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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ARCHITECTURE AND USE-CASES FOR EVS
TO PROVIDE GRID SUPPORT FUNCTIONS

FOREWORD

1) The_lnternational Electrotechnical Commission (IEC) is a worldwide organization for standardization co

2025

prising

all jational electrotechnical committees (IEC National Committees). The object of IEC is to promote interr
co-pperation on all questions concerning standardization in the electrical and electronic fields. To this-g
in apdition to other activities, IEC publishes International Standards, Technical Specifications, Technical K

Pullicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").

preparation is entrusted to technical committees; any IEC National Committee interested in thé subject de
may participate in this preparatory work. International, governmental and non-governmentahofganizations

Stapdardization (ISO) in accordance with conditions determined by agreement betweehn the two organiza

2) Thd formal decisions or agreements of IEC on technical matters express, as nearly\as possible, an intery
conpgensus of opinion on the relevant subjects since each technical committe€ "has representation f
intefested IEC National Committees.

3) IEC]| Publications have the form of recommendations for international use~and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to ehsufe that the technical content
Puflications is accurate, IEC cannot be held responsible for the aay in which they are used or
mis|nterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC National Cémmittees undertake to apply IEC Publ
transparently to the maximum extent possible in their national‘and’regional publications. Any divergence b
any|IEC Publication and the corresponding national or regienal publication shall be clearly indicated in th

5) IEC] itself does not provide any attestation of conformity.“Independent certification bodies provide corf
asspssment services and, in some areas, access tolEC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

6) Al

7) No Jiability shall attach to IEC or its directafsy employees, servants or agents including individual exp¢
members of its technical committees andAEC National Committees for any personal injury, property dan
oth¢r damage of any nature whatsoever; whether direct or indirect, or for costs (including legal fee
expgnses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
Publications.

isers should ensure that they have the latest.edition of this publication.

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable for the correctapplication of this publication.

9) IEC| draws attention to(the* possibility that the implementation of this document may involve the us¢q
patént(s). IEC takes no pOsition concerning the evidence, validity or applicability of any claimed patent 1
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s
may be required-{osimplement this document. However, implementers are cautioned that this may not re
the [latest information, which may be obtained from the patent database available at https://patents.iec.
shall not be«held responsible for identifying any or all such patent rights.
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The text of this System Reference Document is based on the following documents:

Draft Report on voting

SyCSmartEnergy/287/DTS SyCSmartEnergy/288/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in

the above table.

The language used for the development of this System Reference Document is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e reyised.
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INTRODUCTION
0.1 Objective

When electric vehicles (EVs) are interconnected to the electric power system, they are capable
of providing grid support functions similar to other distributed energy resources (DER),
particularly energy storage units, while still not impacting any more than necessary their primary
purpose of charging their batteries in a timely manner. In aggregate, such as in fleets, in
community aggregations, or in microgrids, EVs can not only benefit grid operations, but, if not
managed well, cause grid problems.

This document provides various use cases as examples of how EVs might be used as~<DERs.
Since|regulations, EVs, charging stations, and power systems are vastly different-acrogs the
world | this document does not attempt to define any specific mechanism for EVs, to provide
DER grid support functions, but rather draws on IEC 61850-7-420 that defines the data models
for mpst of the DER grid support functions, including those described_ fin-electric power
requirements in IEEE Std 1547TM-2018 and EN 50549.

It is expected that IEC 61850-7-420 will utilize these use cases to."develop EV-specifi¢ data
models for "EV as DER" as needed, and that other standards-such as the IEC 43110,
ISO 15118, and the IEC 63382 series will be revised or will otheérivise accommodate the results
of thege "EV as DER" requirements.

Clearly contractual arrangements will need to be made-with all relevant stakeholders on|which
EVs, [under what conditions, with which functions{/ahd when permitted. However, |those
contrgdctual arrangements are outside the scope ofithis document, which addresses orfly the
technical aspects of EVs as DER.

Cybersecurity for EVs as DER is important but is not in the scope of this document.
0.2 EVs, utilities, and charging

Utilitigs everywhere are concernéd that the charging load for electric vehicles (EVs) will greatly
incredse the load on the power grids. In many places, the charging load could excegd the
existing demand during peak hours from residential consumers. As more electric vehicle
charg|ng points are deployed, it becomes increasingly important to manage flexibility of both
the pgwer levels and the’/time of charging.

The cpncept adopted in the past has been that EV charging would be managed by charging
stations similarto gas stations, but today it is clear that EV drivers often charge at home and
use phone.applications, cloud-based systems, and remote service providers to managFtheir

charg|ng:,‘Although charging stations are still important, they are no longer the only way EVs
are chargéd. This shift is also complicating the design of the EV standards.

In addition, the idea that EVs could be used to support the power grid used to be regarded as
strange, technically difficult, and not likely to be supported by EV owners. That idea, too, has
been overtaken by events, as more and more EV manufacturers are including the ability to
discharge and many pilot projects have shown that "vehicle-to-home" would be very desirable
by customers, and "vehicle-to-grid" would be very popular with EV fleets and charging stations
if they want to take part in market operations. In some regions, such as California, if the EVs
are capable of discharging, they are included in the definition of Distributed Energy Resources.

1 Under preparation.
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Two primary groups of use cases have been identified: those concerned with the market aspects
of charging, and those concerned with the grid services related to the impact of charging on the
power system. A few use cases address vehicle-to-grid. Figure 2 illustrates the IEC standards
used for EV grid support and market-related charging management.

For many years, academic papers have proposed using EV batteries as a form of energy
storage that can provide services to the power grid even if only charging. But now there are
many research and pilot projects around the world that are deploying some form of bidirectional
flow of energy (charging and discharging), either as vehicle-to-grid (V2G) or vehicle-to-home
(V2H), with EVs able to sell power to the main grid and even support the energy management
of mICI'OngdS One of the dr|vmg ideas behlnd these prOJects is to prowde a means of storing
energ 3 A g times.
This |an|es that EVs can actually be V|ewed as jUSt one type of dlstrlbuted energy resqurces
(DER].

0.3 EV standardisation efforts in the IEC

Withir| the IEC, various committees and working groups are collaborating-to define standards
and gyiidance on how these new types of EV-related equipment shouldhbe’integrated into power
systems. There are several technical groups that are concerned with the physical and gafety
aspects of different types of equipment and others that look at,how the different types of
EV-re|ated equipment are integrated into the power system.

Howeyer, integrating EVs into power systems so that they do not overload the grid and can
actually support grid reliability, requires understanding{the electric utility perspective. Figure 1
showgq the big picture with various types of systems relevant to DERs and EVs.
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Figure 1 — EV as DER architecture within the larger grid environment

The IEC has many different groups addressing aspects of EVs and their charging from the grid.
For the physical aspects, IEC T,€C 8 and its subcommittees work on the overall system agpects
of elegtricity supply systems, and IEC TC 120 is responsible for standardization in the fleld of
grid integrated energy sterage systems. IEC TC 69 prepares publications related to elegtrical
power/energy transfer.'systems for electrically propelled road vehicles, including some physical
charger connection standards such as IEC 61851. TC 69 has also worked with the ISO to
develpp chargingsfecommunication protocols such as the ISO 15118 series and has established
joint working groups with other TCs to manage the higher-level charging infrastructure with use
cases| and _communication protocols, currently developing the IEC 63110 series and the
IEC 68382 series.

IEC TC 57 has that ufility perspecitive and has developed sophisiicated communication and
automation standards for power systems control equipment and control centre systems. These
standards include IEC 61850 for substations, distribution automation, and more recently DER.
The common information model (CIM), covered in IEC 61968, the IEC 61970 series, IEC 62325,
is focused on grid management applications and market interactions. In addition, IEC TC 65
has developed some standards describing energy management systems for industrial sites and
IEC SC 23K is working on standards for energy management within residential and commercial
premises. Complementing these energy standards is IEC TC13 who provides metering
standards.

Figure 2 illustrates the different communication standards being applied in the EV domain.
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Electric Vehicles (EV) as Distributed Energy Resources (DER)
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Blue = Charging Management Use Cases
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Figure 2 — IEC Standards for EV grid support and charging management
V use cases

use cases have been developed that focus on the pricing and timing of &
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nergy

resources (DER) can provide. In particular, these use cases identify how these generation and
storage systems can help manage grid voltage and frequency and can even ride through
abnormal conditions to possibly avoid power outages. The information models were based on
national grid codes originally developed for the integration of bulk generation resources, but
now they have been extended to cover smaller distributed energy resources and battery
storage. Thus, most of the use case development has already been done — they just need to be
expanded to electric vehicle charging — and discharging — systems, thus converting EVs as

uncon

trolled loads to EVs-as-DERSs.
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0.5 Purpose of this document

This document describes the architecture and use-cases for EVs to provide grid support
functions, or more familiarly called "EV-as-DER". Most of this document will be concerned with
identifying realistic EV charging and discharging configurations, and the communication and
control between the various actors, grid system operators, aggregators, premises energy
management, and EV charging systems. The results from this document will hopefully help to
take the grid-support capabilities of EVs into account as other standards are developed.
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ARCHITECTURE AND USE-CASES FOR EVS
TO PROVIDE GRID SUPPORT FUNCTIONS

cope

The scope of this document is the assessment of how electric vehicles (EVs) can act as
distributed energy resources (DER) when they are interconnected to the electric power system

for ch
in EV

raina or dicscharaina whethar in tha hamao in an Affina namnlay in channina centres. or
g g-o—atSeriatrghg—wHeme— it erome—ah-oHee-6o/M A-SHOPPHRG—G6EeRthesS,

A ZATER

charging stations. Although clearly the main purpose for EV interconnection to the

to chdrge their batteries, EVs can provide grid support functions while interconnected,

some
This

functi
IEEE

2 N

situations, can be mandated or incentivized to do so.

Hocument provides use cases as examples of how EVs might previde such
bnality, based on the grid support functions defined inO"1EC 61850-]
Std 1547:2018, and EN 50549.

ormative references

The fgllowing documents are referred to in the text in such,away that some or all of their ¢

consti

futes requirements of this document. For dated refefences, only the edition cited aj

For yndated references, the latest edition of theg)‘referenced document (includin

amen

IEEE
energ

IEEE
resou

3 T

3.1

iments) applies.

Std 1547-2018, |IEEE Standard for interc¢onnection and interoperability of distr]
y resources with associated electric power systems interfaces

Std 2800-2022, IEEE Standard fer'interconnection and interoperability of inverter-
ces (IBRs) interconnecting with)associated transmission electric power systems

brms, definitions and abbreviated terms

Terms and definitions

For the purposes_df.this document, the terms and definitions given in IEEE Std 15477

IEEE

ISO a
addre

Std 2800 ™-apply.

hd IEC maintain terminological databases for use in standardization at the foll

grid is
and in

DER
(-420,

bntent
plies.
y any

buted

based

M and

owing

5S€S/:

e |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp

NOTE

See Figure 3 for an illustration of some of the terms.
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3141
area ¢lectric power system
area EPS

EPS that serves local EPSs

3.1.2

businjess case

descr

proceflures, and/or technology
Note 1 fo entry:

how thg

t process.might be implemented.

3.1.3
ceaseq toenergize

Figure 3 — lllustrations of ECP, PoC/PCC, RPA, local EPS, and area EPS

ption of busines§™\objectives or purposes that could be provided through regulg

Typically, business cases stay at a high level to focus on what or why a process is needed

tions,

,|but not

cessation of active power delivery under steady-state and transient conditions and limitat

reactive power exchange

3.1.4

distributed energy resource
DER

ion of

source of electric power that is not directly connected to a bulk power system

Note 1 to entry:

DER includes both generators and energy storage technologies capable of exporting active power

to an EPS. An interconnection system or a supplemental DER device that is necessary for compliance with this

document is part of a DER.
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distributed energy resource system
DER system
grouping of DER units acting as a system

Note 1 to entry: See IEEE 1547:2018.

3.1.6

distributed energy resource unit
DER unit
individual DER device inside a group of DER that collectively form a system

3.1.7
distri

bution system operator

entity [responsible for ongoing planning and operation of the distribution system

Note 1 fo entry: In California, the DSO is the same as the distribution utility, e.g., an 10U.

3.1.8

export

activel power going through the PCC from (i) the customer with a béhind-the-meter (BTM) DER
facility to the area EPS, or (ii) from an in-front-of-the-meter (IFM) DER facility to the areg EPS
3.1.9

impornt

activel power going through the PCC from the area ERPS to (i) the customer with a BTM DER
facility, or (ii) an IFM DER facility

3.1.1(

islang

portioh of an area EPS energized solely-by one or more local EPSs through the assogiated
PCCs|while that portion of the area EPS\is electrically separated from the rest of the area EPS
on all|phases to which the DER is connected

Note 1 fo entry: When an island exists|_the DER energizing the island can be said to be "islanding".

3.1.11

load

devicgs and processes in a local EPS that use electrical energy for utilization, exclugive of
devices or processes.that store energy but can return some or all of the energy to the locgl EPS
or are EPS in the-future

3.1.12

local plectric power system

local EPS

EPS contained entirely Within a Single premises or group of premises

3.1.13

point of common coupling

PCC

point of connection between the area EPS and the local EPS according to IEEE Std 1547:2018

Note 1

to entry: The PCC is also the transfer point for electricity between the electrical conductors of Distribution
Provider and the electrical conductors of Producer (Rule 21).
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3.1.14

point of connection

POC

point where the DER unit is electrically connected to an EPS

Note 1 to entry: In the case of BTM DER, the POC is the point where the DER unit is electrically connected to the
customer equipment.

3.1.15
use case
description of technical methods for supporting the business cases

Note 1 [to entry: The use cases might also be high level or might be detailed, but are focused on how the_process
might implemented.

3.1.1

refergnce point of applicability
RPA
locatign where the interconnection and interoperability performance reQuirements specified

apply

3.1.17
fast frequency response
FFR
active| power injected to the grid in response to changes inJmeasured or observed frequency
duringd a frequency excursion event to decrease the rate<ef-change of frequency

3.2 Abbreviated terms

ADMS advanced distribution management system
area EPS area electric power system

BTM behind-the-meter

CPUC California public utjlities commission

DCC demand connection code

DER distributed energy resource

DER Fkacility site with. DER

DER Operator  generating facility operator

DERMS distributed energy resource management system

DSO distribution system operator

EMS energy management system

ENTSO-E European network of transmission system operators for electricity
EV electricvehicle

EVSE electric vehicle supply equipment

FTM front-of-the-meter, equivalent to in-front-of-the-meter

IBR inverter based resource (see IEEE 2800TM)

IFM in-front of the meter, equivalent to front-of-the-meter

POI point of interconnection

ISO independent system operator

OCPP Open charge point protocol

PCC point of common coupling, also known as metering point or service point
POC point of connection

RfG requirements for generators
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RPA reference of point applicability

SGAM smart grid architecture model

VGl vehicle grid integration (includes v1g, v2g, v2h, v2x)
V1G vehicle one-way to grid (charging only)

V2G vehicle two-way to grid (charging and discharging)
V2H vehicle to home

V2X vehicle to everything

4 Overview of the DER environment and functions

4.1

Claus

There
inform
follow

DH
Oy

En

DER Stakeholders

e 4 discusses the current situation for distributed energy resources (DER).

are many types of stakeholders in the DER domain, with different purpose

ng.
ER equipment and systems with their supporting controllers.

erators of the grid

DER operators, including facility energy maragement systems and aggrd
management systems.

Distribution system operators, in charge ofithe distribution grid safety, reliability
efficiency.

Independent system operators and.trahsmission system operators, acting 3
balancing authority for generation and load on the grid, as well as other safef
reliability measures.

Utility planners, in charge of assessing and planning for the impacts and benefit
interconnected DERs.

tities with primarily financial interests

DER owner, interested primarily in the financial and reliability benefits of H
purchased the DER:

DER aggregator,/interested in selling DER equipment and/or DER services tg
owners and.to-the grid operators (distribution and transmission).

Retail engrgy providers, interested in selling DER services.

Energy-markets, which act as brokers for many different energy services transa
between stakeholders.

Ut

5 and

ation requirements. The key stakeholders are shown in Figlre 4 and include the

egator

and

s the
y and

5 from

aving

DER

ctions

lity»regulators, in charge of managing regulatory issues affecting electric power sys

tems.

Support services

DER maintenance and other DER equipment services, in charge of the health of DER

equipment.

Distribution maintenance, in charge of maintaining the health of the grid equipment.

Metering and historical data collection.

Manufacturers and implementors of DERSs, in charge of developing and installing DERs.
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Figure 4 — Key DER stakeholders

4.2 |DERs within a facility or microgrid

A basjc architecture of DERs is shown in Figure 5, in which DERs (green level 1) are Igcated
within|a facility (blue level 2). These facilities can be a simple residential house, a residential
or offipe building, a university or office park campus, or a power plant. These facilities copld be
always grid-connected, or could be isTandablé as a microgrid, or could be permanently off-grid.
In all these cases, some type of energy management system manages the moment-to-moment
operation of each DER. For more complex facilities, a higher-level energy management or
microgrid management system can coordinate the operations of all the DERs to meet overall
goals of reliability, safety, and regulatory compliance.

DER management is not siloed but can consist of using the different capabilities of different
types of DER to meet overall goals. For instance, energy arbitrage (the shifting of energy
production from lower price to higher priced times, and the corresponding shifting of energy
consumption from higher price to lower priced times) might be overall goal, and combinations
of PV, distributed wind, battery storage, thermal storage, and EV battery management might all
play a part in achieving this overall goal. A second example is meeting power system reliability
requirements, where DER might be required to provide specific grid-support functions during
different power grid situations.
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Each type of DER has constraints: PV systems need sun, wind turbines need wind, batteries
need to be recharged, and EVs need to meet their owner/operator mobility requirements. These
constraints need to be factored into decision-making.

The circled numbers indicate logical interactions via communication protocols and are
discussed in more detail in IEC 61850-7-420.

(

\

Hierarchical DER System Five-Level Architecture, Mapped to the Smart Grid Architecture Model (SGAM)
I |
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Figure5 — DER within a facility: residence, campus, or plant,
potentially as a microgrid, with flexibility market
4.3 |Utility;and aggregator interactions with DER facility
As shpwn’in Figure 6, the DER facility usually needs to interact with aggregators (red, lgvel 3)

and/or utilities (yellow, level 4) in order to function in a safe and reliable manner. They might
also interact directly or indirectly with the energy markets (purple, level 5) for financial purposes.
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Hierarchical DER System Five-Level Architecture, Mapped to the Smart Grid Architecture Model (SGAM)
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Figufre 6 — Utility and aggregator interactions with DER facilities or directly with DERs
4.4 |EV interactions within the DER environment
Using| the broader DER diagrams as a basis but simplifying the utility functions, Figure 7

provid

es an architecture illustrating the EV roles within the DER environment.
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Hierarchical DER System Five-Level Architecture, Mapped to the Smart Grid Architecture Model (SGAM)
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Figure 7 — DER architectare with a focus on charging stations
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5 Historical overview of different EV architectures applicable to a DER

environment

5.1 SGAM interoperability layers as applicable to EVs

Interoperability (ability to exchange information that is understandable by all users) involves
more than the traditional concept of communication protocols which are just bits and bytes
going over a wire or other channel. The exchange of information involves multiple layers of
interactions, involving business purposes down to the various media that could transport the

model—are—different: o C's
commjunication layers (see Figure 8).

Business Layer

Function Layer

Information Layer

Interoperability
1 ayers.

Q‘ Distribution \\ 74
Q_ Process

DER

Customer
Premises

Domains

information (including carrier pigeons). As an example, the SGAM model and the GWAC stack

ies 5

ket

IEC

Figure 8 — Smart grid architecture model (SGAM)

https://assets.ctfassets.net/ucu418cgcnau/6B0cTQfQ2nDOGgxHoLZ3xm/d50a857bb44f74ce70f710c4de91
ba8f/D1-12A_Scholer_-_Summary_of_updates_to_SAE_for_ AC_DER.pdf. Summary of updates to SAE for AC
DER Hank McGlynn Leader of V2G Working Group Rich Scholer Chair of SAE Hybrid Communication and

Interoperability Task Force
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As can be seen, the 3-dimensional SGAM diagram provides a very complete and complex
model, but can be difficult to use without splitting it into 2-dimensions, such as the functional
layer, the information layer, and the communication layer. Another architecture model, the
GridWise Architecture Council's "GWAC stack" has 8 layers, but these two models are easily
"mapped" to each other. The following descriptions illustrate the primary SGAM layers
compared to the GWAC stack (see Figure 9):

Business objectives, economic/regulatory policy, business layer: This layer covers the
business purposes for communications, including providing information for business

decisions, meeting regulatory requirements, and requiring interoperability.

Business context and procedures, function layer: This layer addresses the functionality and

uUse—o Re—Gata vaw CORtE t & comecto—"0 RS RO

"this is the updated setting for reactive power for power plant Y{;

SyIntactic interoperability, communications (application) layer: This layer providg

communication services and acts as "verbs" in the sense of\!getting data", "monitoring

"controlling data", "setting data values". It does not cover,the meaning of the data, on
services.

Ngtwork interoperability, communications (transport) layer: This layer transport

itored
hange
s with
rough

a and
nt on
w", or

s the
data",
ly the

s the

information, usually in message packets, from one'end to the other end. This might ipvolve

goling through multiple nodes, gateways, routers, etc.

B4sic connectivity; component (physical).layer: This layer encompasses the physical
such as wires, wireless, fibre optics, coaxial cable, LANs, WANSs.

hedia,
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curity
h has specific capabilities based on their origins and purposes,
o K . K . .
ex ed over time. The core communication protocols and information
s are illustrated igure 10.
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Figure 10 — Core communication protocols and information models for EV-as-DER
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5.2 E-mobility systems architectures
5.2.1 Overview

The EV world is changing so rapidly that standards efforts have not been able to keep up.
Initially, many architectures and technologies have simply been developed by the EV and
charging equipment manufacturers, such as plug shapes, AC charging levels, and DC charging
levels. However, it became clear that communications between EVs and the charging
equipment (EVSEs) was required to handle the charging. Interoperability requirements quickly
led to some information exchange and protocol standards to be developed (e.g., ISO 15118-20
for information exchanges between the EVSE and the EV).

payment methods for charging were required. Again, the equipment manufacturers hadquickly
adopted the OCPP communications standard for payment at charging stations for charging EVs,
but sqon recognized that just charging EVs as fast as possible (analogous tg gasolin¢ cars
filling jup as rapidly as possible) was not the only use case, since the prices fof-charging|could
vary dignificantly based on location, time of day, and other factors. In addition, EV bafteries
could falso discharge (V2G) and could even provide grid services. Additional standards ngeded
to be fgeveloped for managing charging based on new use cases.

Oncelthe basic charging standards were developed, other standards related prima{ily to

Subclauses 5.2.2 to 5.2.10 address some of the key EV standards)efforts on use cases for EV
charging and, more recently, EV discharging (V2X).

5.2.2 E-mobility in IEC TR 61850-90-8:2016

One df the earliest standardization efforts was to devélop the EV charging requirements|using
IEC 6[1850. IEC TR 61850-90-8:2016 was developed. This approach was not accepted at that
time, fue to other standards being viewed as more appropriate. The SGAM view of e-mpbility
systems as described in IEC TR 61850-90-8\is shown in Figure 11, where the primary actors
are shown with the logical connections that could involve information flows between |these

actorg. However, this view is currently out-of-date due to more recent work.
Market
Enterprise
Operation
DER : : Customer Ei
[ Management 1 [ Sebu bl ]—l [uManagw:renmy] Station
e C J | L)

DER Unit Charging Station CEMS
Controller Controller controller
Field
B - EVSE-
cC

% E‘[*E m f m % E ey v Process

Transmission Distribution DER Customer

IEC

Figure 11 — E-mobility SGAM view (out of date)
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Some new logical nodes were identified as needed for electric vehicle management (see
Figure 12), including the following:

e DEEV: model of the electric vehicle characteristics;

e DEOL: model of the plug characteristics;
e DESE: model of the EVSE.

Supply Equipment

Electric Vehicle

/A N

ISO/IEC 15118
IEC 61851
IEC 62196

IControlIe(I Charger
Battery Mgmt.

System (BMS)
Battery e

Logical DEEV: Electric Vehicle DEOL: OutlLet MMTR: Metering XSBI: Circuit Switch DSCH: Schedules
Nodes .lDESE: E-mobility Supply Equipment J L)(CBR: Circuit Breaker ZSAR:SurgeArr‘eEtor J
Newlydefined L:)gical Nodes Logical Nodes accarding to |IEC 61850
IEC
Figure 12 — EV-related IEC 61850-90-8 data objects

Thesg logical nodes are out of date, dué’to the fact they were developed before
IEC 6[1850-7-420:2021. Also, this approachvwas not accepted at that time, due to|other
standards being viewed as more appropriate’and already used for basic charging. Howeveér, the
conceF)t of using IEC 61850 data model\for EVs is still important and is currently being sgen as
criticall for "EV as DER", where the data models for many grid services are already defingd.
5.2.3 EV Integration in IEC.SRD 63268:2020
5.2.3.1 Communications layer
IEC 68268:2020 was-\developed to identify the various communication and information

standards being applied for the interfaces between different types of equipment. Figlire 13

shows

a mappingof the EV interfaces into the SGAM communication layer.
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Figur ‘— Addition interfaces to support EV mapped
to SGAM communication layer (in case of H&B)
5.2.3.p Infor on (data) layer
The market s communication interfaces are identified in Figure 14 which shows guch a
mapping he SGAM information layer.
NOTE S}II\.’C thc :EC 03380 OUI;UO ;O IIUt yct pub“ohcd, It ;Q IIUt ;Ilb:udcd.
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Figure 14 — Marketplace interfaces mapped to the SGAM information layer

B Mapping@%lved IEC entities to the SGAM architecture

htities inv@ in supporting marketplace interfaces are shown in Figure 15. As g
there @ ilos between the different working groups working in this space. In ad
hfig ns are evolving over time as V2X is becoming realistic. This means that th¢

an be
dition,
b silos

N
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Enterprise
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I . IECTC64
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Transmission \ e Y J
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Figure 15 — IEC\entities involved in supporting marketplace interfaces
5.2.4 EV architectures in the IEC 63110 series
The IEC has devetloped many standards in different groups related to e-mobility, including the
IEC 6B110 series, the IEC 63119 series, and the ISO 15118 series. Figure 16, Figure 1Y, and
Figurg 18 are examples of how these standards expect to interrelate with each other. [These
figureg.arealso changing as new understandings of EV capabilities and uses are evolving. In
particlar—Figure18-shows-how EC6 420 cou “EV as-DER" interadtions
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Figure 16 — E-mobility standards landscape within the IEC
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Figure 17 — Message flow between IEC TC 69 standards (not including TC 57 standards)
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Figure 18 — Information flow between actors based on
the IEC 61850-7-420 information model
5.2.5 EV architecture (IEC 63382 series)
The IEC 63382 series identified the broader scope of EV architectures, including identifying
interfgces which do not yet belong to any specific\lEC standard (black lines) (see Figurne 19).
Howeyver, this diagram does not distinguish ‘between the three most relevant $GAM
commjunication layers, namely the functional layer, the information layer, and the protocol|layer.
Specifically, it is the information layer (semantics and to some degree the syntax) that provides
the core of interoperability. The bits and* bytes of communication protocols can be |easily
translated if the semantics are the same or very similar across the protocols.
IEC 63110 Cy IEC 63382 when no CSBE is preslnt
IEC 63119 1S015118 4======-) |EC 63380 (with no CSBE)
FCSBE
\eC 61850, 60810 y e .
TS0 £10 7 ! APP Home CS
Q / |
gcex%c)gﬁ / : Backend
) e ECSBE Visited Roaming : Roaming Home
Dsp csp Endpoint | Endpoint CcSsP
| | |
CEM/RM LCSMS CSMs Visited ‘“’I‘“‘}\: Treanng — Ho\me
So CSO Backend ! House L cso
\ Ss | o it
\\ 1 7 7
BESS EVSE | / EVSE
csc . .
TR L
] . . ll L’
I: : CS Charging Station / F
: ’/' EMSP and CSP are synonyms for
Grid )‘“‘ OEM EVU this series of standards
Datalink == ——————— Powerline @  -——————— Data link via APP
IEC

Figure 19 — IEC 63382 diagram of actors and IEC standards responsible
for the communications
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5.2.6

EV architecture from the IEC 63380 series

41 -

The IEC 63380 series defines the secure information exchange between local energy
management systems and electric vehicle charging stations. The local energy management
systems communicate to the charging station controllers via the resource manager.

The IEC 63380 series specifies use cases, the sequences of information exchange, the data
models as well as the communication protocols to be used and covers all aspects of local energy
management of charging stations. The IEC 63380 series covers scenarios where the charging
infrastructure is managed by the operator of the private electrical network, and local energy
management systems are used for local load management. The IEC 63380 series does not

cover

the secure information exchange between the charging station and the IT ba

syster
billing

The E

n(s), such as the management of energy transfer of the charge session, contractu
data, provided by the IT backend.

\V architecture according to the IEC 63380 series is shown in Figure 20.
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5.2.7 EVs in buildings architectures from IEC SC 23K

hitect -thetE€-63380 :

t

IEC

Figure 21 illustrates the architecture of buildings with DERSs, building equipment, and EVs (see
light orange box) from IEC SC 23K.
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Figure 21 — EVs in buildings architecture from IEC SC 23K

5.2.8 EV architectures in SAE

SAE International (SAE) is a global association of engineers and related technical exps
the adrospace, automotive, and commercial-vehicle industries. One of its core competen
consensus standards development. SAE defines the_inierface (mechanical, electrica
commjunication) standards on vehicles and between EYs/and the electric power system (
SAE felies on standard bodies such as the IEEE. Standards Association and Interng
Electrptechnical Commission (IEC) to verify thatiehicle equipment that interfaces to th¢
complies with internationally recognized standards. For example, in North America, inv
that irfterface to the EPS and can export active power should comply with IEEE Std 154
codes| standards.

SAE has a suite of standards that_apply to plug-in electric vehicles (PEV) that interag
electric power systems. The overall informative SAE document is SAE J2836/1, that estab
the instructions for the documénts required for the variety of potential functions fo
commjunications, energy transfer options, interoperability, and security. The purpose o
J2836/1 is to document the general information that is supported by the SAE J2836 series
J2847| series, SAE J293% series and SAE J2953 series and SAE J3072 for plug-in e
vehicles.

Figurg 22 shows)the various SAE PEV standards and how they relate to one another4.
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noted| the standards incorporate various uses cases for EVs interacting with electric

J2836/3/that applies to both AC and DC. For PEV DC interaction with the EPS, the inverter is

systems. Ofparticular interest for this document is PEV as distributed energy resourcg SAE

in the|EVVSE where the grid codes will be incorporated. For PEV AC interaction with th

EPS,

the grid codes will be incorporated in the onboard inverter. When the inverter is on the

PEV,

SAE J3072 defines the communication between the PEV and the EVSE required for the PEV
onboard inverter function to be configured and authorized by the EVSE for discharging at a

particular site. The SAE J3072 requirements are intended to be used with the IEEE Std
grid codes. Initially the communication between the EVSE and EV is based on IEE
2030.5™ but the intention is to implement ISO 15118-20 once it is developed.

https://assets.ctfassets.net/ucu418cgcnau/6B0cTQfQ2nDOGgxHoLZ3xm/d50a857bb44f74ce70f710
ba8f/D1-12A_Scholer_-_Summary_of_updates_to_SAE_for_AC_DER.pdf. Summary of updates to SAE
DER Hank McGlynn Leader of V2G Working Group Rich Scholer Chair of SAE Hybrid Communicati
Interoperability Task Force

1547
E Std

c4de91
for AC
on and
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Figure 22 — SAE PEV standards for communile n, interoperability, and securi
S
5.2.9| OCPP updates Q)\

Althoygh still a work in progress, a white §§r was developed by the Open Charge Al
@(OCPP) using IEC 61850-7-420 data objeq

eir vision of an OCPP topology.

liance
ts for

uliaryel

Public
charger

Public
charger

IEC

Figure 23 — OCPP topology for DER control via the charging point operator (CPO)

5 https://openchargealliance.org/whitepapers/
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Although this is an excellent direction to head, there are still some issues and gaps with this
approach. Only the top-level IEC 61850-7-420 logical nodes are identified, and then OCPP
creates its own data objects under those headings, rather than using the existing
IEC 61850-7-420 data objects. If new data objects are needed, then those could be added, but
by ignoring the existing data objects, it will be far more difficult to achieve interoperability,
including with IEEE Std 2030.5 (which is also based on IEC 61850-7-420) and, in the near
future, IEEE P1815.2 which maps the IEC 61850-7-420 data objects to DNP3 (and could be
easily used for mapping to IEC 60870-5-101) which maps over 1000 data objects, including the
IEEE Std 1547 functions, storage-related functions, scheduling, curves, health of the
equipment, etc. Although not all of these DER-specific data objects will be needed for EVs, it
would be better to use what exists rather than invent new names and definitions.

5.2.1Q 1SO 15118-20 updates

In mig¢-2023, it was determined that ISO 15118-20 should be updated to inclade’ V2G AC
discharging, so the communication requirements defined in SAE J3072 are beingyincorporated
in ISQ 15118-20. This effort is still evolving.

5.3 |E-mobility roles
5.3.1 E-mobility role definitions from the IEC 63110 series

As illustrated in Figure 24, the IEC 63110 series has identified\the following EV roles (a¢tors),
with oply the primary actors actively initiating actions.

- E-Mobility service Rrovider
[&ASE £-Mmobility Clearing

i
i
Transmission system i House.

Distribution system operator

operator Charging:Station Operator
Flexibility operator E-mgbility actors
CEM/RI Resource Manager
r (interface to the Customer
Energy actors } - Electrical Vehicle Energy Management)
Energy provider 3 Charging Station Management
3 - EV User System
H (belongs to the CSO)
b E-mobility actors @ Charging Station Controller
Secondary-ééi_dfé -------------------------------------- Primary actors

IEC

Figure-24 — EV roles (actors) identified in the IEC 63110 series

However, if EVs, EVSEs, charging stations, facilities, microgrids, third parties, and different
types |of Utilities are to participate as DERs to support the grid and to provide market-pased
DER fuqctions, the scope of roles has to be somewhat expanded, and the information
exchanges definitely need to be more broadly identified Therefore the list of roles extends
beyond those covered by the IEC 63110 series. Another diagram for illustrating the scopes of
the key roles for EVs participating in grid code functions is shown in Figure 25.
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________________________________________________________

’,

Remote CSMS (Charging Station Management System)

Virtual CSMS Facility

CS (Charging Station)

+EVSEs
+EVs

( EVSE1

EVSE1

ECP
+EVs

Definitions of roles applicable to EVs in a DER environment, as initially identified

Figure 25 — Example of scope of key roles

IEC 68110 series, are shown in Table 2.

Table 2 — Roles applicable to EVs in a DER environment

n the

EV roles in a DER
ehvironment

IEC 63110 definitions

Proposed modified definition$

Charging station (CS)

Physical equipment consisting of one or
more EVSEs managing\the energy
transfer to and from EVs

Term used to encompass one or mofe
CSCs and their EVSEs within a facility

Charging station
contrdller (CSC)

System respa@nsible to manage one or
more EVSES

System responsible for communicatipn
transfer/translation as well as physidal
safety management of one or more
EVSEs

Charding station
management system
(CSMB)

System responsible for managing
charging infrastructures

System responsible for managing one or
more CS, including determining and
managing the energy transfers to anfd
from each EV:

* based on grid codes and market}
based functions;

« constrained by EV capabilities ahd
contracts;

. constrained by area EPS capabilities

and contracts.

Charging station
operator (CSO)

Party responsible for the provisioning and
operation of a charging infrastructure
(including charging sites), and managing
electricity to provide requested energy
transfer services

Party responsible for the provisioning and
operation of a charging infrastructure
(including charging sites), and managing
access to the area EPS for providing
requested energy transfer services

Customer energy
management system
(CEMS)

CEM system which allows to manage the
energy consumption and or production
within the premises, consists of a CEM
and attached resource manager which
connects the home and building electronic
system and/or smart appliances to the
CEM

System which consists of customer
energy management functions (including
grid code functions) and connects to the
CSMS, to the facility DER energy
management system (FDEMS) and
directly to some smart appliances.
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EV roles in a DER
environment

IEC 63110 definitions

Proposed modified definitions

Customer energy
manager (CEM)

Internal automation function for optimizing
the energy consumption and/or production
within the premises according to the
preferences of the customer using internal
flexibilities and typically based on
external information received through the
smart grid connection point and possibly
other data sources

Customer focused automation functions
for optimizing the active and reactive
power and the energy consumption and/or
production within the premises according
to the preferences of the customer, utility-
based contractual arrangements, market-
based information, market-based
contracts, and regulatory grid codes.

Entity responsible for the planning,
operation, maintenance, and the

development in given areas of the
electricity distribution network (low

Entity responsible for the planning,
operation, maintenance, and the

development in given areas of the
electricity distribution network (low

Distrifjution system
operajor (DSO)

voltage, medium voltage, and potentially
high voltage), the quality of electricity
supply (power delivery, voltage etc.) and
for customer access to electricity provider
market through his system under
regulated conditions.

voltage, medium voltage, and poténtjally
high voltage), the quality of electrieity
supply (power delivery, voltage ‘etc.)|and
for customer access to electrigity prqvider
market through his system_under
regulated conditions.

Electrjc vehicle (EV)

Vehicle which uses one or more electric
motors or traction motors for propulsion. @

Vehicle which uses-ere or more eledtric

motors or traction, motors for propulsjion. @

Electrjc vehicle
commjunication
contrdller (EVCC)

Embedded system, within the vehicle, that
implements the communication between
the vehicle and the SECC in order to
support specific functions

Embedded system, within the vehiclg, that
implements<the communication betwgen
the vehicle and the SECC in order tg
suppoTri/specific functions

Electrjc vehicle supply
equipment (EVSE)

Equipment or a combination of equipment,
providing dedicated functions to supply
electric energy from a fixed electrical
installation or supply network to an E\/for
the purpose of charging and discharging

Eqlipment or a combination of equigment,
providing dedicated functions to supply
electric energy from a fixed electrical
installation or supply network to an BV for
the purpose of charging and discharging

Electrjc vehicle supply
equipment (EVSE-AC)

Equipment for transferring energy*to and
from an EV

Equipment without (necessarily) an
inverter for transferring active and
reactive power to and from an EV-AC

Electrjc vehicle supply
equipment (EVSE-DC)

Equipment for transferring-energy to and
from an EV

Equipment with an inverter for transferring
direct current to and from an EV-DC

Electrjc vehicle with
inverter (EV-AC)

Electric vehicle which-includes the
inverter and therefore exchanges AC
active and reactive power

Electric vehicle which includes the
inverter and therefore can exchange|AC
active and reactive power

Electrjc vehicle with
DC cHarging (EV-DC)

Electric vehicle which does not use the
inverter and therefore exchanges DC
power

Electric vehicle which does not use i
inverter and therefore exchanges D(Q
power

2]

Point pf common
coupling (PCC)

The point of connection between the|area
EPS and the Local EPS

Resolrce manager
(RM)

Logical component (typically implemented
in software) that exclusively represents a
group of devices or a single smart device,
and is responsible for sending
unambiguous instructions to a group of
devices or to a single device, typically
using a device-specific protocol

Not modified

Supply equipment
communication
controller (SECC)

Entity which implements the
communication to one or multiple EVCCs
and which might be able to interact with
secondary actors

Entity which implements the
communication to one or multiple EVCCs
and which might be able to interact with
secondary actors

Vendor (generic) of
equipment in CS

Entity that manufactured, installed, and/or
maintains equipment in a charging station

28  For this document, EVs are limited to those vehicles which transfer active and (in some cases) reactive power
to and from their batteries via an external EVSE.
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5.3.2

EV roles for DER use cases

Figure 26 shows these roles as they will be used in Use Cases. The colours signify the following.

e Orange roles signify the energy resource, in this case, the EV batteries. A black outline
signifies it is "dumb" from a DER functional perspective, while a red outline signifies it has
"smart" capabilities from a DER functional perspective.

e Bright yellow roles signify the power management capabilities. These are "black box"
capabilities with vendors defining exactly how they work, particularly how multiple requests
from different roles are handled.

e Pink roles signify the operational functions. The grid code functions are reasonably well

deffined, while market functions might be Tess precisely defined since different jurisdi

mi
o Lig

ght have different requirements.

ht yellow roles with red outlines signify equipment that play the role of both!opers

fumpctions and power management capabilities.

e Bl

o P
co

e QG
in

NOTE

even th
always
separa
vehicle
with on
functio
dichoto]

e roles signify electrical connection points, mostly where measurements are moni

rple roles signify external actors that can provide settings, setpoints, and/or ¢
mmands.

een roles signify entities that exist as systems or concepts put‘might not play active
EV-as-DER management.

In IEC 61850-7-420, the roles of operational functions and power-management capabilities are very
ough they can or cannot reside in the same system or controller. However, in charging stations,
a separation between the vehicle (EV) and the electrical supplyEVSE). Communications need to bri
ion, but the information could be very different dependin@ upon the design and capabilities of the
5. For instance, EV-ACs which have their own inverters.ean*handle some operational functions autong
ly updated setpoints being provided by the EVSE-AE; while EV-DCs cannot perform these ope
s themselves. For this reason, the EV and EVSE roles in Figure 26, which is a high-level diagram, sh
my. Lower-level diagrams can split these roles.
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uc EV as DER Use Cases /
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Figure 26> Roles for charging stations applicable to a DER environment
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No single eommunication protocol can be used for all interactions, but some stgndard
commjunication protocols are more appropriate for different interactions, as illustra

Figur
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(

Hierarchical DER System Five-Level Architecture, Mapped to the Smart Grid Architecture Model (SGAM)
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Figuyre 27 — Communication protocolsiassociated with EV roles in a DER environment
5.4 |EV-related standards
5.4.1 EV-related standards organizations
The fgllowing standard groups and industry groups have developed EV-related requiremgnts:
a) IEC;
b) OCA;
c) SAE;
d) IEEE;
e) CAN;
f) UL.
5.4.2 Standards and documents including EV-related information exchange

Some of the relevant EV-related standards that include information exchange requirements:

a)
b)
c)

requirements

ISO 15118-20 (now being updated to use IEC 61850-7-420 data objects and names);
IEC 63110 series;

IEC 63382 series;

IEC 63380;

IEC 61850 data model,;

IEC 63119 series;
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SAE 3072;

IEEE Std 2030.5;

IEEE P1815.2;

OCPP 2.0.1;

SAE J1772;

IEC 62746-10-1 (OpenADR);
IEC 62351-9 for PKI;

IEC 62351-8 RBAC.

Usmg the diagrams in Figure 26 and Flgure 27 as the source for the EV charglng architgcture,

Flexibility operator interacts with 3'd parties using IEC 63882: either aggregators or ch
station management systems (CSMS).

Adgregators and/or CSMS interact with facilities using the IE€)63110 series: eith
customer energy management (CEM) or the local charging( station management s
(LCSMS).

The CEM and/or LCSMS interact with local equipmenthusing the IEC 63110 serie
regsource manager (RM) and the charging station charger (CSC).

The RM and CSC interact with the charger using IEC 61850 models over some protoc
elgctric vehicle service element (EVSE).

arging

er the
ystem

s: the

bl: the

One or more resource management (RM) rales might be located in many different plgces —

just in one place.

T

The original equipment manufacturer (OEM) uses proprietary communications to link d
to ftheir EVs and the EV users via'EV applications that users can download on their p
or|computers.

e EVSE interacts with the electric yghicle using the ISO 15118 series.

In pargllel to these standards, a subset of IEC 61850-7-420 data model of grid support ele
functipns and technical _Characteristics, over a any protocol, is used to pass the technical
requirements for the EVyas DER functions, as per SAE standards, such as SAE J3072.
data models are availaple for other functions.

jrectly
hones

ctrical

Other
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Figure 28 — EV as DERarchitecture

EV-DC and EV-AC charging and discharging

V2G EV-charging station configurations

standards are developed. IEC 63382-1:—58, Table 2, includes the different configurations

different EV charging station(Cconfigurations can exist and should be considered as

while

the dipgrams shown in Figure 29y Figure 30, Figure 31, Figure 32, and Figure 33 illustrate the
configurations.
Table 3 — EV charging station configurations
EYCS On board Connlection
confiduration [Multil'single| AC DC Bus vV2G charger Off board charger| g |yrig
diagram EVSE chargecharge AC-DC
1 multi no yes | DC bus no unidirectional unidirectional rectifier
1 multi no yes | DCbus | yes unidirectional bidirectional invprter
2 PR Ao—|—yos—AC bus—{—ho—unidiroctional—|—unidirestional rectifier
2 multi no yes | ACbus | yes unidirectional bidirectional inverter
3 multi yes no AC bus no unidirectional no rectifier
3 multi yes no AC bus | vyes bidirectional no inverter
4 single yes no no bus no unidirectional no rectifier
4 single yes no nobus | vyes bidirectional no inverter
5 single no yes no bus no unidirectional unidirectional rectifier
5 single no yes nobus | vyes unidirectional bidirectional inverter

Source: IEC 63382-1:—, Table 2.

6 Under preparation. Stage at the time of publication: IEC/PRVC 63382-1:2024.
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Grid code functions in DC charging/discharging

ast-charging EVSEs use DC changing (EV-DC);in’ which the inverter is in the EV
hse, for grid code functions involving the management of reactive power, the ch

station's inverter are used, and the EV-DC is a passive recipient of amps and voltage ou

5.6.3

Electr
capab
decisi

Grid code functions in AC charging/discharging

c vehicles which use their inverters’to receive AC power (EV-AC) might or might
le of executing some of the DER\grid code functions autonomously, depending upor
bns and potentially jurisdictional requirements. If the EV-AC is not capable or

chargl|ng station cannot (decides;,not to) support autonomous management of the grid

functi

Howe
functi
setpoi

bns by the EV-AC, thenthe EV-AC will also be treated as a passive recipient of AC

er, if an EV-AC~is*capable of autonomously executing some of the DER grid
bns and all retevant stakeholders support this capability, then additional se
nts, and other .parameters are provided to the EV-AC when it connects at a ch

station. This implies that the information flows for these EV-ACs are different fro

inform

5.6.4

ation flows for EV-DCs.

SAE J3072 for V2G AC discharging

SE. In

arging
tputs.

hot be
OEM
if the
code
ower.

code
tings,
brging
m the

V2G implies additional types of information that are exchanged between the EVSE and EV,
because exporting power from the EV can pose different requirements. SAE has developed
SAE J3072 to define those EVSE-EV information exchanges for AC discharging, and
ISO 15118-20 is being updated to also include those (and possibly additional) data exchange
capabilities. UL is developing UL 1741 Supplement C to provide the testing requirements for
SAE J3072.

5.6.5

Information exchange requirements for EV-as-DER functions

The primary types of information exchanges include the following.

¢ Request for a specific DER function via the EVSE to the EV.
e Permission to use DER function (site permission, EV permission).
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e Local parameters for the DER function (settings, curves, schedules, validation of data
exchanges, error handling, etc.).

e Local constraints for the EV-as-DER (export limits, import limits, voltage limits, frequency
limits, ROCOF limits, ride-through limits, etc.).

e Enable/disable DER function (EVSE and/or EV).
e Activation trigger of DER function (one or more grid values being monitored by the EVSE

an

d/or EV).

e Monitoring and event logs of results of activated DER function, including both EVSE and EV
logs.

5.6.6

Some
millise
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The a
differe

e Fr

Issues related to different configurations of charging stations

functions have to be able to operate autonomously since they have toy‘respq
conds to frequency and/or voltage measurements. Their settings would be.set up

e, then when they are enabled, they would become autonomously active~based or
rements. On the other hand, some functions might rely on communications for se
s an external entity changing active power consumption.

ccess of EVSEs and/or EVs to power system measurements-can be challenging,
nt charging station configurations can make such access more difficult.

bquency measurements have to be directly accessible*by EVSEs and/or EVs

fumctions that respond to frequency

e V@

Iltage might be set as a static offset from the .RCC voltage measurement or mig

calJculated as a dynamic offset from the PCC voltage measurement.

6 EVM-as-DER business cases

6.1

Busin
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focus

The g
oppor
and th
stay g

Business cases versus use cases

bss cases describe business bjectives or purposes that could be provided th
tions, procedures, and/or technology. Typically, business cases stay at a high Ie
on what or why a process.is'needed, but not how that process might be implement

pal of a business case is to include a clear and detailed explanation of the probl
unity that the stakeholders are facing, the goals and objectives of the potential solu
e identification'of-Use cases that could be taken to achieve those goals. Business
t a high levelkto focus on what and why this process is needed. The audience f

busing¢ss base includes policymakers and other stakeholders.

Busin
techn

bss cases are often used as a starting point for the development of one or more po
blagy “solutions through use cases, and are used to guide the design, develop

nd in
ahead
local
tings,

since

for all
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vel to
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tions,
cases
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ment,

testing,—and deployment of those solutions

Use cases describe the different ways the goals of business cases might be achieved and are
used to determine how to achieve the business case goals. They include descriptions of the
procedures and/or technologies involved and can include a list of actions or event steps typically
defining the interactions between a role (actor) and a system to achieve the business case

goals.

Often there is more than one possible technology or method for meeting those goals, and
sometimes the same use case can meet or partially meet the goals of multiple business cases.
In addition to technical challenges, regulatory issues can also impact which use cases might be
more practical or timely to achieve.
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6.2 Transmission EV-as-DER business cases for balancing authorities and
transmission utilities

6.2.1 General

Some reliability business cases have been identified by the North American Electric Reliability
Corporation (NERC), the California Mobility Centre (CMC), and the Western Electric
Coordination Council (WECC) on how EVs and EVSEs could affect the reliability of the bulk

power grid. Some excerpts’ are showed in 6.2.2 to0 6.2.7.

6.2.2 Business case: fault-induced delayed voltage recovery (FIDVR)

One dtudy involved the use of simulation tools to model the impacts of EV charging.¢n the
problgm of fault-induced delayed voltage recovery (FIDVR). The study found that somhe EV
charger models responded in a manner that is grid friendly, meaning that their-behaviour
supported rapid restoration to a stable operating condition. At the same time,(the study also
found|instances when other EV charger models responded in a manner thatis.grid unfriendly,
meaning that their behaviour was detrimental to the restoration of stable operating condifions.

Recommendation: the study recommended testing and validation of thevactual performapce of
newer generations of EV chargers and EVSE to improve the basis fob future planning stydies.

6.2.3 Business case: steady-state consumption control

"Grid-friendly" EV charging performance characteristics {either on-board or through EVSE) as
they felate to BPS reliability are based on foundational power system stability congepts:
transignt stability, frequency stability, voltage stability, asymptotic stability, ride-through
performance, and the essential BPS reliability services required to manage them. Hisjorical
electric end-use loads, such as resistive heating, lighting, and cooking were considered grid
friendly because their electrical characteristic”is constant impedance. As voltage drppped
slightly, the device power draw would also reduce and hence support stable steady-state
operation of the grid. Many, if not most, @f today's electronically coupled loads do not ¢xhibit
this constant impedance characteristic;-rather, their power electronic controls seek to mgintain
either| a constant current level orxa-constant power level regardless of system voltgge or
frequgncy (within a normal operating band). When they seek to maintain a constant powerllevel,
these|loads are not grid friepdly“from a grid dynamics and stability perspective. A copstant
power load exacerbates system instability because, during events on the system when vpltage
reduces, the load draws mere current in order to maintain constant power. In contrast, copstant
current loads maintain/afixed level of current consumption, independent of voltage, which is
"grid friendly." This behaviour allows power consumption to drop slightly when system vol|tages
declinge.

Recommendation: EV chargers and EVSEs should employ a steady-state control stratedy that
uses gonstant current control rather than constant power level control during normal operations.

6.2.4 — BUSINESS Case: power factor mamnagement

Many equipment standards often focus on power quality issues, and power factor typically will
fall into this category (in addition to the harmonic distortion requirements). Specific equipment
standards, such as the Society of Automotive Engineers (SAE) requirements, might dictate
certain power factor (and harmonics) requirements for EVs and EVSEs. A reasonably tight
control of power factor ensures that distribution system voltages can be managed appropriately
and also ensures that the distribution system will not experience significant draws of reactive
power unexpectedly, which could affect BPS voltage stability across the transmission-
distribution interface where load tap changes automatically attempt to regulate voltage.

7 NERC, CMC, WECC, “Electric Vehicle Dynamic Charging Performance Characteristics during Bulk Power System
Disturbances”, April 10, 2023,
https://www.nerc.com/comm/RSTC/Documents/Grid_Friendly_EV_Charging_Recommendations.pdf
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Recommendation: EV chargers and EVSEs should operate with a power factor (at fundamental
frequency) of 0,985 or higher (leading or lagging). Power factor should be maintained for AC
supply voltages from 80 % to 110 % of nominal voltage.

6.2.5 Business case: frequency response (active power-frequency control)

EVs and EVSEs can support grid reliability by actively contributing to system frequency
response. System frequency response involves autonomous minute changes in active power
(active current) to control system frequency. The ability of end-use loads (and generators) to
support grid frequency is a core tenet of overall grid reliability. All newly interconnecting
generating units on the BPS are required to have active power-frequency controls. Active power
consumption should be propartional and in oppaosition to changes in frequency measured at the
EV charger or EVSE. This type of response is conducive to overall frequency stabilify and
frequgncy response of an interconnected synchronous power system. Proportional reduction in
EV chE:ging loads and EVSE power draw supports control of grid frequency by reducing power
consumption during low frequency conditions.

Recommendation: EV chargers and EVSEs should have a programmable(eurrent consumption
droop|characteristic with a programmable range and a default value of &'%.

6.2.6 Business case: underfrequency load shedding

It is also critical to have load response coordinated with underfrequency load shedding (UFLS)
actionjs. This would enable these loads to support grid frequency response and return to service
seamlessly with very minimal impact to end-user experience. Response times to changes in
measlred frequency should occur within 100 ms to 200’ ms. Frequency should be megsured
over @ time window (e.g., multiple electrical cycles); frequency should not be megsured
instantaneously for these types of applications. {he first step of UFLS is typically set ground
59,3 Hz (for North America with 0,7 Hz changefrom nominal).

Recommendation: EV chargers and EVSEsishould be programmed with the capability to rapidly
reduce current consumption for severe frequency excursions before UFLS levels are reaghed.

6.2.7 Business case: ride-through performance: remaining connected during grid
disturbances

Disconnection and connection settings are key to ensuring stable grid frequency and vpltage
suppdrt during loss of géneration events and grid faults. The behaviour of large loads (off large
aggregate levels of doads) need to be coordinated with distribution and transmission level
protedtions and safety’net schemes put in place. Some degree of randomization (or ranges of
adjusfability) can,help with load performance diversity; however, reasonable bounds ought to
be esfablishedhased on grid needs. Ride-through performance can be categorized loosely into
the following-modes of operation.

e Cgntifuous operation: steady-state operations or minor grid disturbances (e.g., distant

fautts—and—gemneratortrips; fimeswitching)where EV thargers andEVSEsshoutdTemain

connected to the grid and consuming constant current.

o Ride-through operation during large grid disturbances: response to larger grid disturbances
(e.g., close-in or three-phase faults, delayed clearing protection system operations, large
frequency excursions, other natural disasters) where EV chargers and EVSEs should use
their power electronics to dynamically control current consumption based on measured
terminal conditions in a way that supports grid reliability.

e Severe and unexpected grid conditions: response to extreme grid events (e.g., system
separation, cascading outages, blackouts) where EV chargers and EVSEs should
disconnect from the grid and return using "cold load pickup" protocols.
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Recommendation: each EV charger and EVSE should be programmed to respond autonomously
to their measured terminal conditions and support grid reliability. Grid-friendly performance
characteristics in this time frame should not require any advanced communications between
devices or with the grid operator(s); rather, converter protection and controls should respond
automatically to modify EV charging behaviour and operation. Details regarding the exact
manner in which EV chargers and EVSEs should respond is an important area to address in
future modelling and validation efforts.

6.3 Distribution EV-as-DER business cases for MV and LV grid support

6.3.1 General

Althoygh EVs have batteries and inverters like stationary energy storage systems (ESS), their
fundamental purpose is to provide transportation, not grid services. However, they|typically
spend large percentages of their time parked and connected to the grid through chargers termed
electric vehicle service elements (EVSEs) and could provide grid services at_those times, so
long gs they were ready (adequately charged) when needed by their drivers.

The plrposes of the grid services could fall into the following categories:

e Mipnimize the impact on the grid of many EVs charging simultaneously, such as pojential
thermal overloads or voltage sags.

e Prpvide benefits to the grid by improving grid safety, reliability, and efficiency, such as
participating in frequency and voltage ride-through evefts, providing voltage support, and
in jaggregate, providing frequency support to the transtission system.

o Prpvide benefits to EV owners, such as acting™on incentives for providing certaip grid
sefvices that could improve grid reliability and efficiency.

e Prpvide societal benefits, such as providing alternatives to grid services that would
otherwise need to be provided by fossil fuel'generators.

Althoygh DER can provide many grid support functions, some of the key functions that|could
be prgvided by charging station management system (CSMS) and individual EVs for proyviding
these|business case benefits include:the business cases of 6.3.2 to 6.3.8.

6.3.2 Business case: mahage potential overload situations via EV peak power
limiting

For the peak power limiting of electric vehicles (planned or emergency load reduction), thi DSO
determines that thermal overload constraint of specific circuits is required for the near future.
Since|these circuits* ‘contain charging stations for EVs, the DSO issues a load impont limit
schedule or command, containing the limit of active power import permitted during the
constrained times. The charging station management system (CSMS) then determinesjif the

EVs bn-EV
DER tp mcrease generation to cover the EV loads. If such a DER does not exist or cannot|make
up th ergency

vehlcles could contmue rap|d chargmg) or financial constramts (e g., an EV owner requests
rapid charging), and then determines which other EVs would have their rate of charging slowed
down.

6.3.3 Business case: provide benefits to EV owners via vehicle-to-home (V2H)

The EV provides backup power during power outages and/or power to the home during on-
peak, high tariff times. The regulations for V2H could be very similar to those currently provided
for stationary storage systems in the home. For instance, unless the vehicle is charged from
"green" sources, the power cannot be exported to grid except under special circumstances or
provisions.
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6.3.4 Business case: provide benefits to the grid via vehicle-to-grid (V2G)

The EV exports power to the grid when additional generation is needed for emergency or
efficiency reasons. The power can be used either in the local electric power system (EPS) to
support local loads, or, if authorized, exported to the area EPS, with similar regulations to
stationary storage. SAE has developed J3072 for AC discharging, for which testing
requirements are being developed in UL 1741 Supplement C.

6.3.5 Business case: improve grid efficiency through coordinated charge/ discharge
of EVs

Coordinated charge/discharge of EVs is designed to ensure desired state of charge is reached
at the| requested time. The CSMS receives information from the EV's owner that infarms the
CSMS9 the time by when the EV is required to reach a specified state of charge. The CSM$ then
takes |this information into account as it determines when and how fast to charge the EV.
Consiflerations include not only the current, on-peak/off-peak, and forecast pric€ of energy, but
also any demand charges, load import limits, use of the EV to provide other ancillary senvices,
etc.

6.3.6 Business case: provide voltage support via volt-watt response by EVs

The CISMS would monitor the voltage at the PCC. If the voltage at the PCC exceeds the vpltage
limits,| the CSMS would allocate the proportion of the Volt-Watt{ response to each EV (gnd its
EVSE) currently charging, and the EVSEs would decrease the charging rate of the connected
EVs arcording to this Volt-Watt proportion. Although thisause’case only is for decreasing pctive
powell of those EVs charging, the same criteria could b&used for any V2G EVs that are gble to
incregse active power by discharging.

6.3.7 Business case: provide reactive power support via watt-var function

While|[IEEE Std 1547-2018 and California's Rule 21 describe the function, SAE J3072 desgribes
the irteroperability requirements for E¥s and EVSEs to establish the curves and|other
parameters for the watt-var function. The requirements require the interactions between the EV,
the EYSE, and an energy managemeént system (EMS) to be automated and for that automation
to be fested separately for the individual types (EVSEs and EVs), since it would be impgssible
to require every EV to be tested-with every EVSE. How to automate this interaction befween
differgnt types of equipment,‘but yet separately test the automation has not been defingd, but
is addressed by UL 1741 §C:

6.3.8 Business case: help meet export and/or import limits via the limit active power
export/import function

While|[EEE Std 1547-2018 and California's Rule 21 describe the function, SAE J3072 desgribes
the inferoperability requirements for EVs and EVSEs to establish the parameters for the limit
active| power function. The requirements require the interactions between the EV, the EVSE,
and ap_energy man ment tem (EMS) t tomat nd for that automation t ested
separately for the individual types (EVSEs and EVs), since it would be impossible to require
every EV to be tested with every EVSE. How to automate this interaction between different
types of equipment, but yet separately test the automation has not been defined, but is
addressed by UL 1741 SC.

7 EV-as-DER use cases

71 General
711 Overview

Business cases are how to justify why EVs might be used as DERs. Use cases identify possibly
multiple ways how EVs might be used to meet the business case requirements.
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The use cases in this document address the information exchanges required between the
different roles (actors) for implementing the different grid support functions. These use cases
do not identify why a particular grid function is being implemented - that is left to specific
business cases.

The use cases of 7.1.2 to 7.1.7 were identified as highly important during a study with the
California Public Utilities Commission (CPUC).

7.1.2 Use case E1: EV peak power limiting on demand

For the peak power limiting of electric vehicles (planned or emergency load reduction), the DSO
determires—thatthermat-ove int-of-specificcircuitsisrequired-fo arfuture.
Since|these circuits contain charging stations for EVs, the DSO issues a load impont limit
schedule or command, containing the limit of active power import permitted (dufing the
constfained times. The charging station management system (CSMS) then determines|if the
EVs charging during that time would exceed the import limit. If so, it can request any npn-EV
DER tp increase generation to cover the EV loads. If such a DER does not exist or cannot/make
up thg difference, the CSMS reviews any contractual obligations for the E¥s’(e.g., emergency
vehicles could continue rapid charging) or financial constraints (e.g.,{an EV owner requests
rapid ¢harging), and then determines which other EVs would have their-rate of charging sfowed
down.

C OVve O c cqU C C C

If the|request for limiting load is more general, for instance“due to the lack of bulk power
genergtion, a demand-response program could be initiated 10 request EVs to stop or t¢ slow
down |charging based on some type of incentive, such¥as a financial incentive (e.g.,| more
favoufable tariff, direct compensation, etc.)

7.1.3 Use case E4: volt-watt response by EVs

The CISMS would monitor the voltage at the PCC. If the voltage at the PCC exceeds the vpltage
limits,| the CSMS would allocate the propertion of the volt-watt response to each EV (gnd its
EVSE) currently charging, and the EVSES would decrease the charging rate of the connected
EVs according to this volt-watt proportion.

Althodgh this use case only isifor decreasing active power of those EVs charging, the|same
criterig could be used for any\V2G EVs that are able to increase active power by discharging.

7.1.4 Use case E8:coordinated charge/discharge of EVs

The GSMS receives.information from the EV's owner that informs the CSMS the time by|when
the EY is requiréd:to reach a specified state of charge. The CSMS then takes this information
into agcount ds )it determines when and how fast to charge the EV. Considerations inclugie not
only tF current, on-peak/off-peak, and forecast price of energy, but also any demand charges,

load importdimits, use of the EV to provide other ancillary services, etc.

7.1.5 Use case E9: V2G EV as DER

While IEEE Std 1547-2018 and California's Rule 21 describe the function (enter service), SAE
J3072 describes the interoperability requirements for EVs and EVSEs for permission to
discharge (and ISO 15118-20 is being updated to include those interoperability V2G
requirements). The functions required include the IEEE Std 1547 permission to enter service
function and the set active power function. The requirements require the interactions between
the EV, the EVSE, and an energy management system (EMS) to be automated and for that
automation to be tested separately for the individual types (EVSEs and EVs), since it would be
impossible to require every EV to be tested with every EVSE. How to automate this interaction
between different types of equipment, but yet separately test the automation has not been
defined, but is being addressed by UL 1741 SC.
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7.1.6 Use case E12: watt-var function

While IEEE Std 1547-2018 and California's Rule 21 describe the function, SAE J3072 describes
the interoperability requirements for EVs and EVSEs to establish the curves and other
parameters for the watt-var function. The requirements require the interactions between the EV,
the EVSE, and an energy management system (EMS) to be automated and for that automation
to be tested separately for the individual types (EVSEs and EVs), since it would be impossible
to require every EV to be tested with every EVSE. How to automate this interaction between
different types of equipment, but yet separately test the automation has not been defined, but
is being addressed by UL 1741 SC.

7.1.7 __Use case F15: limit active power export function

IEEE Btd 1547-2018 and California's Rule 21 describe the function, SAE J3072 describes the
interoperability requirements for EVs and EVSEs to establish the parameters for the limit pctive
power function. The requirements require the interactions between the EV, the(EVSE, gnd an
energy management system (EMS) to be automated and for that automation to be jested
separately for the individual types (EVSEs and EVs), since it would be impossible to require
every|EV to be tested with every EVSE. How to automate this interaction between different
types |of equipment, but yet separately test the automation has not been defined, but is|being
addregsed by UL 1741 SC.

7.2 |Use case: limit active power import operational function
7.21 Name of use case

As an|example of a use case, the limit active power import use case is described.

Use case identification

ID Area(s)/Domain(s)/Zone(s) Name of use case

Active power operational functions Limit active power import operational function

7.2.2 Version management

Versi¢n No. Date Name of author(s) Changes Approval statusg

(0] 2020-04-08 fmc Creation of the use case WD working documkent

7.2.3 Scopesand objectives of use case

Scope and objectives of use case
Active power import (load) is limited to a preset value at a specific point of confgection
Scope such as the PCC by using active power output of generation and/or storage DER to
offset the EV charging loads if possible. If not, derate the EV charging rates.
Minimize import of active power into the grid into an EV facility if the excessive load
could cause grid problems.
Minimize potential excess active power on the distribution system and potential
brownouts or blackouts.

Objective(s)

Related business case(s)

7.2.4 Narrative of the use case

Narrative of use case

Short description
The net active power imported from the grid are not permitted to exceed the active power limit.
Complete description
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7.2.5 Scenario steps
Step Name of Description of Information Information Information
No process/activity process/activity producer receiver exchanged (IDs)
It is assumed that the
. nameplate ratings have been
Retrieve nameplate ) : Power
configured and are available, .
0 and current . DER management See preconditions
) and that current operational
operational data . controller or CEM
settings have been set before
this function is enabled
1 Set active power Set active power import limit at Grid operator Active power DWMX.WLimSpt =
import limit the PCC P limiting function |limit of import watts
Enable active power|Enable peak power limiting . Active power DWMX.FctEnja =
2 - : ) Grid operator |. ~... .
limiting function function limiting function |True
Measure imported . Point of . MMXUAMW = watts at
: Continuously measure load at |common Active power N
3 |lactive power at PCC . S . PCC (negative =
PCC coupling limiting function ibad)
(PCC)
Measure generation [Continuously measure active MMXU.W = watts of
increase and load [power charging of EVs, and the Power DLOD plus DGEN
4 : ! L DER managefnent plus U
reduction generation capabilities of
o . . o contraller
capabilities generation with the facility
Calculate if the active power DWMX.ReaqW.q =
Determine most output at the PCC exceeds the false ana
effective and least |import limit (W > Active powbr IPower
costly method for DWMX.WLimSpt). If not, AClve p or
5 maintaining the indicate no action. If so I|m|t|pg management
active power within [request most efficient and least funghyhg controller DWM,X'Rqu =_(W
the requested limit |costly method for remaining — WLimSpt), 1 =
within the import limit. True
Set active power for|Calculate the actual active Power DPMC.OutWget =
6 each DER: DGEN, |power output for each type_of |management |[DER actual active power
DSTO, DLOD DER controller for storage
7.2.6 Use case diagrams — Sequence diagram
Figurg 34 illustrates the activepower limiting functions for electric vehicles, including the EV
plugging into the EVSE (green area), the function being enabled and determining if the power

should be limited (orange-area), and the function being disabled (yellow area).
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Figure 34 — Active power limiting sequence diagram

7.3

7.3.1

Use cases: frequency-active power (frequency-watt) operational functions

Overview of frequency-active power (frequency-watt) operational functions

IEC

There are multiple different purposes that the frequency-active power support functions can
provide. The first two would necessarily use the frequency-active power function autonomously,
the third requires direct commands from a balancing authority, while the others might be
autonomous or might rely on external signals.
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Frequency sensitivity mode (FSM): the frequency rapidly decreases or increases beyond
normal limits (e.g. due to a loss of a large generator and possibly within a frequency ride-
through situation). The frequency-active power function is used to sharply and rapidly
increase (or reduce) power, so that the DER goes to WMax (or ChaWMax) using the slope
(WGra) established as a percent of WMax (or ChaWMax) to try to bring the frequency within
normal limits. See Figure 35.

Legend:
Active power boundaries, defining

maximums and gradients

Frequencies that, if exceeded, activate
the F-W function

Requested active power per frequency,
indicating “not to exceed” limit

In Zone #1, HzStr indicates the start frequency

for decreasing watts as per the P1-P2 gradient

f‘ the f1 frequency, then the P2-P3 gradient
{arting-atthe-£2§

Areas where the F-W function Is active

........... Hysteresis paths

The gradient, WGra, is calculated either from WMax
or from WRef, so either:

WGra(P1) = WMax / (f2-f1) for f1< f < f2 and
WGra(P2) = WMax / (f3-f2) for f2 < f < f3
or
WGra(P 1) = WRef / (f2-f1) for f1< f < f2and
WGra(P2) = WRef / (f3-f2) for f2 < f <3
Then
ReqW = WRef - WGra(P 1)*(f-f1)forf1<'f < f2 and
ReqW = WRef - WGra(P2)*(f#f2)fonf2 < f < 3
where “f’ is the actual frequency

WMax: Max Generating Power P1
A

Zone 1: Generating,
High Fréquency

WRef at
HzStr

Hz to reduce watts to’zero or
start charging, or ‘where WGra
crosses zeroa@ctive power

P3

Active Power — Generating

<

! <

»
>

&

[

[

\

o
e
@
\

[

[

|

2

Nominal System Freguency
frequency IEC

Figure 35 — For zone 1 frequency sensitivity, potential use
of WMax or WRef to determine the gradient

Frequency droop or "primary frequency, response": droop is a control mode used fpr AC
elgctrical power generators to maintain the frequency within the normal operating|zone,
fo¢used on returning the frequency-io its nominal value (e.g. 50 Hz or 60 Hz). Specifically,
the power output of a generator(reduces as the line frequency increases above naminal
frgquency, and vice versa. It is.commonly used as the speed control mode of the goyernor
of @ prime mover driving a synehronous generator connected to an electrical grid. With|droop
speed control, when the grid is operating at the maximum normal operating frequency (e.g.
60,6 Hz), the prime mayer's power is reduced to 0 % (cease-to-energize), and when the grid
is [at the minimum mnormal operating frequency (e.g. 58,5 Hz), the power is set to 100 %
(WMax), and intermediate values at other operating frequencies. Although usually
aspociated withisynchronous generators connected at the bulk power level which provide
drpop by changing the speed (RPM) of their rotors, inverter-based systems connected at
level might also be able to provide equivalent droop capabilities, in which the jactive
er output of the inverter is reduced (increased) as the frequency increases (decrgases)
frdgmnominal frequency, based on a frequency-active power curve. This curve might be
linparor might be more complex (but still monotonic).

Secondary frequency response: the frequency is managed by the balancing authority which
sends active power signals every 4 s to 10 to all DER participating in the balancing or
automatic generation control (AGC) ancillary service. This function cannot be performed
autonomously.

Tertiary or spinning reserve frequency response: the balancing authority requests additional
active power to be available within a few seconds or minutes. The balancing authority might
provide an actual watt value, or the DER might be expected to ramp as rapidly as possible
to its maximum watt output upon receiving the signal. The reverse situation, namely
requiring additional load immediately, might also be possible.
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Fast frequency response (FFR) or frequency sensitivity: during frequency emergency
situations, the DER responds to frequency or ROCOF (rate of change of frequency)
excursions beyond normal limits by rapidly changing active power to try to reverse the
excursion and bring the frequency back within the normal range. Detailed performance
requirements are defined in IEEE 2800-2022.

FFR requires specific settings of the frequency-active power capability to respond to
frequency changes very rapidly by increasing or decreasing active power. When the
transmission and distribution system frequency is outside of a pre-defined frequency
deadband range, DERs inject or absorb active power to help push system frequency back
within the frequency deadband. FFR systems respond to changes in frequency

autonomously |n a tlmeframe of Iess than one second ThIS autonomous DER capability

Hz for tripping based
on frequency ride-
through criteria

P7

A

Zone 2: Generating,
Low Frégliency

P1-P6 gradient
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q !
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High Frequency

irning
nction
e.g. fast

quency static boundary response: The DER needs to remain within the frequency-active
er boundaries, but it is not required to "go to’~the boundary. This function could
rtlcular use W|th|n microgrids to avoid DERs from causing frequency problems.

be of
See

Legend:

Active power boundaries, defining
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Figure 36 — Frequency-active power constrained by static boundary:
DER to remain within the boundaries of frequency-active power curves

There can be multiple frequency-active power operational functions configured into an DER.
For example, the desired frequency-active power settings might be different on-peak versus
off-peak, or different when islanded versus when grid connected. Some might be enabled at the
same time: for instance, the frequency-active power sensitivity mode might be permanently
enabled, while other frequency-active functions might be enabled as needed.
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