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Company and Speaker Background

Company (Tenaga Nasional Berhad-TNB):
* Vertically integrated utility company (Generation market liberalized)
* Generation, Transmission, Distribution, Retail divisions

Speaker:

* Previously served as Principal Researcher in TNB Research Sdn. Bhd., wholly owned
subsidiary of TNB.

* Led IEC 61850 related research, design, engineering, testing and training works

* Currently serving as Senior Manager in TNBX Sdn. Bhd., a subsidiary of Retail Division.

* Main responsibilities are business development and project management for behind-
the-meter solutions
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== [EC 61850 R&D Projects (2007 to 2019)  ™N&¥

m Research Projects m

1. Research and Development on Substation Automation System based on IEC 61850 2007 - 2010
for Optimal Substation Design in TNB

2. Study and Development of Integrated and Standardized Engineering Workstation 2010-2012
(EWS) Applications for TNB Transmission IEC 61850 Based Substation Automation
System

3. Modelling, Simulation & Performance Assessment of Power System Protection 2010-2012
Functions in the IEC 61850 Based Substation Automation System in TNB

4. Research on the Development of IEC 61850 Process Bus System and Guidelines for 2012 - 2015
TRM Smart Substation Implementation in TNB Transmission

5. Development of Substation Information Management Platform and Advanced IEC 2013 -2015
61850 Substation Intelligent Management System (61850 SIMS) in Transmission
Division

6. Research on Maintenance Strategies, Task and Implementations using Reliability 2016 - 2017

Maintenance (RCM) and Standardized Testing Procedure for IEC 61850 based
Substation Protection, Automation and Control Systems in TNB Transmission

7. Development of IEC 61850 Specifications and Guidelines for the Implementation of

Substation Protection, Automation and Control System (SPACS) in TNB Distribution Zie-20 10
8. Development of IEC 61850 Substation Protection, Automation and Control System
. : MRy s 2017-2018
Pilot Project for TNB Distribution Division
9 Research and Development of IEC 61850 based Digital Substation 2.0 for TNB Grid
’ Division 2019-present
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Overview of IEC 61850 System
Configuration description Language
(SCL) and Engineering Process
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Basic Engineering Flow

System specification
.SSD| (Single line, LNs,...)
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IED LN, DO, ...
ACD Configurator [ System Exchang Configurator
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relation to single line, ~ .SCD | |-ID [Instantiated [ED
preconfigured reports, ... X
IED Other IEC 61850 project
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Source: IEC 61850-6:2009



Edition 1 and Edition 2 Area of Compatibility
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Source: IEC 61850-6:2009+AMD1:2018
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Single System Configuration Tool (SCT) with Different SCL Versions

ICDB System tool ICDA
2b 2a
2003 _ 20078 20078
A 6b Ba
3b /\ 3a
Kfactor IIDA
2003 SCD SCD 20078 ;
1b) 2003 20078 a
5b
I 4b
IED tool B ) IED tool A
Ed. 1
L!L"'fﬂ‘t’ = 2003 20078
1. Generate ICD 3. Generate 5. Generate
a. by |ED tool A (2007B) a. SCD 2007B a. 1D by IED tool A (2007B)
b. by IED tool B (2003 - Ed.1) b. SCD 2003 (downgrade to Ed.1) b. “Xfactor"by IED tool B (2003)
2. System tool imports 4. SCDimport 6. System tool imports
a. ICDA a. IED tool Aimports SCD 2007B a. IDA
b. ICD B (upgrade to SCL 2007B) b. IED tool B imports SCD 2003 b. "Xfactor” B (upgrade to 2007B)

IEC

Source: IEC 61850-6:2009+AMD1:2018
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Multiple System Configuration Tool (SCT) with Different
SCL Versions

ICDA | SED 4 System tool ‘2b)
— 20078
2003 - Roadi y 20078

Xfactor

2003
1a
IED tool A IED tool B
Ed. 1
dovics 2003 20078
1. Generate ICD/IID 5. Generate SED 2007B 8: SCD import
a. by IED tool A (2003 — Ed.1) 6. Import SED 2007B a. |ED tool Aimports SCD 2003
b. by IED tool B (2007B) (downgrading rules for |IED B) b. |ED tool B imports SCD 2007B
2. System tools import 7 Generate 9. Generate
a. ICDA : a. SCD 2003 a. “"Xfactor” by IED tool A (2003)
b. ICDB b. SCD 2007B 10. System tools import
3. Generate SED 2007B (upgrading rules of IED A) a. "Xfactor”A

4. Import SED 2007B

IEC

Source: IEC 61850-6:2009+AMD1:2018
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#3: Hybrid Edition 1 and Edition 2 IEDs Engineering TNBX

Process

ICDB = System tool
2007B ~ 20078
A 6b
3b /\ 3a
DB = ‘
| — SCD SCD
1b 20078 20078B
5b
| -
IED tool B L
Ed. 1 device

MANS=IEC 61850-"-4:2003

2007B P

, ICDA
 2a
- 20078
‘6a)

Ed. 2 device
IANS=IEC 61850-"-4:2007

1. Generate ICD 3. Generate
a. by IED tool A (2007B) a. SCD 2007B

b. by IED tool B (2007B) b. SCD 2007B

2. System tool imports 4. SCD import
a. ICDA a. |ED tool Aimports SCD 2007B
b. ICD B (upgrade to SCL 2007B) b. |ED tool B imports SCD 2007B

IIDA

20078

5a
[
IED tool A W

20078 J

5. Generate
a. 1ID by IED tool A (2007B)
b. [1ID by IED tool B (2007B)

6. System tool imports
a. IIDA
b. 1IDB

IEC

Source: IEC 61850-6:2009+AMD1:2018
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Multiple SCTs with Different SCL versions

ICDB 9ED | 8 System too
7
200783 > / 200783 -

2b

> [ sED o
System tool 0)
DB 20078 3a)[l1a
200 7B3
200783 6b
= SCD
3b
= 11 b 20078
SCD
200783
4a
IED tool B IED tool A
Ed. 2.1 200783 &b 20078
device 12
1. Generate ICD/IID 4. SCD import 7. Generate SED 200783
a. byIED tool A (2007B) a. IED tool A imports SCD 200783 8. Import SED 200783 (mustUnderstand/maylignore
b. by IED tool B (2007B3) b. IED tool B imports SCD 2007B /validate)
2. System tools import 5. Generate 9. Generate SED 20078
a. ICDA a. 1D by IED tool A (2007B) 10.Import SED 2007B (upgrading rules for IED A)
b. ICDB b. 1D by IED tool B (2007B3) 11.Generate
3. Generate 6. System tools import a. SCD 2007B
a. SCD 2007B a. IDA b. SCD 2007B3
b. SCD 200783 b. IDB 12.Import SCD

IEC

Source: IEC 61850-6:2009+AMD1:2018
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Single Edition 2.1 SCT

ICDB System tool ICDA
200783 2b — -
I 6b

z,
IIDB A IIDA
200783 SCD 20078
1b 200783 1a
5b Sa
IED tool B IED tool A
Ed. 2.1
device 2007B3 20078B
1. Generate ICD 3. Generate SCD 2007B3 5. Generate
a. by IED tool A (2007B) 4. SCD import a. |ID by IED tool A (2007B)
b. by IED tool B (2007B3) a. IED tool A imports SCD 2007B3 b. IID by IED tool B (2007B3)
(mustUnderstand/maylgnore) 6. System tool imports
2. System tool imports
a. ICDA (upgrade to SCL 2007B3) a. |ED tool B imports SCD 2007B3 g ::gg(upgrade to 2007B3)

b. ICDB 7. ExportSCD...

IEC

Source: IEC 61850-6:2009+AMD1:2018
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#6: Edition 2.1 and Edition 2 Mixed Engineering Process
Edition 2.1 SCT Downgrade Output to Edition 2

1. Generate ICD
a. by IED tool A (2007B)
b. by IED tool B (2007B3)

2. System tool imports

a.
b.

ICD A (upgrade to SCL 2007B3) a.

ICDB

3. Generate
a. SCD 2007B3

b. SCD 2007B (downgrade to SCL 2007)

4 SCD import

ICDB . System tool . ICDA
200783 (2b ) (2a
= 2007B3 = s i
A 6b ] (6a)
7b "ét} 33,72
IIDB Y IIDA
A ores —— i 20078 A
|: 1_b :' 200783 20078 :Iﬁ:a_ _:l
| 5-6! ) éé .I
! @) @)
IED tool B o o IED tool A
Ed 2.1
device 200783 2007B

IED tool A imports SCD 20078

b. IEDtool B imports SCD 200783

5. Generate
a_ 1ID by IED tool A (2007B)
1D by IED tool B {2007B3)

6. Systemtool imports
a. |IDA (upgrade to 2007B3)

b. IIDB

7. Export SCD...

IEC

Source: IEC 61850-6:2009+AMD1:2018
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Case Study: Top-down Engineering
Process with ASEAN Utility




L mstn Case Study Background TNBX
e Speaker was appointed as consultant by an ASEAN utility company in September 2019
Project objective: To prove a working IEC 61850 top-down engineering process in multi-

vendor laboratory environment
|IEDs involved:
» SIEMENS (2 units Edition 2 IEDs)
» Schneider Electric (1 unit Edition 2 IED)
» GE Multilin (1 unit Edition 2 IED)
» ABB (1 unit Edition 2 IED)
» Toshiba (1 unit Edition 1 IED)
* Success criterions:
» Successful import of .scd file from SCT by IED Configuration Tool
» Successful initiation of signals among IEDs
Tools used:
» SCT — SCL Matrix from GridSoftware
» Client Simulator — IED Scout from Omicron Gmbh

» |ED Configuration Tools (ICT)
S E—




Firgre - , : TNBX
Dataflow Diagram in SCL Matrix - General
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Dataflow Diagram in SCL Matrix — GOOSE and Client-
Server Flows

GOOSE Publish and Subscribe

e
SubNetwork: StationBus .%. ! : %
Type: B-MME ey 5 RCE A_URCE 22 : fEasesneamarsansanansnen,
Bifizie: 100 Moz e U | — i ! Access Point AP1 i
i protozal 1 .
1192.1.10.34 ] RCB A_URCE.23 ! { Redundancy protocol: Unknown !
S e i i 119211050 i
s . 2 . : ——— i N T D e e iy
R L RCB A_URCB 24 ! !
. | C650 y ! [ :
\, ' P EEEEEEEEEEE—— i ¢
SubMetwork: ProcessBusA y i GE Multiin - Eur. - 1 i ' 1
s i | Cos0 ) | i RCB A_URCB_25 : i
EitRate: 1000 Mbds i 115 y 1 e i !
i ' Ao ! '
: IED Detais i RCB A URCE 26 : :
i COMLLNG : e : i
i i RCB A_URCE 27 i i
i DS Data=atl i i E
i : | :
i eseeeeee—— 1 i i
i e N : RCB A_URCE 28 ! :
ce0 n i RCE Report] ; RCB A URCE. 29 i i
§ GE Muiin- Eur.. — i e — i | ! !
= -5 - — ; i :
e J : sen 1-- RCB A_BRCE el e g
IED Detsils 5 CONAnGGIOT - | P e R
— i RCE A_BRCE_1 ¢soaliN] !
os Dt H IN Inputs PATS H
e :
i ! Station HM| Clien. . 1
e I i RCE 4 _BRCE 2 l 110 '
RCE 4 BRCE 3

Client-Server: IED to HMI

e
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GOOQOSE Subscription Input Configuration
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b g DB2_75185 J— . ] cvmmxna
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» mm RELE7E1 B Application GooseCB_UD1 dsOutput m VNMMXU
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b g StationHMI 0 F Application GooseCB_PROT GOOSEDataset PROT 41D SYS
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jizv 3l Communication | Substation Gr up1 Control DataSet  DataSet (] LpHD1
ALTMSL
Properties o s g ALTIML
i | N M _aGsais g
Element s |4
IED DataSets  ReportCBs  ReportClients  GOOSECBs [EBGRISENAe(- S0l Sampled Value CBs SV Subsoibers  LogCBs  Inputs
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i S

after export of .scd file
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==z Eition 2 to Edition 1 Downgrade Process Implemented in
the Project

1) Export .cid file (Ed. 2) from .scd file (Ed. 2) created in SCL Matrix
2) Launch OMICRON IED Scout. Import the .cid file (Ed. 2) to IED Scout.

3) Save the .cid file (Ed. 2) as Ed. 1 .cid (options SCL Schema version 1.4, 1.5
and 1.7)

4) Import the .cid file (Ed. 1) to Ed. 1 ICT
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Result: Tool Interoperability Matrix

Publisher

Subscriber Subscriber (Ed. 1)
IED (IEC 61850 Ed. 2)] Vendor A Vendor B Vendor C Vendor D Vendor E
Model 1 to
Model 2 Top down (.iid) Top down (.iid)
Top down (.iid) |Input: Input: Top down (.iid) Unsuccessful
Vendor A Input: NO LN System.GosGGIO1 |CON.rinGGIO1  |Input: LDO.LLNO |configuration
Top down (.iid)
Top down (.iid) : Top down (.iid) SCLEd.2toEd. 1
Vendor B Input: NO LN Input: LDO.LLNO |Downgrade
Top down (.iid)
Top down (.iid) |Input: Top down (.iid) SCLEd.2toEd. 1
Vendor C Input: NOLN  |System.GosGGIO1 Input: LDO.LLNO |Downgrade
Top down (.iid) Top down (.iid)
Top down (.iid) |Input: Input: Unsuccessful
Vendor D Input: NO LN  |System.GosGGIO1 |CON.rinGGIO1 configuration

TNBX
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o Summary and Conclusion

 Generally, the project has proven successful information exchange achieved from top-down
engineering approach

« Edition 2 ICTs did not exhibit any major issues when importing .scd file generated from third-party
SCT

» For Edition 2 to Edition 1 IED engineering, non-standard downgrade process was the only way for
successful SCL file import in Edition 1 ICT. Methods suggested in IEC 61850-6:2009+AMD1:2018
did not properly work as Edition 1 ICT could not parse the downgraded .scd file from SCT

 The utilization of ‘No LN’ method in SCT was because certain ICT did not allow insertion of new
external input in SCTs. Some IEDs have fixed LNs designated for GOOSE input signals

« Some issues observed in the project were similar to the findings in UCA IOP 2019 where mostly
related to implementation issues in ICT and IED vendors

« The Ilatest version of SCT fully supports ExtRef attributes as outlined in IEC 61850-
6:2009+AMD1:2018. To be tested in TNB Research IEC 61850 laboratory and on-going Digital

Substation research project
e
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