grid were discussed in 4
5, UB, and U7 to potential V2G applications of a DER device was reviewed in 4.5. Inf
veen the PEV or EVSE inverter and the EMS of a V2G application were explored in 4
\VSE inverter is not required to implement all of the functionality.defined by IEC 6185
of what is defined in these sections has been implementedin the DER function of S

rolled in a V2G program and it has the inverter functionality to enable it to perform t
he EMS for the application, the driver does not select a use case, such as U6. The
the communication messages required to be exchanged between the PEV and the
hunication protocol. SAE J2847/3 will use thezinformation from this document to de
PEV to engage with an EMS to perform asxa.DER device in a V2G application.

case, PEV4, explores the steps from efirollment to termination. A PEV may be enroll

the PEV is set up, the PEV may-automatically just start to engage with a V2G g

session, or it may

ke a specific action by the driver to enable participation during that session.

Some form of datd entry will be required for évery session. This is discussed in 4.3.1 and other sectio
minimum, the driver must define when the vehicle plans to disconnect from the EVSE. As described earli¢
the “source” for thg “time charge is neéded” is always the PEV, but the actual data entry could be at the
even by a remote |[device. When data is entered using vehicle controls and displays, this will most lik
proprietary hardwafre and software,and the look and feel may vary between VMs. Vehicle navigation s\
same basic functions, but the.eontrols and displays vary widely by manufacturer. SAE J2847/5 is expe
remote data entry pn a portable device or EVSE could be received and used by the PEV in place of g

4. The relationship
brmation exchange
6 for U6 and in 4.7
D-90-7, as reflected
EP2.

he V2G application
se are only for the
EMS. It guides the
ine the messaging

ed in different V2G
described in 4.8.5.
pplication during a

ns within 4.3. As a
er in this document,
PEV, the EVSE, or
ely be done using
stems perform the
cted to govern how
direct entry at the

vehicle. For the purpose’of-this document, it is assumed that any manual entry and selection can be miade and accepted

by the inverter.

For participation in a V2G application, it is expected that the PEV will display information to allow th
designate, for example, that it is desired for the vehicle to engage with a specific frequency regulation

e PEV operator to
aggregator during

the session. The driver enters that the PEV will depart at 5:00 p.m. and needs a 100% SOC at departure. The enroliment

application with the aggregator may have required that the V2G application engage cooperatively an
frequency regulation but also ensure that it is charged by departure. Maybe this is a selectable optio

d use the PEV for
n. Maybe the PEV

selects participation from 1:00 p.m. to 2:00 p.m. The data entry within the PEV or between the PEV and an alternate manual
entry device is not governed by SAE J2847/3, only the exchange of information between the PEV and the EMS. The term
U6 will not appear to the driver in any implementation because it is only a reference for defining inverter functionality and
messaging between the EMS and PEV inverter to make use of the functionality. Once the messages exist in the

communication protocol, the name U6 or even IEC names like INV4 are not relevant.
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In summary, operationally a driver will apply to participate in a program with a V2G application provider and receive the
necessary information to allow the PEV to actually engage with the EMS as a DER device. This may require a onetime
initialization process to be performed with manual data entry at the PEV and downloads to the PEV from the V2G EMS or
back-office systems. There will be standard controls and displays provided by the VM 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 SAE 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.

4.9  Utility Appro
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their code enforce
interconnect to the
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grid must also be made with the electric utility for both business reasons (such as nef
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ing to UL 1741, this generally satisfies both the local code enforcement and utility tech
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be listed to UL 1741, and the simple application used with PV systems can be(used for the EVSE.

However, a roaming PEV inverter (V2G-AC type) creates some unique)technical and interconnection
PEV can easily crgss utility service areas and state lines and connectat'locations with different site set

one EVSE could b
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needs to know the
operator to update
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There are no estal]
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the exact model n
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a DER. Except for
be used. And even
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A standard was ne|
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s request the model number of the inverter unit, and many states maintain a data bas

the inverter unit. For a V2G-DC application, where the inverter’is installed in the EV

e municipality, and
. An application to
metering) and grid
Testing Laboratory
hical requirements.
e of state approved
ch as the reference
SE, the EVSE can

approval issues. A
ings. For example,

connected to 208 VAC service and another EVLSE could use 240 VAC service. For an onboard inverter

to an abnormal voltage event, such as a voltage increase to 120% of the reference v
reference voltage for the specific site where the EVSE is installed. It is not safe to
the site-specific information whenever thesPEV connects to an EVSE. These site-sp
EVSE and transferred to the PEV when it connects to the EVSE. This requires 3
hical issue can be easily solved.

lished procedures in the electric power industry for handling a DER interconnection
| inverter model to be used on the application form. The PV inverters are always fi
imber is known. However, the PEVs roam, and there could be many different PEV
a site EVSE over time particularly at public sites. The facility owner could provide th
es not contain an.inverter and is not by itself a DER, so there is no basis to apply fo
B homeowner forione specific EVSE and EV model, the existing single DER approva
for a homeowner, it is not possible for the vehicle OEM to have the onboard invertd

ededdoe which a VM could certify conformance by analyses, inspections, and tests th
e.inyerter system, which is integrated into the PEV, could be interconnected in para

oltage, the inverter
expect the vehicle
peific settings need
special EVSE for

application without
ed to the site, and
models that could
e model number of
interconnection of
| processes cannot
er listed by a NRTL

at a specific model
lel with an EPS by

way of compatible,

conductively coupled, electric vehicle supply equipment. This new standard would r¢g

quire conformance

of the onboard inverter to IEEE 1547 and IEEE 1547.1, just as in done by UL 1741. The standard would also define the
exact communication required for the EVSE and PEV to coordinate site settings and for the site EVSE to authorize the PEV
to discharge.

The facility owner applies to the utility using the EVSE model number which is certified as conforming to the new standard.
The vehicle OEMs certify the “inverter system model” onboard the PEV to the new standard, which includes functional
testing of the inverter itself. The EVSE serves as the gatekeeper to only authorize those vehicles which are approved by
the utility to be able to discharge in their service area. A utility could just authorize the EVSE to verify that the connected
PEV has been certified to the standard or may require that the EVSE check the actual model number against a utility
approved list for the service area. If a utility plans to maintain an active database, the vehicle OEMs would need a process
with those utilities to submit certification information for each service area.
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SAE created SAE J3072 as a standard for this purpose. SAE J3072 assumes that utilities will establish procedures by which
a site could be approved for the interconnection of PEVs with onboard inverters on the basis of an application form that
requests EVSE model numbers but does not request PEV information. The interconnection agreement for the site would
require an EVSE to only authorize a connected PEV to discharge if the EVSE confirms that the inverter system model has
been certified as conforming to SAE J3072.

It is expected that a VM will perform the analyses, inspections, and tests to ensure that each inverter system model that is
authorized by the VM to be installed in one of their PEV models conforms to the requirements of SAE J3072. The VM will
issue a certificate of conformance to SAE J3072 for each authorized inverter system model.

It is expected that an EVSE manufacturer (EVSE OEM) will perform the analyses, inspections, and tests to ensure that each
EVSE model that is authorlzed by the EVSE OEM to be used W|th a PEV with an onboard inverter system conforms to the
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and IEEE 2030.5 to the extent needed to meet the requirements of SAE J3072.

EVSE and PEV operating as SAE J3072 SystemType A1. The blue boxes designate
B072. This link is used by the PEV to get localsettings from the EVSE at the time of
M that the PEV is using acceptable settings. The EVSE also retrieves the model nur
ation status to SAE J3072. The inverter inta PEV is not just a box, and SAE J3072 d
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connection and for
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EM designates the inverter system and‘defines its model number. The EVSE is resppnsible for verifying
approves that this model can discharge in their service area. This could be as simple as the EVSE just
t the model has been certified to"SAE J3072 by software tag. A utility might require fhe EVSE to check
ved models. When the EVSE confirms the PEV is using appropriate local settings and is approved for
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h the figure designate.communication between a DER control entity and the PEV for engagement with
ions for which the EVSE is not designated as the exclusive DME. This explicitly includes the Coordinated
Management Function. This approach provides a MAC/PHY bridge to allow direct IEEE 2030.5
ween a DER<cantroller and a smart inverter onboard the PEV. SAE J2847/3 provides guidance for the
for this purpose.

A1 réquires IEEE 2030.5 for SAE J3072 purposes, a future version could introduce a new System Type
t protocol. However, this becomes a concern over EVSE models and PEV models which are electrically
t €emmunicate, which would allow charging but prevent any discharging.

compatible but car{

Appendix G provides some guidance on the use of other protocols for communication between the DER control entity and
a PEV onboard inverter. California selected IEEE 2030.5 as the first protocol to be used by utilities to communicate with
facility management systems, DER aggregators, and individual DER devices. The utilities would not likely engage small
DER directly. Other protocols, such as DNP3, could be used with utility equipment and by agreement with DER operators,
but the utilities are required to always have IEEE 2030.5 capability.
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APPENDIX A - USE CASE PEV4
A USE CASE NAME
Use case name PEV as a distributed energy resource (PEV4).
A2 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.

A3 USE CASENARRATVE

This is intended to pe a high-level overview of the processes used for a PEV or EVSE to engage a$,a’DER device in a V2G
application. The injerter is the core of a DER device. However, only a few of the process stepslinvolve actual use of the
functionality of the|inverter and active communication between the inverter and the EMS controlling the V2G application.
Many of the process steps in PEV4 involve electronic communications for purposes othenthan the control of the inverter.
This is true of the grocesses involved with establishing secure communications and authorizing the PEY to participate with
the V2G applicatiqn EMS. There may be other processes associated with providing, meter informatipn and conducting
business transactigns. Some of the data entry functions will be provided using proprietary vehicle software and equipment.

This use case is gt a summary level, and it is not intended to be a guide_for any specific commdnication standard.
SAE J2847/3 will §ddress the communication needs between the PEV.-and EMS for use cases U6|and U7. Similarly,

SAE J2847/2 will deal with the EVSE inverter to PEV communications required for the EVSE inverter to be able to operate
with a PEV battery

A4 OVERVIEY OF SCENARIOS

Four scenarios willlbe described in this appendix. The names‘of each scenario and the key characteristi¢s of each scenario
are listed in the Taple A1.

Table A1 - Overview of PEV4 scenarios

PEV4 Scenafio PEV4 Scenario Name

Characteristics PEV Direct EVSE Direct
Inverter location PEV EVSE
V2G deal with PEV owner EVSE owner
DC valde-received by PEV owner
EMS\communicates with PEV EVSE

A5 SCENARIO NAME: PEV4 - PEV DIRECT

A.51 Scenario Narrative

An owner of a PEV with an onboard 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 as DER), and one between the PEV owner and the EVSE owner (EVSE use). 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.
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Ab5.2 Preconditions

The PEV has an onboard inverter, and it is capable of communicating with the EMS of the V2G application (program) owner.
The inverter has the required functionality to perform the intended V2G application.

A5.3 Scenario Step-by-Step Description

Table A2 - PEV direct scenario

Process Step Actor(s) Description
1 - Enrollment V2G owner V2G owner promotes a V2G program and makes enrollment materials
PEV owner available to PEV owners. PEV owner provides completed enrollment
mformatiomto- V26 owner— V26 owneracceptstheapplication 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 owner provides
completed enrollment information to EVSE owner. Ei/SE 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 deyice in the enrolled
V2G program using the AC EVSE. This can be done as a background
update during another charging event or at the start pf the first session
during which the PEVAwill participate in this new V2G program.
3 - Session
3.1 - Plug-in HEV PEV owner PEV is connected'to an AC Level 2 EVSE that allows the PEV to
participate as a'DER.
3.2 - Session petup PEV owner PEV owner enters session settings using PEV contrgls and displays to
PEV allow the"PEV to participate as a DER device in the ¢nrolled 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
communicatioh EMS engage as a DER device under control of the EMS for the enrolled V2G
program.
3.4 - Initialize N2G 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.
Execute SAE J3072 4.6
3.5 - Execute N2G PEV EMS receives state information from PEV and provides DER control
EMS commands to PEV continually during the active engagement.
Execute SAE J3072 4.7
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 fgr a future V2G
PEV session. Automatic updates by the EMS of parametgrs 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
PEV and wrap up any V2G program that has not already ended before
disconnecting. 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 back-office systems for performance assessment 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 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 enrollments.
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A.6 SCENARIO 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 as DER), and one between the EVSE owner and the PEV owner (PEV use). Just as with the PEV direct scenario,
these agreements could be very formal agreements or they may be very mformal The owner of the EVSE receives value
from the owner of the- from the owner of
the EVSE, and thig could be as S|mple asa preferred rate for parkmg and chargrng at a commercial parkrng 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 B2G programl. In this case, it would use a facility EMS to manage the individual EVSE‘units. Each EVSE is enrolled
with the facility EMB under this scenario. The facility itself is enrolled as a B2G provider using its EMS tq communicate with
the utility EMS. Th¢ individual V2G enrollments tier to a single B2G enrollment. The B2G enroliment for|the facility with the
utility would be formal. The internal agreements between the many EVSE units andthe building EMS |would be informal;
just what is needed to set up the communication. Each PEV would have an arrapngement with the faciljity, which operates
the EVSE units, fof the DC power transfer.

A.6.2 Precondjtions
The EVSE has anlinverter that is capable of communicating with the.EMS of the V2G application (pr¢gram) 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 A3~ EVSE direct scenario

Process Step Actor(s) Description
1 - Enrollment V2G owner V2G owner promotes a V2G program and makes enfollment materials
EVSE.owner available to EVSE owners. EVSE owner provides completed enroliment
information to V2G owner. V2G owner accepts the application and
provides V2G setup materials to the EVSE owner. VRG owner sets up
the EVSE in the V2G EMS and other back-office systems.
EVSE owner EVSE owner promotes use of DC power flow and makes enrollment
PEV owner materials available to PEV owner. PEV owner provides completed
enrollment information to EVSE owner. EVSE ownerll 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 Theappropriatesettingsare manuatty enteredusing 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
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.
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Process Step Actor(s) Description
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 EVSE inverter.
SAE 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 exchange information that is
expected to remain constant during the execution phase. EVSE
EMS retrieves information from PEV as needed to provide to EMS or as
needed by EVSE to manage DC power flow.
3.5 - Execute V2G EVSE EMS receives state information from EVSE and provides DER control
PEV CormmamnTds to i i i agement. 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
PEV receives final consolidated state information-from ESE. EVSE may
acquire information from PEV, meter,.or other devicgs to relay to EMS,
EMS or 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 parametgrs or curves for a
future session may also occur, If required for the curfent session, this
EMS must have been done dufingia 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 e¢nded.
4 - Post session EMS EMS provides\V2G engagement information for EVSE to the V2G
V2G owner owner back-office systems for performance assessnjent and
compensation of EVSE owner.
EVSE EVSE provides PEV engagement information to EVSE owner’s
EVSE owner back-office systems for performance assessment and compensation 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 enfoliment. EVSE
owner accepts termination and resets EVSE. PEV oyner resets PEV to
PEV disable DC program. This could be automatic for single event
EVSE enrollments.
EVISE-owner EVSE owner provides request to V2G owner to no Ignger participate in
V26 owner the enrolled V2G program in accordance with terms pf enroliment. V2G
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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APPENDIX B - USE CASE PR2
B.1 USE CASE NAME: CUSTOMER DISCHARGES THE PEV (PR2)
B.2 USE CASE SUMMARY
This use case describes the specific manual actions required to enable a PEV to transfer energy to a live grid (V2G), to a
home following a power failure (V2H), or to a load at a remote location (V2L). The use of one PEV to charge another PEV
(V2V) is a special case of V2L. This use case does not describe the electronic communications between an EMS and the
PEV/EVSE which is required for a PEV to serve as a DER device. These are described in detailed use cases U6 and U7.

It does describe the actions required to enable the PEV to participate as a DER device.

B.3 USE CASE-NARRATE

Other detailed use| cases may be part of establishing the preconditions for the scenarios in this{use ¢ase. For example,
many V2G applicagions will require enrollment with a utility or ESCO to be able to participate in a-V2G|program. This is a
precondition for egch V2G scenario. The specific controls and displays provided by the vehicle’or EVSE manufacturer to
set parameters for fhe inverter and to start and stop the energy transfer are not defined by this use case. [The V2G scenarios
provide for either mpanually setting the discharge power or enabling the PEV to participate in a DER program. For the other
modes, the invertef is manually activated as a voltage and frequency source. Communication is not requiired with any EMS
for basic dischargihg. Communication is required with an EMS for the PEV to patticipate as a DER. Mlanual operation is
performed using vehicle controls and displays.

B.4 OVERVIEY OF SCENARIOS

The scenarios are [listed in Table B1. The naming convention begins.with the type of reverse power, followed by whether
the power flow is cpntrolled manually (MAN) or as a DER device, ahd then by whether the transfer of ppwer from the PEV
is by EPP, AC pdrt, DC port, or wireless (WPT). Discharging@under scenario PR2-V2G-DER-AC is of V2G-AC type,
controlled as a DER device, using AC transfer from the vehicle.\DC transfer is always from the PEV to @n external inverter
in the EVSE and usges the conductive coupler.

Table B1 - Overview of PR2 scenarios

Use Case PR2 Use Case PR2 Scenarios Characteristics
Scenario Name Type Control Inverter Outlet
V2G-DER-AC V2G-AC DER Onboard SAE J1772
V2G-DER-DC V2G-DC DER External SAE J1772
V2G-DER-WRT V2G-WPT DER External Wireless
V2G-MAN-AC V2G-AC Manual Onboard SAE J1772
V2G-MAN-DC V2G-DC Manual External SAE J1772
V2G<MAN-WPT V2G-WPT Manual External Wireless
V2H-MAN-EPP V2H-EPP Manual Onboard NEMA
V2H-MAN-DC V2H-DC Manual External SAE J1772
V2L-MAN-EPP V2L-EPP Manual Onboard NEMA
V2L-MAN-DC V2L-DC Manual External SAE J1772

B.5 SCENARIO NAME: PR2-V2G-DER-AC
B.5.1 Scenario Narrative

A PEV is be used as a DER device for a V2G application. The onboard inverter is connected to the live grid using an AC
Level 2 EVSE.
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