IEC/TR 61850-90-7

Edition 1.0 2013-02

TECHNICAL
REPORT

colour
inside

Communication networks and systems for power utility automation —
Part 90-7: Object models for power converters in distributed energy resources
(DER) systems

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE X D

ICS 33.200 ISBN 978-2-83220-647-8

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- TR 61850-90-7 © IEC:2013(E)

CONTENTS

FOREWORD ...ttt et et e e et et et et et e e et e e e e e e e e e e e e e e e e e anaeenns 7
S o o o 1= S 9
P N\ (o] 4 4 =Y Y LT = (T =Y g Lo 9
3 Terms, definitions and aCrOoNYMS ... e 10
3.1 Terms and definitions ... 10
G T2 o] (o 0 17 o 1 T 13
ADDrEVIated tErMIS L. e 14
5 Overview of power converter-based DER functions .............ccocoiiiiiiiiiici i 15
Lot N € 1= 11 - Y U 15
5.2 Power converter configurations and interactions...............ccoooviiiiii i 16
5.3 Power converter Methods .. ... 18
5.4  Power converter fUNCHIONS ... ... 19
5.5 Differing DER architeCtures ... 20
5.5.1 Conceptual architecture: electrical coupling point (ECP).........c..ccooeeiiinnnen. 20
5.5.2 Conceptual architecture: point of common coupling (PCC)...........cccceiinnnii. 20

5.56.3 Utility interactions directly with power converters or indirectly via a
cUStOmMeEr EM S Lo 21
5.5.4 Communication profiles .......ccooiiiiiii 21
5.6 General Sequence of information exchange interactions .............c..cooiiiiis 22
6 Concepts and constructs for managing power converter functions ... 23
6.1 Basic settings of pOWer CONVEItEers ... 23
6.1.1  Nameplate values versus basic settings ........c.coooviiiiiiiii i, 23
6.1.2 Power factor and power converter quadrants...............oooiiii 23
6.1.3 Maximum watts, vars, and volt-amp settings..........c.ocooiii 25
6.1.4 Active power ramp rate settings..........cooiiiii i, 27
6.1.5 Voltage phase and correction settings ...........coiiiiiiii 27
6.1.6  Charging Settings ......c.iiiiiiiiiii 28
6.1.7 Example of basic settings ......cc.oviiiiii 28
6.1.8 BasiC Setting PrOCESS .. .uiuiiiii 29
6.2 Modes for managing autonomous behaviour............ccooiiiiiiiiii e 29
6.2.1 Benefits of modes to manage DER at ECPs........ccooiiiiiiiii 29
6.2.2 Modes using curves to describe behaviour ... 30
6.2.3 Paired arrays to describe mode CUrves .........cooiiiiiiiiiiiii e 31
6.2.4 Percentages as size-neutral parameters: voltage and var calculations....... 32
6.2.5 Hysteresis as values cycle within mode curves............ccooeiiiiiiiiiiiiienenns 32
6.2.6 Low pass exponential time rate............oooo 33
B.2.7 RaAMID Fal S it 34
6.2.8 Randomized response tiMes ... ..o 34
6.2.9  TIMeEOUL PEIIOA ..o 35
6.2.10 Multiple curves for @ Mmode. ... 35
6.2.11 MUltiple MOAES ... 35
6.2.12 Use of modes for loosely coupled, autonomous actions ..................ceeuneane. 35
6.3 Schedules for establishing time-based behaviour ... 35
6.3.1 Purpose of SChedUIES ........coiiiii 35
6.3.2 Schedule COMPONENtS ... 36
7 DER management functions for power Converters..........coocooiiiiiiiiiii i 37



TR 61850-90-7 © IEC:2013(E) -3-

71

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

Immediate control functions for power converters ...
2% Pt B 1= o = - PR
7.1.2 Function INV1: connect / disconnect from grid .............ccoooviiiiiiiiiininenne,
7.1.3 Function INV2: adjust maximum generation level up/down.........................
7.1.4 Function INV3: adjust power factor..........cccooiiiiiiiii e,
7.1.5 Function INV4: request active power (charge or discharge storage)...........
7.1.6  Function INV5: pricing signal for charge/discharge action..........................
Modes for volt-var management ... ..o
7.2.1  VAr management modes using volt-var arrays ...........ccoeeeneeniiiniiineenneennnns
7.2.2 Example setting volt-var mode VV11: available var support mode

with no impact on watts ...
7.2.3 Example setting volt-var mode VV12: maximum var support mode

Dased ON WIMaX ...
7.2.4 Example setting volt-var mode VV13: static power converter mode

based on SetliNngs . ..cou i
7.2.5 Example setting volt-var mode VV14: passive mode with no var

£ o 0o o PPN
Modes for frequency-related behaviours ...
7.3.1  Frequency management MOdeS ......cc.oeiiiiiiii i
7.3.2 Frequency-watt mode FW21: high frequency reduces active power ..........
7.3.3 Frequency-watt mode FW22: constraining generating/charging by

FrEQUENCY o

Dynamic reactive current support during abnormally high or low voltage

LBV IS e
7.4.1 Purpose of dynamic reactive current support ...
7.4.2 Dynamic reactive current support mode TV31: support during

abnormally high or low voltage levels ...

Low/high voltage ride-through curves for “must disconnect” and “must remain

(o70] g T aT=Tex (= To Ko o 1= TP
7.5.1 Purpose of LIHVRT ... e
7.5.2 “Must disconnect” (MD) and “must remain connected” (MRC) curves.........
Modes for watt-triggered behaviours............ccooiiiiii i
7.6.1 Watt-power factor mode WP41: feed-in power controls power factor..........
7.6.2 Alternative watt-power factor mode WP42: feed-in power controls

ST N i = T3 o
Modes for voltage-watt management ...
7.7.1 Voltage-watt mode VW51: voltage-watt management: generating by

(20 1 €= T = 2P
7.7.2 Voltage-watt mode VW52: voltage-watt management: charging by

VO AGE e
Modes for behaviours triggered by non-power parameters..............coocooiiiiiinin.
7.8.1 Temperature mode TMP ... e
7.8.2 Pricing signal mode PS.. ...
Setting and reporting fuNCLIONS ...
7.9.1 Purpose of setting and reporting functions................ccooiiiiiiii
7.9.2 Establishing settings DS91: modify power converter-based DER

S I G S i
7.9.3 Event logging DS92: log alarms and events, retrieve 10gS...........cc.ccveeeneee.
7.9.4 Reporting status DS93: selecting status points, establishing reporting

MECNANTISINIS L.ttt ettt e
7.9.5 Time synchronization DS94: time synchronization requirements ................

8 IEC 61850 information models for power converter-based functions ...................co.eeeni.



8.1
8.2
8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

8.12

8.13

8.14

-4 - TR 61850-90-7 © IEC:2013(E)

Overall structure of IEC 61850 ..o 68
IEC 61850 system l0gical NOAES .......c.oiviiiiii e 69
Key components of IEC 61850 information modelling of power converter-
based fUNCHIONS . ... 71
8.3.1 Subsets of 61850 models for power converter-based DER functions.......... 71
8.3.2 Types of interactions for settings, functions, and modes ............................ 72
8.3.3 Key common data classes (CDCS).....ccuiiiiiiiiiiiii e 73
8.3.4  MESSAQING SEIVICES ..iuiiiii ettt e 77
8.3.5 M S A0 B OIS 1ottt ittt ettt e 78
Basic settings in [EC B1850 ... ... 78
8.4.1 Logical nodes for basic settings...........ccooiiiiiiii 78
8.4.2 |EC 61850 models for basic settings..........coiiiiiiiiii 79
Mode settings in [EC 61850 ..o 80
8.5.1 Logical nodes for establishing and managing modes .............cccceeeiiiinennn. 80
8.5.2 |EC 61850 models for modes .......couieiiiii e 81
Schedules in TEC 61850 ... .c..iiiiiiiii et ea 83
8.6.1  Scheduling StrUCTUIrES ... ...iiii i 83
8.6.2 IEC 61850 models for schedules .........coooiiiiiiiiii e 84
Immediate control functions in IEC 61850..........ooiiiiiii e 84
8.7.1 |EC 61850 models for INV1: connect/disconnect..............cooooiiiiiiiiiant. 84
8.7.2 |EC 61850 models for INV2: adjust maximum generation level

(8T 07 e Fo 111/ o PP 85
8.7.3 |IEC 61850 models for INV3: adjust power factor............ccooooviiiiniinin. 86
8.7.4 |EC 61850 models for INV4: charge/discharge storage .............cccceeevinnnnn. 86
8.7.5 |EC 61850 models for INV5: pricing signal for charge/discharge of

5300 ] = 1= P 87
Volt-var management modes in [EC 61850 ..........cciiiiiiiiiiii e 88
8.8.1 IEC 61850 models for VV11 — VV12: volt-var curve settings ...................... 88
8.8.2 |IEC 61850 models for VV13 — VV14: volt-var parameter settings................ 88
Frequency-related modes in IEC 61850 ........c.ccuiiiiiiiiiiiiiee e 89
8.9.1 IEC 61850 for FW21: frequency-driven active power modification.............. 89
8.9.2 |EC 61850 for FW22: Frequency-watt mode FW22:

generating/charging by freqUeNCY ... 90
Voltage management modes in IEC 61850 ........coooiiiiiiiiiiiii e 91
8.10.1 IEC 61850 for TV31: dynamic reactive current support .............ccoceeiiiieans. 91
8.10.2 IEC 61850 for “must disconnect”.........coiiiiiiiiiiii e 92
8.10.3 IEC 61850 for “must remain connected”..........ccocoiiiiiiiiiiiiiii e, 92
Watt-triggered behaviour modes in IEC 61850..........cciiiiiiiiiiii e, 93
8.11.1 IEC 61850 for WP41 and WP42: feed-in watts control of power factor ....... 93
Voltage-watt management modes in IEC 61850.........cocoiiiiiiiiiiiiiiiicee 94
8.12.1 IEC 61850 for VW51: voltage-watt management in generation and

Lod 1 F=1 o 11 T P 94
Non-power mode behaviours in IEC 61850 ...........ccoeiiiiiiiiiiiiie e 95
8.13.1 IEC 61850 models for temperature mode TMP ..., 95
8.13.2 IEC 61850 models for pricing signal mode PS .............ooiiiiiiiiiiiien, 95
[EC 61850 reporting COMMANAS.......iiuiiiiiiie e 96
8.14.1 IEC 61850 models for DS91: modify DER settings ...........cooveiiiiiiiiinnnn, 96
8.14.2 IEC 61850 models for DS92: event/history 10gging ........cccoeeviiiiiiiiiniinnnen. 96
8.14.3 IEC 61850 models for DS93: status reporting .........cooeeiiiiiiiiiii 97

710 1o = Yo 2 /28 S 102



TR 61850-90-7 © IEC:2013(E) -5-

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

ProadCast/MUITICAST .. ... e e 18
Figure 2 — Electrical Connection Points (ECP) and Point of Common Coupling (PCC) ......... 21
Figure 3 — Producer and Consumer Reference Frame conventions ............ccooooviiiiiniini, 24
Figure 4 — EEI Power Factor sign CONVENTION ... ..o 25
Figure 5 — Working areas for different modes............coouiiiiiiiii i, 26
Figure 6 — Example of voltage offsets (VRefOfs) with respect to the reference voltage

L7223 I PPN 28
Figure 7 — Example of modes associated with different ECPs ... 30
Figure 8 — Example of @ volt-var Mode CUIVE ..........oouiiiiiiiii e 31
Figure 9 — Example of hysteresis in VOIt-var CUIVES..........coouiiiiiiiii i, 33
Figure 10 — Example of deadband in volt-var CUIVES .........ccoiiiiiiiiiiii e 33
Figure 11 — Local function bIoCK diagram ..........couiiiiiii e 34
Figure 12 — Time domain response of first order low pass filter.............o.oooiiiiiiiiiiin i, 34
Figure 13 — Interrelationships of schedule controllers, schedules, and schedule

LY =Y =T o= 37
Figure 14 — Volt-var mode VV11 — available vars mode ..........c..coiiiiiiiiiiii e 43
Figure 15 — Power converter mode VV12 — Maximum var support mode based on

L= S 44
Figure 16 — Power converter mode VV13 — Example: static var support mode based on
LY 1 - 3PS 46
Figure 17 — Frequency-watt MOde CUINVES. ... ... 48
Figure 18 — Frequency-based active power reduction ............coooiiiiiiiiiiiiii e 49
Figure 19 — Frequency-based active power modification with the use of an array.................. 50
Figure 20 — Example of a basic frequency-watt mode configuration ...................cccoiiiinis 51
Figure 21 — Example array settings with hysteresis ... 52
Figure 22 — Example of an asymmetrical hysteresis configuration..............c..cooiiii, 52
Figure 23 — Example array configuration for absorbed watts vs. frequency ....................ooooii. 53
Figure 24 — Basic concepts of the dynamic reactive current support function ........................ 54
Figure 25 — Calculation of delta voltage over the filter time window.............................. 55
Figure 26 — Activation zones for dynamic reactive current support.............ooiiiiiiiiiin. 55
Figure 27 — Alternative gradient behaviour, selected by ArGraMod ...............cooiiiiiiiiinnnnn, 56
Figure 28 — Settings to define @ bIOCKING ZONE ..., 57
Figure 29 — Must disconnect and must remain connected zones ...........ccooeiiiiiiiiiinecneenn, 58
Figure 30 — Examples of “must remain connected” requirements for different regions ........... 58
Figure 31 — Power factor controlled by feed-in pOWer..........cccoiiiiiiiiiiiiii e, 59
Figure 32 — Example configuration curve for maximum watts vs. voltage ...................cooenill 60
Figure 33 — Example configuration curve for maximum watts absorbed vs. voltage ............... 61
Figure 34 — Structure of the IEC 61850 Parts........ccuiiiiiiiiiii e 69
Figure 35 — Interrelationships of schedule controllers, schedules, and schedule

LY =Y =T o= 84
Table 1 — Producer Reference Frame (PRF) conventions............oooiiiiiiie 24

Table 2 — Example basic settings for a storage DER unit..........cccooiiiiiiiiiii i, 28



-6- TR 61850-90-7 © IEC:2013(E)

TablE B — BV ONES e e 64
Table 4 — Examples of status pOiNtS.........oiiiiiiii i 66
Table 5 — Interpretation of logical node tables............ccooiiiiii i 70
Table B — LPHD Class .. et 70
Table 7 — CommON LN Class ..ot e 71
TabIE 8 — LLIND Class ettt ettt 71
BLIE=] o L= T O B L O 1 o S 73
TabIE 10 — CDC SP C oottt et e e e e e et e e et e e e e e e e 73
BLIE=1 ] L= B e O I L O I 1 PP 74
BLIE=1 ] L= e O I T O 1 P 74
BLIE=1 o] L= B B O I T O 1 PP 75
BLIE=] o] L= B A O I L @ N € PP 75
Table 15 = CDC ORG ..ottt et e e e e e e e e e e e e e et e e e e e anns 76
BLIE=1 o] L= G R O I T O 2 T C P 76
Table 17 — Schedule (SCR) common data class specification ...............ccoooiiiiiiiiiiine, 77
Table 18 — Service error type definitions ... 78
Table 19 — LN DRCT — DER controller characteristics. ..o, 79
Table 20 — LN FMAR — Set MOAE @ITay ....cuiviniiiieie e e e ee e e 81
Table 21 — LN DGSM — issue Mode COMMANG .......uiiiiiiiiiiieii e e e e 83
Table 22 — LN DOPM — 0perationsS . .....oueieeeee e 85
Table 23 — INV1 — LN CSWI — issue and respond to control.............c..ooiiiiiiii, 85
Table 24 — LN FWHZ — set power levels by frequency for FW21 ..., 90
Table 25 — LN RDGS — dynamic reactive current support for TV31 ..., 92
Table 26 — LN FPFW — set power factor by feed-in power for WP41 ..., 94
Table 27 — DS92 — [EC 61850 10g SIrUCTUIE .....cuuiiiiiii e 97
Table 28 — LN DRCS — DER state for DSO3 ... .o 99

Table 29 — DS93 — Status, settings, and measurement points.............coooieiiiiiiiiie e, 99



TR 61850-90-7 © IEC:2013(E) -7-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and 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)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
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
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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 any
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 and
members of its technical committees and IEC National Committees for any personal injury, property damage or
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 to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61850-90-7, which is a technical report, has been prepared by IEC technical committee
57: Power systems management and associated information exchange.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
57/1239/DTR 57/1281/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 61850 series, under the general title Communication networks and
systems for power utility automation, can be found on the IEC website.

Only the new data objects and CDCs which are represented in bold-italic will be tagged with
the namespace name of this document. The others should still refer to the namespace where
they are primarily defined.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that 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

1 Scope

This part of IEC 61850 describes the functions for power converter-based distributed energy
resources (DER) systems, focused on DC-to-AC and AC-to-AC conversions and including
photovoltaic systems (PV), battery storage systems, electric vehicle (EV) charging systems,
and any other DER systems with a controllable power converter. It defines the IEC 61850
information models to be used in the exchange of information between these power converter-
based DER systems and the utilities, energy service providers (ESPs), or other entities which
are tasked with managing the volt, var, and watt capabilities of these power converter-based
systems.

These power converter-based DER systems can range from very small grid-connected
systems at residential customer sites, to medium-sized systems configured as microgrids on
campuses or communities, to very large systems in utility-operated power plants, and to many
other configurations and ownership models. They may or may not combine different types of
DER systems behind the power converter, such as an power converter-based DER system
and a battery that are connected at the DC level.

The namespace of this document is:
“(Tr) IEC 61850-90-7:2012”

The namespace "IEC 61850-90-7" is considered as "transitional" since the models are
expected to be included in IEC 61850-7-420. Potential extensions/modifications may happen
iffwhen the models are moved to International Standard status.

Only the new data objects and CDCs which are represented in bold-italic font will be tagged
with this namespace name. The others should still refer to the namespace where they are
primarily defined.

NOTE The term power converter is being used in place of “inverter” since it covers more types of conversion from
input to output power:

e AC 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

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61850-7-2, Communication networks and systems for power utility automation — Part 7-2:
Basic communication structure — Abstract communication service interface (ACSI)
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IEC 61850-7-3, Communication networks and systems for power utility automation — Part 7-3:
Basic communication structure — Common data classes

IEC 61850-7-4, Communication networks and systems for power utility automation — Part 7-4:
Basic communication structure — Compatible logical node classes and data object classes

IEC 61850-7-410, Communication networks and systems for power utility automation —
Part 7-410: Hydroelectric power plants — Communication for monitoring and control

IEC 61850-7-420, Communication networks and systems for power utility automation —
Part 7-420: Basic communication structure — Distributed energy resources logical nodes

IEC 61850-8-1, Communication networks and systems for power utility automation -
Part 8-1: Specific communication service mapping (SCSM) — Mappings to MMS (1ISO 9506-1
and ISO 9506-2) and to ISO/IEC 8802-3

ISO 4217, Codes for the representation of currencies and funds

EEl Handbook for Electricity Metering, 10" Edition (2002), Edison Electric Institute,
Washington, D.C.





