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Questions

* What are we doing?
* Why are we doing it?
* How are we doing it?
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What are we doing?

* Transition to a Smart Grid
* Improving the reliability of the electric power system
* Ensuring the secure operation of the grid

* Improving the efficiency of integration of DERs in electric power
systems
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Why are we doing it?

* |Increased percentage of wind and solar generation in many
countries and in the United States

* Requirements to maintain the reliability of the system during
and after short circuit faults
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Global Wind and Solar Power 2018

Global wind and solar installations, cumulative to June 30, 2018
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Source: Bloomberg NEF. Note: 1H 2018 figures for onshore wind are based on a conservative estimate; the true figure will be
higher. BNEF tyipcally does not publish mid-year installation numbers.
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DERS
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How are we doing it?

* Based on the development of IEC 61850

* Ongoing work by multiple task forces in IEC TC 57 working
groups 10 and 17




ata sources in the digital grid
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IEC 61850 Development Status

welme — looumem e

. Guideline to exchange information from a CDC based
1) data model using IEC 60870-5-101/104 61850-80-1
. Mapping to Web Services — Requirement Analysis and

1WA Technology Assessment 61850-80-3
. Mapping between the DLMS/COSEM (IEC 62056) data

:[1} models and the IEC 61850 data models 61850-80-4
Mapping between Modbus and IEC 61850 61850-80-5 1
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IEC 61850 Development Status

WG |Tite |Document |Ed
H Using IEC 61850 for the communication between
substations 61850-90-1
m Using IEC 61850 for condition monitoring 61850-90-3
Network engineering guidelines for substations 61850-90-4 2
. Using IEC 61850 to transmit synchrophasor information
108 according to IEEE C37.118 61850-90-5
Using IEC 61850 for Distribution Automation 61850-90-6 1
Object models for photovoltaic, storage and other
1WA inverter based applications 61850-90-7
Object models for electrical vehicles 61850-90-8 2
Object models for electrical energy storage 61850-90-9 1
Object models for schedules 61850-90-10 1
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IEC 61850 Development Status

we me ______ loocumem i

. Methodologies for modelling of logics for IEC 61850
1} based applications 61850-90-11 1
Wide area network engineering guidelines 61850-90-12 2
Deterministic network topologies 61850-90-13 1
. Using IEC 61850 for FACTS and power conversion data

:{[1l modelling 61850-90-14 1
|IEC 61850 based DER Grid Integration 61850-90-15 1
Requirements for System Management 61850-90-16 1
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IEC 61850 Development Status

we me ____loocumem le

T Use of IEC 61850 to transmit Power Quality Data 61850-90-17

Modeling Alarmhandling for IEC 61850 61850-90-18 1
m Applying role based access to IEC 61850 61850-90-19 1
BT Guideline for redundant IEDs with IEC 61850 61850-90-20 1

n Use of IEC 61850 for traveling wave fault location system 61850-90-21 1




Data sources in the digital grid
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ew LNs in IEC 61850
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MHAN PTRC  XCBR DGEN FSEQ HUNT MHAI PPAM RBDR TFLW WREP ZINV
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Plant configuration language
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SCL Object Model
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terfaces
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DER Management Architecture

i N

Hierarchical DER System Architectures

Level 4: Utility DER
Management

Utility DER Management Functions:

e Monitors the aggregated DER generation and storage on
the power system
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Related Standards
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DER Model

- — DER Unit Controller | — - _ -

GER Plani Elecirical

L — — — l{,.—dl‘;‘c‘@ - — Connection Point (ECP)
- DRCT, FSEQ, MMXU T~ j:x-%__ / DCRP, DOPA, DOPR, DOPM,
'l/ 4 “ — DPST, DCCT, DSCC, CSWI,
Recip Engine Ricie ;f’ ECE XCBR, MMXL
Fusl CellpECL, DSTH, DFPM —|--""'-II
. Photovoltalcs DPVM, DPVA, DPVE, DTRC
Combined Heat Power BCHC. DCHI. DCHX. DCHE  paEN, YRCT, MMTR
DRAT, YINV, Y
Comverter DEXC DCST DC Converter CEM
REYM OER
DFUL‘I DELV Exciter |— GEIEIEr:tﬂr E Circuit XCER
b i ¢ Breaker Utillity Eleciric Power
Fual Storage - Y. Cirouit Sysiem
System Device / o Breaker
™
DBAT|DETC / ~ . * PBRO  PCDL
Battery o -, ) FPBTC N
ghlﬂl'm MRKXL " @_ n:;:rnl:llrhw ETUE G:rl:m
Power Systam 7 aying PTOF | Frotection
Measuremeants \ » I
Physi
ysical Measurements i Load Circuit
MTMP MPRS MHET aag | Bueahes) Lol Lands
Ay
| Tamperature: | | Preasirs | | Heat CEWT
XCBR
MFLW MVER MENV
] -0 MMTR -
Flowe Vibration Emissiomn Station
| | | | | | "’f Service
MMET
Metearolopical

Enangy Canvertar = Microfurhines,
Fuel Cell, Pholuvoliai: Systenn, Wi
turbings. Diesel Ganeraiors,
Combustion Tudbines

Sluraye Dwvive = Ballery, Pumpwd
Hydra, Superconducfing Magnefic
Enangy Storage, Fwheels, Micro

fywhesals

Converter = DC fo AC,
frequency conversian, vollage
lavel conversion

Auxiiaries = Baftery, Fuel Cell

IEC §1850-7-420 Logical Nodes
Existing Logical Modes

Page 20

I PROTECTION, AUTOMATION & CONTROL WORLD



AbstractDerLNs_7_420

=
=

= DERResourcelN

o+ DERStateAbstractiN
= + DER_OperationalSettingsLN

| + NonStorageOperationalSettingsiN
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=

=

DER LNSs

AbstractGenLNs_7_420

+ DER_GeneratoriN
= GeneratorUnitiN
+ GeneratorNameplateRatingsLN

= DPVA

g +opPvMm
= + DPvC
=] + DTRC

AbstractStoLNs_7_420 AbstractLodLNs_7_420

Refer to
61850-90-9

= + DER_LoadLN
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= LoadUnitLN
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Converter Model

Input

Filter Filter Output
| & disconnect : || & disconnect
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4 : v

Input control - Output control
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v
Cooling Device protection Output protection:

device (temperature voltage {_Voltage, Freque_ncy,
inrush current) islanding detection)

I[EC  105/09
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Ride-Through Capability
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DER LNSs

Electrical Reference Point related LNs Power Management related LNs

AbstractEcpLNs_7_420 ECP_LNs DERPowerManagementLNs
[§ + ElectricalReferencelN 5 ~ DECP E + DEWC

@ = PhysicalElectricalConnectionFointIN = DPCC

B + VirtualtlectricalReferencelN < DVER

Operational functions related LNs
AbstractLNs7_420GridCodeModes
E_il? + HysteresisSnapshotiN
Voltage_Ride-ThroughLNs + FrequencyActivePowerLN
ConnectLNs I—— & + RideThroughLN
g + DCTE oLV ‘E:l? + VArAvailableiN
= + ActivePowerLimitLN
Frequency_Ride-ThroughLNs | Frequency-ActivePowerLNs I VoltageSupportLNs ActivePowerLNs
| + DHFT + DHFW B +pvwc & +pwac
5 +ouT + DLFW + DVWR + DWMN
g + owmx
PowerFactorLNs NewDERFunctionsLNs |
ReactivePowerLNs
& + DFPF = ] = NewlLoadLNs
Ei! 2.z __| = NewActivePowerLNs
+ VAR __| = NewPowerFactorLNs
L __| = NewPricelNs
__| = NewVoltagelLNs
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LN use

* Measuring and metering: functions required to obtain electrical
measurements like voltage and current.

e AC measurements are covered in MMXU
e DC measurements are covered as MMDC
e Bothin IEC 61850-7-4
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LN MMDC

MMDC class
Data object Common Explanation T |M/O/C
name data class
LNName The name shall be composed of the class name, the LN-Prefix and LN-
Instance-ID according to IEC 61850-7-2, Clause 22.

Data objects
Measured and metered values

Watt MV Power O
Amp MV Current (DC current) O
Vol MV Voltage (DC voltage) between poles O
VolPsGnd MV Voltage between positive pole and earth O
VoINgGnd MV Voltage between negative pole and earth O
Ris MV Resistance in DC circuit O
RisPsGnd MV Resistance between positive pole and earth o]
RisNgGnd MV Resistance between negative pole and earth O

rese pacworld
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DER

System

Load
Measurements

[

é

— — — — —_
— — —
— -~ ~
Voltage, Watts, Vars, PF, Frequency ~. External ECP
Building #1 Measurements from Referenced ECP ~. orPCC
Local EPS \ ~
* \ Area Electric Power
Controllable \ System (EPS)
Load \ (Utility Grid)
* Local Electric Power\
.\ \ System (EPS) Point of Common
Coupling (PCC)
\“ Q Facility Energy ,
< Management System
~J] Manages all DER and
- fhien
Building #2 Loads within the Facility
Local EPS

)

Uncontrollable
Load

é

¥= Electrical Connection Point (ECP)
x: Point of Connection (PoC) for DER (Type of ECP)
x: Point of Common Coupling (PCC) for Facility (Type of ECFP)

A

VF’V = Photovoltaic System
ESS = Energy Storage System
EV = Electric Vehicle

= Power system measurements from Referenced ECP
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lerarchical DER system
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DER aggregation structure

Capahility: Capability:
100 kW Capability: Request: 200 kW
. KW 300 kW
Request: Request:
20 kW 120 kw
DER System A DER System B LSS e
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Operating modes

Configuration (Interactions between_coloured boxes)

Interactions regarding TLC

operation and ancillary services

Normal - Green TL

Alert - Yellow TL

DERMS DERMS : .
at higher hierarchy | atlower hierarchy DER System Hormal operatn st Caluplof comtrax tunl s ervice= Directinteractions
level level contractual schedules (to avoid red TL)
DER Systems Generation supply / Feed-in acc Limited automatic reactions acc. Automatic reactions acc. Grid
- - (direct connected, i - Grid codes and/for codes and/or
ALE2LERLE Ly BEYLE Feed-in tariffs, acts Iaws!contracfts ui;]derdcunsmeratmn limited direct control of DER direct control of DER (e .g. reduce
acc. Grid codes) o gric codes (e.g. reduce power, switch off ect) power, switch off ect)
o macions i e dpacr | 012 Coreator ol
Utility DSMEMS Utility DERMS ( ted bvDSO Generation supply acc. schedules | schedules or schedules for alert -t ) tg v itch-off of
operated by __}(e_g_ situations setpoints or switch-off o
owned by utility) DER/oads)
DER Syste Direct control acc. contractual
- i (no direct nection conditions to Facility DERMS
Utlity DMSEMS Facility DERMS from D50 to DER (e.g. ancillary services, black start
Systems) capability, service restoration)
;}eEoF;P:;SpI:TcIt:I DER Systems Generation supply acc. contracts Call up of active and reactve
Utility DMS/EMS distributed DER (VPP) | (interaction just in Red Deliver contractual ancillary power (positve/egative operating
(DSO linked to DER TL) semvices (e.g. VWarManage ment in resemne), Direct control acc. contractual
Systems) a region) acc. considered topology conditions to
DER Systems
DERMS with s elf- (e.g. ancillary services, black start
DER Systems o . .
bility, torat
Uty DMSEMS | ‘}"e.’:t‘;j E'IZ;St'I't (interaction just in Red capability, service restoration)
(Microgri -Smallu lity) TL)
(can be islanded)
- ) Generation supply acc.
23k (Ut|I!t_y DER Systems Sl s_upply ace- (alert) schedules/setpoints by Direct interactions (Generation
DEY, BFE T (interaction just in Red i DER M3 supply acc. emergency setpoints
DERMS, VPR, ! (disaggregation to maximize - PRIy &cc. gency setp
Microgrid DERMS) TL) target) (to maximize targets and acc. or sitch-off of DER/loads)
9 9 network topology)
e Sl 2L DS DER Systems T [aIe?t]?zzr:ae?ur:;:'zgtlyoaiifs- b Direct interactions (Generation
DERMS, Facilty DERMS (Facility Umeractionﬁsm o | Schedulesisetpoints by higher DER Mo P Y stply 05, Smorgeny SepORES
B B L DEHLS TL) level DERMS (disaggregation to | .y oo jevel)io maximize or switch-off of DER/loads)

Microgrid DERMS)

Microgrid DERMS)

maximize targets)

targets and acc. network topology)
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DER system in Emergency Situation
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IEC 61850 based PCC Process Interface
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Voltage and Frequency Disturbance Model
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Conclusions

* DER integration is one of the most complex and challenging
applications of IEC 61850

* |t requires excellent understanding of both the DER systems
domain and the IEC 61850 standard

* |t can be accomplished through the cooperation of teams of
domain and standardization experts




