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Agenda

•Introduction
•Background for the method
•The extend of usage so far
•The Standard

−The Function blocks
−The Diagram
−The Method
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Introduction
• The system control diagram is a logic diagram which starts where the

P&ID ends. 
• It uses the process as background. 
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Background
• The challange - to create the ICSS application for an offshore oil and 

gas platform on the Continental Norwegian Shelf.
• Some of the Framework

− An offshore oil and gas platform covers 40 wells giving 200.000 barells of 
oil each day , produces it's own power, water, heat and may have a LQ 
with 200 beds.

− The process medium is higly flamable and explosive, hence process 
safety is vital. 

− Process safety systems are integrated with process control on the 
operator station. Focus on no commen failure mode. Process safety 
actions is automatic and independant of process control in the application 
on controller level.

− Process safety and Process control application to be developed in a 
systematic manner.

− F&G system , Emergency shutdown, Process shutdown and process 
control.
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Background -The history of logic diagrams - Statoil

• During 80thies use of Logic diagrams , elementary function blocks
• Norsk Hydro did Oseberg field development 1985 – 1989 and the 

need for improoved documentation became clear
• Statoil 1991:  First library of Application Functionblocks and Function

Connections diagrams
• Norsk Hydro 1991: The NH specification for SCD was issued. 
• Norsk Hydro 1994: SCD implemented on BRAGE project.
• Statoil 1995: SCD implemented on HEIDRUN project

(Conoco/Kværner).
• IFEA 1996: The first initiative to make a Norwegian standard was

taken.
• NORSOK 1999 : rev.1 was issued
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Project Year Operator Supplier Eng. Contr.
Brage 1994 Norsk Hydro Siemens Kværner

Troll B 1995 Norsk Hydro Honeywell Aker

Heidrun 1995 Conoco/Statoil Simrad Kværner

Sleipner Vest 1996 Statoil ABB Kværner

Njord 1997 Norsk Hydro Siemens Aker

Norne 1997 Statoil Simrad Kværner

Ekofisk 1998 Phillips ABB Kværner

Troll C 1998 Norsk Hydro Siemens Umoe

Jotun 1999 Esso Honeywell Kværner

Visund 1999 Norsk Hydro Siemens Umoe

Oseberg Øst 1999 Norsk Hydro Siemens Kværner

Oseberg Sør 2000 Norsk Hydro Siemens Aker

Oseberg Gass 2000 Norsk Hydro Siemens Aker

Snorre B 2001 Norsk Hydro Siemens Kværner

Kvitebjørn 2003 Statoil Honeywell ABB

Grane 2003 Norsk Hydro ABB Kværner

Usage - SCD referance list the first 10 years.
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Usage - SCD Usage recent projects

Project Year SAS Eng.Contr. /SCD Operatør Proj type

Gudrun 2014 ABB Aibel Statoil Greenfield
Eldfisk 2015 Siemens Aker Solutions ConocoPhillips Brownfield

Greenfield
Tyrihans 2009 Kongsberg FMC Statoil Tie-in Kristin
Morvin 2010 Kongsberg AK subsea Statoil Tie-in Åsgard B
O2 Siemens Siemens Statoil Tie-in 
Kårstø NGL 
Meetering

ABB MWKellog Statoil Upgrade

Valomon 2016 Honeywell Samsung/ Technip KL Statoil Greenfield
Goliat 2017 ABB Hyundai/ABB ENI Greenfield
Ekofisk Z 2013 ABB Aker Solutions ConocoPhillips Greenfield
Jordbær ABB Samsung/ABB TeeKay Greenfield
Mariner 2018 Kongsberg DSME / CB&I London Statoil Greenfield
Aasta Hansteen 2017 ABB Hyundai / CB&I Haag Statoil Greenfield
Gina Krogh 2017 Emerson Daewoo / Akersol. KL Statoil Greenfield
Edvard Grieg 2016 Honeywell Akersolutions Lundin Greenfield
Johan Sverdrup 2019 Kongsberg AkerSolutions / Aibel / 

KBR
Statoil Greenfield
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Usage - within Statoil
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Johan Sverdrup
- the giant value creator 

TOP 5
One of the 
largest 
oil fields ever 
on the NCS

70 %
Ambition -
recovery

50 YRS.
Production 
horizon

160-190 bln.
Investment estimate for
full field development  

51.000
Norwegian 
man years
during 
development

589 SCD’s done by 4 contractors as configuration basis for 
more than 120 nodes and 500 cabinets  
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The standard - What is the SCD concept
• Function blocks on a functional and operational high level

− Tagnumbers on SCD corresponds to the object names on the
operator station objects. Identifies ’the point of access’ for 
operators.

• Control logic presented on a process-diagram, including
the safety interlocks
− Easy access to interlock logic during trouble shooting

• Focus on the control logic’s mulidisplin stakeholder input
− Secure best possible quality of functionality during design 

phase
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System Control Diagram  - SCD - PAS IEC 63131

• A method of designing control 
system logic.

• Consist of  2 parts Function
Blocks

Logic Diagrams
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Function Template – 16 pcs

q CA – PID controller (Continuous Analog)

q CS – Step control (Continuous Step)

q HA – Manual analog input (Hand Analog)

q HB – Manual binary input (Hand Binary)

q KB – Sequence header (Sequencing Binary)

q LB – Shutdown level (Latching Binary)

q MA – Analog measurement (Monitoring Analog)

q MAS – Analog measurement from subsystem (Monitoring Analog Serial) 

q MB – Digital input (Monitoring Binary)

q OA – Analog output (Output Analog)

q QA – Totalizer (Totalize Analog)

q SB – Digital output (Switching control Binary)

q SBB – El. breaker operation (Switching Binary Breaker)

q SBC – Coordination of multiple SBE   (Switching Binary Coordination)

q SBE – Electrical equipment operation (Switching Binary Electrical)

q SBV – Pneumatic/hydraulic equipment operation (Switching Binary Valve)
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Total 8341 

Total 7659  

FB usage statisticks – Johan Sverdrup project
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Standarisation of operation

Vendor 2Vendor 1 Vendor 3
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Object orientation
• Reduced need for tagging – the software object
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MA – Monitoring of Analog process value

X and Y: 

Normal Input (X) and Normal Output (Y) is not
given terminal code on the SCD, unlike all 
other terminals.
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SBV – Output control of a Binary Valve
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CA
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Classification: Internal                     Status: Draft   
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Logic Diagrams for the programmer
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FRD vs SCD 
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Logic Diagrams for all «Stakeholders»
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Extent P&ID vs SCD 
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The main symbol - The Application Blocks
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Elementary Function Blocks  
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Positive logic - High or Low

• High (H)
−Valve Open
−Motor Start
−Heater On
−Connector Connected

• Low (L)
−Valve Closed
−Motor Stop
−Heater Off
−Connector Disconnected
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Electrical reference symbol
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Sequence by Sequential Function Charts (SFC)
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The SFC SCD
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SBC
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SBE
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An example – one measurement controls several 
pumps
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SBB

34
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Power distribution SCD example - SBB
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Application design
• The SCDs should be jointly developed by the system disciplines, driven 

by user requirements, not by technology/discipline organization. 
• The SCDs should as far as possible be developed in parallel with the 

P&IDs. 
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Predefined operational functions
• The P&ID developed by process department identifies the controllable 

objects. i.e instruments, valves, compressors, sentrifuges, pumps, heaters 
etc.

• Each object have their standard way to be operated, “PCE request” (P&ID) 
à Functblock (SCD) à attributes, the FB is an independent object itself.

• There will be some FB’s that are not directly a “child” of an P&ID object.  
We should not make the need for them to be present on the P&ID. 

• The “PCE requests” we have on the P&ID is much simpler identified, it is 
when you use the “Shared display/control” symbol (ref ISA 5.1) . But again 
they will only link to some of the FB’s



PCIC EUROPE39

SCD cooperation – The review meeting

Review meeting

Input from many disciplines

SCD designer

All involved disciplines to participate

Factory Acceptance TestFor implementation For use

Comments Punches
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SCD’er – A multidiscipline cooperation

• The SCD methodology should create a common understanding across the 
involved disciplines, of how the equipment and process are 
controlled/operated

• Prepartion of SCD’s is started early

• Based on documents from other disciplines, mechanical package and their 
attendance in "SCD review" meetings

• Used in HAZOP and other multidisciplinary reviews

• Basis for programming of logic

• Verified against during FAT

• Used by Commissioning

• Used for training
Review møte

Underlag ifra mange fag

SCD designer

Deltagelse i review møte fra alle involverte

FAT / FerdigstilleseFor implemnetering i SAS Overlevering drift

Kommentarer Punch’er, FEM
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Other disicipline contributions to SCD
• Define instrumentation location and shutdown alarm actions (trip).
• Proposed control strategies and structures
• Point out considerations that must be taken care of with respect to control 

strategy in terms of limitations on equipment and process design
• Clarify requirements for startup and shutdown
• Define shutdown valves location and their function in terms of process 

shutdown and pressure relief

• Ensure that requirements for maintenance operability is followed 

• Input documentation:
• P&IDs, C&E, Shutdown hierarchy
• D&IDs
• Safety philosophies, SAT tables
• Package suppliers P&ID’s/ Control narratives / Logic diagrams / C&E

Review møte

Underlag ifra mange fag

SCD designer

Deltagelse i review møte fra alle involverte

FAT / FerdigstilleseFor implemnetering i SAS Overlevering drift

Kommentarer Punch’er, FEM



PCIC EUROPE42

Supporting Functional specification
− ICSS FS
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Supporting Functional specification
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Supporting Functional Specification



PCIC EUROPE45

SCD development sequence - General

• SCD shall have complete multi-
disciplined IDC check at each 
release

• IDC prior to release for 
implementation is done in the form 
of a technical review meeting
where all parties are present.

• SCD ' are distributed to those who 
get the P & ID's

• SCD ' are being developed and 
issued pr. process system

• Suggestions: 6 step sequence

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

RIFC

IDC

As-
built

IFC

IFD
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Export of SCD to DCS supplier

Johan Sverdrup phase 2 will digitalise the SCD export to DCS supplier in 
the purpose of automatically generate the control application. 
- Minimize DCS SW engineering manhours
- Avoid time spend «yellowlining» at FAT
- Go directly into functional verifaction on Simulator
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How does the corresponding HMI look like?

2006 - SCD
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2006 – HMI
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2017 - SCD

How does the corresponding HMI look like?
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2017 - HMI
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PAS IEC 63131 content
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IEC PAS 63131

• Next step is to reqruite
experts to transfer it into
a IEC standard. 

− Adopt IEC terminology
− Clarify alignment

towards existing
standards
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The End


