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v  Communication Networks and Systems in Substation  (Ed.1 2003) 

 
 
 
 
 

v  IEC International Standard that was mearged from IEC60870 and IEEE UCA 2.0 
v  IEC TC 57 

§  Power systems management and associated information exchange 
§  EMS, SCADA, Distribution automation, Tele-control, Tele-protection 
§  WG10 --- Power system IED communication and associated data 

v  defines Data models(What to), Service(How to), Configuration language 
v  decoupled Data model (Slow changing) from communication stack (Fast changing)  
v  Client/Server (MMS message), Subsriber/Publisher (GOOSE, SV) 
v  XML based Self-descriptive SCL files (Engineering tool) 

 



IEC61850 benefits 

4 

v  Interoperability – manufacturer and customer 
v  Free configuration – provides flexibility in system design 
v  Long term stability – reduces Maintenance costs 
v  Reduced wring – Installation/Commissioning costs 

Conventional substation IEC 61850 based digital substation 

Local Area Network 

Local Area Network 

Station Bus Process Bus 



IEC61850 standards expansio
n 
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l  IEC 61850 Ed1→Ed2 : "Communication Networks and Systems in Substation 
 for Power Utility Automation" 

l Standards expansion 
Telecontrol, AMI, Condition monitoring, PMU, Distribution automation, DER, EV, ESS, FACTS, Power quality  



IEC61850 in Smart Grid 

6 

<Canadian Smart Grid Architecture> 

16 IEC 61850 re
lated Stds. fro
m 56 Total 

(29.1%) 

•  IEC 62357-1(Service Oriented Architecture) based struct

ure 

•  consists of 5 major layers 

•  defines the relationship between business layer, applicat

ion layer, service layer, field device protocols 

Canadian  Smart Grid Architecture 



KERI Microgrid 
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KERI Microgrid Project History 

Phase 1 
l  2004~2006 
l  System Size: 50kVA  
l  3 Sources(1 Renewable, 1 DG, 1 Storage) 
l  Basic functions of DGs(MPPT,Anti-Islanding) 

2007 2009 

Phase 3 

Phase 1 

Phase 2 

2011 

50kVA 

100kVA 

200kVA 

Phase 2 
l  2007~2009 
l  System Size: 100kVA  
l  5 Sources(2 Renewables, 2 DGs, 1 Storage) 
l  PCC Flow Control, Islanding, Resynch. 

Phase 3 
l  2009~2011 
l  System Size: 200kVA  
l  9 Sources(5 Renewables, 2 DGs, 2 Storages) 
l  Real Load, EnergyOptimization,Power Quality 

8 

2004 



KERI Microgrid 
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Coordinated  
Controller 

Battery Bank 

Diesel Generator
s 

Wind Tur
bine Monitoring & Contro

l SW 



KERI IEC61850 Roadmap 
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IEC 61850 DG Interface 
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IEC61850 System Distributed Generation 

Features 
Credit card sized 1GHz processor 
Embedded Linux OS 
DG <-> IEC 61850 Interface 
Data models for DG 
Serial communication with DG device 

Server, Association, DataSet, GOOSE, 
Reporting, Control, File transfer, Time-sy
nc, etc. 

Supported  IEC 61850 Services 

KERI DGIF-61850-001 

IEC61850 
Clients 

WT PV 

ESS 

Other 
IEC61850 
Servers 



IEC61850 conformance test 
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DG Simulator 
-  HMI touch panel(LS XP50) 
-  RS232c (Modbus RTU) 
-  Control, Status, Measurements Simulation 

Ethernet Switching Hub 

Time Master 
-  SNTP Server 
-  Time Sync Test 

-  IEC 61850 MMS, GOOSE, Event, Control 
-  Rs-232c(Modbus RTU) with DG controller 

ANALYZER 
-  Network protocol analyzer 
-  MMS/IEC61850 Packet Anal

yze & Validation 
-  Comm. Sequence Check 

Client SIMULATOR 
-  IEC 61850 Client Simulator 
    based on script 
-  Send Positive/Negative Req

. to DUT 

REQ 

RESP 

DUT 

<IEC61850 Conformance Test Setup> 



IEC61850 conformance test 
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<IEC61850 Conformance Test Block & Cases> 



IEC61850 conformance test 
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131/131 cases passed 
Progress : 100% 

Documentaion check 
and Final Test 

3rd Test 14.06.19~14.06.20 

80/131 cases passed 
Progress : 61% 

Additional functions and
 Exception handling Test 

2nd Test 14.05.29~14.05.30 

61/131 Cases passed 
Progress : 45% 

Basic functional Test 

1st Test 14.04.16~14.04.17 

<IEC61850 Conformance Test Result> 



IEC61850 based Microgrid 
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IEC61850 DG I/F #1 

IEC61850 DG I/F #2 NetworkSwitch SCADA Data Gateway 

  TMW SCADA 
  Data Gateway 

WT Controller 

PV Controller 

IEC61850 

RS-422 

RS-422 

SCADA (GE iFix) 

OPC DA 

IEC61850 based Microgrid Demonstration System 

IEC61850 

Development Environment 
IEC61850 Client Simulator 

SCL Editor/Designer 

Protocol Analyzer 

Embedded Dev.Tool(IDE) 



DG Models & SCL Design 
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<Distributed Generators shown in Visual SCL> 

Simple Microgrid for Test 
v  Transformer/Switch/Feeder 
v  1 WT, 1 PV (DGs) 
v  1 Seg Ethernet Network 
v  IEC 61400-25 based WT Model 
v  IEC 61850-7-420 basd PVModl 

SCL Engineering Design 
v  SCL Forge Tool 
v  Visual SCL 
v  DG Interface (Embedded Svr) 



IEC61850 based Microgrid 
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KERI 마이크로그리드 테스트베드 



IEC61850 based Microgrid 
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Main View of IEC61850 based Microgrid SCADA 



IEC61850 based Microgrid 
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Sub View of IEC61850 based Microgrid SCADA 

Summary Real-time Trend 

Historical Data Alarm/Event 



IEC61850 based Microgrid 
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Detailed View of DGs and Loads 

Light&Outlet HVAC Load Simulator 

Energy Storage Diesel Gen #2 Diesel Gen #1 

PV #1 PV #2 WT #1 



IEC61850 Plug&Play Concept 
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IEC61850 Plug&Play Test Setup 
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Plug&Play Test Setup 

DG Interfaces 



Plug&Play Test Result 
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Recap & What’s next?  
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IEC 61850 Summary 
- Definition, Characteristics, Benefit 
- Expansion of the standard, IEC 61850 in Smart Grid 

KERI Microgrid 
- Definition, History, Microgrid Pilot Plant 
- IEC 61850 Roadmap in KERI microgrid 

IEC 61850 based Microgrid Demonstraion 
- IEC 61850 DG interface module, Conformance test 
- Microgrid SCADA 

IEC 61850 Plug&Play 
- IEC 61850 Plug&play concept, Test setup  
- mPnP (Microgrid plug&play) test result 

What’s next? 
- Development of Smart DER and coordinated management system based on IEC 61850 
- Development of Intelligent Multi-microgrid Energy Network Technology 
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Changhee Cho   chcho@keri.re.kr 


