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RATIONALE

A standard is needed to which a vehicle manufacturer can certify conformance by analyses, inspections, and tests that a
specific model of a utility-interactive inverter system, which is integrated into the plug-in electric vehicle (PEV), can be
interconnected in parallel with an electric power system by way of compatible, conductively-coupled, electric vehicle supply
equipment. The requ i i i j i i

Distributed Resources with Electric Power Systems and IEEE 1547.1 Standard for Conformancé

Equipment Interconnecting Distributed Resources with Electric Power Systems. The IEEE requirement
Amendment 1 but ngt IEEE work in progress towards a major new release.
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1. SCOPE

This SAE Standard J3072 establishes interconnection requirements for a utility-interactive inverter system which is
integrated into a plug-in electric vehicle (PEV) and connects in parallel with an electric power system (EPS) by way of
conductively-coupled, electric vehicle supply equipment (EVSE). This standard also defines the communication between
the PEV and the EVSE required for the PEV onboard inverter to be configured and authorized by the EVSE for discharging
at a site. The requirements herein are intended to be used in conjunction with IEEE 1547 Standard for Interconnecting
Distributed Resources with Electric Power Systems and |IEEE 1547.1 Standard for Conformance Test Procedures for
Equipment Interconnecting Distributed Resources with Electric Power Systems.

1.1 Purpose

This standard assumes that utilities will establish procedures by which a site could be approved for the interconnection of
PEVs with onboard ipverters on but does not request

q
PEV information. THe interconnection agreement for the site would require an EVSE to only authorize
discharge if the EVSE confirms that the Inverter System Model has been certified as conformingto SA

Itis expected that a Yehicle Manufacturer (VM) will perform the analyses, inspections, and tests to ensu
System Model that ig authorized by the VM to be installed in one of their PEV models conforms to the
J3072. The VM will issue a certificate of conformance to SAE J3072 for each authorized Inverter Syst

Itis expected that an|EVSE Manufacturer (EVSE OEM) will perform the analyses;inspections, and test
EVSE Model that is puthorized by the EVSE OEM to be used with a PEV withan onboard inverter sys

a connected PEV to
E J3072.

re that each Inverter
equirements of SAE
bm Model.

5 to ensure that each
tem conforms to the

requirements of SAE J3072. The EVSE OEM will issue a certificate of cenformance to SAE J3072|for each authorized
EVSE model. Alternatively, the EVSE model could be listed by a Nationally Recognized Testing Laboratory (NRTL) as
conforming to the reguirements of SAE J3072 or to an EVSE safety standard which calls out conformance to SAE J3072
as a requirement.

1.2 Background

Two approvals are [needed before a photovoltaic system can be used. A building permit must Qe secured from the
municipality and theif code enforcers inspect the installation to ensure that it meets the appropriate Nafjonal Electrical Code
requirements. An agplication to interconnect to the-grid must also be made with the electric utility for bgth business reasons
(such as net metering) and grid safety (which js\based on meeting IEEE 1547). If the inverter unit is|listed by a NRTL as
conforming to UL 1741, this generally satisfies-both the local code enforcement and utility technical requirements. The
application forms request the model numbér, of the inverter unit and many states maintain a data bage of listed and state
approved models. Because the PV system is fixed to the site, it is easy to program site-specific settings (such as the
reference voltage) directly into the inverter unit. For a V2G application where the inverter is installed infthe EVSE, the same
process used with P}V systems can be followed.

However, a roaming PEV inverter creates some unique technical and interconnection approval isfues. SAE J3072 is
intended to deal with both.The PEV can easily cross utility service areas and state lines and connfect at locations with
different site settingg. For.example, one EVSE could be connected to 208 VAC service and another EVSE could use 240
VAC service. For arnj nboard inverter that needs to meet an IEEE 1547 requirement to stop discharging if the grid voltage
drops below 88% of The reference voltage, the inverter needs to Know the reference voltage for the specific EVSE. It is not
practicable to allow this to be an explicit inverter setting in the PEV. SAE J3072 defines requirements for these settings to
be made in the EVSE and transferred to the PEV when it connects to the EVSE.

There are no established procedures in the electric power industry for handling a DER interconnection application without
providing the actual inverter model to be used on the form. The inverters are always fixed to the site and exactly known.
PEVs roam and there could be many different PEV models that could possibly connect to a site EVSE, particularly at public
sites. Utility DER interconnection application and approval procedures will need to be modified to allow for roaming PEVs
with onboard inverters. The utility would approve the site for interconnecting the PEVs based on the EVSE serving as the
gatekeeper and only allowing PEV Inverter System Models that have been certified to conform to SAE J3072 to discharge.
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3. DEFINITIONS
3.1 BIDIRECTIONAL CONVERTER

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 CORE INVERTER SYSTEM

The onboard inverter function is performed by a distributed system of vehicle components and is not a self-contained device
within the PEV. The Core Inverter System is a subset of the inverter system and consists of only those onboard hardware,
software, and firmware components which the VM considers to be directly associated with communication with the EVSE
for the purpose of setting up the inverter system for the site and authorization of discharging, for meeting the requirements
of IEEE 1547 and IEEE T547.T, and for the execution of smart inverier functions.

3.3 DISTRIBUTED ENERGY RESOURCE (DER)

Distributed Energy Resources are small, modular Distributed Generation (DG) and storage technologie$ that provide electric
capacity or energy where it is needed on the distribution grid. DG, which includes gensets; solar papels, and small wind
turbines, only serve jas a source of energy. Storage is a unique form of DER because, unlike pure DG, the unit can also
provide variable demand. Plug-in vehicles are storage systems.

3.4 ELECTRIC PQWER SYSTEM (EPS)

The EPS consists off equipment or facilities that deliver electric power .10 a load. The most common ekample of an EPS is
an electric utility.

3.5 ELECTRICAL|CONNECTION POINT (ECP)

Each DER unit has an ECP which is the point of electrical‘Connection between the DER source of ehergy (generation or
storage) and the local electrical power system (EPS).

3.6 ELECTRIC VBHICLE SUPPLY EQUIPMENF (EVSE)

This is the generic tgrm used to describe the device that is physically connected and provides energy tp the vehicle. EVSEs
may take several physical forms, and theirlogical function may likewise differ substantially. Physical forms include a mobile
cordset used for 12QVAC charging, a fixed or wall-mounted 240VAC charger, or an off-board DC charger. An EVSE may
also support reversef power flow (discharging).

3.7 ENERGY MANAGEMENTSYSTEM (EMS)

with a PEV or EVSE for the purpose of controlling the charging or discharging of the PEV battery. An EMS can exist at
several tiers: custoner.premises, distribution level, or system level. These computer systems may go|by other names, but
the term EMS will be used generically in this document.

The term Energy Mapagement System (EMS) is used in this document to describe a computer system tT\at can communicate

3.8 FORWARD POWER FLOW (FPF)
Forward Power Flow means the direction of energy for charging a vehicle.
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.
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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 the inverter. A grid-connected inverter (i.e., utility-interactive inverter) must act as a current source and
synchronize to the frequency of the grid voltage waveform. The grid voltage and frequency are far too stiff for a single
inverter to shift them. Bidirectional Converter is the term used for a device that can convert from AC to DC in one direction
to serve as a battery charger and also be capable of being reversed and convert from DC to AC in the other direction to
serve as an inverter. A grid-tied power converter can be designed to either lead or lag its sourced current relative to the
grid voltage during either charging or inverter operation. This is called a Four Quadrant Converter. For simplicity the
bidirectional and four quadrant converters are often just referred to as an “inverter” when discussing reverse power flow.
That convention will be followed herein.

3.11 INVERTER SYSTEM

Used in this standarq to generically refer to both bidirectional and four quadrant power conversiofysystgms used to interface
the electrical systen] of the PEV with the grid. The term inverter system is used to represent\a‘distributed system - not a
self-contained devicé¢ within the PEV.

3.12 INVERTER SYSTEM MODEL NUMBER

This is a unique 32 character string which is assigned by the VM to each nonintefchangeable configuration of the Core
Inverter System whigh is approved by the VM for use within one of their vehicle models.

3.13 PLUG-IN ELECTRIC VEHICLE (PEV)

This is the generic tgrm used to describe any vehicle that plugs in te receive electrical energy. This indudes many different
classifications of vehjicles, such as Battery Electric Vehicle (BEV);(Plug-in Hybrid Electric Vehicle (PHEY)), Extended-Range
Electric Vehicle (E-REV), and so on.

3.14 POINT OF CQMMON COUPLING (PCC)

This is point where the local (premises) and utility-electric power systems connect. This would normally be at the electric
meter.

3.15 POWER FACTOR

Generally the term Power Factor is used to mean Displacement Power Factor which is defined as the ratio of active (or real)
power in Watts to agparent power«inVolt-Amps at the fundamental frequency (50Hz / 60 Hz). It is a njeasure of the phase
shift that occurs bejween line_Violtage and line current when the AC line is loaded with a linear load having reactive
characteristics, sucH as an AC_motor. The line current is sinusoidal in shape, but either leads or lags the line voltage in
phase.

3.16 REVERSE PQWER FLOW (RPF)

Reverse Power Flow means the direction of energy for discharging a Vehicle.
3.17 STAND-ALONE INVERTER

An inverter intended to supply a load and does not provide power back to the electric utility. This type of inverter regulates
the voltage and frequency for the delivered power to the connected loads.

3.18 UTILITY-INTERACTIVE INVERTER

An inverter intended for use in parallel with an electric power system to supply common loads and sometimes deliver power
to the utility. This is also called a grid-connected inverter.
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4. TECHNICAL REQUIREMENTS
4.1  System Concept

Figure 1 provides a system concept for a Plug-in Electric Vehicle (PEV) with an onboard inverter system interconnecting to
the electric power system (EPS) by way of a conductive coupling to Electric Vehicle Supply Equipment (EVSE). The blocks
in the figure are not intended to represent specific components — they are just notional functions. Selected functions of the
EVSE are shown on the left side of the figure and selected functions of the PEV are shown on the right side of the figure.
The figure does not attempt to show all of the components or functions of the EVSE or PEV that interact with the inverter
system. For example, the battery and battery management system are not shown. The figure shows that the onboard
inverter function is really performed by a distributed system within the PEV - it is not a self-contained device within the PEV.
The term “inverter” is used in this standard to generically refer to both bidirectional and four quadrant power conversion
systems. The software functions may be distributed across many intelligent devices. For simplicity, selected software
functions are groupedim tr [ ’ abelled PEVCompute and £V ompute

Basesassssssdesssnsnnnnnnsnsssnnnnnnnnnnng,

PEV Computer(s)

1| IEC 61850-90-7
B Inverter Functions

N 4

EVSE Computer(s)

Protocol
¢--ip «P -
: Translator

EVSE J3072
Logic Logic

Power Converter

Pl
a 2
:

- L3
HIE
gz

0’ .
* h
|||'..||||'.......-.....C‘ R T T T

Figure 1 - System concept example

A primary focus of thlis documentis'to define requirements for the information that must be shared be{ween the EVSE and
the PEV for the purpose of sgtting up the onboard inverter system for discharging at the EVSE site pand for the EVSE to
authorize the PEV inyertertodischarge. The logic required by the EVSE and PEV to perform these fungtions will be defined.
This document will alsordefine the specific communication protocols to be used for this purpose. [These functions are
illustrated by the dark ‘blue boxes.

A key requirement in this document is that the inverter system must meet the requirements of IEEE 1547. The figure shows
a block labeled “1547 Logic” to recognize that specific functionality will be required in the PEV inverter system to be able to
meet the IEEE 1547 requirements. However, this standard will not define the specific logic for how the inverter system is
expected to meet these requirements.

The EVSE will be connected to the facility local area network (LAN). The LAN could use Ethernet, Wifi, or some other
physical media. The green block labeled LAN is intended to show this physical interface. The EVSE will be able to
communicate with a facility energy management system (EMS) which would be connected to the LAN. The EVSE may also
be able to engage a utility or aggregator EMS by connecting to the internet by way of the LAN. The key is that the EVSE is
a device which can be engaged by an EMS for direct EMS-EVSE communication. Some SAE J3072 logic performed by
the EVSE may require the EVSE to access information from an EMS. However, the EVSE to EMS communication is outside
the scope of this document.
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While it may be useful for a vehicle operator to be able to manually start the PEV inverter and program it to discharge at a
specific power level for a specific duration, vehicle to grid (V2G) applications are based on the PEV inverter interacting with
a facility, utility, or aggregator EMS. IEC/TR 61850-90-7 defines the logic and the associated information model for many
smart inverter functions. Itis expected that inverters will follow this information model for those functions which are selected
for implementation. IEC/TR 61850-90-7 does not mandate which functions must be implemented. SAE J2836/3™
recommends specific functions which may be suitable for implementation in a PEV. The software block labeled IEC 61850-
90-7 Inverter Functions designates the logic associated with implementing these functions.

At this time, this standard does not require that any specific IEC 61850 smart inverter function be implemented or define
specific conformance testing for those functions which may be implemented by a PEV inverter. This standard does not
define the communication protocol to be used by the PEV to engage with an EMS for the purposes of engaging the PEV
smart inverter functions in a V2G application. However, it is important to understand how the PEV could engage with an

EMS to perform a V2G application.

Figure 1 shows thre
uses a protocol whig
directly from the PEV
Smart Energy Profilg
SEP2 supports man

If the PEV protocol is
path is shown by th¢
the IEC/ISO 15118 ¢
translation to the EM
bridge EVSEs could

A PEV could use a

proprietary telematiq
standard protocol. F
why a PEV would pr

It is important to diff
by this standard fro
possible for the sam

This example does 1
pilot used with SAE
There will be some 1

4.2 System Types

h is the same as that used by the EMS, the EVSE could be set up to bridge th

2.0 (SEP2), this approach could be used to communicate directly with a home
IEC 61850-90-7 functions and all of those identified in J2836/3™,

not compatible with the EMS protocol, the EVSE could performbidirectional prot
black dashed arrows from the PEV to the protocol translation software in the EV
rotocol for point to point communication between the EVVSE ‘and the PEV, the EV
S protocol. An EVSE would most likely only provide either'a bridge or a translator,
be connected to a single translation gateway device'which is connected to the fa

vireless link to engage the EMS. This could be a Wifi link to a router in the facilit
s link to a vehicle manufacturer telematics(system which would in turn connect
gure 1 shows telematics being used for IEC 61850 purposes. However, there are
bvide a telematics link.

prentiate the SAE J3072 point tospoint messaging between the EVSE and the PH
the higher level V2G engagement between an EMS and the PEV smart inverter.
physical point to point channelbetween the EVSE and PEV to be used to carry bo

ot show all of the possible communication channels. For example, the pulse wid
J1772 EVSE-PEV(is not shown. Some EVSE-PEV system types would not in
pquirements which will be unique for each specific System Type as described in 4

A PEV with an onbo
connect to the EPS
system must be abl

rd inverter system and the connected EVSE jointly operate as a single integrated

e ways that a PEV smart inverter could engage with a facility, utility, or aggregator EMS. If the PEV

internet messages

to the LAN and beyond. This path is shown by the green dashed arrows(If the PRV uses IEEE 2030.5

MS that uses SEP2.

bcol translation. This
SE. If the PEV uses
bE could perform the
but not both. Several
ility LAN.

y. It could also be a
to an EMS using a
many other reasons

V which are defined
Although it could be
h message streams.

th modulated control

clude a control pilot.
2.

DER. A PEV cannot

witheut'an EVSE and the EVSE does not perform any actual power conversio
torinterconnect with and be interoperable with the EVSE. This standard is intend

]

The PEV inverter
d to support several

EVSE and PEV conf

4.2.1

igurations.

System Type A1 (SAE J1772 AC L2 SEP2)

The EVSE and PEV conform to the requirements of SAE J1772 which apply to AC Level 2 Transfer. The PEV can provide
either an SAE J1772 C1 or C1 Combo receptacle (in which case only pin 1 (L1) and pin 2 (L2/N) of the coupler are used to
transfer AC power between the EVSE and PEV). The facility reference (nominal supply) voltage will not be less than 208
VAC or greater than 240 VAC. The facility maximum continuous AC charging current will not be more than 80 A RMS.
Information which is defined by this standard to be directly exchanged between the EVSE and PEV will be transferred using
P2P PLC over the SAE J1772 control pilot in accordance with SAE J2931/4. The higher OSl-layers follow SAE J2931/1
and IEEE 2030.5 to the extent needed to meet the requirements herein.
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422 System Type B1(J3068 CAN)

Reserved: to be defined after J3068 is issued.

4.3 Inverter System Models

The Vehicle Manufacturer (VM) is expected to perform conformance testing to J3072 requirements for one of the
configurations of each Inverter System Model which is installed into a production vehicle or might arise as a result of an
authorized repair by a licensed dealer. Unfortunately, the inverter system functionality is not isolated to one or two
removable electronic boxes in the vehicle. The inverter functionality can be widely distributed across many vehicle
components which are provided by many different suppliers. Conformance testing may actually be performed using a
complete vehicle. But this still requires the VM to be able to define the hardware, software, and firmware components that
constitute the inverter system and have a configuration management system that defines how changes to a designated

inverter system com

4.3.1 Define the G
The VM shall define
constitute the Core |

The Core Inverter §
associated with com
of discharging, for 1
functions.

Some vehicle hardw
a part of the inverter
standard and are no
be used to provide
conformance testing
4.3.2 Identify Inve
A collection of interd
Model. A vehicle us
System Model.

The VM shall estab
configurations of the

This could be done
constructed by the V

pbonent can create a new model which would need 1o be certified.
ore Inverter System

the hardware, software, and firmware components of the vehicle which/are cons
hverter System.

ystem shall consist of at least those onboard components “which the VM con
munication with the EVSE for the purpose of setting up the inverter system for the g
heeting the requirements of IEEE 1547 and IEEE 1547.1, and for the execulti

bre or software components may interact with the €ore Inverter System and could
system, but are not considered by the VM to-be directly relevant to meeting the
considered to be part of the Core Inverter System. For example, a multifunction

certain settings to the Core Inverter System, but this could be simulated by te
to this standard.

rter System Models

ing any one of the configurations could be used to perform the conformance te

ish a configuration management approach for identifying interchangeable and
components that’comprise the Core Inverter System to define Inverter System M

M forthis purpose, or some combination.

idered by the VM to

siders to be directly
ite and authorization
pn of smart inverter

be considered to be
requirements of this
Hisplay system could
st equipment during

hangeable configurations ef\the Core Inverter System are defined to be of the same Inverter System

sting for the Inverter

hon-interchangeable
pdels.

directly using an established VM configuration management system, by using & standalone system

4.3.3 Inverter Sys

em’Model Number Format

The VM shall assign an Inverter System Model Number to each Inverter System Model. This is in addition to any designation
that the VM uses in their internal systems to identify inverter system models. This number is intended to be unique across
all VMs which will facilitate the creation of a searchable data base of all certified models.

Table 1 - Inverter system model number format

1-2

4-6 7-32

Type

B/4 | WMI VM designation of an Inverter System Model
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The Inverter System Model Number shall consist of a string of 32 characters (UTF-8) as defined by Table 1 and explained
below.

Characters 1-2 shall be the System Type as defined in 4.2. (e.g. A1, B1, ...)

Character 3 shall be either “B” if the system is a bidirectional converter or “4” if it is a four-quadrant converter.

Characters 4-6 shall be a World Manufacturer Identification (WMI) which has been assigned to the VM. WMI, which is
defined by SAE J853, is a three character code which is used by the VM for its vehicle identification numbers (VIN). The

WMI used for this model designation does not need to be that for the location of manufacture of the specific vehicle. The
sole purpose is to create a unique model identity between manufacturers, so the WMI only needs to be assigned to the VM

(i.e., the VM may use the same WMI for all Inverter System Models regardless of which vehicle it is installed in).

The VM shall use th

Model to the VM configuration management system. These characters shall be traceable to a canfig
system which is used by the VM to define the hardware, software, and firmware components within the
the Core Inverter Sygtem. The VM may choose to use notation which comes directly from the VM config
system or may elecfl to use a “more user friendly” notation which is indirectly linked to the IM config

system. This VM po

e Use charact

e Include at le

e Beunique a

4.3.4 Inverter Sys

4

[«

Figure 2 provides
assigning Inverter S

The first step is for t
some function of the
of parts which are la
Inverter System. Th
the part numbers for
vehicle managemen

In this example, the
like 326A1234P1. T
column Part C is ch
assembly level. This
actually look someth

last Zb characters (/-32) of the Inverter System Model Number 10 uniquely link]

ion of the Inverter System Model Number shall:

brs that conform to UTF-8 (Universal Character Set Transformation Format 8-bit).
ast 10 non-blank characters and not more than 26 chardeters

nd not depend on characters one through six of the.Inverter System Model Numb
em Model Example

n example of a configuration management approach for identifying Inverter
stem Model Numbers.

he VM to identify all of the potential’hardware, software, and firmware componen
beled as Part A through Part\ZZ. Only five parts (A to E) are defined by the VM t
e /M could create an assembly drawing and parts list for the Core Inverter System

each part. In an actualparts list, the description of the part would be provided a
computer, Part B.might be the VMC software, Part E might be power conversion

specific part.numbers are designated by A1, C2, E2, etc. In an actual drawing s
he left coldmn provides the first configuration which is designated by A1 throug

cande tracked using a revision level but the top assembly is not changed. lItis “

the Inverter System
Lration management
ehicle that comprise
uration management
Iration management

br for uniqueness.

System Models and

s that could perform

Inverter System and are necessary for the inverter system compliance to this st@ndard. This is a list

p comprise the Core
which would provide
nd Part A might be a
electronics.

ystem A1 might look
n E1. In the second

hnged from/C1 to C2. This is a non-interchangeable part with C1 but it is interchangeable at the top

xxG01” which might

ng like' 299A4000G01 in an actual drawing system. In the fourth column the chan

a new top assembly|
example.

because it is not interchangeable. This is designated by changing the top assein
In the VM configuration management system the Inverter System Models are defined by the top assembly

pe to Part E2 creates
bly to a G02 in this

numbers where “xxx” would be the base drawing, such as 299A4000, and the group numbers differentiate the models.

The first six characters of the Inverter System Model Number are defined by this standard. In this example, the System
Type is A1 and uses a four quadrant converter. It is also assumed that this system is in a Jeep with WMI of 1J4. This results
in the first six characters being A141J4. The VM can assign up to 26 characters to complete the Inverter System Model
Number. One way would be to directly use the top assembly number so A141J4aaa might be defined as
A141J4299A4000G01. Alternatively, the VM might want to use descriptive characters that are only linked to the actual
drawing system. A model number of A141J4JEEP4Q5K301 might be used to designate a Jeep, 4-Quadrant Converter, 5
KW, series 301. It is only required that the VM can link the assigned model number to the configuration management
system that defines the configurations associated with each inverter system model.
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Inverter System Model Number
A141J4aaa A141J4bbb A141J4ccc
Top Inverter System Model
Assembly xxxG01 xxxG02 xxxG03
Revision - A B - A - A
Description Core Inverter System Configurations
Part A A1 A1 A1 A1 A1 A2 A2
Core Part B B1 B1 B1 B1 B1 B1 B1 Inverter
Inverter PartC C1 C2 C2 C2 C3 C3 4 System
System Part D D1 D1 D2 D2 D2 D2 2
Part E E1 E1 E1 E2 E2 E2 y,
Part F
Part G COMPONENTS NOT SELECTED BY VM
TO BE PART OF INVERTER SYSTEM MODEL
Part ZZ
NOTE: AlllChanges are Class | at Part Level
CZ are Class Il at Top Assembly Level{Rev Letter)
EZ are Class | at Top Assembly Level (Group Change)
Figure 2 - Example of inverter system models
4.3.5 Configuratioh Control for Inverter System-Models
The VM shall have [configuration control.procedures which will ensure that the configuration of hajdware and software
components of the Jore Inverter System which are installed in each delivered vehicle conform to an Inyerter System Model
which has been defined and certified by the VM.
The VM shall have g process for/providing guidance to their licensed dealers to also ensure the conflguration of the Core
Inverter System follgwing any.repairs conforms to a defined and certified Inverter System Model.
The VM shall provide warnings to the vehicle owner in manuals or other media against any unauthorized modification of the
Core Inverter System configuration during any repair or modification which is not performed by a licenged dealer.

4.4  Certification of Inverter System Model to SAE J3072

The VM shall prepare a certification plan which will ensure conformance to the requirements of SAE J3072 for a specific
Inverter System Model.

The VM or their designated agents shall perform the analyses, inspections, and tests defined by the certification plan.

After the successful completion of the certification activities defined by the plan, the VM shall prepare a dated certificate of

conformance to SAE

J3072 for the specific Inverter System Model.

The VM shall maintain a copy of the certification plans, associated detailed procedures, and test results for a duration which
is consistent with the VM document retention policies for similar types of records.
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4.4.1 Impact of Configuration Changes on Certification Process

The VM shall perform complete conformance testing for the first of a new Inverter System Model. This establishes the
baseline model. Figure 3 defines a process for a VM to assess the impact that changes to the inverter system may have on
recertification requirements. Changes to the inverter system may happen often and many will not result in the VM creating
a new model designation. Also a full certification by the VM may not be warranted for new models that are very similar to
the baseline model.

New Model

e Full Certification

‘

System Component | Classli Model Unchanged

Is Changed No Certification
Class|
Interchangeable at Yes Model Unchanged
System Level? No Certification
No
No New Model

New Baseline? >

Delta Certification

Yes

Figure 3 - Certification and changes
4411 Class Il Change

If a hardware or soffware component of the system is changed, the VM may consider the change td be a minor revision
(Class 1) which is fully intetchangeable, forward and backward. The base part number would not normally be changed and
many configuration [nanagement systems would consider this to be a revision level change. Befause the parts are
interchangeable, thi§ could have no effect on the higher level system. As part of the VM configuration management process,
a configuration control board would expect to see some assurance, which may include regression testing, that this, in fact,
is an interchangeable part. These changed configurations would not result in a new model designation and no formal
certification testing would be performed.

44.1.2 Interchangeable Class | Change

Some changes to a system component may not be interchangeable at the component level, but may not be relevant at the
system level in the judgment of the VM. For example, the software in a vehicle computer that includes DER functions may
also include functions for time of use charging. The software for time of use may be changed and this could result in the
software not being interchangeable. It would be important for the VM to ensure that the DER functions were not impacted,
so some analysis and regression testing may be needed to provide this assurance. But because the change has no impact
on the inverter system, this could be considered to be interchangeable for the inverter system assembly and a new model
would not need to be designated. Recertification to this standard would not be required.
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4.4.1.3 Change Results in New Model Designation

Class | changes to a system component that directly impacts inverter system form, fit, or function will result in the creation
of a new Inverter System Model. This will require a certification plan for the new model and a new certificate would be issued
for this derivative model. The plan could build on the baseline plan and identify exactly what delta testing is needed to certify
the new model. The VM must assess whether the magnitude of the change is appropriate for using a delta approach or
whether to establish a new baseline and perform the full certification.

442 System Test Configuration for PEV Inverter System Model

For certification testing the PEV Inverter System Model shall be connected to a “Test EVSE” which shall be either an actual
EVSE or an EVSE simulator which conforms to the requirements of SAE J3072. However, any testing which is required to
ensure this AC charging compatibility would not be part of the specific testing required to ensure conformance to this
standard. The test cfnfiguration shall allow the rate of charging and discharging to be set

4421 SAE J1772 System Types (A1)
For System Types I
requirements for AC
charging (SAE J295

SAE J2953/2 for Tie

ased on SAE J1772 AC Level 2 EVSE and PEV, the EVSE and PEV.sshall copform to SAE J1772
Level 2. The EVSE and PEV shall conform to the SAE J2953/1 technical requirements for AC Level 2
3/1 section 4). The EVSE and PEV shall be tested using the AC, Interoperability Test Procedures of
- 1 (Section 4.5), Tier 2 (Section 4.6), and Tier 3 Ampacity Control Test (Section 4.7.1).

4422 System Type B1
Reserved: to be defined after SAE J3068 is issued.

4.4.3 Notice of Certification to SAE J3072

The VM shall provide
Inverter System Mo
vehicle electronically

The VM shall establi

notification with each new vehicle that includes a statement of conformance to SAE
el Number, and the date of certifications This notice may be made available to a
on demand using a vehicle display with instructions about finding it printed in a u

5h a process where a licensed-dealer following any repair which changes the inste

Model Number would provide the vehicle owner-with the statement of conformance to SAE J3072 for th

This notice may be
instructions about fin

The VM shall make 4

made available to user.onboard the vehicle electronically on demand using a
ding it printed in a usermanual.

copy of the actual certificate of conformance available on request to a party with S

F J3072, the installed
ny user onboard the
ser manual.

lled Inverter System

e new configuration.
vehicle display with

pecific interest, such

as a current vehicle
retrieve copies for s|

pwner, a utility,\or a state regulator. This requirement can be satisfied by providing internet access to
ecific Inverter-System Model Numbers.

4.5 Certification of EVSE to SAE J3072

The EVSE Manufacfurer (EVSE OEM) shall perform the analyses, inspections, and tests required to ¢nsure that an EVSE
Model that is authorized by the EVSE OEM to be used to interconnect a PEV with an onboard inverter system conforms to
the requirements in 4.6. The EVSE OEM shall issue a certificate of conformance to SAE J3072 for each authorized EVSE
model. The EVSE shall be marked to indicate that it conforms to SAE J3072.

Alternatively, the EVSE Model could be listed by a Nationally Recognized Testing Laboratory (NRTL) as conforming to the
requirements to an EVSE safety standard which calls out conformance to SAE J3072 as a requirement. The EVSE shall be
marked to indicate that it conforms to SAE J3072.

The EVSE Model shall be connected to either an actual PEV or a PEV Inverter System simulator which conforms to the
requirements of 4.6.
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4.6 EVSE Authorization of PEV to Discharge

The EVSE shall be the gatekeeper for authorizing the PEV to discharge at a specific site. This section describes the
information to be exchanged between the EVSE and PEV and the logical decisions to be performed by both the EVSE and
PEV before the EVSE can authorize the PEV to discharge.

4.6.1 Connection of PEV to EVSE

The vehicle operator connects the PEV to the EVSE by inserting the vehicle connector into the vehicle inlet. This will initiate
the normal sequencing logic for AC charging. This basic EVSE and PEV interoperability is not a specific requirement of
this standard, but it is a precondition for engaging as a DER. See 4.4.2.

4.6.2 Establish Point to Point (P2P) Communication

The EVSE and PEV|shall establish P2P communication as defined by the protocol used for the Syste||n Type.

This P2P link shall be used to transfer information which is defined by this standard to be directly exchanged between the
EVSE and PEV.

4.6.2.1 System Type A1
System Type A1 shall use the IEEE 2030.5 Smart Energy Profile (SEP2) for P2R*communication between the EVSE and
the PEV. The OSI |physical and data link layers shall conform to SAE J2931/4. This uses high bandwidth power line
communication supgrimposed on the SAE J1772 control pilot. SAE J2931/1 defines the higher layefs of the stack which
include protocols su¢h as IP, TCP, and HTTP(S).

The EVSE shall act ps a SEP2 host server for the PEV SEP2 client for the P2P link. The SEP2 obje¢ts to be used by the
EVSE and PEV for the P2P communication are defined in Appendix C.

4.6.2.2 System Type B1

Reserved: to be defihed after SAE J3068 is issued.
4.6.3 Initial Transfer of EVSE Parameters

After P2P communidation is established, the\PEV shall acquire the parameters listed in Table 2 from the EVSE.
The EVSE shall set {the values of these parameters consistent with the definitions provided in Append|x B.

The EVSE shall set the value of-Authorization to Discharge to a value of FALSE until the EVSE confirmg that it is appropriate
to set the value to TRUE as_defined by this standard.

Table 2 - EVSE parameters for PEV

Parameter Units
Authorization to Discharge True/False
EVSE Maximum Forward Power Watts

EVSE Maximum Reactive Power VAR

EVSE Maximum Reverse Power Watts

EVSE Minimum Power Factor Magnitude Only
EVSE Reference Voltage Volts RMS
EVSE Reference Voltage Offset Volts RMS
EVSE Updated Time Date & Time
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4.6.4

Initial Transfer of PEV Parameters

The PEV shall provide the parameters listed in Table 3 to the EVSE after it has received and processed the EVSE
parameters. These parameters are defined in Appendix B. The expected use of the EVSE parameters by the PEV to
prepare the parameters in this table is described below.

Table 3 - PEV parameters for EVSE

Parameter Units

Inverter System Model Number 32 Character String

4.6.4.1 Referencd

The PEV shall set th
the System Type.

If the value of EVSE
The PEV sh
Maximum R
Maximum R
Minimum Pg

e Reference V/

SAE J3072 Certified True/False
SAE J3072 Certification Date Date & Time
Maximum Forward Power Watts
Maximum Reactive Power VAR
Maximum Reverse Power Watts

Minimum Power Factor Magnitude. Only

Reference Voltage Volts RMS

Reference Voltage Offset Valts\RMS

Updated Time Date & Time
Voltage

e value of Reference Voltage to the_ value of the EVSE Reference Voltage if it is

Reference Voltage is lower.than or greater than that allowed for the PEV system
bll not discharge during,the session.

pactive Power shalljbe set to a value of zero.

pverse Powét.shall be set to a value of zero.

wer Eactor shall be set to a value of unity.

within the range for

type:

oltage shall be set to a default value for the System Type.

For System Type A1, if the EVSE does not provide a value for EVSE Reference Voltage to the PEV or it provides an EVSE
Reference Voltage that is lower than 208 VAC or greater than 240 VAC, the PEV shall use a default value of 200 VAC for

Reference Voltage.

4.6.4.2 Reference Voltage Offset

The PEV shall set the value of Reference Voltage Offset to the value of EVSE Reference Voltage Offset.

If the PEV considers the value to not be valid, it shall set Reference Voltage Offset to a value of zero VAC.
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4.6.4.3 Maximum Forward Power

The PEV shall set the value for the Maximum Forward Power to the lower of

The value of Basic Maximum Forward Power,

The value of EVSE Maximum Forward Power

The value computed using the current limit provided by the control pilot signal, if available for the System Type.

The PEV shall calculate the control pilot power limit as the product of the current limit and the Reference Voltage.

4.6.4.4 Maximum Reverse Power

The PEV shall set th
e The value of
The value of

The value ¢
The PEV sh

.
The value of Maximu
do not agree.
4.6.4.5 Maximum R
If the PEV does not
If the PEV has a fou
e The value of
The value of

The value of Maximu
do not agree.

4.6.4.6 Minimum P
If the PEV does not

If the PEV has a fou

e value for the Maximum Reverse Power to the lower of
Basic Maximum Reverse Power
EVSE Maximum Reverse Power

bmputed using the current limit provided by the control pilot sighal, if available f
all calculate the control pilot power limit as the product of theicurrent limit and the

m Reverse Power shall be set to zero if the values for Reference Voltage and EVS

Reactive Power

have a four quadrant converter the value of Maximum Reactive Power shall be se
quadrant converter the Maximum Reactive Power shall be set to the lower of
Basic Maximum Reactive Power.

EVSE Maximum Reactive.Power.

m Reactive Power shall'be set to zero if the values for Reference Voltage and EVS

ower Factor

have a four quadrant converter the value of Minimum Power Factor shall be set td

br the System Type.
Reference Voltage.

F Reference Voltage

t to zero.

F Reference Voltage

unity.

guadrant converter the Minimum Power Factor shall be set to the greater of

The value of Basic Minimum Power Factor.

e The value of EVSE Minimum Power Factor.

The value of Minimum Power Factor shall be set to unity if the values for Reference Voltage and EVSE Reference Voltage
do not agree.

4.6.4.7 Inverter System Information

The VM shall provide a means for an authorized person to set and store the values for the Inverter System Model Number,
the SAE J3072 Certification Date, and SAE J3072 Certified. The Inverter System Model Number should correspond to the
actual installed Inverter System Model in the PEV.
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46.5 EVSE Evaluates PEV Parameters

The EVSE shall evaluate the information received from the PEV as part of the authorization to discharge process. If any of
the conditions below is not met, the EVSE shall not authorize the PEV to discharge and the EVSE shall set the Authorization
to Discharge parameter to FALSE. Otherwise the EVSE shall change the Authorization to Discharge parameter from FALSE

to TRUE.

46.51 Maximum

Forward Power

The value of Maximum Forward Power shall not exceed the lower of

The value of EVSE Maximum Forward Power.

The value of
SAE J1772

4.6.5.2 Maximum H
The value of Maximy
The value of

The value of
SAE J1772

4.6.5.3 Maximum H
The value of Maximy
The value of

The value of
SAE J1772

46.54 Minimum P

The value of Minimu

4.6.5.5 Reference

the product of the Reference Voltage and the current limit which is defined by the
Control PWM Signal (if available for the System Type).

Reactive Power
m Reactive Power shall not exceed the lower of
EVSE Maximum Reactive Power.

the product of the Reference Voltage and the current limit which is defined by the
Control PWM Signal (if available for the System Type).

Reverse Power
m Reverse Power shall not exceed the lower of
EVSE Maximum Reverse Power.

the product of the Reference Voltage and the current limit which is defined by the
Control PWM Signal (if available for the System Type).

ower Factor
M Power Factor shall'not be less than the value of EVSE Minimum Power Factor,

\Voltage

The value of Refereipce Voltage shall be equal to the value of EVSE Reference Voltage.

4.6.5.6 Reference

Voltage Offset

The value of Reference Voltage Offset shall be equal to the value of EVSE Reference Voltage Offset.

4.6.5.7 SAE J3072

Certified

The value of SAE J3072 Certified shall be TRUE.

46.5.8

Inverter System Model Number

EVSE setting for the

EVSE setting for the

EVSE setting for the

If required by the site DER interconnection agreement, the Inverter System Model Number shall be approved by the utility
or other responsible authority. The means used by the EVSE to verify that Inverter System Model Number has been
approved is outside the scope of this standard.
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4.6.6 Active Update and Monitoring During Session

The PEV shall maintain P2P communication with the EVSE during any session during which the PEV may engage as a
DER and discharge.

The PEV shall not discharge unless the value of the Authorization to Discharge parameter received from the EVSE is TRUE.

The PEV shall check the Authorization to Discharge parameter at least every second and stop discharging if not continually
authorized.

If the EVSE detects that the PEV is discharging and the EVSE has not authorized discharge, the EVSE shall disconnect

the PEV from the grid by use of the circuit breaker, or use other positive means as appropriate.

4.7 Smart Invertef Functions
This standard shall &
power level as man
operating modes to
discharging for a ses
able to start, stop, an
control function is oy

sion are outside the scope of this standard. For certification to this standard, it is
tside the scope of this standard.
While it is expected that an onboard inverter system would implement one ormore of the smart inverte

in SAE J2836/3™ Use Cases U6 and U7, IEC/TR 61850-90-7, and EPRI)Common Functions for
standard does not r

does not define conformance testing for smart inverter functions which are voluntarily implemented b
inverter functions all require the PEV to communicate with an,EMS which will serve as a controller
system. The associ

If certain of the sma
systems, this standard may be revised to include requirements for implementation and conformance t

NOTE: IEEE 15474 provides default settings for~abnormal voltage and frequency and associated
1547a also [specifies that under mutual agreement between the utility and DER operato
frequency and clearing time settings.shall be permitted. As described in 4.8, testing to this sta
on using thgse default settings( The communication defined by 4.6 does not provide a capa
specific abnprmal voltage and frequency settings from the EVSE to the PEV. There are sm

known as Low Voltage Ride~Through (LVRT), High Voltage Ride-Through (HVRT), Low Freq

(LFRT), and|High Frequency Ride-Through (HFRT) that provide the capability for a utility EM
to a compati

A VM could Elect;to’implement and validate these functions.

pply to a vehicle with an onboard inverter system which may only be capableof ¢
Lally set by the vehicle operator using vehicle controls and displays. The contrg
be used by the vehicle operator to establish the time to start and stop dischan

d set the rate of discharging as part of the test setup. Verification(©f the embedded

quire that any specific function shall be implemented by the onboard inverter sy

recommended that gt least the Basic DER function (U6) defined in SAE-J2836/3™ be implemented. R

ed communication hardware and software protocols are also outside the scope @

inverter functions become mandatory for approval of interconnection of PEVs v

le DER.'As described above this standard does not require that these functions g
and does no} define €¢onformance testing to ensure that they would be properly implemented by

ischarging at a fixed
Is and displays and
ging and the rate of
bnly necessary to be
logic for any manual

[ functions described
Smart Inverters, this
stem. However, it is
urther, this standard
y the VM. The smart
for the PEV inverter
f this standard.

vith onboard inverter
psting.

Clearing times. IEEE
, other voltage and
ndard shall be based
bility to transfer site-
art inverter functions
uency Ride-Through
B to provide settings
hall be implemented
the inverter system.

4.8  Utility Interaction

The inverter system shall meet the requirements of IEEE 1547-2003 and Amendment 1 (January 2014) except as modified

by Table 4.
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Table 4 - IEEE 1547 clarification and modifications

Paragraph

Comment

4.1.1 Voltage re

gulation

Only a PEV with a four quadrant converter shall permitted to
actively participate to regulate the voltage by changing real
and reactive power and only when authorized by the EVSE.

4.1.7 Isolation d

evice

This requirement shall be achieved by uncoupling the PEV
from the EVSE. A Lockout tag could be attached to the EVSE
cord during an emergency or during maintenance as required
by by facility safety practices.

4.2.3 Voltage

Voltage shall be measured at the output side.gf the inverter
system power conversion unit.

The inverter system shall use the default valugs defined in
Amendment 1 for certification testing t0 this standard.

4.2.4 Frequency

The inverter system shall use-the default valugs defined in
Amendment 1 for certification\to this standard.

4.2.6 Reconnec

ion to Area EPS

The delay applies to discharging. The PEV shfall use a fixed
delay of five minutes:

5.3 Interconnec

ion installation

Not applicable tesxroaming PEV

5.4 Commissionling tests

Not applicable'to roaming PEV

5.5 Periodic intq

rconnection tests

Not appliecable to roaming PEV

NOTE: For the pur

ose of demonstrating conformance to IEEE 1547a section 4.2.3, the inverter ghall use the default

settings for yoltage range and clearing time-of IEEE 1547a Table 1 “Interconnection system| default response to
abnormal voltages.” For the purpose of-'demonstrating conformance to IEEE 1547a section 4.P.4, the inverter shall
use the default settings for frequency and clearing time of IEEE 1547a Table 2 “Interconnection system default

response to
associated |
use them.

abnormal frequencies.""SAE J3072 does not define communication between the|EVSE and PEV and
hgic to allow the EVSE'to provide site-specific, adjustable clearing times to the PEVV and for the PEV to
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The inverter system shall be tested in accordance with the IEEE 1547.1-2005 except as modified by Table 5.

Table 5 - IEEE 1547.1 clarification and modifications

Paragraph

Comment

5.1 Temperature stability

5.2 Abnormal vo

Itages

5.3 Abnormal frequency

5.4 Synchronization

Use method 2 (5.4.4)

5.5 Interconnect

ion inteqrity
Sy

5.6 DC injection

5.7 Unintentiongl islanding

5.8 Reverse pow

er

5.9 Open phase

5.10 Reconnect

5.11 Harmonics

5.12 Flicker

6. Production te

6ts

7. Commissionir

g tests

Not applicable to roaming PEV

8. Periodic inter

connection tests

Not applicable to roaming PEV

5. NOTES
5.1 Marginal Indic

A change bar (1) loca
editorial changes, hé
indicates a completg
publications, norin g

a

ted in the left margin_is:for the convenience of the user in locating areas where te
ve been made to the previous issue of this document. An (R) symbol to the left
revision of the document, including technical revisions. Change bars and (R) ar¢ not used in original
ocuments that ‘contain editorial changes only.

PREPARED BY THE SAE HYBRID - EV COMMITTEE

chnical revisions, not
pf the document title
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APPENDIX A - ACRONYMS

For the purpose of this document, the following abbreviations apply:

A
AC
BMS
CAN
CcpP
DER
DC
DG
ECP

Amperes

Alternating Current

Battery Management System
Controller Area Network data bus
Control Pilot (J1772)

Distributed Energy Resources
Direct Current

Distributed Generation

Electrical Connection Point

EVS
EPRI
EPS
EVSE
FPF
HAN
HVRT
IEC
KW
KWH
LAN
LVRT
NEC®
NEMA
NIST
NRTL
OSHA
P2P
PCC
PEV
PLC
PV
PWM
RMS
RPF
SEP2
SGIP
soc
TCIN
yTC

HUTE O
U

Energy Management System

Electric Power Research Institute

Electric power systems

Electric Vehicle Supply Equipment

Forward Power Flow

Home Area Network

High Voltage Ride Through

International Electrotechnical Commission
Kilowatts

Kilowatt-Hours

Local Area Network

Low Voltage Ride Through

National Electrical Code®

National Electrical Manufacturers Association
National Institute of Standards and Technology
Nationally Recognized Testing Laboratory (OSHA)
Occupational Safety and Health Administration
Point to Point,Communication Link

Point of Common Coupling

Plug-In Electric Vehicle

Powerltine Carrier

Photovoltaic (solar)

Rulse Width Modulation

Root Mean Square

Reverse Power Flow

Smart Energy Profile 2.0

Smart Grid Interoperability Panel

State of Charge

Time Charge Is Needed

Universal Time, Coordinated

raal-Charaotar OQat Teonafaroa ot = PR |
T

Ll A 0 . o
oTveTrSar orriaracteT OC T T rartsStoraaorTt T orrrrore

Q ki
U

o1

\Y

V2G
VA
VAR
VIN
VM
VRef
VRefOfs
w
WADL
WMI

Volts

Vehicle to Grid

Volt-Amperes

Volt-Amperes Reactive

Vehicle Information Number
Vehicle Manufacturer

Reference Voltage

Reference Voltage Offset

Watts

Web-Application Descriptive Language
World Manufacturer Identification
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APPENDIX B - INFORMATION DEFINITIONS

This appendix defines some of the information which is exchanged between the PEV and EVSE which are referenced in
this document.

B.1 BACKGROUND INFORMATION

This section defines some information which is used internally by the PEV to calculate certain of the information which is
then shared with the EVSE.

Figure B1 shows profiles for an inverter engaging in charging and discharging of the PEV battery where the primary
constraint is the rated power capacity of the inverter. A discharging profile is shown in blue at the top and a charging profile
is shown in red at the bottom. For a distributed energy resource (DER) production of energy (discharging) is considered to
be a positive powef flow and consuming energy (charging) is considered to be a negafive powetl flow. The opposite
convention is often ysed when discussing PEV charging, but the DER convention will be followedby-this standard.

For a DER it is necgssary to define a flat power level for charging or discharging that can beyused bly the inverter over a
broad range of battefy SOC. For the case of charging, the Basic Maximum Forward Power would be defined by the vehicle
manufacturer (VM) to try to achieve the greatest area (energy) between an SOC of gloseAo zero and the SOC where a
proposed value for Basic Maximum Forward Power intersects the charging profile. Assimilar approagh would be used for
discharging to defing the value for the Basic Maximum Reverse Power. Even theugh an inverter and its battery may be
capable of higher pgwer flow at a specific SOC, it is important for a DER to establish flat ratings acrogs a broad operating
range.

Power (W) Rated Power

Disicharging (+)

Charging (-)

Basic Maximum Forward Power

Figure B1 - Battery charging and discharging profiles

Figure B2 shows the first quadrant for a four quadrant inverter system. The red arc indicates the rating of the inverter in VA.
For operation at zero active power, the Basic Maximum Reactive Power is equal to the inverter rating in volt-amperes
reactive (VAR). The Basic Maximum Reverse Power is selected as described above and will always be lower than the
rated value of the inverter. The cosine of the angle formed by the intercept of the arc with the vertical line at the Basic
Maximum Reverse Power is defined as the Basic Minimum Power Factor. The Available Reactive Power is also determined
by the same intercept. This is the maximum value of reactive power than can be achieved across the entire range of active
power. Some IEC 61850 DER functions are based on a percent of Maximum Reactive Power and others are based on a
percent of Available Reactive Power. If the Basic Maximum Forward Power is lower than the Basic Maximum Reverse
Power, it would be used to determine the Basic Maximum Reactive Power and the Basic Minimum Power Factor.
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Reactive Power (VAR)

Basic Maximum Reactive Power

Inverter Rating
»”~ VoltAmperes

Available

Reactive Power

B.1.1 Basic MaX

Source: PEV Interng
Units: Watts

The maximum flat ra
This reflects the cap
B.1.2 Basic Max

Source: PEV Interng
Units: Volt-Amperes

This parameter is se
a value of zero is us
B.1.3 Basic MaX

Source: PEV Interng

o “Cosine = Basicé
Minimum
Power Factor

Basic Maximum Reverse Power,

Active Power
(Discharging)

>

Figure B2 - Reactive power and power factor
imum Forward Power
| Parameter
ted level of power that can be consumed by the PEV over a broad range of SOC 3
heity of the inverter system and the-capability of the vehicle battery system.
imum Reactive Power

| Parameter
Reactive (VAR)

t to the volt-ampere rating of the inverter if it is a four-quadrant converter. For a b
bd.

imum Reverse Power

| Parameter

s defined by the VM.

directional converter

Units: Watts

The maximum flat rated level of power that can be supplied by the PEV over a broad range of SOC as defined by the VM.
This reflects the capacity of the inverter system and the capability of the vehicle battery system.

B.1.4 Basic Mini

Source: PEV Interna

mum Power Factor

| Parameter

Units: none (0.000 to 1.000)

This parameter is set to the cosine of the angle formed by the intercept of the lower of the Basic Maximum Forward Power
or the Basic Maximum Reverse Power with the associated arc defined by the volt-ampere rating of a four-quadrant
converter. For a bidirectional converter a value of unity is used.
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B.2 EVSE INFORMATION

The upper limit for the value of each EVSE parameter shall be the most conservative value provided to the EVSE operator
based on the EVSE itself, the local facility, an associated microgrid, or the distribution utility. This information is not related
to the capability of the PEV which may be connected to the EVSE. The values shall never be set to exceed any physical

constraints of the utility, microgrid, facility, or the EVSE, although lower values may be set for operational reasons.

B.2.1 Authorizat

Source: EVSE
Units: TRUE/FALSE

ion to Discharge

The EVSE would set the value of this parameter to TRUE to authorize the PEV to discharge during a session. The EVSE

would set the value
from FALSE to TRU
time during a sessio
the value to FALSE.
cease discharging if
B.2.2 EVSE Ma

Source: EVSE
Units: Watts

This is the maximum

The upper limit for th
which can be allowe

The EVSE may char

Note: The EVSE S
limit that has
two settings

B.2.3 EVSE Ma

Source: EVSE

Units: VAR
This is the maximum

The upper limit for th

E when the EVSE confirms that is acceptable to authorize a connected PEV-to
h the EVSE determines that it is no longer acceptable for the PEV to disgharge,
The PEV is expected to continually monitor this parameter and would Qot start
the value is FALSE.

imum Forward Power

energy transfer rate during charging which the PEV'is authorized to draw from th

d by the branch circuit and the EVSE. Howgver, a lower value may be provided b
ge the value of this parameter during a’session.

AE J1772 control pilot PWM signal-could be independently set by the EVSE to dsg
a higher or lower value than this parameter and the PEV is expected to not exd

imum Reactive Power

reactive power that the PEV is authorized to supply or consume through the EVS

f0 FALCSE whenever a PEV 1S not connected 10 the EVSE. The EVSE would o

ly change the value
discharge. If at any
the EVSE would set
jischarging or would

e EVSE.

is parameter is defined as the product of the EVSE Reference Voltage and the maximum RMS current

y the EVSE.

fine an active power
eed the lower of the

E.

is parameter is defined as the product of the EVSE Reference Voltage and the m

which can be allowe

ximum RMS current

1 'y the branch circuit and the EVSE. However, a lower value may be provided by the EVSE.

The EVSE may change the value of this parameter during a session.

If the site and EVSE does not support the production or consumption of reactive power by the PEV, the value would be set

to zero.

Note:

The EVSE SAE J1772 control pilot PWM signal could be independently set by the EVSE to define a reactive power

limit that has a higher or lower value than this parameter and the PEV is expected to not exceed the lower of the
two settings.
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B.2.4

Source: EVSE
Units: Watts

EVSE Maximum Reverse Power

This is the maximum energy transfer rate during discharging which the PEV is authorized to supply to the EVSE.

The upper limit for this parameter is defined as the product of the EVSE Reference Voltage and the maximum RMS current
which can be allowed by the branch circuit and the EVSE. However, a lower value may be provided by the EVSE.

The EVSE may change the value of this parameter during a session.

The EVSE SAE J1772 control pilot PWM signal could be independently set by the EVSE to define an active power

Note:
limit that haf
two settings
B.2.5 EVSE Min

Source: EVSE
Units: None

This parameter defin
to operate at while ¢

If the facility and EV
EVSE would set this

If the facility and EV
EVSE would set this

If the facility and EV

a higher or lower value than this parameter and the FEV IS expected to not exd

imum Power Factor

es the magnitude of the minimum power factor that the PEVinverter system is aut
harging or discharging.

SE cannot support the production or consumption. of\reactive power by the PEV
parameter to a value of unity.

SE can allow reactive power to be produced ‘or absorbed without any constraint
parameter to a value of zero.

BE need to limit power factor of the PEV inverter system, the EVSE would set this

between zero and unity.

The value of this par
relationships of an a

B.2.6

Source: EVSE
Units: Volts

This parameter is s€

ameter and the value of EM*SE Maximum Reactive Power do not have to be cons
ctual inverter.

EVSE Refgerence Voltage

t to the nominal line voltage at the point of common coupling. This value is not tg

planned difference ir

thetarget voltage that a utility may have for the PCC versus the actual nominal v

eed the lower of the

horized by the EVSE

inverter system, the

on power factor, the

barameter to a value

stent with the vector

be adjusted for any
pltage. A utility might

set the substation voltage to 242 VAC to achieve a voltage of at least 238 VAC at the end of a feed

er for a nominal 240

VAC system. The EVSE Reference Voltage would be 240 VAC and would not be set to 238 VAC for a PCC at the end of

the feeder.

B.2.7

Source: EVSE
Units: Volts

EVSE Reference Voltage Offset

There is no clear guidance on how this parameter should be set for the EVSE. The default value should be zero without
specific guidance from the utility.
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NOTE: This parameter is only defined within IEC/TR 61850-90-7 as a constant that is added to the measured voltage at
the inverter terminals to create an adjusted voltage which is used by the inverter functions in place of the actual
measured voltage. There is debate on how this parameter is measured or calculated as well as for which inverter
functions this offset should be applied to the measured voltage at the inverter. IEC/TR 61850-90-7 Ed1 shows it to
be an offset between the voltage at the PCC and the voltage at the inverter. But this offset can vary as a function
of the rate of charging or discharging of the PEV itself. Some have proposed using this offset to correct for planned
differences of the utility target voltage from the reference at the PCC. It is expected that curve functions (such as
volt-VAR) would use the parameter to shift the x-axis and can be consider just as another control parameter rather
than having different curve functions along a feeder.

B.2.8

Source: EVSE

EVSE Updated Time

Units: UTC

This is the date and

B.3 PEV INFOR
B.3.1 Inverter S
Source: PEV

Units: String 32 Cha
The Inverter System

The VM shall provid
Number in the PEV.

fime that the information has been updated.
MATION

stem Model Number

racters
Model Number is a string of 32 characters which is defined in 4.3.3.

b a secure means for an authorized person to-set and store the values for the In
The VM and their licensed dealers shall ensure that the Inverter System Model |

to the actual installegdl Inverter System Model in the PEV.

B.3.2 SAE J307

Source: PEV
Units: TRUE/FALSE

The value shall be s

D Certified

bt to TRUE if the VM has certified the Inverter System Model to this standard.

The VM shall providé a secure means for the VM or an authorized dealer to set and store the value in

B.3.3 SAE J307

Source: PEV
Units: UTC

This is the date of S

P Certification-Date

erter System Model
Number corresponds

the PEV.

E J3072 Certificate.

The VM shall provide a secure means for the VM or an authorized dealer to set and store the value in the PEV.

B.3.4 Maximum

Source: PEV
Units: Watts

Forward Power

This is the maximum energy transfer rate during charging which the PEV is allowed to consume.
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The PEV shall set the value for the Maximum Forward Power to the lower of:
e The value of Basic Maximum Forward Power,
e The value of EVSE Maximum Forward Power

e The value computed using the current limit provided by the control pilot signal, if available for the System Type.
The PEV shall calculate the control pilot power limit as the product of the current limit and the Reference Voltage.

B.3.5 Maximum Reactive Power

Source: PEV
Units: VAR

This is the maximun reactive power that a PEV is allowed to supply or absorb.
If the PEV does not have a four quadrant converter the value of Maximum Reactive Power shall be set to zero.
If the PEV has a fouf quadrant converter the Maximum Reactive Power shall be set{e_the lower of:
e The value of Basic Maximum Reactive Power.
e The value of EVSE Maximum Reactive Power.

The value of Maximym Reactive Power shall be set to zero if the values-for Reference Voltage and EVSE Reference Voltage
do not agree.

Note: The inverter|is only capable of producing the Maximum Reactive Power when the active power flow is zero. This
limit would e used in conjunction with an IEC 61850 function which controls inverter VAR| as a percent of the
Maximum Reactive Power and active power must be set to zero. Alternatively, an IEC 6185(Q VAR function could
be set up to gontrol VAR as a percent of available reactive power. A flat value could be defined for available reactive
power by uding the value of the reactive.at'the Minimum Power Factor intercept — this level|of reactive power is
available at giny active power level from zero to the maximum.

B.3.6 Maximum|Reverse Power

Source: PEV
Units: Watts

This is the maximun energy-transfer rate during discharging which the PEV is allowed to supply.

The PEV shall set thevalue for the Maximum Reverse Power to the lower of:

e The value of Basic Maximum Reverse Power
e The value of EVSE Maximum Reverse Power

e The value computed using the current limit provided by the control pilot signal, if available for the System Type.
The PEV shall calculate the control pilot power limit as the product of the current limit and the Reference Voltage.

The value of Maximum Reverse Power shall be set to zero if the values for Reference Voltage and EVSE Reference Voltage
do not agree.
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B.3.7

Source: PEV

Minimum Power Factor

Units: None (0.000 to 1.000)

This parameter defines the magnitude of the minimum power factor that the PEV inverter system can be authorized to

operate at while cha

rging or discharging.

If the PEV does not have a four quadrant converter the value of Minimum Power Factor shall be set to unity.

If the PEV has a four quadrant converter the Minimum Power Factor shall be set to the greater of:

e The value of

The value of Minimu
do not agree.

Note: This paramg
is also used
engaged in
Factor.

B.3.8 Referencd

Source: PEV

Units: Volts

This is the nominal
limits as defined by |

The PEV shall set R
Type.

Otherwise a default
minimum value for t|

The value of Basic Minimum Power Factor.

EVSE Minimum Power Factor.

m Power Factor shall be set to unity if the values for Reference Voltage.and EVS

ter would be primarily used with IEC 61850 functions that controlled active powe

an IEC 61850 VAR mode, the actual power factor could be“smaller than the defi

Voltage

oltage which the PEV uses to computé’ percent of nominal for purposes of setti
EEE 1547. It can also be used in IEC/TR 61950-90-7 smart inverter functions.

ne System Type is(needed to allow a reasonable value to be calculated as the p

limit defined by a control pilot signal and the Reference Voltage.

For System
PEV shall se

B.3.9 Referencd

Type A1, ifthe value for EVSE Reference Voltage is lower than 208 VAC or greats
t a default-value of 200 VAC for Reference Voltage.

\oltage Offset

E Reference Voltage

and power factor. It

to calculate the available reactive power for use in IEC 61850 VAR modes. If the inverter system is

hed Minimum Power

ng abnormal voltage

eference Voltage to the valueof EVSE Reference Voltage if it is within the valid fange for the System

alue shall be used as.defined based on the System Type. A default value close t¢ but not equal to the

roduct of the current

er than 240 VAC, the

Source: PEV
Units: Volts

The PEV shall set Reference Voltage Offset to the value of EVSE Reference Voltage Offset.

If the PEV determines that the EVSE value is not valid or unavailable, the PEV shall set a default value of zero volts.

B.3.10

Updated Time

The date and time the PEV information has been updated.
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APPENDIX C - P2P USING SMART ENERGY PROFILE 2.0

This appendix shall be followed for those System Types that use IEEE 2030.5 Smart Energy Profile 2.0 (SEP2) to exchange
the information between the EVSE and PEV which is required by this standard (i.e., the J3072 information).

This appendix is not intended to be a comprehensive guide to communication protocols and the use of SEP2. The IEEE
2030.5 documents will serve that purpose. SAE J2847/3 provides some useful guidance on the use of the DER function
set of SEP2. This appendix only defines certain aspects of the use of SEP2 which are unique to how specific aspects of the
SEP2 Model are used to exchange SAE J3072 information. It is critical that the EVSE and PEV use the exact SEP2
resource objects and attributes defined in this appendix for information exchange.

Figure C1 shows an EVSE and PEV configuration which use the SEP2 protocol for SAE J3072 communication. The physical
link between the PEV and EVSE uses high bandwidth, power line communication (PLC) over the SAE J1772 control pilot
which is defined by [SAE J2Z93 174 ThiS example also shows that the PEV 1S able 1o connect directly to the Home Area
Network (HAN) by bfidging SEP2 internet messages at the MAC/PHY layers in the EVSE. These-arg two separate SEP2
communication channels with different purposes.

EVSE PEV
SEP2 EVSE Controls Controls ] PEV
. . & & > X
Client Logic Displays Displays J Logic
Engage| — I
! Y SEP2
Server
ol HAN b e I pee | L1,| Pe ||| sEP2
MAC/PHY ge . .| J2931/4 J2931/4 Client

Figure C1 - EVSE as SEP2 server for SAE J3072 communications

In the example the bfidge is used for the PEV to communicate with an EMS that will act as a controller fpr a V2G application.
SAE J2847/3 discusses the use of SEP2-for' these engagements. When the bridge is active the PEV SEP2 client can place
its resources on a SEP2 server connected to the HAN or even outside the facility on the internet. Hoyever, the EVSE wiill
not activate the bridge until it has pérformed some security verification of the connected PEV. So even without considering
SAE J3072 requirements thereis~a need for the PEV client to engage with an EVSE SEP2 seryer to provide some
information to the EYSE to allow'it to make the decision to activate the bridge. This process is also|out of scope for this
appendix.

For the purposes of $AE,J3072 communication it does not matter whether or not SEP2 is used in parallel for communication
between the PEV andthe EMS—Thefocustereisonty o thedirect commmunicationm between the PEV and the EVSE for
the purpose of exchanging SAE J3072 information. All of the EVSE and PEV resources associated with SAE J3072
communication are hosted on the EVSE server. This appendix will not discuss the SEP2 processes used by the PEV to
locate the EVSE server, to discover EVSE resources on it, or to discover where to host its resources on the EVSE server.
These methods are all defined by the IEEE 2030.5 documents.

Only three SEP2 resource objects are specifically required to perform the SAE J3072 information transfer between the
EVSE and PEV: one from the EVSE and two from the PEV. These will be discussed in detail because it is critical for
interoperability between any EVSE and PEV model for the meaning and use to be very clear. Other SEP2 resources such
as those needed to establish the communications and to comply with the SEP2 protocol standard may also be needed, but
these will be governed by the SEP2 standard.

The HTTP protocol is used by the PEV to request (GET) resources from the EVSE server and to place (PUT) resources on
the EVSE server. Table C1 shows excerpts from the SEP2 WADL (Web-Application Description Language) which is
defined by IEEE 2030.5. The use of the WADL is also described in SAE J2847/3.
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Table C1 - Excerpts from SEP2 WADL

Resource Sample URI GET H;d? M;Bhglz_l DEL GETResponse
EVSE Resources

DERSettings URI: /edev/{id1}/der/{id2}/derg M E E E DERSettings
PEV Resources

DERSettings URI: /edev/{id1}/der/{id2}/derg M M E E DERSettings
Devicelnformation URI: /edev/{id1}/di M M E 0 Devicel nformation

The EVSE is the host server for the PEV client and uses out of band processes to place its resources on its own server.
Even though the EV3ET it-wi i j jeica \E J3072 information
to the PEV. This is [the only DER Resource needed, although it may be required by the SEP2 protocol to include others
which will not be redquested by the PEV. The PEV will discover this resource on the EVSE server: The PEV will use the
HTTP GET process [to request the transfer of the information from the EVSE to the PEV. The~EVSE if not actually a DER
but the EVSE can present itself as a DER to the PEV for the purposes of performing the information ekchange.

The attributes of the EVSE’s DER Settings Object are shown in Table C2. The text in red identifies that SAE J3072

information assigneq to each attribute.
Table C2 - EVSE SAE J3072 information for PEV

EVSE SAE J3072 ONLY - DER Settings. Resource Object
Attribute Type SAE J3072 Parameter
setGenCpnnect Boolean NOT USED
setGradV} Uint16 Set to 10000
setMaxChargeRate ActivePower EVSE Maximum Forward Power
setMaxDischargeRate ActivePower EVSE Maximum Reverse Power
setMaxVA ApparentPower NOT USED
setMaxVAr ReactivePower EVSE Maximum Reactive Power; Else 0
setMaxVArNeg ReactivePower NOT USED
setMaxWf ActivePower EVSE Maximum Reverse Power
setMinPH FixedPointType EVSE Minimum Power Factor; E]se 1
setMinPANeg FixedPointType NOT USED
setStorConnect Boolean Authorization to Discharge
setVRef VoltageRMS EVSE Reference Voltage
setVRefOfs VoltageRMS EVSE Reference Voltage Offset
updatedTime TimeType EVSE Updated Time

The PEV hosts two SEP2 resource objects on the EVSE server for the purpose of SAE J3072 information transfer. One is
DER Settings which is shown in Table C3 and the other is Device Information which is shown in Table C4. The text in red
defines the SAE J3072 information. The PEV discovers where to host this information on the EVSE server and then uses
HTTP PUT commands to place the information on the server. The attributes which do not have an associated SAE J3072
parameter shown in red, may be required to be implemented by the SEP2 Object Model and suggested default values are
provided or optional values may be provided. These are not used for SAE J3072 purposes.
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