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Hypothesis 

The proof of readiness of a 

standard for introduction into 

new areas requires pilot 

applications in practice 
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Generator Industry Household Transformer 

MV: 

HV: 

LV: 

PV plant 

Distribution networks are becoming active 

New challenges: volatile generation, high power loads  

 Need for advanced solutions: balancing load & generation, 

power and voltage control 
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Smart Aggregation 

Definitely 

scheduled 

generation 

Smart Metering 

Adaptation of load 

and available 

energy / network 

capacity 

SCADA & Automation 

Keep high level of 

voltage quality & 

reliability of supply 

Consumers Virtual power  plant 

    Main Targets 

The 3 Pillars of Smart Distribution 

MV: 

LV: 

Information and communication penetrate distribution networks 



ICT for distribution networks and the related standards  

IEC 61850 IEC 62351 

C
IM

 

IEC 61968/70 



IEC 61850 data models and  

Common Information Model CIM of IEC 61968/70 

IEC 61850 

Physical device 

Contains 

Logical devices LD 

Data objects DO 

Contain 

Logical nodes LN 
Contain 

Contain 

Are specified by 

Common data classes 

Common attributes 

Are specified by 

Standard data types 

CIM 

• Objects are presented by classes 

• Classes contain attributes  

• Classes perform relations to other 

classes like association, 

aggregation, inheritance 

 



The European Project Web2Energy 

Storage Batteries 
Network automation 

9 terminals 20/0.4 kV in an open loop 

CIM data 

formats 

IEC 61968 

WAN  

IEC 61850 

CIM – Common information model,  CHP – Cogeneration heat & power, RTU – Remote terminal unit 



IEC 61850 communication and meter data integration 
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WAN 

Client 

HMI 

Model converter 
CIM 61850       CIM 

Web services 

SCADA for Smart Distribution applying IEC 61850 & CIM 

Which add-ons are requested? 

1. Extensions of both data models 

2. Conversion of the data models 



Data models and classes for ICT in distribution 

Communication 

IEC 61850-7-4 

Substation 

IEC 61850-7-420 

DER 

IEC 61850-7-410 

Hydro power  

IEC 61400-25-2 

Wind power plants 

Available data 

models/classes 

Needed data for  

1. communication  

2. data base 

Application 

for project Missing? 

Definition of 

new models 

following the 

building rules 

Current work in 

IEC for extension 

Check 

Standards 
 

 

New data models & classes for IEC 61850 & CIM are requested 

Data base 

IEC 61970 

EMS 

IEC 61968 

DMS 

DER – Distributed Energy Resources, E – Energy, D -  Distribution, MS - Management System 



RTU Engineering for 20/0.4 kV -Terminals 

IA 

IB 

IC 

S1 

S3 

S5 

S7 

M1 

M2 

M4 

M3 

M5 

M6 

M7 

M8 

Ethernet 
IEC 61850 

3 currents 
3  Voltages 

phase to ground 

DPC S1 

Statu S1 

DPC S2 

Statu S2 

Door contact 

SCI1 

S1 

S2 

W2E CC 

SCI2 SCI3 

S3 

DPC S3 

Status S3 

Status SCI 2 

Status SCI 1 

Status SCI 3 

¼ h: 

Wh,Varh 

W,Var 

M 

M- measurement 

60 V DC 

VA 

VB 

VC 

S2 

S4 

S6 

SPC All SCI Reset 

DLMS 

SCI- Short circuit indicator,    S- Load break switch 



Data models for 20 kV terminal and CHP  

Data 



IEC 61850 – seamless communication over all network levels 

TSO CC 

RD CC 

LD CC 

MV 
VPP CC 

HV 

EHV 

LV 

SS 

SS 

SS – Substation, EH – Extra High,  H – High, M – Medium. L – Low,  V – Voltage, CC – Control Center,   

TSO – Transmission System Operator,, R – Regional. L - Local, D – Distribution,  VPP – Virtual Power Plant,  

ACSI – Abstract Communication Service Interface, SCSM – Specific Communication Service Mapping 

26 new data models are identified 

and recommended for: CHP plants, 

MV/ LV transformer terminals, 

battery & schedule management, 

Smart Metering 

Substation       Control Center  

Inside Substation 
 

Substation       Substation  

Data models: Smart Distribution: 

DER, wind & hydro power plants  

Control Center       Control Center  
 



Extension needs for CIM class packages 

Generation 

Load 

Model 

Protection 

Core 

Wires 

Domain 

Outage 

Topology 

Meas 

Operation 

Limits 

Equi-

valents 

SCADA 
Control 

Area 

Contin-

gencies 

Reserves Financial 
Energy 

Scheduling 

Common Assets 
Asset 

Models 

Work Customers Metering 

Load 

Control 

Payment 

Metering 

IEC 61970-301   IEC 61970-302   

IEC 61968-11 

PV plants 
Storage 

batteries 
12 new classes are specified for 



Example data conversion IEC 61850     IEC 61968/70  

Logical Device

containing 

measurement 

functionality

SI unit

q

(Quality)

MMXU

(Measurement)

mag
(deadbanded 

magnitude value)

Units
(physical unit of the 

metered 

parameter)

multiplier

t

(timestamp)

Adapter

SecondSinceEpoche

Adapter

Adapter

IEC 61850

CIM
TotW

(total active 

power)

Analogvalue

float

integer

 

AnalogValue

+ value:  Float [0..1]

MeasurementValue

+ sensorAccuracy:  PerCent [0..1]

+ timeStamp:  AbsoluteDateTime [0..1]

Quality61850

MeasurementValueQuality

Analog

+ maxValue:  Float [0..1]

+ minValue:  Float [0..1]

+ normalValue:  Float [0..1]

+ positiveFlowIn:  Boolean [0..1]

IdentifiedObject

Measurement

+ measurementType:  String [0..1]

Quality61850

+ 
badReference:  Boolean [0..1]

+ 
estimatorReplaced:  Boolean [0..1]

+ 
failure:  Boolean [0..1]

+ 
oldData:  Boolean [0..1]

+ operatorBlocked:  Boolean [0..1]

+ 
oscillatory:  Boolean [0..1]

+ 
outOfRange:  Boolean [0..1]

+ 
overFlow:  Boolean [0..1]

+ 
source:  Source [0..1]

+ 
suspect:  Boolean [0..1]

+ 
test:  Boolean [0..1]

+ 
validity:  Validity [0..1]

Adapter

LN-attributes have to be 

assigned to the CIM classes 

The converter is developed for the needs of Smart Distribution 



Conclusions 

Smart Distribution opens prospective markets for IEDs and 

information & communication technologies in distribution grids 

In the framework of the European Project W2E the functions of 

Smart Distribution are applied using the standards IEC 61850 for 

communication and IEC 61968/70 for data management 

The Smart Distribution communication architecture is developed  

and 3 ways are presented for embedding Smart Meters into the              

IEC 61850 communication environment 

Today, IEC 61850 offers the seamless communication over all   

levels of the electric power system 

New data models and classes for Smart Distribution should be 

integrated into the standard series IEC 61850  and IEC 61968 

The harmonization and the standardized conversion of the data 

models for communication and data management is recommended 


