
INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION

System & Data Modelling with IEC 61850

Modelling of Distributed Energy 

Resources (DER) with IEC 61850-7-420

International

Electrotechnical 

Commission

Anders Johnsson, medlem i TC57 WG17

IEC 61850 nätverksträff, 26 oktober 2019



INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION

Distributed Energy Resources 

(DER): 

DER Definitions, Configurations, 

and Information Modeling

Laurent Guise

Frances Cleveland

2019-09-25

Urval av bilder från TC57 WG17. 

Stort antal dolda i visningsläge.



Confidentiality: C1 - Public

Definition of Distributed Energy Resources 

(DER)

▪ Distributed Energy Resources (DER) are generally defined as “generation, storage, and controllable 

load interconnected at the low or medium voltage distribution level”

▪ Note 1: DER may include associated protection, control, and monitoring capabilities, and may consist 

of aggregated DER units. 

▪ Note 2: DER may interact with the area and/or local electric power systems (EPS) by providing energy 

through the EPSs, by adapting their behaviour based on EPS conditions, and/or by providing other 

EPS-related services for regulatory, contractual, or market reasons.

▪ DER may have prime movers (sources of energy) that are:

▪ Purely renewable (solar, wind, hydro, geothermal) that rely directly on natural resources

▪ Indirectly renewable (fuel cells, biomass such as methane, vegetable oil)

▪ Energy storage (batteries, capacitors, flywheels, air compressors, electric vehicles)

▪ Fossil fuel (diesel generators, gas turbines, microturbines)

▪ Controllable load (air conditioners, water heaters, pumps, thermostats, energy storage when 

“charging”, etc.)
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Hierarchical DER System 5-level Architecture, Level 1: DERs 

connected to local Electric Power System (EPS) – including 

“controllable” load!
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Hierarchical DER System 5-level Architecture, Level 2: 

Facility or Power Plant, with Energy Management System 

(FDEMS)
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Hierarchical DER System 5-level Architecture, Level 3: 

Aggregators Communicating with their DERs and Facilities
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Hierarchical DER System 5-level Architecture, Level 4: 

Distribution and Transmission Utilities Interacting with 

DERs and Facilities
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Hierarchical DER System 5-level Architecture, Level 5: 

Market Interactions: Energy Market, Ancillary Services, 

Demand Response
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Concept of Electrical Connection Points (ECP) 

and the “Referenced ECP” for many Modes

12/6/2019 DER Concepts      
16



Confidentiality: C1 - Public

The term “DER” is recursive. It can consist of a single DER 

unit, an aggregation of DER units, and/or a DER plant of 

mixed DER types
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DER Generic model summary
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class DER Generic model

DERResourceLN

responsibil ities

DER Electrical and functional Characteristics

DER Electrical measurement

DER nameplate

DER operation

DER status

ElectricalReference 

PointLN

responsibil ities

ECP electrical characteristics

ECP electrical measurement

ECP electrical status

ECP identifier

DPWC PowerManagementLN

responsibil ities

DER active and reactive power resulting set-points, in accordance with the DER strategy

Distribution of setpoints and control to DER components (or itself if unit)

DER Generic 

model

OperationalFunctionLN

responsibil ities

Grid connection requirement related functions

Market related requirement functions

Process related requirement (if an external process is depending on the DER functioning)

0..1

1

1

1

0..*

1

1..*

1
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DER component typical interactions 

(single level)
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DER Scope

DEResourceLN

(Socket) 

ElectricalReference 

PointLN

OperationalFunctionLN
PowerManagementLN Energy power 

system

Measurements/status/characteristics

Expected

behavior

«flow»

Characteristics,

status

«flow»

Setpoints/Controls

«flow»
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DER component typical interactions 

(multiple levels)
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DER Scope

DEResourceLN

(Socket) 

ElectricalReference 

PointLN

OperationalFunctionLN
PowerManagementLN

«interface»

Upper DER 

lev el

«interface»

Downstream DER - 

1

«interface»

Downstream DER - 

n

DEResourceLN 1 DEResourceLN 2

(OpFunct) 

ElectricalReference 

PointLN

DEResourceLN - 

upper lev el

Energy power 

system

Setpoints/Controls

«flow»

Measurements/status/characteristics
«flow»

Characteristics,

status

«flow»

«flow»

«flow»

Expected

behavior

«flow»
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Typical DER resources relationships
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DEResourceLN

DER resource

scope

ECP2

ECP1

ElectricalReference 

PointLN

ElectricalReference 

PointLN

EcpRef : ORG
Refers to

PowerManagementLN

EcpRef : ORG
Refers to

DERRef : ORG
Refers to

61850 model representation

G OperationalFunctionLN

Refers to

FctRef : ORG

ECP3

ElectricalReference 

PointLN EcpRef : ORGRefers to

(Example: Load Following)

Potentialy outside of the plant scope
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Supporting generation, storage and load
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61850-90-9

«abstract»

DER_GeneratorLN

notes

Generator common DOs

«abstract»

DER_StorageLN

notes

Storage common DOs

«abstract»

DER_LoadsLN

notes

Load common DOs

DGEN

+ DERUnit: ORG [0..1]

notes

LN Class for composed 

Generator resources

FunctionLN

«abstract»

GeneratingUnitLN

notes

Generator Unit

common DOs

DSTO

+ DERUnit: ORG [0..1]

notes

LN class for composed

storage resources

FunctionLN

«abstract»

StorageUnitLN

notes

Storage Unit

common DOs

DLOD

+ DERUnit: ORG [0..1]

notes

LN class for composed

loads resources

FunctionLN

«abstract»

LoadUnitLN

notes

Load Unit common

DOs

Generating Unit of 

specific type

notes

LN Class supporting a

specific generator type

(such as PV, CHP, Fuel

cell, ...)

Storage Unit of specific 

type

notes

LN Class supporting a

specific storage type (such

as electrical storage

(battery), thermal

storage...)

Load Unit of specific type

notes

LN Class supporting a

specific load type - flexible

or not (such as HVAC,

Industrial flexible loads, ...)

FunctionLN

«abstract»

DEResourceLN

notes

DER common DOs

refers to

refers to

refers to
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Exposing the generic interface of a DER 

unit –case for generator
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Exposing the load/generation generic 

interface of a storage DER
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DER component typical interactions 

(single level)
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DER Scope

DEResourceLN

(Socket) 
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Power management 

modelling concepts
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FunctionLN

Abstr actLNsCommon:

:Contr ol l ingLN

+ Loc: SPS [0..1]

+ LocKey: SPS [0..1]

+ LocSta: SPC [0..1]

DPMC

+ DERRef: ORG

+ FctEna: SPC [0..1]

+ EcpRef: ORG

+ FctRef: ORG [0..1]

+ WSpt: APC [0..1]

+ WSptAct: SPC [0..1]

+ WSet: ASG [0..1]

+ DifWSpt: APC

+ DifWSptAct: SPC

+ DifWEsp: MV [0..1]

+ VArSpt: APC [0..1]

+ VArSptAct: SPC [0..1]

+ VArSet: ASG [0..1]

+ DifVArSpt: APC

+ DifVArSptAct: SPC

+ DifVArEsp: MV [0..1]

+ WLimSpt: APC [0..1]

+ WLimSptAct: SPC [0..1]

+ WLimSet: ASG [0..1]

+ WLimEsp: MV [0..1]

+ PFExtSpt: SPC [0..1]

+ PFExtSptAct: SPC [0..1]

+ PFExtSet: SPG [0..1]

+ PFExtEsp: SPS [0..1]

+ PFSpt: APC [0..1]

+ PFSptAct: SPC [0..1]

+ PFSet: ASG [0..1]

+ PFEsp: MV [0..1]

+ ReqPF: MV [0..1]

+ ReqPFExt: SPS [0..1]

+ ReqW: MV [0..1]

+ ReqVAr: MV [0..1]

+ CeaEngzCtl: SPC [0..1]

+ CeaEngzCtlSt: SPS [0..1]

+ FctEnaCtlSt: SPS [0..1]

+ WSptTopFct: ORS [0..1]

+ VArSptTopFct: ORS [0..1]

+ ReqTotW: MV

+ ReqTotVAr: MV

constraints

{Mmulti}

{Omulti}

Calculated

value

(SPS,ENS,MV)

"Reqxxxx"

Client

Control

port

LN (client) computing the v alue of a 

setpoint

Calculated

value

(SPS,ENS,MV)

"Reqxxxx"

Client

Control

port

FctEna

LN (serv er) hosting the setpoint

Default value

(SPG, ENG, ASG)

xxxxSet

Setpoint (SPC,

ENC,APC)

"xxxxSpt"

SetpointActivation

status (SPC) xxxxAct

Effective

considered

setpoint (SPS,

ENS, MV)

xxxxEsp

case 

dependant

case 

dependant

«flow»

Feedback

«flow» «flow»
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Power management observability
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Client port
ReqW1 ReqW2 ReqTotW

DifWEsp1

(MV)

DifWEsp2

(MV)

DPMC3 PowerManagementLN

tags

DERRef1 = @DEResourceLN4

DERRef2 = @DEResourceLN 5

DifWSpt1 = xxxx

DifWSpt2 = yyyy

FctRef1 = @Operational Function LN3

FctRef2 = @Operational Function LN31

FctRef3 = @Operational Function LN32

ReqTotW = ReqW1+ReqW2

WSpt3 = zzzz

WSptTopFct = see timing

DifWSpt2

(APC)

DifWSpt1

(APC)
WSpt3

(APC)

Client port
ReqW1 ReqW2 ReqTotW

DifWEsp1

(MV)

DifWEsp2

(MV)

Client port

OperationalFunctionsLN 3

tags

ReqDifW = xxxx

Client port Client port

OperationalFunctionsLN 31

tags

ReqDifW = yyyy

Client port Client port

OperationalFunctionsLN 32

tags

ReqW = zzzz

Client port

DPMC4 

PowerManagementLN

tags

WSpt = ReqW1

WSpt

(APC)

DPMC5 

PowerManagementLN

tags

WSpt = ReqW2

WSpt

(APC)

W
S

p
tT

o
p

F
c

t

@OperationFunctionLN 32 @OperationFunctionLN 31 @OperationFunctionLN 32

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

DEResourceLN 4
DEResourceLN 5

«flow» «flow»

«flow»

«flow»«flow» «flow»
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List of Mandatory Grid Code Functions from 

IEEE 1547 and European Codes (RfG/DCC one)

1. Disconnect / Connect Function

2. Cease to Energize / Return to Service Function

3. High/Low Voltage Ride-Through (Fault Ride-Through) Mode

4. High/Low Frequency Ride-Through Mode

5. Dynamic Reactive Current Support Mode

6. Frequency Watt Mode (Frequency Sensitivity Mode)

7. Volt-Watt Mode

8. Fixed (Constant) Power Factor Mode

9. Fixed (Constant) Reactive Power Mode

10. Volt-Var Mode

11. Watt-Var Mode 

12. Watt-PF Mode

13. Active Power Limiting Mode

14. Active Power Setting Mode

15. Low Frequency-Watt Emergency Mode for Demand Side Management (fast load shedding)

16. Low Voltage-Watt Emergency Mode for Demand Side Management

17. Monitoring key status, alarm, and measurement values

18. Scheduling of Power Settings and Modes
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Operational 

functions
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Operational functions related LNs
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