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——————Part- 90-7-Object models-for power-converters

INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

in distributed energy resources (DER) systems

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internationg
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end an
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports
Publicly Available Specifications (PAS) and Guides (hereafter referred to as ‘IEC Publication(s)”). The
preparation is entrusted to technical committees; any IEC National Committee intereSted in the subject dealt wit
may participate in this preparatory work. International, governmental and non-goyvernmental organizations liaisin
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization fg
Standardization (ISO) in accordance with conditions determined by agreemént between the two organizations.

[© Nt} (o)

O 5=

The formal decisions or agreements of IEC on technical matters express, ‘as nearly as possible, an internationd
consensus of opinion on the relevant subjects since each technical committee has representation from a
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Nationd
Committees in that sense. While all reasonable efforts are- made to ensure that the technical content of IE
Publications is accurate, IEC cannot be held responsible{ for the way in which they are used or for an
misinterpretation by any end user.

< ()=

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publication
transparently to the maximum extent possible in their national and regional publications. Any divergence betwee
any IEC Publication and the corresponding national*or regional publication shall be clearly indicated in the lattef.

=R V)

IEC itself does not provide any attestation ‘of,conformity. Independent certification bodies provide conformif
assessment services and, in some areas,'access to IEC marks of conformity. IEC is not responsible for an
services carried out by independent certification bodies.

<<

All users should ensure that they have-the latest edition of this publication.

No liability shall attach to IEC or’its” directors, employees, servants or agents including individual experts angd
members of its technical committees and IEC National Committees for any personal injury, property damage qr
other damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of {the" publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn-tosthe Normative references cited in this publication. Use of the referenced publications is

indispensable for the correct application of this publication.

=3

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of paten
rights. IEC<shall not be held responsible for identifying any or all such patent rights.

nadeto the previous edition IEC TR 61850-90-7:2013. A vertical bar appears in the margi

his redline version of the official IEC Standard allows the user to identify the change$

n
o

iherever a change has been made. Additions are in green text, deletions are i
H vt
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IEC TR 61850-90-7 has been prepared by IEC technical committee 57: Power systems
management and associated information exchange. It is a Technical Report.

This second edition cancels and replaces the first edition published in 2013. This edition is
primarily an editorial revision in order to be consistent with the publication of Edition 2 of
IEC 61850-7-420:2021.

This edition includes the following significant changes with respect to the previous edition:

O

~ T

O QO q - =]

0N I

1
S

gpecific document. At this\date, the document will be

—Ctause-3ras beemupdated:

=)

) Clause 8 (IEC 61850 information models for power converter-based functions) has-bee
deleted. This clause defined data models with the transitional namespace “(Tr) IEC*61850
90-7:2012”. The data models are now defined in IEC 61850-7-420.

he text of this Technical Report is based on the following documents:
Draft Report on voting
57/2558/DTR 57/2610/RVDTR

ull information on the voting for its approval can be found in the.report on voting indicated i
he above table.

=]

he language used for the development of this Technical'\Réport is English.

his document was drafted in accordance with ISOQ/IEC Directives, Part 2, and developed i
ccordance with ISO/IEC Directives, Part 1 and {SO/IEC Directives, IEC Supplement, availabl
t www.iec.ch/members_experts/refdocs. Thexmain document types developed by IEC ar
escribed in greater detail at www.iec.ch/pubjlications.

W W J

list of all parts of the IEC 61850 series; under the general titte Communication networks an{l
ystems for power utility automation;¢ean be found on the IEC website.

he committee has decided that-the contents of this document will remain unchanged until th
tability date indicated on the IEC website under webstore.iec.ch in the data related to th

w W

reconfirmed,

withdrawn,

replaced by a’revised edition, or
amended:

_ L. . T it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

Part 90-7: Object models for power converters
in distributed energy resources (DER) systems

—

Scope

his part of IEC 61850, which is a Technical Report, describes functions for powercconverter
ased distributed energy resources (DER) systems, focused on DC-to-AC and)'AC-to-A(
onversions and including photovoltaic systems (PV), battery storage systemselectric vehicl
FV) charging systems, and any other DER systems with a controllable power_converter.

w7

—~ 0O O -

he functions defined in this document were used to help define theAEC- 84850 informatio
nodels-te described in IEC 61850-7-420 and which can be used in thé/exchange of informatio
etween these power converter-based DER systems and the utilities, energy service provider
FSPs), or other entities which are tasked with managing the volt,_var, and watt capabilities g
nese power converter-based systems.

v e e |

hese power converter-based DER systems can range from/very small grid-connected system
t residential customer sites, to medium-sized systems-¢configured as microgrids on campuse
r communities, to very large systems in utility-operated power plants, and to many othe
onfigurations and ownership models. They may;or may not combine different types of DEF
ystems behind the power converter, such as a power converter-based DER system and
attery that are connected at the DC level.

oo o0 Q -
W~ AU = U @

5

The namesnace"lEC 86185020 0-7" ic considerad ac "trancitional" cincethe models are avnected
He-hamesSpace = ot+oou-9v-—15-Ccohsiaerecas—tansiHoRatr—ShcethenogeiSare-expecte
tpbonsludod in =0t 0o 00 Deloptial oo nelone e ditientione paoa s hose o b I
: y-rappetwhenthe
dpedole oo nennd te lnnraotie el Sioncsnd clnbue
Anlv-the new - datsd abiects and CDCs which are renresented-in-bold-italic font-wil be taaaed
PHy—thehRew-aataodbjectsana o -s-wWhHch—arerepresentech—opora-HaHe roRrt-WH-oetaggeg
with—this—hamespacename—TFhe others—shouldstill refer to-the namespacewhere-thev—ar
pace—-hname—ne—oters—snotha—Sst—tfetertothrenRamespace—-wWneretheyarg
NOTE The-term power converter is being used in place of “inverter” since it covers more types of conversion from

pput to output power:

o| \MAC to DC (rectifier)

e DC to AC (inverter)

e DC to DC (DC-to-DC converter)
e AC to AC (AC-to-AC converter)

2 Normative references
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There are no normative references in this document. 6\

(%)

Terms, definitions, acronyms and ab\lQeviated terms

5\0

or the purposes of the present docum@t the following terms, definitions, acronyms angd
bbreviated terms apply. N

QT

50 and IEC maintain terminology”’ databases for use in standardization at the following
ddresses: o
b\

IEC Electropedia: avaﬂa@é at https://www.electropedia.org/

Q

ISO Online browsmg(g) tform: available at https://www.iso.org/obp

31 Terms and&%nitions

11.1 @)

operating mode in which all functions of the control equipment are performed without action of
a human operator

[SOURCE: IEC 60050-351:2013, 351-55-03]



https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=ddc1ccbfec16bf31952dbd2b1bc1ab60

IEC TR 61850-90-7:2023 RLV © |[EC 2023 - 11 —

3.1.2
distributed energy resource

1
g
t

QD _Z

=

o

—

c O Z

ino =z

—

3

E
l

- >

Q

gntry 2021, 3.1.17]

dlectric power system

DER
nergy resource comprised of generation and/or storage and/or controllable load connected™q
he low or medium voltage distribution level

ote 1 to entry: DER may include associated protection, control, and monitoring capabilities, and\o1ay consist g
lggregated DER units.

ote 2 to entry: DER may interact with the area and/or local electric power systems (EPS)by providing energ
rough the EPSs, by adapting their behaviour based on EPS conditions, and/or by providing other EPS-relate
ervices for regulatory, contractual, or market reasons.

SOURCE: IEC 61850-7-420:2021, 3.1.13]

1.3
lectrical connection point
CP

oint of electrical connection between the DER-sourcexgfenergy-{generation-or-storage} an

ny electric power system (EPS)

f DER units have an ECP where they interconnect to thewpower system at a specific site or plant; a group of DE
nits plus local loads have an ECP where they are interconnected to the utility power system.

ote 2 to entry: For those ECPs between a utility EPS and a plant or site EPS, this point is identical to the point g
ommon coupling (PCC) in the IEEE 1547, Standard for Interconnecting Distributed Resources with Electric Powe
ystems.

SOURCE: IEC 61850-7-420:

1.4

PS
i ok .

AN . , s

omposite, comprised of one or more generating sources, and connecting transmission an

ote 1 to entry: Each DER (generation or storage) unit has an ECP connecting it to its local power system; groupjs

—

o<

R

S =

O

istribution facilities _operated to supply electric energy

Note 1 to entry: A specific electric power system includes all installations and plant, within defined bounds, provided
for the purpose of generating, transmitting and distributing electric energy.

[SOURCE IEC 60050-692:2017, 692-01-02]

3.1.5
electric power system, area
area EPS

electric power system (EPS) that serves Local EPSs
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electric power system that serves multiple local electric power systems

Note 1 to entry: A typical area EPS is a MV/LV distribution network.

[SOURCE: IEEE 1547:2018, modified - addition of Note 1 to entry]

ote 1 to-entryv lnpowersvstem operations—an-eventistuynicallhystate informatioh-andlorstate transition{staty
NOte——o-Eehtry HPOowWer-SSystem-opeatioRS; A evenRisStypicany-StateHhorAgtHoRaRarorSate tHahSHHOR Sty

A+

3.1.6

avent

dvent information

monitored information on the change of state of operational equipment

Note 1 to entry: In power system operations, ane¥Vent is typically state information and/or state transition (statug
glarm, or command) reflecting power system conditions.

[BOURCE: IEC 60050-371:1984, 374-02-04, modified — addition of term "event" and Note 1 t

domputer subroutine: <necificallv-one that nerforms a2 ecaleculation with variahles nrovided by
gomputier—Suorottihes  SpecHHCahy-——onRethatperformmSa Cactha oW Va3 e S ProvHGeaoYy

.47
process control function

function to work on process variable quantities, which is composed of basic functions of process
control, specific to particular functional units of the plant

[SOURCE: IEC 60050-351:2013, 351-55-16, modified - deletion of Note 1 to entry]

3.1.8
generator
energy transducer that transforms non-electric energy into electric energy

Note 1 to entry: The reverse conversion of electrical energy into mechanical energy is done by an electric motor,
and motors and generators have many similarities. The—prime—mover source of mechanical energy may be a
reciprocating or turbine steam engine, water falling through a hydropower turbine or waterwheel, an internal
combustion engine, a wind turbine, a hand crank, or any other source of mechanical energy.
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addition of Note 1 to entry]

151-13-35, modified

-151:2001,

IEC 60050

[SOURCE:

Qvuuuuulnvuuvn 3

Mgt oO oW IcUgC—SapaotC— oo Mg T oprcoC U1 o mo—ourtactC—1

The electriceauinment used-to convert electricdl

3
q
o
[
4
q
K
r
C 8
g
=

inverter

3.1.9

frald to-aslternatina—current
rerg—to—anterHiatRg—eu et

2

HeHa

oo T qUT T oo Tyt T CIo Tt ottt

HOH ARG HteHRGHREGHGRAS USEea—+

t

T CTIC ot T o Ui P it oo T Ot GOV eIt C1ro Gt oot
P

laasd

HeRe—wWihn

m-or-forms-of electrical nower suitable for subcseauent use hyv the electric—utilitl,
power

O OO o O 1o TtiCa P oW o T—SutaiotrT—1O1

AHY—Statt

o

o

AL

—

ote 1 h\\Qru: Anv-static power-converter with control protection—and filtering functions-—used-to-interface

Ot

o —aro—art

dower into
RoWer—hto,

ectricenerav-source with-an-electricutilitv-svstem-—Sometimes-referred-to-as-nower conditionina-subsvstems- powdr

eprect!

eRergy-SourceWhhah-eteCthHc ity SYySte-—o oM et es Hee e G t0 aS p oW e CoRGHHOHRG SURBSY Ste S POowWgt

phase or polyphase

electric energy converter that changes direct electric current to single

alternating currents

151-13-46]

-151:2001,

IEC 60050

[SOURCE:

3.1.10
monitor
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3.1.12 \&
Rower converter (%)
glectronic equipment that converts: \\,Q
Jf AC to DC (rectifier) A‘\Q)
o DC to AC (inverter) \O
o DC to DC (DC-to-DC copverter)
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acquire a quantity value continuously or sequentially in order to check whether it is within normal
operating limits and, where appropriate, to signal if it passes its tolerance boundaries

[SOURCE: IEC 60050-351:200652013, 351-2243-03]

3.1.11
point of common coupling

&

=

lectrical connection point (ECP) in an electric power system, electyj

y nearest to a particulg

bad or generator, at which other loads or generators are, or m

be, connected

A

ote 1 to entry: These loads can be either devices, equipment or syst @ or distinct network users' installations

ote 2 to entry: The point where a local EPS is connected to an ar&e\E S [IEEE 1547]. The local EPS may includ

istributed energy resources.

SOURCE: IEC 61850-7-420:2021, modified —

a@%n of "connection"]

AC to AC (AC-to-AC@9\1\verter
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3.2 Acronyms
GCBbG:—— CommeonbDataClass

DER: Distributed Energy Resource
B e
ECP: Electrical Connection Point
EEI: Edison Electric Institute
BEMS: Energy Management System
BPS: Electric Power System
BSP: Energy Service Provider
BV Electric Vehicle
A= Sloetdie Wobiels Domddes Slocaont
GPRS:——  General packetradio-service
I50: Independent System Operator
UW/HRVT: Low/High Voltage Ride-Through
EN:— logical Node
NMMS: Manufacturing Message Specification
RCC: Point of Common Coupling
RF: Power Factor
RV: Photovoltaic
RTO: Regional Transmission Operator
TSO: Transmission System Operator
3.3 Abbreviated terms
Clause 4 of IEC 61850-7-4 defines‘@bbreviated terms for building concatenated data namesq.
Additional abbreviated terms used'in this document are:
Ar Amperes reactive
Array Array of ...
Aval Available
Db Deadband
Dec Décrease
Del Delta
Dept Dependent
Dsct Disconnect

ra Gradfent
Hold Hold
Hys Hysteresis
Inc Increase
lrte————ladleooadenst
Long—Long
Pai Pai
Rcnt Reconnect


https://iecnorm.com/api/?name=ddc1ccbfec16bf31952dbd2b1bc1ab60

- 16 - IEC TR 61850-90-7:2023 RLV © IEC 2023

Sag Sag
Shrt— Short
Snpt Snapshot
Swell Swell

Wi Wi

4 Overview of power converter-based DER functions

i

.1 General

he advent of decentralized electric power production is a reality in the majority of the ‘powe
ystems of the world, driven by the need for new types of energy converters to mitigate th
eavy reliance on non-renewable fossil fuels, by the increased demand for electrical energy
y the development of new technologies of small power production, by the/deregulation g
nergy markets, and by increasing environmental constraints.

D O 7T W -

|

he numbers of interconnected DER systems are increasing rapidly. The advent @
ecentralized electric power production is a reality in the majority of power systems all over th
world, driven by many factors:

o

o The need for new sources of energy to mitigate the heavy reliance on externally-produce
fossil fuels.

o The requirements in many countries for renewable” portfolios that have spurred th
movement toward renewable energy sources such(as solar and wind, including tax break
and other incentives for utilities and their customeérs.

o The development of new technologies of small power production that have made, and ar
continuing to improve, the cost-effectiveness of small energy devices.

o The trend in deregulation down to the retail level, thus incentivizing energy service provider
to combine load management with generation and energy storage management.

o/ The increased demand for electrical energy, particularly in developing countries, but also i
developed countries for new requirements such as Electric Vehicles (EVs).

o The constraints on building’ new transmission facilities and increasing environments
concerns that make urban=based generation more attractive.

|

hese pressures have greatly increased the demand for Distributed Energy Resource (DER
ystems that consisttof both generation and energy storage systems which are interconnecte
ith the distributionypower systems.

L))

ER systems.challenge traditional power system management. These increasing numbers @
ER systems are also leading to pockets of high penetrations of these variable and ofte
nmanaged sources of power which impact the stability, reliability, and efficiency of the powe
rid. DER systems can be no longer viewed only as “negative load” and therefore insignifican
N power system planning and operations. Their unplanned locations, their variable sizes an

-0 C OO

W =

— -

—

=N W

11 L2

U7

| > mp—

ULl = = —h

apnhili’rine’ and their flllr‘hlafing responses to both environmental and power situations mak

them difficult to manage, particularly as greater efficiency and reliability of the power system is

being demanded.

At the same time, DER systems could become very powerful tools in managing the power
system for reliability and efficiency. The majority of DER systems use power converters to
convert their primary electrical form (often direct current (DC) or non-standard frequency) to the
utility power grid standard electrical interconnection requirements of 60 Hz or 50 Hz and

alternating current (AC).-Net-enly—can—power—converters—provide In addition to these basic
conversions,-but power converters-are-also-very-powerful-devices-that can readily modify many

of their electrical characteristics through software settings and commands, so long as they
remain within the capabilities of the DER system that they are managing and within the standard

requirements for interconnecting the DER to the power system.
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DER systems are becoming quite “smart” and can perform “autonomously”! most of the time
according to pre-established settings or “operating modes”, while still responding to occasional
commands to override or modify their autonomous actions by utilities and/or energy service
providers (ESPs). DER systems can “sense” local conditions of voltage levels, frequency
deviations, and temperature, and can receive emergency commands and pricing signals, which
allow them to modify their power and reactive power output. These autonomous settings can
be updated as needed. To better coordinate these DER autonomous capabilities while
minimizing the need for constant communications, utilities and ESPs can also send schedules
of modes and commands for the DER systems to follow on daily, weekly, and/or seasonal

timeframes

biven these-ever-meore sophisticated capabilities, utilities and energy service providers (ESPS
re increasingly desirous (and even mandated by some regulations) to make userof‘thes
apabilities to improve power system reliability and efficiency. Several countries arg|using th
oncept of "operating envelopes" that define upper and lower limits on the import or expo
ower in a given time interval for specific connection points. The DER syStems are the
esponsible for applying appropriate limits to individual energy resources.

S0 0 0O Q) N

lone of the functions described in this document are necessarilymandatory” from a
mplementation perspective — actually requiring certain functions to“be implemented is th
urview of regulators and of the purchasers of systems. —Whai—thks—deeumeni—s%a%es—ks—kf—
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4.2 Power converter configurations and interactions

(mal

ulk power generation is generally managed directly, ane-on-one, by utilities. This approach i
ot feasible for managing thousands if not millions-0f DER systems.

=

lew methods for handling these disperséd’ sources of generation and storage must b
eveloped, including both new power system functions and new communication capabilities. |
articular, the “smart” capabilities of power converter-based DER systems must be utilized t
llow this power system management'to take place at the lowest levels possible, while sti
eing coordinated from region-widesand system-wide utility perspectives.

OoO0T O =2 ]

his “dispersed, but coordinated intelligence” approach permits far greater efficiencies
bliability, and safety through rapid, autonomous DER responses to local conditions, while sti
llowing the necessary\.coordination as broader requirements can be addressed throug
ommunications on an as-needed basis.

O QO =

o

ommunications,jtherefore, play an integral role in managing the power system, but are ng
xpected or eapable of continuous monitoring and control. Therefore the role of communication
hust be modified to reflect this reality.

= 1 0))

ower converter-based DER functions range from the simple (turn on/off, limit maximum output

ER systems cannot and should not be managed in the same way as bulk power generation.

—_ J 2 W )

- —

—

~

F
tb-the quite sophisticated (volt-var control, frequency/watt control, and low-voltage ride
t

rougt)—Theyatsocanutitize varymgdegrees of autonomous capabititiestohetpcopewit
the sophistication.

At least three levels of information exchanges are envisioned:

a) Autonomous DER behaviour responding to local conditions with controllers focused on

direct and rapid monitoring and control of the DER systems: This autonomous behaviou

r

would use one or more of the pre-set modes and/or schedules to direct their actions, thus

T Not controlled by others or by outside forces; independent. This word is used in the definition of “distribute

process computer system” as a “set of spatial distributed process computer systems for the monitoring an
control of basically autonomous sub-processes” (IEC 60050-351:2006, 351-30-05).

d
d
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not needing remote communications except occasionally to modify which modes or
schedules to use.

Autonomous behaviour is defined as DER systems utilizing pre-set modes and
schedules that respond to locally sensed conditions, such as voltage, frequency, and/or
temperature, or to broadcast information, such as pricing signals or requests for using
specific modes. These pre-settings are updated as needed (not in real-time), possibly
through the Internet or through other communication methods.

The DER systems would utilize its detailed knowledge of the status and capabilities of
the DER equipment as well as the status of the local electric power grid, such as voltage

DER management system interactions with multiple DER systems ‘ih~which the DER
management system has a more global vision of all the DER systems under its control.
understands the overall capabilities of the DER systems under its management but may ng
have (or need) detailed data.

Broadcast/multicast consist essentially of one-way notifications without one-to-on
commupnications with large numbers of DER systems. These notifications could b
emergency signals, pricing signals, or requests for specific DER modes. Typically thes
would come from utilities and/or Energy Service Provider (ESP).

~*~“No direct responses from the DER systems would be expected. If there were powelr
system changes expected, these would be monitored elsewhere, such as on the fggggr

and frequency, to determine the output from the DER system.

Common types of autonomous DER systems consist of the controllers that directl
manage one or more power converters, such as a small PV system, a battery, storag
system, an electric vehicle service element (EVSE), and each of the indjvidual DEF
systems within an office building, a wind farm, or a microgrid.

AU

Interaction times are millisecond to seconds.

— —

1%

DER management systems can issue direct commands, but they primarily establish th
autonomous settings for each DER system.

On start-up, the DER management system may ptoyide various possible autonomou
mode settings to each of the DER systems, and.then over time modify which of thes
autonomous mode settings are active, possibly'in response to utility requests or pricin
signals.

QU

A

Common scenarios include a campus DER management system coordinating many DEF
systems on different buildings or an _energy service provider managing disparate DEF
systems within a community.

e

=]

Additional scenarios include an ISO/RTO/TSO managing a large storage device throug
Automatic Generation Control.(AGC) or requesting a specific power factor at the PCC g
a wind farm.

=

A microgrid scenario would include a microgrid management system managing th
intentional islanding of.the microgrid and then coordinating the generation, storage, an
load elements to-maintain microgrid stability through the combination of settin
autonomous modes for some DER systems and issuing direct commands to other DEF
systems.

A O D

Interaction(frequency may be seconds to minutes, hours, or even weeks.

w W w

or in a substation. If there were financial implications to the broadcast/multicast request,
the DER system responses would be determined during the billing and settlements
process.

These broadcast or multicast requests may be to DER management systems or to
individual DER systems.

These broadcast/multicast requests would be interpreted by the DER systems as
possible modifications of their current autonomous behaviour or could be direct
commands for response to emergency situations.

Since broadcast/multicast can be used to request actions without necessarily knowing
which DER systems can or will respond, the expectation could be that only a certain
percentage will respond.
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— Common scenarios include an energy service provider broadcasting a pricing signal,
which is then reacted to by the individual DER systems, or a utility multicasting a
reduction in generation to all DER systems on a constrained feeder that cannot handle
reverse power flows.

— Broadcast/multicast frequency may be hours, weeks, or seasons.

These hierarchical DER management interactions are shown in Figure 1.

[ DER architecture at the field level \

Broadcast/multicast and/or two-way
demand response, ancillary services,
and emergency commands

Retail Energy Provider (REP) DER

Utility DER management systems, .
management systems (#41a) |

(#25, #27 and #29)

Sea

Customer DER Energy Management System (CDEMS) (#5) for: Monitoring and control.of@utonomous DER \
I * Residential customer site, or controllers to initiate or'modify energy or I
« Commercial/industrial customer site (e.g. shopping mall, ancillary services, based on customer needs
I university campus, or co-gen plant), or - u}ility e
Utility-owned site (e.g. substation or power plant) I
I May include multiple parallel and/or hierarchical CDEMS I
I ",----------------------------------------- --------------------.‘
I PV system Electric vehicle Battery storage DEim{ner : I
I : controller (#4) service controller (#4) 0 I
— g ks ]
0 Cyber-physical ~~ element (#6) ‘;v > '
I : interactions P2P or HAN : I
I : Photovoltaic | | . :
: system W Diesel ' I
=1t y enerator ]
Electric I : Meter and Electric Battery g ] I
grid PcC vehicle Saorade | :
' . . v=0 1|
v Autonomous cyber-physicaNhanagement of DER units, 0
l Circuit breaker which operate based on legal electrical conditions Customer site load P) ,
Q---------------------------------------------------------------‘
N e e e e e e e e e e e — — — — — — — — —— —
IE

Figure 1 — DER management hierarchical interactions:
autonomous, loosely-coupled, broadcast/multicast

4.3 Power convertermethods

DER power converters and their controllers can perform many autonomous functions, based on
their intrinsic capabilities, various parameter settings, and locally measured conditions, such
gs voltage levelsyfrequency, rates of changes in voltage and frequency, temperature, and othe
information-

The methods for power converters to manage their autonomous behaviour include the followind:

d)\“Modes” consist of pre-established groups of settings that can enable autonomous DER
behaviour, where the DER senses local conditions, and, using those mode setiings,
responds appropriately. This approach minimizes the communications requirements and
permits more rapid responses. "Modes" can be established for volt-var control, frequency-
watt control, charging/discharging storage, and some other complex actions, where the
arrays and parameters for each mode are sent ahead of time — maybe once a year or
season, and then "go to mode" commands/requests can be broadcast/multicast.

a) Schedules can also be established, which can operate for a specific time period or
indefinitely (once initiated) completely autonomously. For instance, a schedule can establish
what modes to use during weekday mornings, versus mid-afternoon, versus weekends.

b) Temperature-based curves and pricing-signal curves provides settings for what actions to
take based on the current temperature or pricing signal. A pricing signal curve can indicate
which mode(s) to go to, based on the pricing signal level (can be $$, but can also be tiers,


https://iecnorm.com/api/?name=ddc1ccbfec16bf31952dbd2b1bc1ab60

c)

- 20 - IEC TR 61850-90-7:2023 RLV © IEC 2023

or H-M-L, or other signal). When a new pricing signal is broadcast, the DERs can ramp to
the specified modes. There can even be a schedule of pricing signals so that they do not
need to be broadcast, unless an emergency calls for a different level.

Ramp rates and parameters based on "% of capability" (rather than absolute amounts) are
also included. In addition there is a time-window randomization that requires DERs to
respond to commands using a random number within the time window to actually initiate the
command. This prevents sharp jumps whenever a new command/request/pricing signal is
broadcast. (Obviously the time window can be set to zero if immediate emergency action is
required.)

O 0 =+ 3

O —h

3)

Ithough the DER generator and storage power converter functions do not directly cover loads,
ne same mechanisms of modes, schedules, graphic curves, arrays, timing constraints,\etd.
ould be very readily applied to loads. The actual modes would be different (lighting canng
reate vars, but could dim slightly), but the mechanisms would be the same.

Rower converter functions range from the simple to the complex. Most power converte
inctions are based on settings or curves that allow them to respond,adtonomously to loc3
onditions, while some require direct control commands.

This document covers many of these key power converter functiens, including:

—

Power converter functions

—

Immediate control functions for power converters

— Function INV1: connect / disconnect from grid

— Function INV2: adjust maximum generation_level up/down

— Function INV3: adjust power factor

— Function INV4: request active power(charge or discharge storage)

— Function INV5: pricing signal for charge/discharge action

Volt-var management modes

— Volt-var mode VV11: available vars support mode with no impact on watts
— Volt-var mode VV12: maximum var support mode based on WMax

— Volt-var mode VV13-static power converter mode based on settings

— Volt-var mode VV14: passive mode with no var support

Frequency-watt management modes

— Frequency-watt mode FW21: high frequency reduces active power

— Frequengy-watt mode FW22: constraining generating/charging by frequency
Dynamic reactive current support during abnormally high or low voltage levels

— _«Bynamic reactive current support TV31: support during abnormally high or low voltag
levels

%

Eunctions for “must disconnect” and “must remain connected”

f)

g)

“Must disconnect” MD curve
— “Must remain connected” MRC curve
Watt-triggered behaviour modes

— Watt-power factor WP41: feed-in power controls power factor
— Alternative Watt-power factor WP42: feed-in power controls power factor

Voltage-watt management modes

— Voltage-watt mode VW51: volt-watt management: generating by voltage

— \Voltage-watt mode VW52: volt-watt management: charging by voltage
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h) Non-power-related modes

— Temperature-function mode TMP: ambient temperature indicates function
— Pricing signal-function mode PS: pricing signal indicates function to execute

i) Parameter setting and reporting

— Function DS91: modify power converter-based DER settings
— Function DS92: event/history logging
— Function DS93: status reporting

[ |

i

o B iy @ B i |

£ on DS94 t] L
Scheduled commands, in which a schedule is sent to the power converter with comimand

scheduled for particular times. These commands can also invoke pre-establishe
parameters. Examples include:

— Week-day schedule for volt-var actions

— Weekly schedule for frequency-watt actions

is expected that functions will be added in the future, for instance for handling intentional an
nintentional islanding.

hese different mechanisms can be intermingled, or only a specific type used, depending upo
he requirements of implementations and configurations.

.5 Differing DER architectures
5.1 Conceptual architecture: electrical coupling point (ECP)

ome power converter-based DER systems may“be directly connected to the utility grid, whil
thers may be part of a site microgrid. In either'case, the power converter-based DER system
ill have a point of electrical connection, which is defined as:

“The electrical coupling point (ECR) is the point of electrical connection between the DEF
source of energy (generation or\storage) and any electric power system (EPS). Each DER
(generation or storage) unit has an ECP connecting it to its local power system; groups @
DER units have an ECP where they interconnect to the power system at a specific site o
plant; a group of DER units plus local loads have an ECP where they are interconnected t
the utility power systém.”2

.5.2 Conceptualarchitecture: point of common coupling (PCC)

or those ECRs that demarcate the point between a utility EPS and a plant or site EPS, thi
oint is identical to the point of common coupling (PCC) defined as “the point where a Locz
PS is cOnnected to an Area EPS” in IEEE 1547, Standard for Interconnecting Distribute
Resoureces with Electric Power Systems (see 3.1 for additional definitions).

N

A

U\

O = — AV A

| R

flany functions reflect conditions at the DER’s ECP. For instance, the measured voltage level

Uy

used for volt-var management are those at the DER’s ECP.

ECPs are also hierarchical, such as in a university campus environment where the PCC is
between the campus and the utility, but where multiple ECPs exist for the different DER systems
located in different university buildings. Requests for DER actions can be made at the highest
level, say for volt-var settings at the PCC. The university DER energy management system
would then allocate different volt-var settings for each of the DER ECPs to reflect their DER
capabilities, the needs/desires of the university buildings (people), and the overall campus
reliability and efficiency requirements.

2
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This hierarchical concept is illustrated in Figure 2.

i ; Local bus Utility power system

Toad -
\-/ \/ interconnection X Local power % Point of Common

system R Coupling (PCC)

N\

DER interconnections

; ; X
Load interconnection
Load
interconnection

X = Electrical Connection Point (ECP)

IEC

Figure 2 — Electrical Connection Points (ECP)
and Point of Common Coupling (PCC)

4.5.3 Utility interactions directly with power converters or indirectly via a customer

EMS
Utilities/ESPs can interact with powerdconverter-based DER systems using differen
grchitectures. They may issue requestsor commands directly to the DER systems either ong

n-one or via broadcast/multicast communications.

O

Iternatively, a customer en€rgy management system (EMS) can help manage pows
onverter-based DER systemlresponses to the broadcast utility request;-with-the-idea-that. Thi
ustomer EMS-will-pessibly-may be managing multiple power converter-based DER systemg
ustomer appliances, other types of distributed generators and storage devices, and plug-i
lectric vehicles.

D O 0O O I

Hor instance, ifthe utility broadcasts a specific mode request for power converter-based DEF
dystem actions) then these can be passed directly or indirectly (through explicit commands) t
the powerfconverter-based DER systems. If the utility broadcasts Demand Response (DR
dignals -or_more generic volt-var requests, then the customer EMS could use other devices i
gddition.to power converter-based DER systems to meet these requests. With this approach
theleustomer EMS could manage responses locally to meet the requests with the most effectiv

—

- VJ

=)

-~ U AJ

W

hix»of devices

4.5.4 Communication profiles

The communication profiles between the utility and the customer EMS, will consist of different

technologies at different layers, for example:

a) Data object models: IEC 61850-7-420
b) Application protocols: Mapping of IEC 61850 data objects to web services, IEC 61850-8-

1

Mapping to MMS (ISO 9506), IEC 60870-5, ModBus, and/fer—IEEE 1815 (DNP3), |IEEE

2030.5

c) Transport protocols: TCP/IP, UDP/IP, ModBus, IEC 60870-5-101, IEEE 1815 (DNP3) serial
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d) Media layers: Public Internet,-GPRS-celliphene cellular (mobile) network, AMI network, utility
private network, leased services from telecommunication providers

4.6 General sequence of information exchange interactions

The (generic) sequence for interactions between a utility/ESP and power converter-based DER
systems is:

a) The DER systems operate autonomously by default, based on pre-established settings and
curves. Multiple groups of these settings/curves may be available to be triggered by a
remote command, and may be updated as needed through local or remote communications.

O

) The utility determines what types of services are desired from power converter-based\DEF
systems within a region, on a feeder, or in some other area. This determination will bebase
on assessments of the power system status, abilities of other equipment to perform th
required actions (e.g. capacitor banks for var control), market considerations,-efc:

Ww LA

(@]
1\

) The utility broadcasts a general request that power converter-based DER systems (within
region or feeder or other area) go into a specific mode or that certain parameters are sef.
This request may be sent either to individual power converter-based DER systen
controllers, or to more general “customer EMSs” that know how todnterpret such request
for the power converter-based DER system controllers that they{are managing. In eithe
case, the utility does not necessarily need to know anything @bout the power converter
based DER system capabilities, current PV status, market or tariff agreements on using th
power converter-based DER system, or desires of the PV owner.

W = U 2o

3

d) At each customer site or other facility, the power converter-based DER system controllg
OR a customer EMS receives and interprets this breadcast utility request.

If a customer EMS is used:

d) The customer EMS interprets the utility request. It determines whether it will take any action
and what the command(s) will be to the.power converter-based DER system controller(s
under its control, including responding te any customer overrides or changes. These action
could be explicit commands to each:power converter-based DER system it is managing, o
could be a schedule of commands.if the power converter-based DER system has the abilit
to handle schedules.

<L = U — <

B) The customer EMS then issues specific commands to the power converter-based DESF
system(s): First it requests (or already has) the current status of the power converter-base
DER system(s), modifies;the command if necessary to reflect the status, and then issue
the appropriate command.

Uil

@)

) The power converter-based DER system(s) respond to the customer EMS command
indicating suceess or rejection, as well as any error codes. In addition, the current status g
the power converter-based DER system could be sent if either explicitly requested by th
customer EMS or if it is “automatically” sent as part of the sequence.

197 g

o

) The customer EMS may or may not be required to respond to the utility request.

— _sisthe utility does not expect a direct response, it may both monitor conditions tp
determine if enough power system changes have occurred and/or read the meter (0
meter event log) to determine if the power converter-based DER system responde
appropriately.

—

|

— If it does respond, it will acknowledge receipt of the command and returning the
appropriate information.

If a power converter-based DER system controller directly receives the broadcast request from
the utility:

a) The power converter-based DER system controller determines internally how best to
respond, and performs those actions.

b) The power converter-based DER system controller may or may not respond to the command
from the utility with an acknowledgement and any appropriate information.
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c) If the utility does not expect a direct response, it may both monitor conditions to determine

if enough power system changes have occurred and/or read the meter (or meter event log)
to determine if the power converter-based DER system responded appropriately.

d) If it does respond, it will acknowledge receipt of the command and returning the appropriate

information.

e) The power converter-based DER system(s) are metered either individually or via net

metering, with their output (in response to the command) captured as part of the metering
data. If electric storage is part of the power converter-based DER system, then it could be
metered separately or the power converter-based DER system as a whole could just be

on

O QO 35 5T =

W W == W m

S 0 0T

8 Concepts and constructs for managing power converter functions

8.1 Basic settings of power converters

on

metered. (Metering is out of scope for this document).

If communications are lost, the power converter-based DER system goes to a defaulfrmodg
possibly after a timeout period. The default mode, the timeout period, and other parameter
for this situation would be established ahead of time.

U7

) Customers can override or modify commands at any time if they desire.

11 Nameplate values versus basic settings

lameplate values are expected to be fixed, based on the type, model, and capabilities of th
ower converter. However, installation-specific requirements may require modifications to th
ameplate values, so long as these basic settings ‘remain within the constraints of th
ameplate values. These basic settings are usuallyestablished upon installation and start-up
nd are usually due to varying power converter~configurations, power grid environmentg,
esired power converter capabilities, and DER ewner preferences.

W W W

asic power converter settings are needed-for several functions and include power and voltag
ettings. These basic settings will be applied to power adjusting functions. At the beginning ¢
his clause the power settings will be, described and afterwards voltage settings. The basi
etting functions assume a tightly coupled interaction between the power converter-based DEF
ystems and a controlling entity (utility, energy service provider, or customer EMS).

A ) —h WD

1.2 Power factor and power converter quadrants

igure 3 shows the passible working areas of a DER power converter from both a Produce
eference Frame (PRF) and from a Consumer Reference Frame (CRF). In general for DE
ystems, the PRF(i$)used, in which the 1stand 4th quadrants are for delivering power to the gri
vars either overexcited or underexcited, respectively), while the 2"d and 3" quadrants are fg
eceiving power from the grid (vars either overexcited or underexcited, respectively).

= S

ER power converters can work in any of these four quadrants, depending upon the
apabilities and the desired functions. Historically, there are two conventions, IEC and ER

conventions are ittustrated-im Figure 3and Figure 4, anmd-are showm i T abte—tfronTrthepointo

Fdison Electric Institute), which are reflected in the two PFSign conventions. Thes

o>

view of the Producer Reference Frame:


https://iecnorm.com/api/?name=ddc1ccbfec16bf31952dbd2b1bc1ab60

IEC TR 61850-90-7:2023 RLV © |[EC 2023 - 25 —

Table 1 — Producer Reference Frame (PRF) conventions

Quadrant Excitation PFSign Active Power PFSign (usually
(usually IEC) EEI)
| Overexcited + -
Il Overexcited - +
Il Underexcited - -
v Underexcited + +
I
1 1+
[N
o
P, Q
Generator +
U+
\!I
I
Producer Reference Frame | Consumer ReferencelFrame
(PRF) ' (CRF)
+90°
-270°
Q(+) T
Quadrant 2 CRF Quadrant 1
PRF
Underexcited Underexcited
Power factor sign Power factor sign
convention convention
IEC: — IEC: +
/ Qverexcited Overexcited \
+180° » 0°
P(+)
] Underexcited Underexcited ]
Power factor sign Power factor sign
convention convention
IEC: — IEC: +
Overexcited
Quadrant 3 Quadrant 4
-90°
+270°

IEC
Figure 3 — Producer and Consumer Reference Frame conventions

Therefore, all commands that affect the power factor (PF) must include three elements in order
to specify which quadrant is being referenced:

a) The signed power factor value

b) PFExt identification of “overexcited” or “underexcited”
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c) PFsign convention indicator (which may be set as either nameplate or basic setting for an
implementation)

If the power converter does spontaneously change between charging and discharging without
an explicit command, it can continue to maintain the vars according to what it was previously
doing, either providing vars or absorbing vars, or the reverse. The spontaneous change action
(reversing or maintaining var direction) is set either as nameplate or basic setting (VArAct).

The EEI power factor sign convention is based on the
power triangle acc. handbook for electricity metering (EEI) and IEC 61557-12 (2007).

(+kVAR, +kVARh)

Quadrant 2 9?0 Quadrant 1
Power factor sign Power factor sign
convention convention
EEI: + EEI: -

(leading, capacitive) (lagging, inductive)

3 z
S
S N =
gl 4 O,
52 Qo$ /2
:8 & 28
8L & &8
23 & vT
g5 4 8t
T a \ g9
o g 6 o 2
x £ Z 1 > £
Active Power Active power
Exported/Received (W) imported/delivered (W)
(-kW, —kWh) <« G > (+kW, +kWh)
180 Active power Active power 0
exported/received (W) imported/delivered (W)
-
E \ —~
< 1
S s
el
o el
= .0
$ 3 o
3e g
0T *
> O (O]
85 z e
@ 8 o 5
o~ T o
¥ ow & ﬁ
Power factor sign Power factor sign
convention convention
EEI: - EEI: +
(lagging, inductive) (leading, capacitive)
v
Quadrant 8 270° Quadrant 4
(-kVAR, —kVARh)

IEC
Figure 4 — EEIl power factor sign convention

5.1.3 Maximum watts, vars, and volt-amp settings

m
—

ach(power converter’s power connection to its local grid is called its electrical connection poin
FCP). If there are multiple power converters within a site, they may all contribute to th

htoy ne fion £+ H S + +h main-—arid-at +h Bnaiat £ mEaan TN H- A nTaYall
I neTLuUTimiocUuulT UT T STtT TU UTC TTTaltt yrivu dat uic pPpuUiltTie UT CUTTITTTUTT COUUPITITTY (T 'UU ).

-~

11

The power converter quadrant areas can be constrained in order to meet specified limits at its
ECP or at the PCC. In order to determine the limits at the PCC, all power converters must have
three parameters, called WMax (for active power), VAMax (for apparent power), and VArMax
(for reactive power) that establish their limits at the ECP of each power converter. Collectively,
these ECP limits provide the limits at the PCC.

WMax, VAMax, and VArMax are these settable limits that may be the same as the nameplate
values, or may be (typically) lower values reflecting actual implementation limits. They would
normally be set at the initial deployment time, although they could be modified occasionally to
reflect changes to the implementation.
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The parameter WMax is the most critical value: it is used as the reference value for power
requests. VArMax may be the same as WMax, such that a single process can set the limits for
both real and reactive power functions, but these settings may also be set separately. Active
power control commands can then be issued as a percentage of WMax: each power converter
can then calculate its own actual values from its own WMax value. This approach allows the
reduction of a DER’s power level by relative values in an unlimited range.

For a facility with multiple power converters, the maximum continuous active power output
capabrlrty of the facrlrty is given by the sum of parameter WMax of aII power converters

L H thao oo nti oty o oanabhilit ha $
||\\,vv|u\,, tAe—adti—eoRthRdods—feactive yuvv\,u uunpun vupuulllty S 3|v\,|| uy uununuug L8]

\fArMax parameters of all power converters. Furthermore, in some cases it can be an advantag
tp set the maximum continuous reactive power output capability in same manner as \WiMax.
However, the basic settings for power do not intend to limit the energy flow to be one directional.

w1

n example is shown in Figure 5 for the 15t and 4" quadrant (assuming the arréws indicate a
groducer reference frame).

I

A 90°

With settings
(€xample settings)

Working area of
VAR Modes

Overexcited Working area for

power factor

VArMax

VARs feed-in

Working area of
VAR modes and
power factor

180° 0°
VAMax

WMax

VArMax

Underexcited

Y 270°

IEC

Figure 5 — Working areas for different modes

The different hatched areas show the different \A/nrking areas and \A/nrl(ing area limits. The re
hatched lines show the maximum values for active power WMax, reactive power VArMax and
apparent power VAMax.

Possible power factor settings may range from a minimum PF (OutPFSet) (underexcited) in
quadrant 4, going through the maximum value of 1 to a minimum power factor (overexcited) in
quadrant 1. Possible var settings (see function INV2 below) are limited by VArMax.

Since some possible settings are limited by regulations or device capabilities, more than one
boundary may apply to a selected DER management function for power converters, resulting in
zones limited by more than one hatching type.
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5.1.4 Active power ramp rate settings

The default ramp rate of change of active power is provided by the parameter WGra. This
parameter sets the change of active power due to either a change by a command or by an
internal action such as the release of power reduction by use of the hysteresis in the function
Active Power Reduction by Frequency. This ramp rate (gradient) is not intended to replace the
specific ramp rates that are set by the commands or schedules, but acts as the default if no
specific ramp rate is specified. WGra is defined as a percentage of WMax per second.

515 Vol | | ’ it

N the case of single phase power converters, the voltage value used in the power converte
inctions is based on whichever phase circuit (A, B, or C) the power converter is connected td.
he identity of the phase can be set in the power converter as a basic setting. In theJcase g
hree-phase power converters that do not act independently, the mean value of A\B, and C i
b be used, unless abnormally high or low voltage levels of individual phases are measured i
nbalanced systems, in which case the voltage levels of those individual phases may be used.

3

— o+ ] —h —
e R v p ey

or functions using voltage parameters (like the volt-var modes, volt-watt.modes, and dynami
bactive current support), a reference voltage (VRef) and a correction voltage (VRefOfs) ar
dditionally introduced to the previously mentioned parameters, WMax, VAMax and WGra. A
ower converters behind one PCC have a common reference vgltage, but differ in the voltag
etween their own ECP and the PCC due to configuration differences within a plant. Thes
ifferences can be corrected by the parameter VRefOfs ,that will be applied to each powe
onverter, as can be seen in Figure 6, where a positive value means that voltage at the ECP i
igher than the voltage at the PCC. This correction voltage will be applied to the voltage-base
hodes and will allow a homogenous setting and broadcasts for the plant.

W W — W O

=

3 30 O OT Q 5 T
|

|

he equation for the effective percent voltage.is:

Effective Percent Voltage = 100 x (local voltage — VRefOfs) / (VRef)

Example settings

VRefOfs =4V

VRefOfs =2V Utility power system

W

Local bus
Loc;al pOV‘{ﬁ: Point of common
system wi coupling (PCC
VRefOfs =3V line resistors Pling ( )

DER interconnections

T ‘/VV‘ VRef= 120V
(]
(]

/

v

X = Electrical Connection Point (ECP) £c

Figure 6 — Example of voltage offsets (VRefOfs)
with respect to the reference voltage (VRef)

5.1.6 Charging settings

For those power converters that manage storage DER units that can both deliver power
(discharging in quadrants 1 and 4) and absorb power (charging in quadrants 2 and 3), additional
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parameters?3 are needed if the maximum discharge limits are different from the maximum charge
limits: WchaMax, VAChaMax, and WChaGra.

5.1.7 Example of basic settings

An example of settings for a power converter is shown in Table 2.

Table 2 — Example basic settings for a storage DER unit

Parameter Example Values
PFsign 1=1EC; 2 = EEI;
PFExt Underexcited = True; Overexcited = False
1 = reverse var underexcited/overexcited characterization when changing-between
VArAct charging and discharging)
2 = maintain var characterization
WMax, delivered 14 500 W
WChaMax, received -14 500 W
VAMax 16 000 VA
VAChaMax 16 000 VA
VArMax 12 000 VAR
VRef 120 V
VRefOfs 2V
WGra 20 % WMax/second
WChaGra 15 % WChaMax/second
8.1.8 Basic setting process

=]

W

he settings described above are expected to only be set once or infrequently over the life tim
f the system. The utility/ESP or the customer EMS would take the following actions:

o

=

d) (Optional) Request status_of power converter-based DER system: Request a pre-define
set of the status information, including the status values, the quality flag, and the timestamp
of the status (see Function DS93 for details of status points).

B) Issue command.or.mode to modify power converter-based DER settings:
— Data element to be modified (e.g. WMax, VAMax, VArMax, VRef, VRefOfs, WGra, mode)
— New yalue for that data element
d) Recejvelresponse to the command:
— _Successful (plus new value of data element)

# . Rejected (plus reason: equipment not available, message error, overridden, security

nrrnr)

5.2 Modes for managing autonomous behaviour
5.2.1 Benefits of modes to manage DER at ECPs

Modes are methods for managing DER systems by pre-setting desired parameters and curves
that describe desired behaviour in response to local conditions (e.g. voltage, frequency, power
factor, temperature, and pricing signal). Many different mode settings can be defined once and

3 Additional details on storage parameters are described in IEC TR 61850-90-9.


https://iecnorm.com/api/?name=ddc1ccbfec16bf31952dbd2b1bc1ab60

- 30 - IEC TR 61850-90-7:2023 RLV © IEC 2023

updated only infrequently. Utilities and/or ESPs can then invoke a specific mode by a single
command whenever they wish the DER to follow the behaviour defined by that mode.

The use of modes allows the DER to act autonomously without moment-by-moment commands,
thus both simplifying the tasks of the utilities/ESPs, as well as minimizing the necessary
communications burden. Utilities and ESPs can either monitor the behaviour of the DERs or
can simply monitor the power system to determine how well their mode requests are affecting
the power system.

P

Eenerally, modes will be applied to ONE pOWET CONVETTEr OF groups Of POWET CONVEriers that arg
donnected at different levels of ECPs (see Figure 7 for examples).

Mode VV11 = available
vars support mode

Mode FW21 = high frequency

reduces active power
Mode TV31 = dynamic
reactive current support
Local bus Utility area Electric
Power System (EPS)
Local Electric Péwer
X

System (EPS) Point of Common
DER interconnections Coupling (PCC):

X
The ECP between the local
EPS and the area EPS
Local Bus
»
\ Local loads
Mode VW5 ¥k=\Watt
managemenito smooth
voltage-deviations

X = Electrical Connection Point (ECP)

IEC
Figure 7= Example of modes associated with different ECPs

§5.2.2 Modes using curves to describe behaviour

=

lodes are defined as using curves to describe autonomous behaviour. These curves correlat
measured) or triggering value (the independent variable) with a requested response by th
ER (depéndent variable).

Q)
Ww W

Ih order to generate a curve, two-column arrays are used, with the first column containing
honotonically increasing triggering values (x-axis) and the second column containing the
response values (y-axis). These arrays are combined into a piecewise linear curve by
interpolating each response values to correspond with each triggering value.

When an operational mode is invoked, the real-time measured value or stipulated external value
of the triggering parameter is used to derive the interpolated response value.

Examples include the following modes, although others could be added. The first four modes
are power-related modes, while the last two modes utilize non-power-related triggering values:

a) Volt-Var Mode: Voltage values to determine what vars the power converter should produce
at each voltage level.
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b) Frequency-Watt Mode: Frequency values to determine what watts the power converter
should produce for each frequency value.

c) Dynamic reactive current support Mode: Apply volt-var management during short times of
abnormally low or high voltage values to support the grid until either the voltage returns
within its normal range or the power converter must disconnect.

d) Volt-Watt Mode: Voltage values to determine what watts the power converter should
produce as a function of the voltage level.

e) Temperature var Mode Temperature values to determine what vars or what volt-var mode

==

f) Pricing Signal Mode: Pricing signal values to determine what watts, vars, power-relate
mode, or other ancillary service the power converter should produce for each rangée a
pricing signals.

—

==

h most of these modes, the real-time triggering values (voltage, frequency, etc.) are measure
bcally. In some modes, the triggering value might be received from external sources, such a
bgional average temperature or energy pricing signal.

U7

—

—
==

nlike direct control commands, modes indicate behaviour that the~power converter shoul
bllow autonomously without further intervention. This approachhalleviates the need fqg
ontinuous control commands being sent out to large numbers of pewer converters.

—h
=

@)

ecause autonomous behaviour must take into account the,current capabilities of the DEF
ystem, these power converter modes are designed to fequest DER systems to provide th
eeded mode support as best as their capabilities allow them. For this reason, the curv
ettings are generally in percentages of nominal or, nrameplate values, rather than absolut
alues. That approach permits both small and large power converter-based DER systems t
bspond within their limits.

O W W WA

S < O 35S o m

Y

n example of a curve used in a volt-var mode is shown in Figure 8.

A Q1%

Overexcited
Q2 % Q3 %

O >

|

System voltage

VARSs generated

Underexcited VA V2

IEC

Figure 8 — Example of a volt-var mode curve

5.2.3 Paired arrays to describe mode curves

Each mode curve is described by a two-column array of pairs of values: the first column in the
array contains the breakpoints of the independent variable values, while the second column
contains the dependent variable values at those breakpoints. These two columns of values can
be used to derive a piece-wise linear curve.

The independent variables are typically values which may be measured locally or calculated
from locally available measurements or values. For instance, when a DER controller receives
a mode curve which uses voltage as the independent variable, the DER may determine its
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current location along the curve by averaging the three voltage phase values at the ECP and
applying the appropriate voltage offset. The independent variable may be an absolute value
(e.g. frequency value) or may be a percentage of nominal (e.g. percentage of nominal voltage).

The dependent variables are typically (but not exclusively) percentages of a nominal value.
These dependent variables are used to calculate what behaviour the DER is being requested
to follow. For instance, if the dependent variable is the percentage of the maximum watts
(WMax) and the independent variable is percentage of nominal voltage, the DER controller can

determine its desired watts based on its measured voltage.

The paired arrays therefore consist of the breakpoints of the independent variables, th

on

.2.4 Percentages as size-neutral parameters: voltage and var calculations

s noted previously, because broadcast/multicast commands cannot necessarily know the siz
r capabilities of a power converter, the curve settings are generally in percentages of noming
r nameplate values, rather than absolute values. That approach permitsiboth small and larg
ower converter-based DER systems to respond within their limits.

T 0 0 I

N particular, given this size-neutral and connection-point-neutral approach, power converter
ill need to calculate an effective percent value for the locally/mneasured voltage as follows:

=

EffectiveLocalVoltage = [Locally Measurecli/ll/eojiage —VRefOffs etj x100
e

A power converter would then compare this EffectiveLocalVoltage to the voltage percentage
X-Values) in the configuration curve, so the-X-Values of the curve points would be calculate
s follows:

~~

Q

DesiredVoltageValue
VRef

PercentVoltage = [ J x100

hese definitions allow thesxsame PercentVoltage values to be used in the configuration curve
f many different power)converters without adjusting for local conditions at each powe
onverter. Such adjustments can be made by setting the global Reference Voltage (VRef) 9
eference Voltage\Offset (VRefOfs) when the device is first commissioned or occasionall
hereafter, without-affecting the curve settings.

7o o

N similar_fashion, the requested var (y-values) to be written for each curve point would be
gercentage calculated in one of three ways, as indicated by the y-value type specified in th
urve:

@)

hQreakpoints of the dependent variables, and the units (either Sl units or percentage of S{units].

1%

W —

Uy

L

~ = = U

o

W

) \WArs based on %WMax

Q

PercentVArs = (DesiredVArValuej x100
WMax
b) VArs based on %VArMax
PercentVArs = (DesiredVArValuej x100
VArMax

c) VArs based on available vars as measured and calculated by the DER system
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DesiredVArValue
AvailableVArs

PercentVArs = ( j x100

The percentage of VARs is a signed value, so that it can represent VARs generated (positive)
or absorbed (negative).

5.2.5 Hysteresis as values cycle within mode curves

Although the simplest curve is a piece-wise linear curve, hysteresis can be added to provid
different return routes. This hysteresis adds stability to the power converter responses\t
gossibly fluctuating primary curve values by not following the minor fluctuations, but, by
maintaining a constant level until the trend of the primary curve value stabilizes.

D

14

|

here are two modes available (parameter names are shown in the example in Figure 9):

by specifying a hysteresis path, or

via a deadband path to simulate hysteresis.

=

ramp rate can be configured by RmpTmsPT1 for getting of system{voltage to this functior].
his parameter is configured in seconds. This is the time this function requires reaching 95 %
f the grid voltage change (3 times the RC time constant).

o -

Bxamples of volt-var curves with hysteresis are shown in Figure 9 and Figure 10.

Example settings with

A use of hysteresis e \/0ltage-Rising
— = \/oltage-Falling
cocee P1 (99 %_ VRef,
" "P4 (97 % VRef, Q=50 ‘QWMax)
Q =50 % WMax)
3
E Overexcited
©
C
R o
o System voltage
[]
o
<
> Underexcited
P2 (103 % VRef,
Q=-50% WMax) = >
Y P3 (101 % VRef,

Q = -50 % WMax) e

Figure 9 — Example of hysteresis in volt-var curves
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Example settings with

A use of deadband Voltage-Rising/falling
R P1(97 % VRef,
cccea Q =50 % WMax)
5 Overexcited
% P3 (101 % VRef,
& Q =0 % WMax)
% """"" Ay Q >
EUUE” B2 (99 9 VRef \'\ System voltage
< Q=0 % WMax
> Underexcited ° )
-
Y P4 (103 % VRef,

Q = -50 % WMax) e

Figure 10 — Example of deadband in volt-var curves

§5.2.6 Low pass exponential time rate

=]

he local function block diagram in Figure 11 shows the topology for low pass, utility define

urve shapes and linear gradient (ramp rates). The utility defined curve shape can be assumegd
b be the any function defined by paired arrays.

(@]
j=n

—

Utility defined
Low pass curve shape Linear
filter

gradients

IEC

Figure 11 — Local function block diagram

he Low-Pass filter is a simple first-order filter with a frequency response magnitude given by

| 0utput| _ 1

| Input |_ \M+(wr)2

where

= 2n x frequency;

sthetime constantof thefitter

The time-response of such a filter to a step change in the input is as illustrated in Figure 4.
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Input/ \
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JEC

Figure 12 — Time domain response of first order low pass filter

=]

he configuration parameter for this filter is a time, in seconds, in which:the filter will settle t
5 % of a step change in the input value. This is equivalent to 3r.

©

N

2.7 Ramp rates

0 avoid sharp shifts at the breakpoints of the piecewise linear curve, a ramp rate is include
br each transition in order to smooth and stabilize the responses of large numbers of powe
onverter-based DER systems. In order to distinguish the decrease and increase of th
ndependent output value two ramp rates are in usej.called RmpTmmDec and RmpTmmilnc.

=0 =h

o

.2.8 Randomized response times

ince mode requests will (most likely) be,broadcast or multicast to large numbers of DER
ystems at the same time, it may be beneficial to stagger the responses. This is achieved b
roviding a time window within whichva random “start” time actually triggers the execution @
ne mode.

[malie @ B¢/ B da)

8.2.9 Timeout period

I

timeout period is available for reverting to a default state of the DER system, to ensure thg
missed or lost command does not impact normal operations beyond that timeout period. If th
mode is the defaultsstate, then the timeout period would be set to infinite.

Q

§8.2.10 Multiple’curves for a mode

Bach type-of operational mode could have multiple curves with different settings. For instancs
g volt-var-mode could have different curves that could be invoked during colder days or hott¢
days( The pricing signal mode could have different curves for weekdays and for weekends. Th
I

W = =

—_— <

—

W

o <

bw<yvoltage-ride-through mode could have different curves for different situations.

5.2.11 Multiple modes

Multiple modes may be in effect at any one time, so long as they are not mutually exclusive.
Modes may also be overridden by immediate control commands, such as for emergency
situations. For instance, DER systems that are executing a volt-var mode under normal
circumstances could be triggered by a high temperature to execute a temperature-var mode to

provide or absorb more vars.

Multiple pricing signal modes could be effect. For instance there could be different pricing signal
modes for energy, for vars, for frequency response, or for other ancillary services. When actual
pricing signals are received for each type, then an assessment would be performed to determine
which may be mutually exclusive, which of those may be the preferred mode, and which modes
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might co-exist at the same time. For instance, a high pricing signal for vars might out-weigh a

lower pricing signal for watts, while frequency-watt mode might co-exist with either.

5.2.12 Use of modes for loosely coupled, autonomous actions

Power converter mode requests to power converter-based DER systems are examples of
decentralized coordination of generation or loosely-coupled generation control. Loosely-

coupled interactions also cannot expect complete compliance from all DER systems. Fo

r

instance, power converter-based DER systems may not be able to respond completely for any

umber of reasons: the sun is hehind a r\lr\nr*l7 the customer has overridden the mode settin

bcal situations are impacting what response the power converter-based DER system.ca
rovide, etc.

o]

herefore the expectation for issuing mode requests is that an aggregated respehsé will b
otten from many or most power converter-based DER systems, but not necessarily all. An
nancial ramifications will be determined by the metering results.

N (@ |

ince these mode requests maybe broadcast (multicast) to specific groupssof power converter
ased DER systems and since the responses from the power converter-based DER system
ill generally not be explicit, the utility may not know what the actual responses will end u
eing, and could require subsequent interactions not only with thése power converter-base
ER systems but possibly with distribution grid capacitor controllers, load tap changers, voltag
bgulators, storage devices, and other types of DER.

S OO s O

8.3 Schedules for establishing time-based behaviour

n

3.1 Purpose of schedules

arger power converter-based DER systems and‘large aggregations of small power converter
ased DER systems have significant influence on the distribution system and have local volt
ar characteristics that may vary throughout,the day. As a result, a single function or operations
node such as a specific volt-var curve’may not be suitable at all times. Yet sending man
ontrol commands every few hours .te. many different DER systems may impact bandwidth
mited communications systems [0f’ may not be received in a timely manner, leading t
nadequate DER system responsés. However, if schedules can be established that the DER
ystems can follow autonomously, then these communication impacts can be minimized.

W o 0 3 < O r—

chedules establish what;*behaviour is expected during specified time periods. A schedul
onsists of an array of time periods of arbitrary length, with each time period associated with
inction or mode.

- 0O n

chedules usérelative time, so that increasing time values are the delta seconds from the initig
me value/)The actual start date/time replaces the initial time value when the schedule i
ctivated. A'ramp rate sets the rate at which the function or mode in one time period moves t
he function or mode in the subsequent time period, while the ramp type indicates how the ram
5 to be understood. A stop time indicates when the schedule is deactivated.

——t Q) = cn

h

%

W O O

W AU 1T S —

o U U

Schedules can be used to allow even more autonomous control of the behaviour of DER

equipment. They may be sent ahead of time, and then activated at the appropriate time.

5.3.2 Schedule components

The interrelationship of schedule controllers, schedules, and schedule references, along with

some example settings are shown in Figure 13. These components are described as:

a) Electrical Connectivity Point (ECP) manager: An ECP manager handles one or more DER
unit controllers that provide energy through that ECP. It is expected that the ECP manager

will handle the schedule controllers for its interconnected DER units.
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b) Schedule controllers: One or more schedule coordinators may be available at the ECP. Each
schedule controller can control multiple schedules so long as they are not running at the
same time. The schedule controller indicates which schedule is currently ready-to-run or
running. For one schedule controller, only one schedule can be running.

c) Schedules: Each schedule must have a non-zero identifier that is a unique schedule identity
within the ECP. A schedule consists of time periods of arbitrary length that reference delta
time from the initial entry.

d) Schedule references: Each entry in a schedule references a specific value, a mode, or a
function. Configuration parameters indicate the units and other characteristics of the entries.

Values are direct settings, such as maximum watt output. These are absolute values\g

a percentage, to be used primarily where specific values are needed.

Modes are the settings and arrays of independent and dependent variables that'manag

output through algorithmic calculations, such as the volt-var modes.

Functions are the combination of settings for immediate control commands, such a
INV3, adjust power factor. These usually involve percentages of maximum to alloy

power converters with different capabilities to respond appropriately-

0..n

Electrical Connectivity Point (ECP) manager

Schedule
controller

has available 1..n

activates only 1

Schedule

Schedule controller

settings

Start date and time

Time window within
which to randomly
transition

Schedule structures

Relative
time
periods

Values, "
Transition
modes, tvpe
functions P

]

Ramp rate

Reépesat (y/n)

Priority level

Schedule reference examples

Values Modes Functions
Watt setpoint Volt-var curve St
command
Var setpoint Frequency-watt Limit watt
curve output
F_’rlcmg Temperature-var Limit power
signals
curve factor
Pricing signal-mode
curve

=3

W

7

Figure 13 — Interrelationships of schedule controllers,

schedules, and schedule references
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6 DER management functions for power converters

6.1 Immediate control functions for power converters
6.1.1 General

Immediate control functions assume a tightly coupled interaction between the power converter
based DER systems and a controlling entity (utility, energy service provider, or customer EMS)
This implies that the controlling entity has knowledge about the capabilities of the powe

converter-hased DER Qy:fnmq can I"DﬁlIIDQf ||r\d9’rne on their current an’me, can nypn(‘f the

r

following the command.

[l

asic commands will supersede each other and any power converter mode commands in effec
ased on the time they were issued by the controlling entity.

O

asic commands also imply communication channels with high availability between th
ontrolling entity and the power converter-based DER systems, since thecontrolling entity mug

lonetheless, it is expected that power converter-based DER systems will revert to “defaul
tates if communications are unavailable for some pre-specified‘length of time (implementatio
ependent).

O W =2 3 0 m

is expected that, in general, utilities will use direct cantrols with larger, utility-owned powe
onverter-based DER systems, while ESPs could use‘direct commands with groups of powg
onverter-based DER systems, and customer EMSs‘could use direct controls with those powe

o .0 0O 0O 2—

ossible, depending upon business decisions:and specific implementations.

oD

1.2 Function INV1: connect / disconnect from grid

=]

his function causes the power converter-based DER system to immediately physically conneg
r disconnect from the grid via a disconnect switch at the power converter-based DER system’
CP to the grid.

Mmoo

|

he utility/ESP or the customer EMS takes the following actions:

Q)

) (Optional) Request status of power converter-based DER system: Request a pre-define

of the status(see Function DS93 for details of status points).
i) Issue connect/disconnect command to power converter-based DER system:
— Binary command to open or close a switch.

—~ Time window within which to randomly execute the command. If the time window is zerg
the command will be executed immediately (optional — if not included, then default tim
window for this function will be used). The connection may be delayed due to necessar

gower converter-based DER system to follow the command to the best of their capabilities,.angd
will receive a direct response from the power converter-based DER systems on the results\from

haintain direct knowledge of the power converter-based DER system-status and capabilitieq.

r
onverter-based DER systems belonging to the customer. However, other interactions arg

set of the status.information, including the status values, the quality flag, and the timestamp

11

—

=]

r
r

—

7

==

W -~

safety functions.

— Timeout period, after which the power converter-based DER system will revert to its
default status, such as closing the switch to reconnect to the grid (optional — if not

included, then default timeout period for this function will be used).
c) Receive response to the command:
— Successful (plus resulting switch position).

— Rejected (plus reason: equipment not available, message error, overridden, security

error).
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6.1.3 Function INV2: adjust maximum generation level up/down

This function sets the maximum generation level at the electrical coupling point (ECP) as a
percentage of set capacity (WMax). This limitation could be met by limiting PV output or by

using the excess PV output to charge associated storage.

In addition, a ramp rate (power versus time) and a time window within which to randomly start
will be included so that not all power converter-based DER systems change state abruptly at

the same time.

I

timeout period is included for reverting to the default state of the power converter-based DEF
ystem, to ensure that a missed or lost command does not impact normal operations beyon
nat timeout period.

=

The utility/ESP or the customer EMS takes the following actions:

1) (Optional) Request status of power converter-based DER system: Reguéest a pre-define
set of the status information, including the status values, the quality flag,-and the timestam
of the status (see Function DS93 for details of status points).

4) Issue command to adjust power setpoint:

— Command to adjust the power setpoint to the requested,generation level

— Requested ramp time for the power converter-based DER system to move from th
current setpoint to the new setpoint if either it is now/being constrained or it is now bein
released from a constraint (optional — if not included, then use previously establishe
default ramp rate: WGra)

— Time window within which to randomly execute the command. If the time window is zerg
the command will be executed immediately, (optional — if not included, then default tim
window for this function will be used)

— Timeout period, after which the pawer converter-based DER system will revert to it
default status, such as resetting.'the maximum power setpoint to its default valu
(optional — if not included, then-default timeout period for this function will be used)

3) Receive response to the command:

— Successful (plus actualtmaximum power setpoint)

— Rejected (plus reas@n: equipment not available, message error, overridden, securit
error).

q.1.4 Function INV3: adjust power factor

ixed power factor will be managed through issuing a power factor value and correspondin
xcitation. In-addition, a ramp rate (change versus time) and a time window within which t
bndomly_start will be included so that not all power converter-based DER systems change stat
bruptly.er’at the same time.

Q = D T

I

timeout period is included for reverting to the default state of the power converter-based DEF

P2’

LY R > =

w7

w O

_—

yStemn, to ensure thata missed or tost conmmand does not mpact ormat Operations Deyon
that timeout period.

The utility/ESP or the customer EMS takes the following actions:

1) (Optional) Request status of power converter-based DER system: Request a pre-defined
set of the status information, including the status values, the quality flag, and the timestamp

of the status (see Function DS93 for details of status points).
2) Issue command to adjust power factor setpoint:

— Command to adjust the power factor

— Command to adjust power factor excitation
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— Requested ramp time for the power converter-based DER system to move from the
current setpoint to the new setpoint (optional — if not included, then use previously
established default ramp rate)

— Time window within which to randomly execute the command. If the time window is zero,
the command will be executed immediately, (optional — if not included, then default time
window for this function will be used)

— Timeout period, after which the power converter-based DER system will revert to its
default status, such as resetting the power factor setpoint to its default value (optional —
if not included, then default timeout period for this function will be used)

[$%]

o

O Q) O OO —|[m
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) Receive response to the command:
— Successful (plus actual output power factor value)

— Rejected (plus reason: equipment not available, message error, overridden, -security
error)

1.5 Function INV4: request active power (charge or discharge storage)

ower converter-based DER systems which can manage energy productieh through additionz
eneration reserve and/or storage capabilities can also respond to~réquests to increase o
ecrease this energy production, although it is understood that they will always be in ultimat
ontrol of what actions they take and that these functions are . requests” to perform certai
ctions if feasible within pre-specified constraints. For example, a storage system canng
harge when the storage element is full nor can it discharge-if at the storage reserve limit.

— =) W = —

~

his function requests the storage system to charge ordischarge at a specific rate (% of ma
harging or discharging rate). A controller might use this command frequently, in conjunctio
ith reads of the battery charge level, to achieve @desired daily charge / dump characteristic

=]

o account for diversity in the size of storage'systems, the function requests a percentag
uantity based on the capacity of the ,system. For active power out requests (storag
ischarging), the percent is relative to the'present maximum discharge rate (WMax, delivered]).
or active power in requests (storage charging), the percent is relative to the present maximun
harging rate (WMax, received). It.isacknowledged that the discharging capacity of the powe
onverter and the charging capacity of the charger may differ.

W

= 0

P2’

timeout period is includedfor reverting to the default state of the power converter-based DEF
ystem, to ensure that a~missed or lost command does not impact normal operations beyong
nat timeout period.

he power conyerter-based DER system may also determine if only power converter-basefl
ER system qutput is used for charging or whether grid power can be used.

he utility/ESP or the customer EMS takes the following actions:

=

) {Optional) Request status of power converter-based DER system: Request a pre-define

set of the status information, including the status values, the quality flag, and the timestamp

of the status (see Function D595 for detalls of status points).

2) Issue command to request active power (charge/discharge) setpoint for the storage system:

— Command to adjust the active power charge/discharge setpoint for the storage system

— Requested ramp time for the power converter-based DER system to move from the
current setpoint to the new setpoint (optional — if not included, then use previously
established default ramp rate)

— Time window within which to randomly execute the command. If the time window is zero,
the command will be executed immediately, (optional — if not included, then default time
window for this function will be used)
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— Timeout period, after which the power converter-based DER system will revert to its
default status (optional — if not included, then default timeout period for this function will
be used)

— Storage charge from grid setting (yes/no)
3) Receive response to the command:
— Successful (plus actual active power setpoint)

— Rejected (plus reason: equipment not available, message error, overridden, security
error)

g.1.6 Function INV5: pricing signal for charge/discharge action

|
=

his function provides a pricing signal (actual price or some relative pricing indication) fron
hich the power converter-based DER system may decide whether to charge the!storage o
ischarge the storage, and what rate to charge or discharge.

=
=

o

The utility/ESP or the customer EMS takes the following actions:

=

) Issue pricing signal (the actual form or content of the pricing signal-will be established by
the utility/ESP and is outside the scope of this specification):

— Pricing signal

U7

— Requested ramp time for the power converter-based DER system to move from it
current output to any new output (optional — if,not included, then use previously
established default ramp rate)

— Time window within which to randomly execute the command. If the time window is zerd,
the command will be executed immediately~(@ptional — if not included, then default tim
window for this function will be used)

%

Uy

— Timeout period, after which the power converter-based DER system will revert to it
default status (optional — if not included, then default timeout period for this function wi
be used)

74) Receive response to the commang:
— Successful (plus actual active power setpoint)

— Rejected (plus reason:*equipment not available, message error, overridden, security
error)

6.2 Modes for volt-var management
6.2.1 VAr management modes using volt-var arrays
§.2.1.1 Purpose of volt-var modes

Since utilities (and/or other energy service providers) will be requesting var support from man
different\power converter-based DER systems with different capabilities, different ranges, an
g
U

[ A

ifferent local conditions, it would be very demanding of the communications systems
nnécessary, and ultimately impossible for the utilities to issue explicit settings to each powe
converter-based DERSystenTevery time a change s desired:

=3

Therefore, volt-var behaviours can be configured into a power converter using arrays that
establish a volt-var relationship or curve for use during normal power system. Each volt-var
behaviour is associated with a volt-var mode, and requests can be made to change modes by
simply specifying the desired mode. This allows DER power converters to be addressed in
groups, with each having tailored volt-var behaviours, and yet all able to be switched from one
mode to another with minimal communication overhead.

Key power converter modes are described below, with the understanding that additional modes
may be defined at a later date. In any of these modes, the power converter-based DER system
would still be limited to what it can safely or physically provide, and will log its actions. It is also
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expected that any of these mode may be overridden by dynamic reactive current support modes
as described in 6.4.

6.2.1.2 Volt-var modes

A number of examples of power converter modes have been defined (see Modes VV11 to VV14)
for typical types of var support requests. For each power converter mode, one to a few volt-var
arrays of settings can be associated (the maximum number that may be configured into a power
converter is limited only by the device itself). Controlling entities (utility or other) may choose

hat kind of volt-var behaviour is desired for each mode and mav conficoure nower converters
4 ~J L

gccordingly.

m

ach volt-var array consists of volt-var pairs: a set of voltage levels and their corresponding var
bvels that will be treated as a piecewise linear function. These arrays can be of variable length
epending upon the number of volt-var pairs. Utilities can issue these volt-var arrays initially
nd update them when necessary. For uniform vars across all voltage levels, parameters may
e used to set the fixed percent of vars.

O Q0 O —

|

isabling all volt-var modes permits the power converter to revert to itsvdefault var behaviour),

q.2.1.3 Invoking volt-var modes

There are three ways a utility can invoke a volt-var mode:

Q

) Direct requests to specific power converter-based DER*systems.

lox

) Broadcasts or multicasts to all power converter;based DER systems in a selected area
(region, feeder, substation) to use a particularvelt-var array.

@)

) Scheduling volt-var modes using different criteria.

=

lultiple volt-var modes may be ready-to-run at any one time. The most recently activated mod
ill take precedence over other modes. fithe most recent mode is deactivated, the next mos
ecent will take effect.

=
— D

—

q.2.2 Example setting volt-var mode VV11: available var support mode with no
impact on watts

—

s one example of volt-varmodes, the available vars mode reflects the calculation of the mos
fficient and reliable var‘tevels for power converter-based DER systems at specific distributio
oints of common coupling (PCC) without impacting the watts output. This mode could also hel
ompensate for Iacal high voltage due to PV kW back flow on the circuit.

=]

O T D I
O

n this modés~power converter-based DER systems will be provided with a double array d
etpoints:~aiset of voltage levels and their corresponding var levels as % of available vars. Th
oltageMevels will range between V1 and Vx in increasing voltage values (decreasing fo
ysteresis if used). Values between these setpoints will be interpolated to create a piecewis
nédr volt-var function. The corresponding var levels define the percent of VArAval (availabl

AY P 4 4lo 1+ 1 1
dlio ) TCTUUTSITU TUT UTT VUIdyT 1TTVTI.

0= W —

i WL <G ¢ Bl

Figure 14 provides one example of volt-var settings for this mode. It is assumed that the var
value between VMin and V1 is the same as for V1 (shown as 50 % VArAval, in this example).
The equivalent is true for the var value between V4 and VMax (which is assumed to be 50 %
VArAval in this example). PT1 is the low-pass exponential time rate filter described in 5.2.6.
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Example Settings

Voltage Array VAr Array VAr Ramp Rate Limit — fastest 50 [% VArAvalls]
(% VRef) (% VArAval) allowed decrease in VAR output
in response to either power or
Vi1 97 Q1 50 voltage changes
V2 99 Q2 0 VAr Ramp Rate Limit — fastest 50 [% VArAvalls]
V3 101 Q3 0 _allowed increase_ in VAR output
in response to either power or
V4 103 Q4 -50 voltage changes

The time of the PT1 in seconds 10s
(time to accomplish a change of
95 %)

Randomization Interval — time 60s
window over which mode or
setting changes are to be made
effective

Example settings for
providing % of available vars

Voltage-Rising/falling
A P1(V =97 % VRef,

Q =50 % VArAval)

-

8 Overexcited P3 (VAMNT % VRef,
g Qs 0% VArAval)

-
g | O Q >
o System voltage
5(: P2 (V=99 % VRef,
>

Q =0 % VArAva)l)
Underexcited \

P4 (V=103 % VRef,
Q =-50 % VArAval)

IEC

Figure 14 — Volt-var mode VV11 — available vars mode

=]

he steps to invokesthe VV11 available vars mode are as follows:

1) Issue requestto go into VV11 Mode:
— Requeést to go into VV11 Mode

— Array of volt-var of setpoints identifying the y-value type as the percent vars of availabl
vars rather than of maximum vars (optional — if not included, then use previously
established default array)

W

— Requested ramp time jor the power converier-based DER sysiem to move from the
current setpoint to the new setpoint if either it is now being constrained or it is now being
released from a constraint (optional — if not included, then use previously established
default ramp rate)

— Time window within which to randomly execute the command. If the time window is zero,
the command will be executed immediately, (optional — if not included, then default time
window for this function will be used)

— Timeout period, after which the power converter-based DER system will revert to its
default status, such as resetting the maximum power setpoint to its default value
(optional — if not included, then default timeout period for this function will be used)
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2) Receive response to the command:
— Successful
— Rejected

6.2.3 Example setting volt-var mode VV12: maximum var support mode based on

WMax

As another volt-var example, power converter-based DER systems provide the maximum vars
without exceeding 100 % WMax. This mode would typically be invoked by the utility to support

tfansmission emergencies or other var emergencies.

o -

dower converter protective limits are hit.

reaching zero at V2, so as not to drive the local system voltage too high-
The ramp rates and/or the randomized time-constant settings arg-also required.

Example Settings

his function would essentially be represented as a straight horizontal line at y-valuesdn th
urve = 100 % and the y-value type set to “maximum vars”, until the regulated limits or th

Rigure 15 provides one example of how a VV12 mode may be configured. In-this example, th
gower converter generates maximum capacitive vars for reduced voltages-down to the cut-of
limit VMin. As voltage increases above configuration point V1, var generation is ramped down

Ww W

—h D

power orvoltage changes

Voltage Array VAr Array VAr Ramp Rate Limit > fastest allowed 50 [%WMax/s]
(%VRef) (%WMax) decrease in var_ odtput in response to
either power Or voltage changes
V1 101 Q1 100
VAr Ramp Rate Limit — fastest allowed 50 [%WMax/s]
V2 103 Q2 0 increase, in*var output in response to either

The.time of the PT1 in seconds (time to 10s
accomplish a change of 95 %).

Randomization Interval — time window over | 60 s
which mode or setting changes are to be
made effective

Example settings-for
maximufn vars e \/oltage-Rising/falling

- P1 (V=101 % VRef,
Q = 100 % WMax)

Figure 15 — Power converter mode VV12 — Maximum var support mode based on WMax

The steps to invoke the VV12 maximum var support mode are as follows:

1) Issue request to go into VV12 Mode:

©

% Overexcited

% _________ C - >
> System voltage
© P2 (V =103 % VRef,

- Underexcited Q=0 % WMax)

IEC
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— Request to go into VV12 Mode

— Array of volt-var of setpoints identifying the y-value type as the percent vars of maximum
watts rather than of available vars (optional — if not included, then use previously
established default array)

— Requested ramp time for the power converter-based DER system to move from the
current setpoint to the new setpoint if either it is now being constrained or it is now being
released from a constraint (optional — if not included, then use previously established
default ramp rate)

torand~ comER-an £

N

—

< s Q00O

—_— 0 -

Fime-window-withinwhich-torandomby-exeecutethecommandtthe me-windowiszer
the command will be executed immediately, (optional — if not included, then default tim
window for this function will be used)

1%

— Timeout period, after which the power converter-based DER system will reyvert to it
default status, such as resetting the maximum power setpoint to its default valu
(optional — if not included, then default timeout period for this function will be used)

WUy

) Receive response to the command:
— Successful
— Rejected

2.4 Example setting volt-var mode VV13: static power converter mode based on
settings

nother example mode, VV13, establishes fixed var settings-for power converters as illustrated
h Figure 16. This mode does not use curves but only settings.

his function can be typically represented as a straight horizontal line at a Q percentage valu
etween £ 100 % until the regulatory VMin/VMax levels or the power converter protective limit
re reached. The percentage can be one of three options: percent available vars (no impact o
atts output) or percent maximum watts (watts output may be impacted) or percent maximun
ars.

- - UJ D

his mode is likely to be of interest’in cases where a separate power converter-based DEF
ystem controller is managing the PV site. In such a case, the controller would be the point g
htelligence, monitoring system Voltage and communicating with the utility, then managing th
bcal power converters moment by moment to achieve the desired results.

(=S

he ramp rates and/or the randomized time-constant settings are also required.
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Example Settings

VArWMaxPct 50 % of max watts
VArMaxPct 50 % of max vars
VArAvalPct 50 % of max available vars
Randomization Interval — time window over which mode or 60 s

setting changes are to be made effective

Example settings for
static var support

Voltage-Rising/falling

A
y

cocae sesesee Q=50 %WVWArMax

Overexcited

_________ >
-

System voltage

Vars generated

Underexcited

IEC

Figure 16 — Power conventer mode VV13 —
Example: static var supportmode based on VArMax

=]

he steps to invoke the VV13 static var support mode are as follows:

1) Issue request to go into VV13 Mode:

— Set the constant percent of wars for the appropriate type of vars (percent available varg
percent maximum watts, er percent maximum vars)

— Request to go into V¥4.3 Mode via the constant VAr Mode of Operation

— Requested rampctime for the power converter-based DER system to move from the
current setpoint-tothe new setpoint if either it is now being constrained or it is now being
released from\a constraint (optional — if not included, then use previously established
default ramp)rate)

— Time window within which to randomly execute the command. If the time window is zerg
the command will be executed immediately, (optional — if not included, then default tim
winidow for this function will be used)

w -~

—~ Timeout period, after which the power converter-based DER system will revert to it
default status, such as resetting the maximum power setpoint to its default valu
(optional — if not included, then default timeout period for this function will be used)

D~ 7

2) Receive response to the command:
— Successful
— Rejected

6.2.5 Example setting volt-var mode VV14: passive mode with no var support

This example mode is the same as mode VV13 above, except that the var levels are zero. In
this mode, power converters will follow the system voltage levels within their capability range,
presumably at their most efficient settings.

This mode will serve as the default mode for power converter-based DER systems upon power
up, if all other volt-var modes are disabled, when schedules expire, or if no communications
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have been received within a defined period (e.g. if no additional signals have been received
over x hours or if the schedule has run out without further updates).

Utilities could switch some or all power converters to this mode if other modes presented
unexpected difficulties.

The steps to invoke the VV14 Mode are as follows:

1

) lIssue request to go into VV14 Mode:

N

oD

O < s T

O -

3
3.1

) Receive response to the command:

Modes for frequency-related behaviours

requency management modes are used to mitigate frequency deviations by countering ther
ith reduced or increased power. TheSe modes can be used for emergency situations involvin
ery large frequency deviations, but can also be used continuously to smooth minor frequenc
hanges. These modes also include the addition of hysteresis.

he curve shapes shown in Figure 17 provide a generic example of the operating areas tha
ould be specified. The Vvertical axis would be percent of WMax, and the horizontal axis i
requency, with nominal frequency (ECPNomHz) shown in the middle.

Set the percent of vars to zero (0) for the appropriate type of vars
Request to go into VV14 Mode via the constant VAr Mode of Operation

Requested ramp time for the power converter-based DER system to move'from th
current setpoint to the new setpoint if either it is now being constrained or it is\now bein
released from a constraint (optional — if not included, then use previously establishe
default ramp rate)

Time window within which to randomly execute the command. If the time window is zero
the command will be executed immediately, (optional — if not included, then default tim
window for this function will be used)

Timeout period, after which the power converter-based DER system will revert to it
default status, such as resetting the maximum power/setpoint to its default valu
(optional — if not included, then default timeout period. for this function will be used)

Successful
Rejected

Frequency management modes

W~

U~ U7

=)

—

U7



https://iecnorm.com/api/?name=ddc1ccbfec16bf31952dbd2b1bc1ab60

- 48 — |IEC TR 61850-90-7:2023 RLV © IEC 2023

Utility-defined curve shape
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Figure 17 — Frequency-watt mode cunves

q.3.2 Frequency-watt mode FW21: high frequency reduces active power

This frequency-watt mode addresses the issue that high\frequency often is a sign of too muc
gower in the grid, and vice versa. These extreme deviations from nominal frequency can caus
drid instability, particularly if they cause significant amounts of generating equipment to trip off
line.

frequency (and vice versa if storagexis* available). Adding hysteresis provides additions
flexibility for determining the active_power as frequency returns toward nominal. Figure 1
ghows the necessary settings for the’active power reduction by frequency.

The parameters for frequency- are relative to nominal grid frequency (ECPNomHz). Th
garameter HzStr establishés the frequency above nominal at which power reduction wi
dommence. If the delta grid frequency is equal or higher than this frequency, the actual activ
gower will be “capped™at its current output level, shown as Py,. If the grid frequency continue
t
3

b increase, the power cap will be reduced by following the gradient parameter (WGra), define
s percent of Py per Hertz.

he parameter HysEna can be configured to activate or deactivate hysteresis. Withou
ysteresis (HysEna is deactivated), the power curve follows the same gradient back up a
requency is reduced (see top left graph in Figure 18). With hysteresis (HysEna is activated
helpower curve remains capped at the lowest power level reached until the delta grid frequenc

W J

O®ne method for countering this over-power, problem is to reduce power in response to rising

U —

L O W — W

—

Uy

<<

= ~ —=h v _]

baches the delta stop frpqnpn(‘y, H7Q’rnln (QF\F\ top righf grnlnh and nynmlnln in Figllrp 1R)

For generation, the output power could be decreased to zero; for combinations of generation
and storage, the output power may shift from decreasing generation to absorbing power

(charging).

Whether or not hysteresis is active, the actual power will be uncapped when the delta grid
frequency becomes smaller than or equal to the parameter HzStop. In order to prevent abrupt
power increases after this uncapping of the actual power, an active power gradient is used as
a time-based recovery ramp rate. This power gradient parameter, HzStopWGra, is defined in

WMax/minute. The default could be around 10 % WMax/minute.
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Example Settings

Name Description Example settings

WGra The slope of the reduction in the maximum allowed watts output 40 % Py /Hz
as a function of frequency

HzStr The frequency deviation from nominal frequency (ECPNomHz) at 0,2 Hz
which a snapshot of the instantaneous power output is taken to
act as the “capped” power level (PM) and above which reduction
in power output occurs

Ll Ot Tl £ | HP £ H L_E VimlalnlN] Ll 4 .05 L1
TToOtUpY LA~ IIUqUUII\Jy aoviauurmimourrrrroTTTTar IIUqUUIIUy \I_UI NUTT IL’ dti U, UJ T4

which curtailed power output may return to normal and the cap on

the power level value is removed.
HysEna A Boolean indicating whether or not hysteresis is enabled On
HzStopWGra The maximum time-based rate of change at which power output 10 % WMax/minhute

returns to normal after having been capped by an over frequency

event.

Delta nominal grid frequency Delta nominal grid frequency

HzSto HzSt6
PM 14 HzStr WGra PM P HzStr WGra

Hysteresis activated
by HysEna

cogpeccca-
---‘---------
ccoqfjecccccccccas

Hysteresis

Delta’ aCtive power generated

Example

Assumption for the example:

nominal grid frequency is 60 Hz

through too much power in grid the frequency increases

active power at 60,2 Hz is 1 000 W — active power will be frozen
active power will be reduced in relation of frequency

grid frequency reaches it maximum at 61,7 Hz — active power of
inverter is 400 W = 1 000 W — 1,5 Hz*40 %*1 000 W/Hz

(frozen power-(Delta Nominal Grid Frequency-Delta Start
Frequency)*Gradient*frozen power)

after a while the grid frequency becomes smaller than 60,05 Hz —
\ active power will be released and is limited by HzStopWGra

Example settings *?‘4’ Q(l/ Delta nominal grid frequency,

Q
0 0 40% 1000 W/Hz 17HZ

\
|
1
|
1
|
|

Power feed-in _
grid is 400 w

Hystere3|s

|E
Figure 18 — Frequency-based active power reduction

his frequency-watt mode is specifically designed for emergency situations involving gri
tability congerhs, and thus is expected to be rarely invoked. However, like all modes, it coul
e activated in conjunction with other modes, including frequency-watt modes that respond t
hinor frequency deviations, such as FW22.

30O 0 -

The\frequency-watt mode settings can be pre-specified at installation to act in all high/loy
frequency situations or can be modified and activated at a later time via the following actions:

1) Issue command to modify frequency-watt settings:
— Frequency-watt mode
— Triggering settings for frequency
— Hysteresis activation setting
— Gradient values

— Recovery ramp rate

14

<
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2) Receive response to the command:
— Successful (plus new value of data element)

— Rejected (plus reason: equipment not available, message error, overridden, security
error)

6.3.3 Frequency-watt mode FW22: constraining generating/charging by frequency

6.3.3.1 General

[fmoregeneratresponse tomminor frequency deviations s desited; particutarty if bothrgemeratio
nd charging of storage is included, then frequency-watt arrays need to be used, rather tha
he individual parameters defined in the FW21 mode.

Q
[

—

here can be multiple frequency-watt modes configured into a power converter. Korlexample
he desired frequency-watt settings might be different on-peak versus off-peak, or differer
hen islanded (in isochronous mode) versus grid connected. A simple mode change broadcas
ould move the power converters from one pre-configured frequency-watt~mode to anothg
hode.

S0 S =+
= —~+ —+ -

|

he settings for this mode would include a frequency-watts-delivered curve (generation) and/o
frequency-watts received curve (storage), ramps for changing-power, time of the input filter
nd as with other functions, a time window, ramp rate, and timeout.

Q
=

Q

I=

s another example, Figure 19 shows an equivalent appteach to frequency-watt mode FW21,
ut using frequency-watt curves instead of individual parameters.

O

Example Settings

RmpTms for P1 10's

RmpTmmDec 100 % WMax/minute
RmpTmminc 40 % WMax/minute
RmpRsUp 10 % WMaxlminute

Exangpfe settings

e Frequency-Risin
WIttr hysteresis d y g

o e Frequency-Falling
©
[0]
S P1(0,2 Hz,
g — 100 % Py)
g csece en > >
08,- =" < Delta nominal grid frequency
= P4 (0,05 Hz,
3 100 % Pyy) \
3
I
- P2 (1,2 Hz,
' 60 % Py,) R
" ;oo

P3 (0,05 Hz,

0,
60 % Pyy) e

Figure 19 — Frequency-based active power modification with the use of an array

6.3.3.2 Modes

As with the volt-var modes, there could be multiple frequency-watt modes configured into a
power converter. For example, the desired frequency-watt settings might be different on-peak
vs. off-peak or different when islanded vs. grid connected. A simple mode change broadcast
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could move the power converters from one pre-configured frequency-watt mode to another
mode.

6.3.3.3 Basic Concept

The basic idea is illustrated in Figure 20.

=il @ B 42

V

»
>

Y

=

P2

Max power (% pf Wref)

P3 P4
T . -

Fnominal System frequency
IEC

Figure 20 — Example of a basic frequency-watt modeconfiguration

he desired frequency-watt behaviour is established by writing a variable-length array d
requency-watt pairs. Each pair in the array establishes a peint on the desired curve such a
nose labelled in Figure 20 as P1-P4. The curve is assumed to extend horizontally to the lef
elow the lowest point and to the right above the highest point in the array. The horizonts
-axis values are defined in terms of actual frequency (Hz). The vertical Y-axis values ar
efined in terms of a percentage of a reference)power level (WRef) which is, by default, th
naximum Watt capability of the system, WMax\(eefined-inprierweork; which may differ from th
ameplate value). As will be explained later.inrthis document, these Y-axis values are signed
bnging from +100 % to —100 %, with (positive values indicating active power produce
Helivered to the grid) and negative valuées' indicating power absorbed.

.3.3.4 Setting a Snap Shot Power Reference (WRef) Value

N some cases, it may be desirable to limit and reduce power output relative to the instantaneou
utput power at the moment,when frequency deviates beyond a certain frequency. To enabl
his capability, each frequency-watt mode configuration will include the following parameterg
N addition to the array:

napshot Enable (BeptRef): An enumeration which when set to watts as percent of frozen activ
ower WRef, instructs the power converter that the WRef value is to be set to a snapshot of th
nstantanepusoutput power DeptSnptRef at a certain point. When Snapshot is enabled, n
eduction inoutput power occurs prior to reaching the WRef Capture Frequency (WRefHz).

VRef-Capture Frequency: The frequency deviation from nominal frequency, in hertz, at whic

t

L W W W — = Ul —

W~

O W w -

=)

hes\WRef value is established at the instantaneous output of the system at that moment. Thi

o7

parameter is only valid if Snapshot Enable is true.

WRef Release Frequency: The frequency deviation from nominal frequency, in hertz, at which
the WRef value is released, and system output power is no longer limited by this function. This
parameter is only valid if Snapshot Enable is true.
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6.3.3.5 Optional Use of Hysteresis

Hysteresis can be enabled for this frequency-watt function in the same way as with the volt-var

function defined previously. Rather than the configuration array containing only point

3

S

incrementing from left to right (low frequency to high frequency), as indicated in Figure 2,

hysteresis is enabled by additional points in the configuration array which progress back to th
left. Figure 21 illustrates this concept.

»
-
)
=

e

Max power (% of \Wref)

=== Frequency rising
=== Frequency falling

-
o

p5; <+——— System frequency
IEC

Fnom

Figure 21 — Example array settings with hysteresis

h this case, the points in the configuration array can be tholught-of as the coordinates for an X
plotter. The pen goes down on the paper at the first peihtythen steps through the array to th
hst point, tracing out the resulting curve. As with anyyconfiguration (including those withou
ysteresis), power converters must inspect the cenfiguration when received and verify it
alidity before accepting it. The hysteresis provides a sort of dead-band, inside which th
naximum power limit does not change as frequency varies. For example, in Figure 22,
fequency rises until the max power output.isybeing reduced (somewhere between points P
nd P3), but then the frequency begins to fall, the maximum power setting would follow the ligh
range arrows horizontally back to the left, until the lower bound is reached on the line betwee
oints P5 and P6.

T 0O QO —h O < F o= L

=]

he return hysteresis curve does not have to follow the same shape as the rising curve.

S NSO = g

Higure 22 illustrates an example of such a case.
@A P1 P2
; ______ : f’
< P7 ! P6 |
8 : ’
3 I
o i
o ]
x i -
(| )=== Frequency rising :
=== Frequency falling ! b,
; P3 P4
—
- O = === =
rhom P5 ‘ System frequency

IEC
Figure 22 — Example of an asymmetrical hysteresis configuration

6.3.3.6 Controlling Ramp Time

It may be desirable to limit the time-rate at which the maximum power limit established by these

functions can rise or fall. To enable this capability, each frequency-watt mode configuration wil
include the following parameters, in addition to the array.

Ramp Time Increasing and Ramp Time Decreasing: The maximum rates at which the maximum

power limit established by this function can rise or fall, in units of % WMax/second.
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6.3.3.7 Supporting Two-Way Power Flows

Some systems, such as battery storage systems, may involve both the production and the
absorption of Watts. To support these systems, a separate control function is defined, which is
identical to that described above, except the vertical axis is defined as maximum watts absorbed
rather than maximum watts delivered. This allows for battery storage systems to back-off on
charging when grid frequency drops, in the same way that photovoltaic systems back-off on
delivering power when grid frequency rises. Figure 23 illustrates an example setting.

Fnom

-
.

System frequency

=== Frequency rising

Max power absorbed (% of Wref)

y = Frequency falling
IEC

Figure 23 — Example array configuration for absorbed watts vs. frequency

A further characteristic of systems capable of two-way power flows is that the maximum powe
durtailment illustrated in Figure 20 through Figure 23, need not stop at 0 %. It may pass throug
7
s

U D =

ero, changing signs, and indicating that power_must flow in the opposite direction (unles
revented from doing so by some other hard limitation).

—

Hor example, a battery storage system may'be in the process of discharging, delivering powe|
tb the grid. If the grid frequency then rises“above normal, the maximum delivered power levg
may begin to be curtailed. Once it has beéen curtailed to zero, if the frequency keeps rising, th
gystem could be required to absorb;watts, taking power out of the grid. Likewise, a batter
dqtorage system could curtail charging if the grid frequency drops too low, and begin dischargin
{ frequency continues to drop further. These array configurations would utilize the signed natur
gf the array Y-values, as mentioned above.

W << W

.4 Dynamic reactive-current support during abnormally high or low voltage levels

oD

4.1 Purpose-ofidynamic reactive current support

he dynamic reactive current support function defines the requirements for power converterg
b support the*grid during short periods of abnormally high or low voltage levels by feeding
bactive current to the grid until the voltage either returns within its normal range or the powdr
onverter'is forced to disconnect. This function is required in some regions in order to megqt
hternational laws and regulations®.

=Qa = =~

6.4.2 Dynamic reactive current support mode TV31: support during abnormally high
or low voltage levels

6.4.2.1 Basic concepts of dynamic reactive current support

During abnormally high and low voltage levels, dynamic reactive current support by power
converter-based DER systems may and/or must be taken to counter these abnormal conditions.
These dynamic support actions are based on a combination of the rate of change of the voltage
levels and the duration of these abnormal voltage dips/spikes. The basic concept is shown in
Figure 24, where ArGraSag and ArGraSwell identify the additional reactive current as a percent

4 The function may contain a description of the relevant European Standard EN 50549 law that is being met. Event
logging will show when a law and its parameters have been changed.
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of the rated current, based on the delta voltage (DelV) from the moving average of voltage
(voltage averaged across a window of time). A deadband, defined by DbVMin and DbVMax, can
be used to limit this function to be activated only when the delta voltage exceeds some limit.

DbVmin f DbVmax
1 ]
I Deadband !
—N

/
| \/T

Inductive

Capacitive

ArGraSag
Delta voltage (% of VRef)
. ArGraSwell
Moving
average of
voltage

Additional reactive current |(% of ARtg)

g
<~

IEC

Figure 24 — Basic concepts of the dynamic reactive €urrent support function

o

.4.2.2 Calculation of delta voltage

lore precisely, the delta voltage DelV is calculated as the difference between the preser
neasured voltage and the moving average of voltage (VAv). This moving average voltage i
alculated using a sliding linear filtering over a“greceding window of time specified as FilTm
shown as FilterTms). The calculation of delta voltage (delta voltage = present voltage — movin
verage voltage, expressed as a percentagé of VRef) is illustrated at time = “Present” i
igure 25.

-~ 0 33 =
o & U UT ~+

V average
over FilterTms

1
|
- = = Delta voltage
| at time = Present
(

negative value shown)

Voltage

FilterTms

A

-l
=

| >

Present Time
IEC

Figure 25 — Calculation of delta voltage over the filter time window

6.4.2.3 Activation of dynamic support

The use of the deadband between DbVMax and DbVMin allows the activation of this behaviour
for a voltage sag or swell to be thought of as an “event”. The event begins when the present
measured voltage moves above the moving average voltage by DbVMax or below by DbVMin,
as shown by the blue line in Figure 26 and labelled as tO0.
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In the example shown, reactive current support continues until a time HoldTmms after the
voltage returns above DbVMin as shown. In this example, this occurs at time t1, and this event
continues to be considered active until time t2 (which is t1 + HoldTmms).

When this behaviour is activated, the moving average voltage (VAv) and any reactive current
levels that might exist due to other functions (such as the static volt-var function) are frozen at
t0 when the “event” begins and are not free to change again until t2 when the event ends. The
reactive current level specified by this function continues to vary throughout the event and be

added to any frozen reactive current.

A
Dynamic reactive current support
DbVMax (
Moving average of -
voltage (0 % Delta) Tir'rTe

DbVMin —— e — e — e —

[} % @ 1

()] 1
P & i @ i HoldTmms!
o0 o ————p!
Sz : !
© > £
9> £ «Q‘
s2d O
820 : :

"5 Dynamic reactive current\ rt

23 g\

& O
Va)
y
IEC

Figure 26 — Activation zones for dynamic reactive current support

q.4.2.4 Deactivation of dynamic support

Dynamic support may be effectively deactivated by setting ArGraSag and ArGraSwell to zer
D), so that the function do€s not modify any reactive current output.

—~~

§.4.2.5 Alternative gradient shape

rGraMod selects between that behaviour where gradients trend toward zero at the deadban
dges, andhthat of Figure 27 where the gradients trend toward zero at the centre. In thi
Iternativeymode of behaviour, the additional reactive current support begins with a step chang
hen thes“event” begins (at DbVMin for example), but then follows a gradient through the centr
ntil the event expires, HoldTmms after the voltage returns above the DbVMin level.

C s QO D I

his function includes the option of an alternative behaviour to that shown in Figure 24.

W W o o
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Figure 27 — Alternative gradient behaviour, selected by ArGraMod

§.4.2.6 Blocking zones

his function also allows for the optional definition of a bloecking zone, inside which additionz
cactive current support is not provided. This zone, is™defined by the three parameter
IkZnTmms, BlkZnV, and HysBIkZnV. It is understood that all power converters will have som
elf-imposed limit as to the depth and duration ofisags which can be supported, but thes
ettings allow for specific values to be set, as required by certain country grid codes.

¢, B ¢) N u u M S |

w 1w

L << J W

As illustrated in Figure 28, at t0 the voltage atthe ECP falls to the level indicated by the BlkZn
getting and dynamic reactive current support stops. Current support does not resume until th
voltage rises above BIkZnV + HysBIkZnV as shown at t1. BlkZnTmms provides a time, i
milliseconds, before which dynamic r&active current support continues, regardless of how loy
Voltage may sag. BIkZnTmms is measured from the beginning of any sag “event” as describe
greviously.
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I No dynamic reactive current support
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Figure 28 — Settings to define a blocking zone
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6.5 Low/high voltage ride-through curves for “must disconnect” and “must remain
connected” zones

6.5.1 Purpose of L/IHVRT

A flexible mechanism is needed through which general Low/High Voltage Ride-Through
(L/HVRT) behaviour may be configured, if so desired. In this context, L/HVRT refers only to the

connect/disconnect behaviour of the DER, essentially defining the voltage conditions unde
which the DER may and must connect and disconnect.

This function defines only the mechanism through which the L/HVRT settings may be made._an
does not define the settings that would be used. Various countries, states, or-‘othe
dgrganizations such as the IEEE may issue specific L/HVRT requirements. The intention'is thg
this function will be sufficiently flexible to support all such requirements.

- u |

or low/high voltage ride through situations, either parameters or curves can bé used to defin
he “must disconnect” and “must remain connected” zones, where the option foreither remainin
onnected or disconnecting lies between these two zones:

o

d) “Must disconnect” zone of voltage levels versus time. This zone is@efined by a combinatio
of the power converter safety constraints, local regulatory requirements, and any specifi
operational situations (anti-islanding requirement).

H) “Remaining connected or disconnecting is allowed” zone of voltage levels versus time. Thi
zone is defined by the area (if any) between the "must\disconnect" and the "must remai
connected" curves.

d) “Must remain connected” zone of voltage levels versus time. This curve is also defined b
a combination of the power converter safety constraints, local regulatory requirements, an
any specific operational situations (e.g. microgrid creation requirement).

oD

.5.2 “Must disconnect” (MD) and “must'remain connected” (MRC) curves

ome “must disconnect” curves are defined in standards like IEEE 1547/IEC PAS 63547. |
ddition, power converters have theirrown must-disconnect settings for safety reasons and/o
b prevent possible damage to the.gquipment. This can be modelled by the existing over an
nder voltage protection functions:

C =~ Q) (n

ncreasingly regulations arg_also requesting DER systems to remain connected during voltag
nomalies, so long as they*are not too long in duration or the voltage levels are not too high o
bw. These “must disconnect” and “must remain connected” zones are illustrated in Figure 29
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Figure 29 — Must disconnect and must remain connected zones

s described in the TV31 function, these “must remain connected” curves may be the same a
hose defined by regulations for that function, but"may also be different. For instance, thes
urves may be modified by individual powersconverter sensitivities, since the safety of th
quipment overrides any general regulations.

w W U

=

xamples of different “must remain tonnected” curves are shown in Figure 30. Fo
mplementation purposes in order to@allow precise time-based triggers, any curve segments thg

—

re not parallel to the x or y axes-may be approximated by steps.
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Figure 30 — Examples of “must remain connected” requirements for different regions
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6.6 Modes for watt-triggered behaviours
6.6.1 Watt-power factor mode WP41: feed-in power controls power factor

The amount of watts provided at the ECP can be set to gradually modify the power factor. This
watt-power factor mode WP41 is shown in Figure 31. The power factor will be set in relation to
the feed-in power, in this example ranging from 0,85 overexcited to 0,90 underexcited. These
settings are not expected to be updated very often over the life time of the system.

Example Settings
Power (% WMax) Power Factor Power Factor with convention
defined by PFsign and PFExt
WStr 20 PFStr 0,9 PFExtStr Overexcited — False
WStop 40 PFStop 0,85 PFExtStop Underexcited — Trug,
A
Overexcited
0,9 1 ~_+— PFStr, PFEXtStr
|
3 I 100 %
o ] ! WStop (Wmax)
c + >
(0] | . .
ut_» WSt Active power feed-in
o
085 |-——————————— D ~-——— PFStop, PFExtStop
Underexcited

IEC
Figure 31 —~=Power factor controlled by feed-in power
The six parameters can be.set with the power converter defining the curve via the parametery.

gq.6.2 Alternative-watt-power factor mode WP42: feed-in power controls power factor

Alternatively, the_turves can be defined using arrays, as is done for other modes.

The utility/ESP or the customer EMS takes the following actions:

=

1) (Optional) Request status of power converter-based DER system: Request a pre-define
set of the status information, including the status values, the quality flag, and the timestamp
Uf tiIU atatua (DGU FUIIbt;UII DSSS fUl UIUtd”D Uf btdtub }JU;IItD).

2) Issue command to modify watt-PF settings:
— Watt-PF paired array to create the curve

— Requested ramp time for the power converter-based DER system to move from the
current setpoint to the new setpoint if either it is now being constrained or it is now being
released from a constraint (optional — if not included, then use previously established
default ramp rate)

— Time window within which to randomly execute the command. If the time window is zero,
the command will be executed immediately, (optional — if not included, then default time
window for this function will be used)
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— Timeout period, after which the power converter-based DER system will revert to its
default status, such as resetting the maximum power setpoint to its default value

(optional — if not included, then default timeout period for this function will be used)
3) Receive response to the command:
— Successful (plus new value of data element)

— Rejected (plus reason: equipment not available, message error, overridden, security

error)

67— Modes for voltage-watt management

q.7.1 Voltage-watt mode VW51: voltage-watt management: generating by voltage

Similar to the frequency-watt mode FW22 a voltage-watt management can be- Used fo
moothing voltage deviations.

()]

There can be multiple voltage-watt modes configured into a power converterc-For example, th
desired frequency-watt settings might be different on-peak versus off-pealk’)) or different whe
islanded versus grid connected. A simple mode change broadcast could move the powe
donverters from one pre-configured voltage-watt mode to another mode;:

Higure 32 shows one example for maximum watts generated vefsus voltage.
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Figure(32— Example configuration curve for maximum watts vs. voltage

q.7.2 Voltage-watt mode VW52: voltage-watt management: charging by voltage

N addition to voltage-based management of generation, charging of storage units also can b
ffeeted by voltage-watt management. Figure 33 illustrates maximum watts absorbed by

Q

= = W

%

torage device versus voltage
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Figure 33 — Example configuration curve for maximum watts absorbed vs. voltage

=]

oltage -watts received curve (storage), ramps for changing powertime of the input filter, an
s with other functions, a time window, ramp rate, and timeout,

Q <

=]

he curve shapes shown in Figure 33 above are one example. The vertical axis would b
gercent of WMax, and the horizontal axis is voltage, with reference voltage (VRef) shown in th
niddle.

=

6.8 Modes for behaviours triggered by non-power parameters

o

.8.1 Temperature mode TMP

he temperature mode invokes the xtemperature curve. In the temperature curve, th
bmperature is the primary value of theicurve, while the secondary value identifies the action t
bke. Actions to take when the tempeérature is within one of the specified ranges can includ
inctions, such as adjust power-factor (INV3), or other modes, such as maximum var suppof
hode (VV12).

N —h ~+ ~~ _]

I

typical use would be forjthe power converter to respond with additional vars during very hig
emperatures, similar to.a feeder’s capacitor bank that is set to respond to temperature.

—

q.8.2 Pricing signal mode PS

The pricingrsighal mode invokes the pricing signal curve. In the pricing signal curve, the pricin
dignal is therindependent variable of the curve, while the dependent variable identifies the actio
tp take;—Actions can include functions, such as adjust maximum generation level (INV2), o
dthermodes, such as frequency-watt mode (FW21).

he settings for this mode would include a voltage-watts-delivered curve (generation) and/or a

L

w W

=] ~ W U W

- QJ

=3

Multiple pricing signal curves can be established to reflect different energy and ancillary
services. For instance, one pricing signal curve could be for watts, another for var support, and
a third for frequency support. So long as they are not contradictory (e.g. two curves for watts),

these modes can be activated for the same time periods.

The actual pricing signal would be received from an external source (e.g. broadcast by the
utility/ESP) or from a schedule (e.g. pricing signal between 6 am and 2 pm, between 2 pm and
4:30 pm, and between 4:30 pm and 6 am). This pricing signal would be used with the activated

curve to determine the DER response.
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6.9 Setting and reporting functions
6.9.1 Purpose of setting and reporting functions
In addition to functions which directly control functions, many individual parameters can be set

to different values in order to change the power converter’s behaviour. Some of these settings
are described below.

6.9.2 Establishing settings DS91: modify power converter-based DER settings

This function permits the utility, energy service provider, customer EMS, and/or other authorized
ntities to dynamically modify or update various parameters for power converter-based\DEF
ystems. This list of parameters may be expanded, but will include:

(o))
A

7))

o[ Intermittency Ramp Rate Limit. This setting will limit the rate that watts delivery,to the gri
can increase or decrease in response to intermittent PV generation. The configuration wi
be in units of “percent of WMax per minute”. A single setting will be applied to bot
increasing and decreasing power output. This ramp rate limit does not apply to output powe
changes in response to commands that are received. Such commands”contain their ow
ramp limits. Power converter-based DER systems must manage the details of their batter
charging such that the rate of change in power delivery to and from’the grid remains beloy
this limit — even when the PV generation is intermittent.

= O =T

< < D

o Storage Reserve (Minimum energy charge level allowed, %\.of maximum charge level). Thi
level may be set by the vendor, asset owner, or system(operator for a variety of purposes.
In some cases, depth of discharge may be limited in order to extend battery service life. Ip
other cases, a minimum reserve may be desired to_ provide some carryover during outag¢g.
It is intended that reserve settings be maintained, even while managing intermittency ram
rate limits as described above. For example, acSystem with a 20 % minimum reserve settin
may charge up to 40 % before beginning to generate to the grid so that a sudden loss of th
PV source can be covered by a controlled ramp-down of generation, and yet withou
dropping below 20 % charge.

L'

~ U Q2 O

-

o Maximum Storage Charge and Discharge Levels. These settings establish the maximun
charge and discharge rates for storage elements that might be part of the DER. Thes
settings are expressed in terms(0f a percentage of WMax, delivered and WMax, received
and by default are equal to 400 % of these settings. Charge/Discharge commands, a
described in INV4, are expressed in terms of a percentage of these settings.

D

L2

The utility/ESP or the customer EMS takes the following actions:

= n

1) (Optional) Request status of power converter-based DER system: Request a pre-define
set of the status.information, including the status values, the quality flag, and the timestamp
of the status(see Function DS93 for details of status points).

4) Issue command to modify power converter-based DER settings:
— Data-element to be modified
—~ New value for that data element

J)Receive response to the command:

— Successful (plus new value of data element)

— Rejected (plus reason: equipment not available, message error, overridden, security
error)

6.9.3 Event logging DS92: log alarms and events, retrieve logs
6.9.3.1 Event log concepts

Event/history logs are maintained by the power converter-based DER systems to record key
time-stamped events. The event log can be queried by selecting time ranges.

Different users of power converter-based DER systems will need varying timeframes for
retrieving event log information and different types of information from these event logs:
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a)
b)
c)

d)

Utility operations will typically only need key operations-related information, possibly
infrequently or only under special circumstances.

Owners/managers (including utility owners) will want more detailed information, probably
periodically or after certain types of events.

Energy management systems with tightly-coupled interactions will need complete event logs
relatively frequently.

Larger PV plants are different from large numbers of small power converter-based DER
systems more types of event data may be collected from these larger plants, while only

hacic aAvan da bha caoalloctad from tha cmallar oAy oo A tor baocaoad DED cvctanma
=4

QO O Q e
— — ~— — —

=

Q

)

—, =

a)

N general the following types of events will be logged, but decisions on exactly which enes ar
pgged or which ones are retrieved by any specific user, will be determined on an
mplementation basis by DataSets, Logs, and LogControlBlocks:

NoTE  Servi - . fined inIEC 61850-7-2.
q.9.3.2 Event Log Fields

Il event logs will contain the following fields at@’minimum:

o enable‘the filtering of events so that different users can select different types of events tp
btrieves different logs can be used. These different logs may be set up to differentiate differer]
ypes-of events, such as:

3 o L
PTOoTC- TV eTIC gata |||u_y DT COTCCTC U Ot C— oo CT— P oW T SOV et oo ST U DTt oy oty -

Larger plants may also aggregate and/or amalgamate events from multiple individual powe
converter-based DER systems.

3

W

All errors or failures (service tracking and logging)

All startup and shutdown actions (logging)

All control actions (service tracking and logging)

All responses to control actions (service tracking and logging)
All limit violations, including returns within limits (logging)

Date and time stamp: The accuracy of this'timestamp will be determined by the frequenc
of time synchronization and the innaté& precision in keeping time of the power converter
based DER system, and is thereforé. outside the scope of this specification. Zeros can b
used to pad any timestamp if the.accuracy does not match the format.

W [

Data reference: the referencelto the data item that triggered the event log entry. Fo
instance, if it is a voltage-related event, the Data reference will be to that data object. If it i
a power converter mode\levent, the Data Reference will be to the power converter mod
data object.

W0 =

Value: Value field- of the Data reference field that is triggering the event, including
commands, state\changes of monitored values, quality code changes, mode setting, etq.
For instance,.the request to go into a specific power converter mode will be logged with th
Value containing the power converter mode identity.

11

—_

Communications (for communication-related events)

b)
c)
d)

e)

f)

Grid power (for power system events)
Device asset (for time and asset-related events)
Security (for security-related events)

Power converter-based DER system (for power converter-based DER system events, as
well as other PV events)

Storage system (for storage power converter events, as well as other storage events)

Table 3 shows some examples of events that are logged.
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Table 3 — Events
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Domain Part Type Attribute Description
Communications | Messaging Status Success Request received successfully. Value
field identifies the request as a “demand
response”
Messaging Status Success Command received successfully. Value

field identifies the command as a “Direct
command”

A H
wvresSSagmg

Ciod
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Al Lol <l
ACKoOWreagea

n 1 laal £ £
NeSPOonST acrkhowreagmentTSent

Messaging Alarm Message failed Response — alarm invalid message.

Value field contains type of error
Network Alarm Comm. failed Alarm communications error.Value field
interface contains type of error.

PV System Power Command Success Action taken successfully (details are
converter provided in Mode and Command events)
Power Command Failed Requested action'fajled. Value field
converter contains type, of €rror.

Power Command Deviation Action taken’is a deviation from the
converter requested action. Data Reference and
Value.fields contain indication of this
deyiation
Mode Status Power Power converter is in one of the power
converter mode{ f converter modes, as indicated in the
Value field
Power Command INV Command Power converter responded to one of
converter the INV commands, as indicated in the
Value field
Power Status Limit exceeded Power converter status changed due to
converter internal control threshold exceeded.
Data Reference and Value fields provide
details
Schedule Schedule Success Action was successfully taken in
chanhge response to the scheduled requirement
Schedule Schedule Failed Action failed in response to the
thange scheduled requirement. Value field
indicates the type of error
Power Status Power out Power converter power turned off
Power Status Power on Power converter power turned on
Power Alarm Power out Power tripped off due to internal
situation
Power Alarm DC voltage Inadequate DC bus voltage, Value field
provide measured value
Power End alarm DC voltage DC bus voltage within limits. Value field
provide measured value
Temperature Alarm Limit exceeded Temperature limit exceeded. Value field
contatrs—type-of-error
Temperature End alarm Limit exceeded Returned within temperature limit. Value

field contains type of error.
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Domain Part Type Attribute Description
Grid Power ECP Switch Status Connected Switch at the ECP between power

converter and the grid is connected

ECP Switch Status Disconnected Switch at the ECP between power
converter and the grid is disconnected

Voltage Alarm Limit exceeded Voltage limit exceeded. Value field
contains voltage measurement.

Voltage End alarm Limit exceeded Returned within voltage limit. Value field
contains voltage measurement.

Voltage Alarm Limit exceeded Voltage distortion limit exceeded. Value
field contains voltage distortion.

Voltage End alarm Limit exceeded Returned within voltage distortion limit.
Value field contains voltage distertion.

Current Alarm Limit exceeded Current limit exceeded. Value field
contains current measdrement.

Current End alarm Limit exceeded Returned within cutrent limit. Value field
contains current measurement.

Power quality Alarm Limit exceeded Harmonic limif_exceeded. Value field
contains harmonic measurement.

Power quality End alarm Limit exceeded Returned-within harmonic limit. Value
field ‘contains harmonic measurement.

Other 1547 Alarm Limit exceeded High/low limit exceeded

parameters

Other 1547 End alarm Limit exceeded Returned within high/low limit

parameters

Device asset Logs Status Almost.full Log is almost full. Value contains

percentage full.

Logs Alarm Eull Log full: new events to overwrite unread
events

Time Alarm Clock failed Clock failure. Value contains error
information.

Time Alarm Synch failed Synchronization failed. Value contains
error information

Time Setting Synchronized Synchronized. Value contains delta
between new time and old time

Time Setting Daylight adjust Daylight time or Standard time
adjustment. Value indicates Daylight of
Standard

Firmware Alarm Data error Data error detected in firmware. Value

indicates type of error

=

\Reétrieve event log

The retrieval of the event log consists of the following command and response:

— Event log retrieval command

— Start time/ stop time (start time = 0 means start from beginning of log; stop time = 0
means include through the final log entry)

2) Receive response to the command:

— Requested log entries

— Success/Failure (plus reason: no log event fulfils the retrieval criteria, log not available,
message error, security error, request type not supported, etc.)

Additional event log interactions can include:

a) Notification if event log is almost full or completely full without having been retrieved



https://iecnorm.com/api/?name=ddc1ccbfec16bf31952dbd2b1bc1ab60

- 66 - IEC TR 61850-90-7:2023 RLV © IEC 2023

b) Notification of an event log error

6.9.4 Reporting status DS93: selecting status points, establishing reporting
mechanisms

Many functions require the status of the power converter-based DER system either periodically,
on significant change of a value, or upon request.

Examples of status information that is standardized in the corresponding Logical Nodes are
listed in Table 4, These status information points and any other information (standardized an
gxtended Logical Nodes and Data Objects) can be used to configure DataSets that are used‘by
ReportControlBlocks. The ControlBlocks can be configured to get the required reporting
hehaviour (periodic, sequence of events, or general interrogation).

Table 4 — Examples of status points

Status Point Description

Primary information

Connect status Whether or not the device is currently connected abits’'ECP.
PV output available Yes/No
Storage output available Yes/No
Status of var capability Yes/No

Power converter active power | Present active power output level (Watts). This is an instantaneous (minimum
output averaging) reading.

Power converter reactive

output Present reactive power outputlevel (VArs). This is a signed quantity.

Identity of mode or funetion that the power converter-based DER is in,
including “owner mode™ (Enumeration with range left open for proprietary
vendor)

Current power converter
mode

Detailed information

Power conyverter is switched on (operating), off (not able to operate), or in

Power converter status stand-bysmode (capable of operating but currently not operating)

DC Current level available for Indicates whether or not there is sufficient DC current to allow operation. —
operation Value, not yes/no

Power converter active power\|\Present active power output level (Watts). This is an instantaneous (minimum
output averaging) reading.

DC power converter input Use for determining efficiency of power converter

power
Local/Remote control mode Power converter is under local control or can be remotely controlled
Active powerisetpoint Value of the active power setpoint

Reactive power setpoint Value of the output reactive power setpoint

Powér factor setpoint Value of the power factor setpoint

Peweér measurements

Active power Active power value, plus high and low limits
Reactive power Reactive power value, plus high and low limits
Phase to ground voltages Voltage values per phase, plus high and low limits
Power factor Power factor value, plus high and low limits

Battery storage status (if storage is included in power converter-based DER system)

The useable capacity of the battery, maximum charge minus minimum charge

Capacity rating from a technology capability perspective (Watt-hours)

State of charge Currently available energy, as a percent of the capacity rating (percentage)

State of charge times capacity rating minus storage reserve (Watt-hours) See

Available energy storage settings section for definition of “storage reserve”
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Status Point Description

Set using DS91. The maximum rate of energy transfer into the storage device.
Maximum battery charge rate (Watts). This establishes the reference for the charge percentage settings in
function INV4.

Set using DS91. The maximum rate of energy transfer out of the storage device
(Watts).This establishes the reference for the discharge percentage settings in
function INV4.

Maximum battery discharge
rate

Internal battery voltage Internal battery voltage

DC power converter power

Used-for-determinina-efficienec—of-bower-converter
3 J Lad

input

Nameplate and Settings Information

Manufacturer name Text string
Model Text string
Serial number Text string

Power converter power rating The continuous power output capability of the power conyeérter (Watts)

Power converter VA rating The continuous Volt-Amp capability of the power convertér (VA)

Power converter var rating Maximum continuous var capability of the power cGhverter (var)

The maximum rate of energy transfer into the storage device. (Watts). This

Maximum battery charge rate establishes the reference for the charge percentage settings in function INV4.

The maximum rate of energy transfer out of*the storage device. (Watts) This

Maximum battery discharge establishes the reference for the discharge percentage settings in function

rate INV4.

Storage present indicator Indication of whether or not batteny storage is part of this system.
PV present indicator Indication of whether or not"RPV is part of this system.

Time resolution Time resolution and precision

Source of time Text string

synchronization

Q

he retrieval of status items may beddndertaken using one or all of the following methods:

) Single status values:

— On-demand, request.a'single status value. That status value will then be returned to th
requester.

A%

—

— Upon a statusi\value change or upon exceeding a deadband or upon exceeding a lim
(depending upon the type of status point), that status value will be transmitted

) Sets of status‘values:

— During initialization of the power converter-based DER system, sets of status values ca
bé assigned to one or more “data sets”. These data sets can then be used in the following
ways:

=]

e On-demand, request one of these data sets. All of the status values in the requested

Aot 4+ H TN 4+ a % + 4+
udilid oCTLU Wil VT 1TTIUTticu tu uirc ICL;'UUQLCI
e Periodically, all of the status values in each data set will be transmitted

e Upon change or upon exceeding a deadband or upon exceeding a limit of a status
point in the data set, all of the status values in the affected data set will be transmitted

— After initialization, using the communications network, data sets can be created,
modified, and/or deleted, and the reporting triggers can be established (e.g. upon
demand, periodically, upon change).

The “on-demand” retrieval method for single status values and at least one data set are
mandatory. The other retrieval methods may be optional or may be deemed mandatory for

d

ifferent implementations.
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——————Part- 90-7-Object models-forpower-converters

FC TR64850-90-7 has been prepared by IEC technical committee 57: Power system
hanagement and associated information exchange. It is a Technical Report.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

in distributed energy resources (DER) systems

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internationg
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end an
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports
Publicly Available Specifications (PAS) and Guides (hereafter referred to as fIEC Publication(s)”). The
preparation is entrusted to technical committees; any IEC National Committee intereSted in the subject dealt wit
may participate in this preparatory work. International, governmental and non-goyvernmental organizations liaisin
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization fg
Standardization (ISO) in accordance with conditions determined by agreemént between the two organizations.

[© Nty (o)

O 5=

The formal decisions or agreements of IEC on technical matters express, ‘as nearly as possible, an internationd
consensus of opinion on the relevant subjects since each technical committee has representation from ajl
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Nationd
Committees in that sense. While all reasonable efforts are- made to ensure that the technical content of IE
Publications is accurate, IEC cannot be held responsible{ for the way in which they are used or for an
misinterpretation by any end user.

< ()=

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence betweep
any IEC Publication and the corresponding national“or regional publication shall be clearly indicated in the lattef.

IEC itself does not provide any attestation of,conformity. Independent certification bodies provide conformity
assessment services and, in some areas,'access to IEC marks of conformity. IEC is not responsible for anly
services carried out by independent certification bodies.

All users should ensure that they have-the latest edition of this publication.

No liability shall attach to IEC or"its” directors, employees, servants or agents including individual experts an
members of its technical committees and IEC National Committees for any personal injury, property damage g
other damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fees) an
expenses arising out of {the publication, use of, or reliance upon, this IEC Publication or any other IE
Publications.

oo SO

Attention is drawn-tosthe Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

=3

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of paten
rights. IEC<shall not be held responsible for identifying any or all such patent rights.

U7

NS secona editon cancels ana replaces tne TIrst edaition publisned In ZUTs. This edltion Is

primarily an editorial revision in order to be consistent with the publication of Edition 2 of
IEC 61850-7-420:2021.

This edition includes the following significant changes with respect to the previous edition:

a) Clause 3 has been updated.

b) Clause 8 (IEC 61850 information models for power converter-based functions) has been

deleted. This clause defined data models with the transitional namespace “(Tr) IEC 61850-
90-7:2012”. The data models are now defined in IEC 61850-7-420.
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The text of this Technical Report is based on the following documents:

Draft Report on voting

57/2558/DTR 57/2610/RVDTR

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

=]

1
S
|

he language used for the development of this Technical Report is English.

his document was drafted in accordance with ISO/IEC Directives, Part 2, and developed i
ccordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement) availabl
t www.iec.ch/members_experts/refdocs. The main document types developed, by IEC ar
escribed in greater detail at www.iec.ch/publications.

list of all parts of the IEC 61850 series, under the general titte Communication networks an
ystems for power utility automation, can be found on the IEC website.

he committee has decided that the contents of this document will\temain unchanged until th
tability date indicated on the IEC website under webstore.iet{Ch in the data related to th
pecific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

W 2

w 1w

contains colours which are considered to be useful for the correct understanding of it
contents. Users should therefore print this document using a colour printer.

IMPORTANT - The ‘colour inside’ logo on the cover page of this publication indicates that i
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COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

Part 90-7: Object models for power converters
in distributed energy resources (DER) systems

—
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Scope

his part of IEC 61850, which is a Technical Report, describes functions for powersconverter
ased distributed energy resources (DER) systems, focused on DC-to-AC and)'AC-to-A(
onversions and including photovoltaic systems (PV), battery storage systemselectric vehicl
FV) charging systems, and any other DER systems with a controllable power_converter.

he functions defined in this document were used to help define the)information model
escribed in IEC 61850-7-420 and which can be used in the exchandeyof information betwee
hese power converter-based DER systems and the utilities, energy., service providers (ESPs
r other entities which are tasked with managing the volt, var,and watt capabilities of thes
ower converter-based systems.

hese power converter-based DER systems can range from/very small grid-connected system
t residential customer sites, to medium-sized systems-configured as microgrids on campuse
r communities, to very large systems in utility-operated power plants, and to many othe
onfigurations and ownership models. They may,\or may not combine different types of DER
ystems behind the power converter, such as a power converter-based DER system and
attery that are connected at the DC level.

OTE The term power converter is being usedyn, place of “inverter” since it covers more types of conversion froi
put to output power:

AC to DC (rectifier)
DC to AC (inverter)
DC to DC (DC-to-DC converter)
AC to AC (AC-to-AC converter)

Normative references

here are no normative references in this document.

Terms, definitions, acronyms and abbreviated terms

A

w7

12}

W

WA U)W

or.the purposes of the present document, the following terms, definitions, acronyms an

abbreviated terms apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

IEC Electropedia: available at https://www.electropedia.org/
ISO Online browsing platform: available at https://www.iso.org/obp
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3.1 Terms and definitions

3.11
autonomous
automatic operation

operating mode in which all functions of the control equipment are performed without action of

a human operator

[SOURCE: IEC 60050-351:2013, 351-55-03]

1.2

istributed energy resource

)ER

nergy resource comprised of generation and/or storage and/or controllable load connected 4
ne low or medium voltage distribution level

D OO0 W

=

ote 1 to entry: DER may include associated protection, control, and monitoring capabilities,) and may consist g
ggregated DER units.

QD

=

ote 2 to entry: DER may interact with the area and/or local electric power systems~(EPS) by providing energ
rough the EPSs, by adapting their behaviour based on EPS conditions, and/or'by~“providing other EPS-relate
ervices for regulatory, contractual, or market reasons.

[ =2

—

SOURCE: IEC 61850-7-420:2021, 3.1.13]

3.1.3

glectrical connection point

ECP

goint of electrical connection between the DER and/any electric power system (EPS)

Q Z

f DER units have an ECP where they interconnectito the power system at a specific site or plant; a group of DE
nits plus local loads have an ECP where they aré interconnected to the utility power system.

c

ote 2 to entry: For those ECPs between a-utility EPS and a plant or site EPS, this point is identical to the point ¢
ommon coupling (PCC) in the IEEE 1547,\Standard for Interconnecting Distributed Resources with Electric Pows
ystems.

nQ =z

—

SOURCE: IEC 61850-7-420:2021, 3.1.17]

1.4

lectric power system

PS

omposite, comyprised of one or more generating sources, and connecting transmission an
istribution facilities, operated to supply electric energy

O O Mmoo W

ote 1 to.entry: A specific electric power system includes all installations and plant, within defined bounds, provide
r the"purpose of generating, transmitting and distributing electric energy.

a2z

ote 1 to entry: Each DER (generation or storage) unit-has an ECP connecting it to its local power system; groupis

—

o<

R

N =

[BQURCE IEC 60050-692:2017 692-01-02]

3.1.5

electric power system, area

area EPS

electric power system that serves multiple local electric power systems

Note 1 to entry: A typical area EPS is a MV/LV distribution network.

[SOURCE: IEEE 1547:2018, modified - addition of Note 1 to entry]
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3.1.6

event

event information

monitored information on the change of state of operational equipment

Note 1 to entry: In power system operations, an event is typically state information and/or state transition (status,

a

[

larm, or command) reflecting power system conditions.

SOURCE: IEC 60050-371:1984, 371-02-04, modified — addition of term "event" and Note 1 to

entry]
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rocess control function

inction to work on process variable quantities, which is composed of basic functionscef-proces
ontrol, specific to particular functional units of the plant

\°4

SOURCE: IEC 60050-351:2013, 351-55-16, modified - deletion of Note 1 to(entry]

.1.8
enerator
nergy transducer that transforms non-electric energy into electric\énergy

ote 1 to entry: The reverse conversion of electrical energy into mechanical energy is done by an electric motof,
nd motors and generators have many similarities. The source of mechanical energy may be a reciprocating g
irbine steam engine, water falling through a hydropower turbine or ‘watérwheel, an internal combustion engine,
ind turbine, a hand crank, or any other source of mechanical energy.

TS

SOURCE: |IEC 60050-151:2001, 151-13-35, modified - addition of Note 1 to entry]

1.9

hverter

lectric energy converter that changes.direct electric current to single-phase or polyphas
Iternating currents

A%

SOURCE: IEC 60050-151:2001, 1561-13-46]

.1.10

nonitor

cquire a quantity value continuously or sequentially in order to check whether it is within norm4g
perating limits and;-Where appropriate, to signal if it passes its tolerance boundaries

SOURCE: IEE 60050-351:2013, 351-43-03]

.11

oint-of common coupling
CcC

lectrical connection point (ECP) in an electric power system, electrically nearest to a particular

load or generator, at which other loads or generators are, or may be, connected

Note 1 to entry: These loads can be either devices, equipment or systems, or distinct network users' installations.

Note 2 to entry: The point where a local EPS is connected to an area EPS [IEEE 1547]. The local EPS may include

d

istributed energy resources.

[SOURCE: IEC 61850-7-420:2021, modified — addition of "connection"]


https://iecnorm.com/api/?name=ddc1ccbfec16bf31952dbd2b1bc1ab60

-10 - IEC TR 61850-90-7:2023 © IEC 2023

3.1.12

power converter

electronic equipment that converts:
o AC to DC (rectifier)

o« DC to AC (inverter)

« DC to DC (DC-to-DC converter)
« AC to AC (AC-to-AC converter

3.2 Acronyms
DER: Distributed Energy Resource
BECP: Electrical Connection Point
BEI: Edison Electric Institute
BEMS: Energy Management System
BPS: Electric Power System
BESP: Energy Service Provider
I50: Independent System Operator
UW/HRVT: Low/High Voltage Ride-Through
NMMS: Manufacturing Message Specification
RCC: Point of Common Coupling
RF: Power Factor
A Photovoltaic
RTO: Regional Transmission Operator
TSO: Transmission System Operator
3.3 Abbreviated terms
Clause 4 of IEC 61850-7-4 defines‘@bbreviated terms for building concatenated data namesq.
Additional abbreviated terms used’in this document are:
Ar Amperes reactive
Array Array of ...
Aval Available
Db Deadband
Dec Décrease
Del Delta
Dept Dependent
Dsct Disconnect
ra Gradfent
Hold Hold
Hys Hysteresis
Inc Increase
Rent Reconnect
Sag Sag
Snpt Snapshot

Swell Swell
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4 Overview of power converter-based DER functions

4.1 General

The advent of decentralized electric power production is a reality in the majority of the power
systems of the world, driven by the need for new types of energy converters to mitigate the
heavy reliance on non-renewable fossil fuels, by the increased demand for electrical energy,
by the development of new technologies of small power production, by the deregulation of
energy markets, and by increasing environmental constraints.

=]
—h

he numbers of interconnected DER systems are increasing rapidly. The advent-g
ecentralized electric power production is a reality in the majority of power systems all averth

o

W

world, driven by many factors:

o The need for new sources of energy to mitigate the heavy reliance on externally-produced
fossil fuels.

o The requirements in many countries for renewable portfolios thatohave spurred the
movement toward renewable energy sources such as solar and wind;\including tax breakp

and other incentives for utilities and their customers.

o The development of new technologies of small power production that have made, and ar
continuing to improve, the cost-effectiveness of small energy devices.

1%

o Thetrend in deregulation down to the retail level, thus incentivizing energy service provider
to combine load management with generation and energy-/storage management.

Uy

of The increased demand for electrical energy, particularly in developing countries, but also in
developed countries for new requirements such as ‘Electric Vehicles (EVs).

o The constraints on building new transmission facilities and increasing environmentz
concerns that make urban-based generation more attractive.

=]

hese pressures have greatly increased therdemand for Distributed Energy Resource (DER
ystems that consist of both generation:and energy storage systems which are interconnecte
ith the distribution power systems.

<
oO~—

ER systems challenge traditional* power system management. These increasing numbers ¢
ER systems are also leading-to pockets of high penetrations of these variable and ofte
nmanaged sources of powerwhich impact the stability, reliability, and efficiency of the powe
rid. DER systems can beno longer viewed only as “negative load” and therefore insignifican
N power system planning”and operations. Their unplanned locations, their variable sizes an
apabilities, and their\fluctuating responses to both environmental and power situations mak
hem difficult to manage, particularly as greater efficiency and reliability of the power system i
eing demanded.

O -0 SO C 0]
U U L ~ = 9 —

At the sanye time, DER systems could become very powerful tools in managing the powe
qystem._for’ reliability and efficiency. The majority of DER systems use power converters t
donyért'their primary electrical form (often direct current (DC) or non-standard frequency) to th
dtility> power grid standard electrical interconnection requirements of 60 Hz or 50 Hz an
termatingcurrent(AC)—tmadditiomtothese basicconversions, powerconverters canmreatdit
modify many of their electrical characteristics through software settings and commands, so long
as they remain within the capabilities of the DER system that they are managing and within the
standard requirements for interconnecting the DER to the power system.

LW O =

DER systems are becoming quite “smart” and can perform “autonomously”! most of the time
according to pre-established settings or “operating modes”, while still responding to occasional
commands to override or modify their autonomous actions by utilities and/or energy service
providers (ESPs). DER systems can “sense” local conditions of voltage levels, frequency

T Not controlled by others or by outside forces; independent. This word is used in the definition of “distributed

process computer system” as a “set of spatial distributed process computer systems for the monitoring and
control of basically autonomous sub-processes” (IEC 60050-351:2006, 351-30-05).
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deviations, and temperature, and can receive emergency commands and pricing signals, which
allow them to modify their power and reactive power output. These autonomous settings can
be updated as needed. To better coordinate these DER autonomous capabilities while
minimizing the need for constant communications, utilities and ESPs can also send schedules
of modes and commands for the DER systems to follow on daily, weekly, and/or seasonal

ti

meframes.

Given these sophisticated capabilities, utilities and energy service providers (ESPs) are
increasingly deswous (and even mandated by some regulations) to make use of these

anabilit: 1o ota aliahilit nnA afficianoy, Sa al o

g
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oncept of "operating envelopes" that define upper and lower limits on the import or expo
ower in a given time interval for specific connection points. The DER systems are“the
esponsible for applying appropriate limits to individual energy resources.

==

-

lone of the functions described in this document are necessarily “mandatory” from a
mplementation perspective — actually requiring certain functions to be implemented is th
urview of regulators and of the purchasers of systems.

11%

.2 Power converter configurations and interactions

ulk power generation is generally managed directly, one-on-one, By utilities. This approach i
ot feasible for managing thousands if not millions of DER systéms.

7

ER systems cannot and should not be managed in the Same way as bulk power generation.
lew methods for handling these dispersed sources%of generation and storage must b
eveloped, including both new power system functionssand new communication capabilities. |
articular, the “smart” capabilities of power convertér-based DER systems must be utilized t
llow this power system management to take place at the lowest levels possible, while sti
eing coordinated from region-wide and system-wide utility perspectives.

—_ U 2 D

his “dispersed, but coordinated intelligence” approach permits far greater efficiencieg,
eliability, and safety through rapid, autonomous DER responses to local conditions, while sti
llowing the necessary coordinatien® as broader requirements can be addressed throug
ommunications on an as-needed-basis.

[ Jpe—

—

ommunications, therefore,ptay an integral role in managing the power system, but are ng
xpected or capable of centinuous monitoring and control. Therefore the role of communicationg
nust be modified to refleet this reality.

ower converter=hased DER functions range from the simple (turn on/off, limit maximum outpul)
b the quite sophisticated (volt-var control, frequency/watt control, and low-voltage ride
nrough). They also can utilize varying degrees of autonomous capabilities to help cope wit
he sophijstication.

=]

t least three levels of information exchanges are envisioned:

S
direct and rapid monitoring and control of the DER systems: This autonomous behaviour
would use one or more of the pre-set modes and/or schedules to direct their actions, thus
not needing remote communications except occasionally to modify which modes or
schedules to use.

— Autonomous behaviour is defined as DER systems utilizing pre-set modes and
schedules that respond to locally sensed conditions, such as voltage, frequency, and/or
temperature, or to broadcast information, such as pricing signals or requests for using
specific modes. These pre-settings are updated as needed (not in real-time), possibly
through the Internet or through other communication methods.

— The DER systems would utilize its detailed knowledge of the status and capabilities of
the DER equipment as well as the status of the local electric power grid, such as voltage
and frequency, to determine the output from the DER system.
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Common types of autonomous DER systems consist of the controllers that directly
manage one or more power converters, such as a small PV system, a battery storage
system, an electric vehicle service element (EVSE), and each of the individual DER
systems within an office building, a wind farm, or a microgrid.

Interaction times are millisecond to seconds.

b) DER management system interactions with multiple DER systems in which the DER
management system has a more global vision of all the DER systems under its control. It
understands the overall capabilities of the DER systems under its management but may not
have (or need) detailed data.

d) Broadcast/multicast consist essentially of one-way notifications without one-to-on
communications with large numbers' of DER systems. These notifications could b
emergency signals, pricing signalsy or requests for specific DER modes. Typically thes
would come from utilities and/orEnergy Service Provider (ESP).

DER management systems can issue direct commands but they primarily establish-th
autonomous settings for each DER system.

%

On start-up, the DER management system may provide various possible autonomou
mode settings to each of the DER systems, and then over time modify which’of thes
autonomous mode settings are active, possibly in response to utility requests or pricin
signals.

QD O

e’

Common scenarios include a campus DER management system cootrdinating many DEF
systems on different buildings or an energy service provider managing disparate DEF
systems within a community.

P’

=]

Additional scenarios include an ISO/RTO/TSO managing a lange storage device throug
Automatic Generation Control (AGC) or requesting a spetific power factor at the PCC g
a wind farm.

=~

A microgrid scenario would include a microgrid <management system managing th
intentional islanding of the microgrid and then coerdinating the generation, storage, an
load elements to maintain microgrid stabijlity’ through the combination of settin
autonomous modes for some DER systems-and issuing direct commands to other DEF
systems.

AR """

Interaction frequency may be seconds t{o'minutes, hours, or even weeks.

w W

No direct responses from the DER systems would be expected. If there were powelr
system changes expectied, these would be monitored elsewhere, such as on the feeder
or in a substation. If\there were financial implications to the broadcast/multicast request
the DER system\responses would be determined during the billing and settlement
process.

U7

These broadcast or multicast requests may be to DER management systems or tp
individual DER systems.

Ur

Thesebroadcast/multicast requests would be interpreted by the DER systems a
possible modifications of their current autonomous behaviour or could be dired
cemmands for response to emergency situations.

—

Since broadcast/multicast can be used to request actions without necessarily knowin
which DER systems can or will respond, the expectation could be that only a certai

\\>)

=J

percentage will respond.

Common scenarios include an energy service provider broadcasting a pricing signal,
which is then reacted to by the individual DER systems, or a utility multicasting a
reduction in generation to all DER systems on a constrained feeder that cannot handle
reverse power flows.

Broadcast/multicast frequency may be hours, weeks, or seasons.

These hierarchical DER management interactions are shown in Figure 1.
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=]

4 DER architecture at the field level N\
oSO O -
.
1}
.
.
L Broadcast/multicast and/or two-way
' demand response, ancillary services,
H ’ . ) and emergency commands L
s Retail Energy Provider (REP) DER Utility DER management systems
“ management systems (#41a) 'l (#25, #27 and #29)
‘h ___________________ ,'
Custon_ler D!ER Energy Ma_nagement System (CDEMS) (#5) for: Monitoring and control of autonomous DER \
Residential customer site, or DN N controllers to initiate or modify energy or. |
- g o S ancillary services, based on customer needs 1
I ltJltmversny campus, or co-gen plant), or & and utility broadcasts I
. ility-owned site (e.g. substation or power plant) NS
I « May include multiple parallel and/or hierarchical CDEMS I
I ",----------------------------------------- --------------------.‘
I PV system Electric vehicle Battery storage DEim{ner : I
I : controller (#4) service controller (#4) 0 I
- ]
8 Cyber-physical B M J H
I : interactions P2P or HAN ' I
]
I : Photovoltaic | | ) :
: system " = Diesel (] I
=7 - 5 enerator ]
Electric I : Meter and Electric Battery K ] I
grid - PCC : storage (]
1 = vehicle v_o '
T p— - R J I
v Autonomous cyber-physical management of DER units, 0
l Circuit breaker which operate based on local electrical conditions Customer site load ’ ,
S N K N N N S S SV eV ®
N o o o s . e e e e e e e e e AN —_— ——— — — —
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Figure 1 — DER management hierarchical interactions:
autonomous, loosely-coupled, broadcast/multicast

.3 Power converter methods

ER power converters and their controllefs’can perform many autonomous functions, based on
neir intrinsic capabilities, various parameter settings, and locally measured conditions, suc
s voltage levels, frequency, rates.of’changes in voltage and frequency, temperature, and othe
nformation.

=

he methods for power converters to manage their autonomous behaviour include the following:

) “Modes” consist of. pre-established groups of settings that can enable autonomous DER
behaviour, wherenthe DER senses local conditions, and, using those mode settings
responds appfopriately. This approach minimizes the communications requirements an
permits more rapid responses. "Modes" can be established for volt-var control, frequency
watt control, charging/discharging storage, and some other complex actions, where th
arrays @hd parameters for each mode are sent ahead of time — maybe once a year ¢
season, and then "go to mode" commands/requests can be broadcast/multicast.

% 1 | S Sy

=3

=3

) Schedules can also be established, which can operate for a specific time period o
indefinitely (once initiated) completely autonomously. For instance, a schedule can establis

=]

witatTmodes to use during weeKday Torings, VErsus mid=aftermooTT, VETSUS WEEKEUS:

c) Temperature-based curves and pricing-signal curves provides settings for what actions to

take based on the current temperature or pricing signal. A pricing signal curve can indicate
which mode(s) to go to, based on the pricing signal level (can be $$, but can also be tiers,
or H-M-L, or other signal). When a new pricing signal is broadcast, the DERs can ramp to
the specified modes. There can even be a schedule of pricing signals so that they do not
need to be broadcast, unless an emergency calls for a different level.

d) Ramp rates and parameters based on "% of capability" (rather than absolute amounts) are

also included. In addition there is a time-window randomization that requires DERs to
respond to commands using a random number within the time window to actually initiate the
command. This prevents sharp jumps whenever a new command/request/pricing signal is
broadcast. (Obviously the time window can be set to zero if immediate emergency action is
required.)
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Although the DER generator and storage power converter functions do not directly cover loads,
the same mechanisms of modes, schedules, graphic curves, arrays, timing constraints, etc.
could be very readily applied to loads. The actual modes would be different (lighting cannot
create vars, but could dim slightly), but the mechanisms would be the same.

4.4

Power converter functions

Power converter functions range from the simple to the complex. Most power converter
functions are based on settings or curves that allow them to respond autonomously to local

onditions while some reauire direct control commands.
J -

q)

This document covers many of these key power converter functions, including:

Immediate control functions for power converters

— Function INV1: connect / disconnect from grid

— Function INV2: adjust maximum generation level up/down

— Function INV3: adjust power factor

— Function INV4: request active power (charge or discharge storage)

— Function INV5: pricing signal for charge/discharge action

Volt-var management modes

— Volt-var mode VV11: available vars support mode with)no impact on watts
— Volt-var mode VV12: maximum var support mode based on WMax

— Volt-var mode VV13: static power converter mode based on settings

— Volt-var mode VV14: passive mode with ne\var support

Frequency-watt management modes

— Frequency-watt mode FW21: high frequency reduces active power

— Frequency-watt mode FW22: constraining generating/charging by frequency
Dynamic reactive current suppaort,during abnormally high or low voltage levels

— Dynamic reactive currentsupport TV31: support during abnormally high or low voltag
levels

W

Functions for “must diseehnect” and “must remain connected”
“Must disconnecet™MD curve
— “Must remainieonnected” MRC curve
Watt-triggered behaviour modes
— Wattspower factor WP41: feed-in power controls power factor
— Alternative Watt-power factor WP42: feed-in power controls power factor
Voltage-watt management modes

~" Voltage-watt mode VW51: volt-watt management: generating by voltage

— Voltage-watt mode VW52: volt-watt management: charging by voltage
Non-power-related modes

— Temperature-function mode TMP: ambient temperature indicates function

— Pricing signal-function mode PS: pricing signal indicates function to execute
Parameter setting and reporting

— Function DS91: modify power converter-based DER settings

— Function DS92: event/history logging

— Function DS93: status reporting
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j) Scheduled commands, in which a schedule is sent to the power converter with commands
scheduled for particular times. These commands can also invoke pre-established

parameters. Examples include:
— Week-day schedule for volt-var actions
— Weekly schedule for frequency-watt actions

It is expected that functions will be added in the future, for instance for handling intentional and

unintentional islanding.

These different mechanisms can be intermingled, or only a specific type used, depending upo
the requirements of implementations and configurations.

4.5 Differing DER architectures
4.5.1 Conceptual architecture: electrical coupling point (ECP)

Jome power converter-based DER systems may be directly connected to the-utility grid, whil
dthers may be part of a site microgrid. In either case, the power convertérsbased DER system
will have a point of electrical connection, which is defined as:

“The electrical coupling point (ECP) is the point of electrical connection between the DER
source of energy (generation or storage) and any electric pewer system (EPS). Each DER
(generation or storage) unit has an ECP connecting it to_its local power system; groups @
DER units have an ECP where they interconnect to thée power system at a specific site 0
plant; a group of DER units plus local loads have aplECP where they are interconnected t
the utility power system.”

D

.5.2 Conceptual architecture: point of common coupling (PCC)

or those ECPs that demarcate the point between a utility EPS and a plant or site EPS, thi
oint is identical to the point of commanr_coupling (PCC) defined as “the point where a Locs
PS is connected to an Area EPS” in IEEE 1547, Standard for Interconnecting Distribute
Resources with Electric Power Systems (see 3.1 for additional definitions).

e B i @ B |

=

lany functions reflect conditions at the DER’s ECP. For instance, the measured voltage level
ysed for volt-var management are those at the DER’s ECP.

BCPs are also hierarchical, such as in a university campus environment where the PCC i
hetween the campus:and the utility, but where multiple ECPs exist for the different DER system
Ipcated in different.university buildings. Requests for DER actions can be made at the highes
level, say forwolt-var settings at the PCC. The university DER energy management systen
would then-allocate different volt-var settings for each of the DER ECPs to reflect their DEF
dapabilities} the needs/desires of the university buildings (people), and the overall campu
reliabilityuand efficiency requirements.

-

Uy

O = — AV A

T

Uy

U " AV O ~ U U

|

hisvhierarchical concept is illustrated in Figure 2.
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Figure 2 — Electrical Connection Points (ECP)
and Point of Common Coupling-(PCC)

4.5.3 Utility interactions directly with power converters or indirectly via a customer

EMS
Utilities/ESPs can interact with power converter-based DER systems using different
grchitectures. They may issue requests or commands directly to the DER systems either ong-

n-one or via broadcast/multicast communications.

@)

Iternatively, a customer energy -management system (EMS) can help manage power
onverter-based DER system responses to the broadcast utility request. This customer EM§
nay be managing multiple power converter-based DER systems, customer appliances, other
ypes of distributed generatons and storage devices, and plug-in electric vehicles.

-~ 30 I

Hor instance, if the utility-broadcasts a specific mode request for power converter-based DEF
dqystem actions, thentthese can be passed directly or indirectly (through explicit commands) t
the power converter-based DER systems. If the utility broadcasts Demand Response (DR
dignals or more(generic volt-var requests, then the customer EMS could use other devices i
gddition to power converter-based DER systems to meet these requests. With this approach
the customér.EMS could manage responses locally to meet the requests with the most effectiv
mix of devices.

-~ U AJ

%4

4.54 Communication profiles

The communication profiles between the utility and the customer EMS, will consist of different
technologies at different layers, for example:
a) Data object models: IEC 61850-7-420

b) Application protocols: Mapping of IEC 61850 data objects to web services, IEC 61850-8-1
Mapping to MMS (ISO 9506), IEC 60870-5, ModBus, IEEE 1815 (DNP3), IEEE 2030.5

c) Transport protocols: TCP/IP, UDP/IP, ModBus, IEC 60870-5-101, IEEE 1815 (DNP3) serial

d) Media layers: Public Internet, cellular (mobile) network, AMI network, utility private network,
leased services from telecommunication providers
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General sequence of information exchange interactions

The (generic) sequence for interactions between a utility/ESP and power converter-based DER
systems is:

a)

b)

The DER systems operate autonomously by default, based on pre-established settings and
curves. Multiple groups of these settings/curves may be available to be triggered by a
remote command, and may be updated as needed through local or remote communications.

The utility determines what types of services are desired from power converter-based DER

svystems within a reaion on afeeder orinsome other area This determinationwill be base.
J ~J 7 7

9

on assessments of the power system status, abilities of other equipment to perform.th
required actions (e.g. capacitor banks for var control), market considerations, etc.

%

The utility broadcasts a general request that power converter-based DER systemswithin
region or feeder or other area) go into a specific mode or that certain parameters are sef.
This request may be sent either to individual power converter-based ‘DER systern
controllers, or to more general “customer EMSs” that know how to interprét\such request
for the power converter-based DER system controllers that they are pmiamaging. In eithe
case, the utility does not necessarily need to know anything about-the’ power converter
based DER system capabilities, current PV status, market or tariff agfreements on using th
power converter-based DER system, or desires of the PV owner;

wJ

W 1 - U I

At each customer site or other facility, the power converter-based DER system controllgr
OR a customer EMS receives and interprets this broadcastutility request.

customer EMS is used:

The customer EMS interprets the utility request. It determines whether it will take any action
and what the command(s) will be to the powereonverter-based DER system controller(s
under its control, including responding to any,customer overrides or changes. These action
could be explicit commands to each power:converter-based DER system it is managing, o
could be a schedule of commands if the power converter-based DER system has the abilit
to handle schedules.

L S UT——=

The customer EMS then issues specific commands to the power converter-based DER
system(s): First it requests (or already has) the current status of the power converter-base
DER system(s), modifies the command if necessary to reflect the status, and then issue
the appropriate command.

UL A

The power converter-based DER system(s) respond to the customer EMS command
indicating success or-rejection, as well as any error codes. In addition, the current status g
the power converter-based DER system could be sent if either explicitly requested by th
customer EMS onif it is “automatically” sent as part of the sequence.

137

The customer'EMS may or may not be required to respond to the utility request.

A

— If the ‘utility does not expect a direct response, it may both monitor conditions t
determine if enough power system changes have occurred and/or read the meter (9
meter event log) to determine if the power converter-based DER system responde
appropriately.

j=

W

#, If it does respond, it will acknowledge receipt of the command and returning th

anneranpiats tnfaraa bl AN

opPpPToOpPTatC T o atroTT

If a power converter-based DER system controller directly receives the broadcast request from
the utility:

a)
b)

c)

The power converter-based DER system controller determines internally how best to
respond, and performs those actions.

The power converter-based DER system controller may or may not respond to the command
from the utility with an acknowledgement and any appropriate information.

If the utility does not expect a direct response, it may both monitor conditions to determine
if enough power system changes have occurred and/or read the meter (or meter event log)
to determine if the power converter-based DER system responded appropriately.
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d) If it does respond, it will acknowledge receipt of the command and returning the appropriate

information.

e) The power converter-based DER system(s) are metered either individually or via net

metering, with their output (in response to the command) captured as part of the metering
data. If electric storage is part of the power converter-based DER system, then it could be
metered separately or the power converter-based DER system as a whole could just be
metered. (Metering is out of scope for this document).

f) If communications are lost, the power converter-based DER system goes to a default mode,

O QO 35 35T =

n W W =+ v m

S~~~ 0 10T

O —~0 ]

4.

811 Nameplate values versus basic settings

view of\the Producer Reference Frame:

possibly after a timeout period. The default mode, the timeout period, and other parameters
for this situation would be established ahead of time.

) Customers can override or modify commands at any time if they desire.
Concepts and constructs for managing power converter functions

A Basic settings of power converters

lameplate values are expected to be fixed, based on the type, model; and capabilities of th
ower converter. However, installation-specific requirements may ‘fequire modifications to th
ameplate values, so long as these basic settings remain/“within the constraints of th
ameplate values. These basic settings are usually established upon installation and start-ug
nd are usually due to varying power converter configurations, power grid environmentg,
esired power converter capabilities, and DER owner prefefences.

w w w

asic power converter settings are needed for several functions and include power and voltag
ettings. These basic settings will be applied to{power adjusting functions. At the beginning g
his clause the power settings will be described and afterwards voltage settings. The basi
etting functions assume a tightly coupled interaction between the power converter-based DER
ystems and a controlling entity (utility, en€rgy service provider, or customer EMS).

AT — W

1.2 Power factor and power.converter quadrants

igure 3 shows the possible working areas of a DER power converter from both a Produce
eference Frame (PRF) andifrom a Consumer Reference Frame (CRF). In general for DE
ystems, the PRF is used;.if-which the 1stand 4th quadrants are for delivering power to the gri
vars either overexcited'ar underexcited, respectively), while the 2"d and 3rd quadrants are fo
eceiving power fromythe grid (vars either overexcited or underexcited, respectively).

= A=

ER power converters can work in any of these four quadrants, depending upon the
apabilities and‘the desired functions. Historically, there are two conventions, IEC and EH
Fdison Eleetric Institute), which are reflected in the two PFSign conventions. Thes
onventions are illustrated in Figure 3 and Figure 4, and are shown in Table 1 from the point g

—_— W — =

Tall H
Fable+—ProducerReference Frame{(PRF)conventions

Quadrant Excitation PFSign Active Power PFSign (usually
(usually IEC) EEI)
| Overexcited + -
1 Overexcited - +

I Underexcited - -

v Underexcited + +
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Producer Reference Frame

1
\9
I
|
I
P

Consumer Reference Frame

(PRF) (CRF)
+00°
-270°
Q (+)T
Quadrant 2 CRF Quadrant
PRF
Underexcited Underexcited
Power factor sign Powerfactor sign
convention convention
IEC: - IEC: +
/ Overexcited Overexcited \
+180° » 0°
P+
] Underexcited Underexcited ]
Power factor sign Power factor sign
convention convention
IEC: - IEC: +
Overexcited
Quadrant 3 Quadrant 4
-90°
+270°
IEC
Figure 3 — Producer and Consumer Reference Frame conventions
Therefore, alt commands that affect the power factor (PF) must include three elements in order
tb specify-which quadrant is being referenced:
d).{Fhe signed power factor value
] PFEXtIdentification of overexcited  or underexcited
c) PFsign convention indicator (which may be set as either nameplate or basic setting for an

implementation)

If the power converter does spontaneously change between charging and discharging without
an explicit command, it can continue to maintain the vars according to what it was previously
doing, either providing vars or absorbing vars, or the reverse. The spontaneous change action
(reversing or maintaining var direction) is set either as nameplate or basic setting (VArAct).
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The EEI power factor sign convention is based on the
power triangle acc. handbook for electricity metering (EEI) and IEC 61557-12 (2007).

(+kVAR, +kVARh)

(=KW, —KWh) =

Active Power
Exported/Received (W)

Active power
exported/received (W)

Active power

Quadrant 2 90° Quadrant 1
A
Power factor sign Power factor sign
convention convention
EEI: + EEI: -
(leading, capacitive) (lagging, inductive)

Py
™ —~
2
SR \\9/ <
% R =
_ § @,)/ 0\$® _ 8
2g ) N o 2
S % & E]
S8 > N 2 o
P L & o<
=] v ?9 23
85 ,4 > B 5
Q \ ® Q
&) £ /6 / A o 2
= - : > E

imported/delivered (W)

Active power
imported/delivered (W)

5o > (+kW, +kWh)
0°

" )
< ©
S s

el
o el
= .0
z8 23
3e g
(O3] =
> O (O]
85 z e
@ 8 o 5
o~ T o
¥ ow & ﬁ

Power factor sign Power factor sign
convention convention
EEI: - EEI: +
(lagging, inductive) \ (leading, capacitive)
\J

Quadrant 3 270° Quadrant 4

(<KVAR, —kVARN)
IEC

Figure 4 — EEIl power factor sign convention

5.1.3 Maximum watts, varsyand volt-amp settings

HBach power converter’s power connection to its local grid is called its electrical connection poin
FCP). If there are multiple power converters within a site, they may all contribute to th
nterconnection of the'site to the main grid at the point of common coupling (PCC).

~~

he power converter quadrant areas can be constrained in order to meet specified limits at it
CP or at thetPCC. In order to determine the limits at the PCC, all power converters must hav
nree paratheters, called WMax (for active power), VAMax (for apparent power), and VArMa
for reactive power) that establish their limits at the ECP of each power converter. Collectively
heseé ECP limits provide the limits at the PCC.

— o~ o~ ]

—

11%

A W U

WMax, VAMax, and VArMax are these settable limits that may be the same as the nameplate

values, or may be (typically) lower values reflecting actual implementation limits. They would
normally be set at the initial deployment time, although they could be modified occasionally to

reflect changes to the implementation.

The parameter WMax is the most critical value: it is used as the reference value for power
requests. VArMax may be the same as WMax, such that a single process can set the limits for
both real and reactive power functions, but these settings may also be set separately. Active
power control commands can then be issued as a percentage of WMax: each power converter
can then calculate its own actual values from its own WMax value. This approach allows the

reduction of a DER’s power level by relative values in an unlimited range.
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For a facility with multiple power converters, the maximum continuous active power output
capability of the facility is given by the sum of parameter WMax of all power converters.
Likewise, the maximum continuous reactive power output capability is given by summing the
VArMax parameters of all power converters. Furthermore, in some cases it can be an advantage
to set the maximum continuous reactive power output capability in same manner as WMax.
However, the basic settings for power do not intend to limit the energy flow to be one directional.

An example is shown in Figure 5 for the 15t and 4th quadrant (assuming the arrows indicate a
producer reference frame).

A 90°

With settings
(example settings)

Working area of
VAR Modes

Overexcited Working,area for

pewer factor

VArMax

VARs feed-in

Working area of
VAR modes and
power factor

<
"~ Active powerfeed -in_{
. d

~ o

180°

VAMax

WMax

VArMax

Underexcited

Y 270°
IEC

Figure 5 — Working areas for different modes

The different hatched areas show the different working areas and working area limits. The red
atched lines show the maximum values for active power WMax, reactive power VArMax an
pparent power VAMax.

0
|

Q

=)

Rossible\power factor settings may range from a minimum PF (OutPFSet) (underexcited) i
duadrant 4, going through the maximum value of 1 to a minimum power factor (overexcited) i
duadrant 1. Possible var settings (see function INV2 below) are limited by VArMax.

-

Since some possible settings are limited by regulations or device capabilities, more than one
boundary may apply to a selected DER management function for power converters, resulting in
zones limited by more than one hatching type.

5.1.4 Active power ramp rate settings

The default ramp rate of change of active power is provided by the parameter WGra. This
parameter sets the change of active power due to either a change by a command or by an
internal action such as the release of power reduction by use of the hysteresis in the function
Active Power Reduction by Frequency. This ramp rate (gradient) is not intended to replace the
specific ramp rates that are set by the commands or schedules, but acts as the default if no
specific ramp rate is specified. WGra is defined as a percentage of WMax per second.
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5.1.5 Voltage phase and correction settings

In the case of single phase power converters, the voltage value used in the power converter
functions is based on whichever phase circuit (A, B, or C) the power converter is connected to.
The identity of the phase can be set in the power converter as a basic setting. In the case of
three-phase power converters that do not act independently, the mean value of A, B, and C is
to be used, unless abnormally high or low voltage levels of individual phases are measured in
unbalanced systems, in which case the voltage levels of those individual phases may be used.

)

For functions ||eing \Inlfngn parameters (Iil{n the volt-var modes volt-watt modes and r'lynami
bactive current support), a reference voltage (VRef) and a correction voltage (VRefOfs).ar
dditionally introduced to the previously mentioned parameters, WMax, VAMax and WGra, A
ower converters behind one PCC have a common reference voltage, but differ in the voltag
etween their own ECP and the PCC due to configuration differences within a plant! Thes
ifferences can be corrected by the parameter VRefOfs that will be applied te\each powe
onverter, as can be seen in Figure 6, where a positive value means that voltage at the ECP i
igher than the voltage at the PCC. This correction voltage will be applied to¢the'voltage-base
hodes and will allow a homogenous setting and broadcasts for the plant.

LU = W W W

3 30 O O QO 3

=]

he equation for the effective percent voltage is:

Effective Percent Voltage = 100 x (local voltage = VRefOfs) / (VRef)

Example settings

VRefOfs =4V

VRefOfs\:=2 V Utility power system

W—— W

Locaf’bus
Loc;al pOV‘{ﬁ: Point of common
system wi coupling (PCC
VRefOfs =3V line resistors Pling ( )

VRef= 120V

WA

DER interconnections

X = ElectricalConnection Point (ECP) £c

Figure 6 — Example of voltage offsets (VRefOfs)
with respect to the reference voltage (VRef)

§.16 Charging settings

or those power converters that manage storage DER units that can both deliver power
(discharging in quadrants 1 and 4) and absorb power (charging in quadrants 2 and 3), additional
parameters2 are needed if the maximum discharge limits are different from the maximum charge
limits: WchaMax, VAChaMax, and WChaGra.

51.7 Example of basic settings

An example of settings for a power converter is shown in Table 2.

2 Additional details on storage parameters are described in IEC TR 61850-90-9.
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Table 2 — Example basic settings for a storage DER unit

Parameter Example Values
PFsign 1=1EC; 2 = EEI;

PFExt Underexcited = True; Overexcited = False

1 = reverse var underexcited/overexcited characterization when changing between

VArAct charging and discharging)
2 = maintain var characterization

WMax, delivered 14 500 W

WChaMax, received -14 500 W

VAMax 16 000 VA

VAChaMax 16 000 VA

VArMax 12 000 VAR

VRef 120 V

VRefOfs 2V

WGra 20 % WMax/second

WChaGra 15 % WChaMax/second

8.1.8 Basic setting process

=]

W

he settings described above are expected to only be sét once or infrequently over the life tim
f the system. The utility/ESP or the customer EMSWould take the following actions:

o

=

d) (Optional) Request status of power converier-based DER system: Request a pre-define
set of the status information, including the status values, the quality flag, and the timestamp
of the status (see Function DS93 for details of status points).

B) Issue command or mode to modify pewer converter-based DER settings:
— Data element to be modified (e.g. WMax, VAMax, VArMax, VRef, VRefOfs, WGra, modeg)
— New value for that data element
d) Receive response to thesxéommand:
— Successful (plus mew value of data element)
— Rejected (plus reason: equipment not available, message error, overridden, security
error)
5.2 Modesformanaging autonomous behaviour

5.2.1 Benefits of modes to manage DER at ECPs

Modes ;are methods for managing DER systems by pre-setting desired parameters and curvep
that-describe desired behaV|our |n response to Iocal conditions (e g. voltage, frequency pow

facto aemne a nd-b a¥a an \ /] d eren

updated only mfrequently Utllltles and/or ESPs can then invoke a specific mode by a single
command whenever they wish the DER to follow the behaviour defined by that mode.

The use of modes allows the DER to act autonomously without moment-by-moment commands,
thus both simplifying the tasks of the utilities/ESPs, as well as minimizing the necessary
communications burden. Utilities and ESPs can either monitor the behaviour of the DERs or
can simply monitor the power system to determine how well their mode requests are affecting
the power system.

Generally, modes will be applied to one power converter or groups of power converters that are
connected at different levels of ECPs (see Figure 7 for examples).
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Mode VV11 = available
vars support mode

Mode FW21 = high frequency

reduces active power
Mode TV31 = dynamic
reactive current support

Local bus Utility area Electric

Power System (EPS)

Q)

- 5 5 —

O <

Q

8.2.2 Modes using curves to describe behaviour

|4
U >< Local Electric Power‘

System (EPS) Point of Common
DER interconnections X  Coupling (PCC):
X
The ECP between the_local
EPS and the area’ERS
Local Bus
>
\ Local loads

Mode VW51 = Watt
management to smooth
voltage deviations

X = Electrical Connection Point (ECP) IEC

Figure 7 — Example of modes associated with different ECPs

lodes are defined as using curves to describerautonomous behaviour. These curves correlat
measured or triggering value (the independent variable) with a requested response by th
ER (dependent variable).

w1

n order to generate a curve, two<€olumn arrays are used, with the first column containin
nonotonically increasing triggering values (x-axis) and the second column containing th
esponse values (y-axis). These arrays are combined into a piecewise linear curve b
hterpolating each response-Values to correspond with each triggering value.

~ W J

Vhen an operational mode is invoked, the real-time measured value or stipulated external valu
f the triggering parameter is used to derive the interpolated response value.

A%

U7

xamples include the following modes, although others could be added. The first four mode
re power-related modes, while the last two modes utilize non-power-related triggering values:

) Voli-Var Mode: Voltage values to determine what vars the power converter should produc
at each voltage level.

W

) “Frequency-Watt Mode: Frequency values to determine what watts the power converter

should produce for each frequency value.

c) Dynamic reactive current support Mode: Apply volt-var management during short times of

abnormally low or high voltage values to support the grid until either the voltage returns
within its normal range or the power converter must disconnect.

d) Volt-Watt Mode: Voltage values to determine what watts the power converter should

produce as a function of the voltage level.

e) Temperature-var Mode: Temperature values to determine what vars or what volt-var mode

the power converter should produce within each temperature range.

f) Pricing Signal Mode: Pricing signal values to determine what watts, vars, power-related

mode, or other ancillary service the power converter should produce for each range of
pricing signals.
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In most of these modes, the real-time triggering values (voltage, frequency, etc.) are measured
locally. In some modes, the triggering value might be received from external sources, such as
regional average temperature or energy pricing signal.

Unlike direct control commands, modes indicate behaviour that the power converter should
follow autonomously without further intervention. This approach alleviates the need for
continuous control commands being sent out to large numbers of power converters.

Because autonomous behaviour must take into account the current capabilities of the DER
gystem, these power convertier modes are designed to request DER systems 10 provide in
reeded mode support as best as their capabilities allow them. For this reason, the curv
gettings are generally in percentages of nominal or nameplate values, rather than absofut
v
r

O W Ww w

alues. That approach permits both small and large power converter-based DER systems t
cspond within their limits.

I

n example of a curve used in a volt-var mode is shown in Figure 8.

A Q1 %

Overexcited
Q2 % Q3%

O >

|

System voltage

VARSs generated

Underexcited VA V2

IEC
Figure 8 <\Example of a volt-var mode curve

8.2.3 Paired arrays to describe mode curves

ach mode curve is described by a two-column array of pairs of values: the first column in the
rray contains the breakpoints of the independent variable values, while the second colump
ontains the dependent variable values at those breakpoints. These two columns of values can
e used to derive a’piece-wise linear curve.

O 0 QO mMm

he indepéndent variables are typically values which may be measured locally or calculate
rom locally available measurements or values. For instance, when a DER controller receive
mode. curve which uses voltage as the independent variable, the DER may determine it
urfent location along the curve by averaging the three voltage phase values at the ECP an
pplying the appropriate voltage offset The independent variable may be an absolute valu
e.g. frequency value) or may be a percentage of nominal (e.g. percentage of nominal voltage).

QO QO —h
DO U U o

—~

The dependent variables are typically (but not exclusively) percentages of a nominal value.
These dependent variables are used to calculate what behaviour the DER is being requested
to follow. For instance, if the dependent variable is the percentage of the maximum watts
(WMax) and the independent variable is percentage of nominal voltage, the DER controller can
determine its desired watts based on its measured voltage.

The paired arrays therefore consist of the breakpoints of the independent variables, the
breakpoints of the dependent variables, and the units (either Sl units or percentage of Sl units).
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5.2.4 Percentages as size-neutral parameters: voltage and var calculations

As noted previously, because broadcast/multicast commands cannot necessarily know the size
or capabilities of a power converter, the curve settings are generally in percentages of nominal
or nameplate values, rather than absolute values. That approach permits both small and large
power converter-based DER systems to respond within their limits.

In particular, given this size-neutral and connection-point-neutral approach, power converters
will need to calculate an effective percent value for the locally measured voltage as follows:

EffectiveLocalVoltage = [LocallyMeasured Voltage — VRefOﬁ’set] <100

VRef

A power converter would then compare this EffectiveLocalVoltage to the voltage ipercentage
X-Values) in the configuration curve, so the X-Values of the curve points would be calculate
s follows:

~~
U

Q

DesiredVoltageValue
VRef

PercentVoltage = [ J x100

hese definitions allow the same PercentVoltage values to be used in the configuration curve
f many different power converters without adjusting “fof local conditions at each powe
onverter. Such adjustments can be made by setting the global Reference Voltage (VRef) g
eference Voltage Offset (VRefOfs) when the device is first commissioned or occasionall
hereafter, without affecting the curve settings.

7o o
~ = = U

h similar fashion, the requested var (y-valtes) to be written for each curve point would be &
gercentage calculated in one of three ways, as indicated by the y-value type specified in th
urve:

W

@)

) VArs based on %WMax

Q

DesiredVArValue
WMax

PercentVArs = ( j x100

B) VArs based on %V ArMax

DesiredVArValue
VArMax

PercentVArs = [ ) x100

d) VAss:based on available vars as measured and calculated by the DER system

( DesiredVArValue
PercentVArs = xTOU
k AvailableVArs J

The percentage of VARs is a signed value, so that it can represent VARs generated (positive)
or absorbed (negative).

5.2.5 Hysteresis as values cycle within mode curves

Although the simplest curve is a piece-wise linear curve, hysteresis can be added to provide
different return routes. This hysteresis adds stability to the power converter responses to
possibly fluctuating primary curve values by not following the minor fluctuations, but by
maintaining a constant level until the trend of the primary curve value stabilizes.
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There are two modes available (parameter names are shown in the example in Figure 9):

« by specifying a hysteresis path, or
« via a deadband path to simulate hysteresis.

A ramp rate can be configured by RmpTmsPT1 for getting of system voltage to this function.
This parameter is configured in seconds. This is the time this function requires reaching 95 %

of the grid voltage change (3 times the RC time constant).

= = fgure—t
Example settings with
A use of hysteresis e \/oltage-Rising
— = \/oltage-Falling
cocee P1 (99 % VRef,
P4 (97 % VRef, Q = 50 % WMax)
Q =50 % WMax)

3

§ Overexcited

9]

C

T

g System voltage

> Underexcited

P2 (103 % VRef,
Q=-50% WMax) — *
Y P3 (101 % VRef, O
=-50 % WMhax)
Figure 9 — Example of hysteresis in volt-var curves
Example settings with
A use of deadband Voltage-Rising/falling
- P1(Q%% VRef,
ccecss Q =60 % WMax)
5 Overexcited \
2 P3 (101 % VRef,
% Q=0 % WMax)
P
D
System voltage
e P2 (99 % VRef, y 9
< Q=0 % WMax
= Underexcited ° )
-
P4 (103 % VRef,
\/ Q =-50 % WMax)

Figure 10 — Example of deadband in volt-var curves

5.2.6 Low pass exponential time rate

The local function block diagram in Figure 11 shows the topology for low pass, utility defined
curve shapes and linear gradient (ramp rates). The utility defined curve shape can be assumed

to be the any function defined by paired arrays.
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Utility defined
Low pass curve shape Linear
filter gradients

IEC

Figure 11 — Local function block diagram

The Low-Pass filter is a simple first-order filter with a frequency response magnitude giyvenby:

|Output| _ 1
| Input | \/1+(a)r)2

where
q = 2n x frequency;
T is the time constant of the filter

The time-response of such a filter to a step change in the input is as illustrated in Figure 4.

-

A

Watt limit

95 % settled
in31t

d
Input R \
y

Time
IEC

Figure 12 — Time domain response of first order low pass filter

|

he configuration parameter for this filter is a time, in seconds, in which the filter will settle tp
5 % of-a step change in the input value. This is equivalent to 3t.

[{o]

5.2.7 Ramp rates

To avoid sharp shifts at the breakpoints of the piecewise linear curve, a ramp rate is included
for each transition in order to smooth and stabilize the responses of large numbers of power
converter-based DER systems. In order to distinguish the decrease and increase of the
independent output value two ramp rates are in use, called RmpTmmDec and RmpTmmlnc.

5.2.8 Randomized response times

Since mode requests will (most likely) be broadcast or multicast to large numbers of DER
systems at the same time, it may be beneficial to stagger the responses. This is achieved by
providing a time window within which a random “start” time actually triggers the execution of
the mode.
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5.2.9 Timeout period

A timeout period is available for reverting to a default state of the DER system, to ensure that
a missed or lost command does not impact normal operations beyond that timeout period. If the

mode is the default state, then the timeout period would be set to infinite.

5.2.10 Multiple curves for a mode

Each type of operational mode could have multiple curves with different settings. For instance,

volt-var mode could have different curves that could be invoked during colder days or hott

r

o

ays. The pricing signal mode could have different curves for weekdays and for weekends. . Th
pw-voltage-ride-through mode could have different curves for different situations.

§.2.11 Multiple modes

Modes may also be overridden by immediate control commands, such as’ for emergenc
dituations. For instance, DER systems that are executing a volt-var mode under normg
dircumstances could be triggered by a high temperature to execute a temperature-var mode t
grovide or absorb more vars.

lultiple pricing signal modes could be effect. For instance there €ould be different pricing signg
nodes for energy, for vars, for frequency response, or for other‘ancillary services. When actug
ricing signals are received for each type, then an assessment/would be performed to determin
hich may be mutually exclusive, which of those may be thie’'preferred mode, and which mode
night co-exist at the same time. For instance, a high pricing signal for vars might out-weigh

bwer pricing signal for watts, while frequency-watt mode might co-exist with either.

= 3 sSs T 3 =

§8.2.12 Use of modes for loosely coupled,.autonomous actions

ower converter mode requests to power, converter-based DER systems are examples @
ecentralized coordination of generation or loosely-coupled generation control. Loosely
oupled interactions also cannot expect complete compliance from all DER systems. Fg
nstance, power converter-based DER systems may not be able to respond completely for an
umber of reasons: the sun is behind a cloud, the customer has overridden the mode setting
bcal situations are impacting<what response the power converter-based DER system ca
grovide, etc.

- =0 O T

|

herefore the expectation for issuing mode requests is that an aggregated response will b
otten from many er.most power converter-based DER systems, but not necessarily all. An
nancial ramifications will be determined by the metering results.

—h(©

ince thesgymode requests maybe broadcast (multicast) to specific groups of power convertern
ased DER"systems and since the responses from the power converter-based DER system
ill generally not be explicit, the utility may not know what the actual responses will end u
eing, and could require subsequent interactions not only with these power converter-base

Multiple modes may be in effect at any one time, so long as they are not mutually exclusive.

a)

-
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ERsystems but possibly with distribution grid capacitor controllers, load tap changers, voltag

W O O

regulators, storage devices, and other types of DER.

5.3 Schedules for establishing time-based behaviour

5.3.1 Purpose of schedules

Larger power converter-based DER systems and large aggregations of small power converter-
based DER systems have significant influence on the distribution system and have local volt-
var characteristics that may vary throughout the day. As a result, a single function or operational
mode such as a specific volt-var curve may not be suitable at all times. Yet sending many

control commands every few hours to many different DER systems may impact bandwidth

limited communications systems or may not be received in a timely manner, leading to
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