
CHEM-E0115 
Planning and Execution of a Biorefinery 
Investment Project 
Automation, Electrical and ICT & Security Engineering
5.10.2023
Aki Suittio/ Antonio Ramirez



Automation
engineering



Electrical and Automation Engineering 
at AFRY
AFRY’s scope of services
• Pre-feasibility studies

• Pre-engineering studies

• Basic Engineering

• Detail Engineering

• FAT and SAT services 

• Electrical and Automation Engineering 
Supervision

• Check-out, commissioning and start-up 
services

• EPCM Services

• EPC Services

For

• New investments

• Production line relocations and rebuilds

• Control and Monitoring systems and DCS 
upgrades

• MCC and Power distribution system upgrades

• Small scale upgrade projects and services
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Stages of  Projects
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Procurement of main machines

Investment 
decision

Implementation 
starts

Comissioning
starts

Production
starts

Detail engineering

MEI Installation

Production

0 14 2420

Civil Construction

Power plant 15…20 month
Paper mill 15…18 month
Bio product plant 22…26 month
Chemical Island 12…40 month



Smart Site
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 Industry needs  Establishing ‘Smart Data Platform’ as the 
foundation for a digital enterprise



Smart Site
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 Model based approach for integrated engineering 
data management.

 Extends ‘Master Data Management’ with single 
source of truth across all disciplines.

 Consistently manages technical information 
throughout plant life cycle.

 Provides easy access for all stake holders using 
web-based user interface.

 Enables transparency and utilization of data 
guaranteeing better data quality.

 Provides access to real time data integrating with 
plant IT (MES, ERP) and control systems.



Detail engineering documents in a 
paper mill project
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Pre-engineering



Pre-engineering

Conceptual study

Pre-study

Pre-engineering

Basic engineering

Pre-feasibility study

Feasibility study

Extended feasibility study

Main study

Front end engineering
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Pre-engineering
The basic solutions for mill automation

• automation and ICT design criteria

• systems : DCS, QCS, WIS, other systems

• level of the automation : field devices

• the basic solutions for implementation : cabling techniques

Size and locations of automation and control rooms (space reservations)

Calculation of investment for automation

In some cases also part of the basic engineering is done during the pre-
engineering

• Instructions and standards for procurement and engineering

CHEM-E0115

10



ISA 95 Functional Hierarchy of 
Activities
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The Basic Solutions for Mill Automation

Level 4: Business Planning and 
Logistics

• Applications for Sales and Distribution

• Applications for Materials Management 
and Purchasing

• Applications for Maintenance 

• Applications for Financial Management

• Applications for Human Resources 
Management and Payroll

• Applications for Information 
Management, Data Warehousing

• Applications for Collaboration

Level 3: Manufacturing Operations 
Management

• Production Management (PPMS)

• Process Information Management 
(PIMS)

• Dynamic Asset Management (AMS)

• Document Management
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The Basic Solutions for Mill Automation

Level 2: Monitoring, Supervisory and 
Automated Control

• Distributed Control System (DCS)

• Machine Control Systems (MCS)

• Supervisory Quality Controls

- Quality Control System (QCS), Web 
Inspection System (WIS), Web 
Monitoring System (WMS), Machine 
Monitoring System (MMS),…

• Product Management, Warehouse and 
Logistics Systems

• Physical Access Control System (PACS)

Level 1: Sensing and Manipulating the 
Production Processes

• Sensors and Transmitters

• Final Control Elements, Remote-
operated Control and On-off Valves

• Discrete Switches

• Analyzers
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The Basic Solutions for Mill Automation

Infrastructure and Communications

• Networks

• User Interface

- Control Rooms

- Administrative Functions Interface 

- Manufacturing Operations Management User Interface

- CCTV Systems

• Computing

• Storaging and Back-ups

• Communications

- Manufacturing Operations Management Communications

- Voice Communications
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Automation and Control Rooms
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Calculation of Investment for 
Automation
If the cost estimate accuracy is requested to be less than ±5 %, some enquiries 
shall be prepared;

• DCS (Distributed Control System)

• QCS (Quality Control System)

• PIMS (Process Information Management System)

• PPMS (Paper Production Management System)

• ICT (Information and Communication Technology)

Calculation is based on loop and circuit amounts and AFRY cost files

• Standard instruments

• DCS

• Installation

Special instruments are listed and priced separately
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Calculation of Investment for 
Automation
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Calculation of Investment for 
Automation

Automaatio
5 %

Electrical
11 %

Others
13 %

Buildings
16 %Piping

7 %

Machines
47 %
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5% 850 MEUR = 42 MEUR



Basic engineering



Basic Engineering

General Automation Engineering
• Co-ordination
• Engineering Instructions and Standards
• Procurement Services
Safety of Automation
• Hazard and Risk Analysis
• Safety Requirements Allocation
• Overall Safety Requirements
Process Control System Design (DCS)
• General Process Control System 

Engineering
• Control and System Room Design

Field Equipment Design
• Measurement and control methods
• Process data acquisition
• Equipment selection
• Process connection design
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Co-ordination 

Checking and approving of the design, drawings and documents to ensure 
compliance with the set project standards and criteria

Communication with other disciplines

• Project management

• Process engineering

• Mechanical and piping engineering

• Civil engineering

• HVAC engineering

• Electrical engineering

• ICT engineering (under automation engineering management)

CHEM-E0115

21



Engineering Instructions and Standards

Automation and instrumentation in machine deliveries

Auxiliary equipment for automation and instrumentation

Automation and instrumentation design criteria

Numbering procedure for automation and instrumentation

Cable standard

General instruction for automation and instrumentation symbols and 
identification

Marking and name plates for automation and instrumentation

Function blocks for functional diagrams

Automation and instrumentation commissioning instructions
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Automation and instrumentation in 
machine deliveries
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Automation and instrumentation design 
criteria
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Automation and instrumentation design 
criteria
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Automation and instrumentation design 
criteria
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Procurement Services

Technical enquiry specifications

Participation in technical and commercial tender negotiations
• Minutes of meetings

Tender evaluation and comparisons

Equipment and material specifications for purchase requisitions 
and orders
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Technical enquiry specifications
DCS (U)
ICT infrastructure (U)
Control and on-off valves (U)
HP control valves
Magnetic flowmeters (U)
Nozzles and orifice Plates
Vortex flowmeters (U)
Mass flowmeters
Consistency transmitters and pulp sampling valves (U)
Pressure, dP and level transmitters (U)
Temperature sensors and transmitters (U)
Refractometers
Radiometric density measurements
Radiometric level measurements
pH transmitters (U)
Conductivity transmitters (U)
Pyrometers and lime kiln scanner
Special level measurements
Smelt bed cameras
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• Flue gas analysers (SO2, NOX, CO, CO2, 
HCl, HF, CH4, C2H4, C3H3, O2, Dust, 
Temperature, Flow)

• Flue gas O2 analysers
• Cooking and washing liquor analysers
• Kappa, brightness and residual chemicals 

analysers
• Boiler water analysers (SiO2, pH, 

Conductivity, O2)
• Pulp sheet dirt count analysers
• Pulp quality analysers
• Ultrasonic flowmeters
• Viscosimeter
• Weighbridges
• Gas detectors
• CCTV system (U)
• Junction boxes (U)
• Network cabling and installation (U)
• Instrument installation (U)

– U=Unit price based frame contract



Safety of Automation

Hazard and Risk Analysis
• Hazard and risk reports

Safety Requirements Allocation
• Hazard and risk reports with  the safety integrity levels (SIL)

Overall Safety Requirements
• Specification for the overall Safety requirements  (Specification of SIL 

functions)
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Process Control System Design (DCS)
General Process Control System Engineering
• Allocation of I/O’s for loops

- I/O list (amounts)

Control and System Room Design
• Specification for control and system room requirements for layout 

design

• Control and system room layouts

• Requirements and specification of floor and ceiling openings

• Requirements and specification of control and system room HVAC

• Cable tray arrangement drawings in control and system rooms
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Control and System Room Design
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Control and System Room Design
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Field Equipment Design
Measurement and control methods
• Instrumentation of process flow diagrams

- PI-diagrams
• Requirements and specification for field equipment

- Selection guide of field instruments and control valves by application type
Process data acquisition 
• Process data acquisition for field equipment selection and sizing

- Application list for process data
Equipment selection
• Field equipment type definition 

- Device standard
• Sizing of flow meters and control valves

- Calculation sizing sheets
• Equipment specification for loops

- Specification for equipment in loops
- Calibration list 
- Application list

Process connection design
• Requirements and specification for mechanical engineering 

- Installation instructions for field instruments in process piping and machinery
- Dimensional drawings of process connections and field instruments
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Instrumentation of process flow 
diagrams => PI-diagrams
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Process data acquisition
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Equipment selection
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Process connection design
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Detail engineering



Detail engineering
Safety of Automation

• Engineering Instructions and Standards

• Risk Assessment 

• Safety System Design

• Permit Documents and Inspections 

Process Control System Design (DCS)

• General Process Control System Engineering

Installation design

• Installation Engineering

• Location Design

• Maintenance design
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Detail engineering
Process Control Design

Process Description for Process Control Design
• Alternative 1

- Process description

- Interlocking, group start and sequence diagrams

- Functional diagrams for instrument loops

- Distributed Control System DCS graphic display sketches

• Alternative 2

- Process description

- Loop and circuit wise functional descriptions or diagrams

- Distributed Control System DCS graphic display sketches

• Alternative 3

- Process description

- Loop and circuit wise process description

- Distributed Control System DCS graphic display sketches
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LOOP WISE FUNCTIONAL Description 
for Process Control Design
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FUNCTIONAL DIAGRAM for Process 
Control Design
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Safety of Automation
Engineering Instructions and Standards
• Implementation procedure for Safety Related Systems (SRS)
Risk Assessment 
• Specification of automation in hazardous and classified areas
• Participation to hazard and risk analysis
• Hazard and risk analyse reports with safety integrity levels (SIL)
• Functional safety requirements
Safety System Design
• Safety Instrumented Systems (SIS)
• Documentation and participation in FAT, SAT and lifetime tests as related to safety system design
• Installation and commissioning planning
• Composing the operation and the maintenance instructions as related to safety system design
Permit Documents and Inspections 
• Permit documents of safety related systems
• Permit documents of automation in hazardous and classified areas
• Permit documents of radioactive material in automation
• Compiling the required documents for verification
• Verification reports handling
• Participation in verification meetings with authorities
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Process Control System Design (DCS)
General Process Control System Engineering
• Specification of DCS concept

• Panel, cabinet and rack layouts

• Wiring diagrams for panels, cabinets and racks

• Cross connection layouts

• Wiring diagrams for cross connection

• Allocation of applications in process stations (controllers)

• Allocation of I/O’s and signals to the DCS

• Allocation of field bus segments
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Cross connection layouts
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Installation design
Installation Engineering
• Typical installation drawings and general instructions
• Field box and panel layouts
• Wiring diagrams of field equipment to field boxes and panels
• Wiring diagrams of field bus segments
• Control equipment and box lists
• Cable lists
• Name plate and marking lists
• Application list for installation
Location Design
• Location drawings for field instruments and boxes
Maintenance design
• Loop diagrams
• Collection of the operation and the maintenance instructions of instruments
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Typical installation drawings and 
general instructions
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Typical installation drawings and 
general instructions

CHEM-E0115

48



Wiring diagrams of field equipment to 
field boxes and panels
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Wiring diagrams of field equipment to 
field boxes and panels
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Wiring diagrams of field equipment to 
field boxes and panels
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Allocations of instruments in process 
piping (3D-model)
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Location drawings
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Loop diagrams
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Site Services



Site Services
FAT (Factory Acceptance Test) for DCS

• 4 …12 weeks

• Application configuration checking in simulation situation

• Base parameters for control loops  

Installation supervision 

• 6 … 12 month

Loop checks (SAT Site Acceptance Test)

• 6 … 12 weeks

• Every signal will be tested (measurements, controls, binary signals

Test runs and commissioning

• 6 … 12 weeks

• Tuning of the control loops
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ICT Infrastructure, 
Data Networks and 
Physical Security 
engineering @ AFRY



Contents:

1 ICT & Security

2 Scope of pre-engineering project

3 Scope of detail engineering project

4 Site services
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1. ICT & Security
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– Amount of network connected devices has increased significantly (IoT, IIoT, others)

– Requirements for real-time data have increased significantly due to desire of digital business 
operations (digitalization, Industry 4.0…)

– Artificial intelligence developing at fast pace.

– Industry 5.0 > Human centric, resiliency, sustainability

Industrial revolution phases

Source: “Cyber security beyond the Industry 4.0 era. A short review on a few technological promises”, blog by Antonio Clim



1. ICT & Security
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ISA 95 Functional Hierarchy of Activities

– Intelligence of systems in moving towards lower levels of activities

– Ecosystems are integrating (Resources, Manufacturing, Supply chains)

– Cyber Physical Systems

– No cyber security without physical security



2. Scope of pre-engineering project
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2. Scope of pre-engineering project

• Principle diagrams:
- Fiber optic trunk cabling diagram

- Switch topology diagram

- VLAN and sub-net diagram

• Standards & Instructions
- Operational Technology ICT

- Cabinets, enclosures and rooms

- Sub-netting and addressing

- Cyber Security

- Physical Security

• ICT and Security concept

• ICT and Security cost estimate
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2. Scope of pre-engineering project
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3. Scope of detail engineering project
More instructions and design standards…

- ICT Infrastructure and Data Networks Installation

- Cable Standard 

- Numbering and Identification System for ICT Infrastructure and Data Networks

- Marking and Name Plate Standard for ICT Infrastructure and Data Networks 

- Wireless Local Area Network

Enquiry specifications, bid evaluations, participation in technical negotiations, 
purchase specifications
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3. Scope of detail engineering project
Data network physical infrastructure design for Operational Technology, Security 
systems and Office Data Networks
The necessary cabling and wireless communication channels shall be designed and coordinated. Locations 
for the Network cabinets and field boxes shall be verified together with the engineering party responsible for 
3D modelling. Requirements to electrification design and cable tray route design are specified to the 
engineering parties responsible for those systems.

- Fibre optic backbone cabling diagram

- Cable lists 

- Fibre allocation lists

- Connection diagrams (communication channels)

- Location drawings for network infrastructure objects (telecom outlets, network cabinets, 
WLAN access points, etc.)

- Layout drawings of network cabinets

- Typical installation drawings for network infrastructure objects
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3. Scope of detail engineering project
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3. Scope of detail engineering project
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3. Scope of detail engineering project
Data network architecture and cyber security design for Operational Technology, 
Security systems and Office Data Networks
The networks shall be segmented as necessary to provide adequate services, redundancy and security to 
ordinary and mission critical communication and systems.

- Data network system diagram for Operational technology systems

- Sub-network/VLAN diagrams

- Switch topology (connectivity) diagram

- Switch port VLAN allocation lists

- IP address allocation lists

- List of systems and equipment applications (software and firmware)

- List of systems and equipment communication dependencies and routing

- WLAN coverage simulation report
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3. Scope of detail engineering project
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3. Scope of detail engineering project
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3. Scope of detail engineering project
Physical security design
Physical security design process takes into account structural security, multiple security sensor detection, 
communication and monitoring technologies based on Security risk assessment and intrusion analysis. 
Protective measures are coordinated with other engineering disciplines. Physical security solutions are 
designed to be compliant with national and international regulations, industry best practice and 
commensurated with the risk level and the specific activities and needs of the organization and site.

- Video surveillance system

- Access Control system

- Electronic locking system

- Intrusion alarm system
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4. Site Services
Installation supervision 

• 6 … 9 months

Commissioning & start-up services

• 6 … 12 weeks
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Electrical
engineering at 
AFRY



Contents:

1 Electrical engineering

2 Scope of pre-engineering project

3 Scope of detail engineering project

4 Field services

5 Engineering tools

6 Co-operation with other disciplines

7 Summary
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1. Electrical engineering 

CHEM-E0115

75

AFRY’s scope of services
• Pre-feasibility studies

• Pre-engineering studies

• Basic Engineering

• Detail Engineering

• FAT and SAT services 

• Electrical Engineering Supervision

• Check-out, commissioning and start-up 
services

• EPCM Services

• EPC Services

• For

– New investments

– Production line relocations and 
rebuilds

– MCC and Power distribution system 
upgrades

– Small scale upgrade projects and 
services



1. Electrical engineering 

Teams and competences for process plant engineering:

- Lead engineering – experienced generalist

- Distribution engineering – System modelling and dimensioning specialist

- Process electrification – mainly detail electrical engineering (el.motor
application, 3D...), juniors, seniors and specialists

- Building electrification – mainly detail electrical engineering, juniors, 
seniors and specialists
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1. Electrical engineering 
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1. Electrical engineering 
Common specialist services:

Network Calculation Service
• Short circuit calculations
• Load flow and voltage profile study
• Protective device co-ordination study

Power Distribution Analysis
• Capacity and loading conditions
• Harmonic analysis 
• Clear picture of current situation
• Road map for continuous development
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2. Scope of Pre-engineering project

• Power distribution one line diagram

• Preliminary short circuit calculations

• Active and reactive power balance 

• Brief description of electrical 

systems

• Specification of required electrical 

rooms and main cable routes for 

layout engineering  

• Electrical cost estimate
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BUILDING 
ELECTRIFICATION
400V

•MCC

•690V 

•20 kV SWITCHGEAR 
•110 kV UTILITY 
SUBSTATION

•MCC

•6kV 

•SECTIONAL
•DRIVES

•690V 

•DIESEL GEN. 

•ELECTRICAL
•ROOM 

•UPS 

•MAIN TRANSFORMER 
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3. Scope of detail engineering project
Engineering instructions and design standards

- Electrical design criteria

- Electrification instructions for machinery suppliers

- List of recommended electrical equipment and components

- Cable standard

- Marking and numbering instructions

- Starter and cable sizing table 

Enquiry specifications, bid evaluations, participation in technical 
negotiations, purchase specifications
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3. Scope of detail engineering project
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3. Scope of detail engineering project

Power distribution 
• Power demand calculations
• Active and reactive power 

balance
• One line diagram
• Short circuit calculations
• Switchgear and transformer 

specifications 
• Protective device co-ordination 

study
• Distribution of control and 

auxiliary power
• Emergency power distribution 

system

Electrical rooms and main cable routes
• Electrical room and cable route 

requirements
• Electrical room layouts
• Specification of required electrical 

wall, floor and ceiling openings
• Electrical room cable tray 

arrangement drawings
• Electrical room HVAC 

requirements
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3. Scope of detail engineering project
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3. Scope of detail engineering project

Engineering of process electrification 
• Motors, motor control centers and variable speed drives 

- Electrical application and circuit list
- MCC and variable speed drive specifications 
- Motor delivery requisition list
- Variable speed single drives specifications
- MCC layouts
- Starter wiring diagrams

• Motor control design 
- Allocation of motors and electrical I/O to control system
- Circuit and wiring diagrams
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3. Scope of detail engineering project
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3. Scope of detail engineering project
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3. Scope of detail engineering project

Engineering of process 
electrification 

• Installation design
- Electrical installation specification
- Typical installation detail 

drawings 
- Electrical equipment location 

drawings
- Cable tray installation drawings 
- MCC and panel lists
- Field equipment lists
- Cable lists
- Control voltage panel 

specifications
- Grounding layouts
- Grounding connection drawings
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3. Scope of detail engineering project
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3. Scope of detail engineering project

Engineering of building electrification 

• Lighting design

- Lighting design criteria

- Lighting calculations  

- Lighting layouts 

- Panel specifications

- Lighting fixture specifications  

- Installation detail drawings 

- Safety and escape lighting 

- Lightning protection systems

- Maintenance outlet location drawings

- Installation specification 
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3. Scope of detail engineering project
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3. Scope of detail engineering project
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3. Scope of detail engineering project

Engineering of building electrification 

• Fire alarm system

• Grounding electrode

Engineering of site 

• Heat tracing system

• Temporary construction power

• Mill site lighting layout 
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3. Scope of detail engineering project

As-built drawings for:
• Application and circuit lists

• MCC specifications and layouts

• Electrical room layouts

• Circuit and wiring diagrams

• Grounding  drawings
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4. Field Services

• Fat tests (MCC, DCS, Power Distribution Control System)

• Installation supervision

• Commissioning and start-up

• Water run

• Baby sitting
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5. Engineering tools

Drawings: AutoCad/Proelina

Lists: Proelina, Access

3D- Modelling: Cadmatic, Aveva E3D

Power distribution calculations: Neplan, Excel

Low voltage distribution calculations: Excel, Febdok

Building electrification: Magicad

Other documents: Microsoft Office 
(Word,Excel, Access, Power Point)
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6 Co-operation with other engineering 
parties
ELECTRICAL ENGINEERING IN OTHER AFRY OFFICES

• Most of the big projects are ”shared projects” ; One of the offices is responsible for 
the project and detail electrical engineering of process areas will be divided 
between offices in Finland or world wide

POWER DISTRIBUTION
• Utility power company
• Mill
• Process engineering

PROCESS
• Equipment/motor lists
• Motor control engineering
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6 Co-operation with other engineering 
parties
Mechanical and piping engineering

• electrical room dimensions and location

• cable routes for hv power distribution

• fire compartments

• wall and floor openings for cable routes

• motor dimensioning drawings

• foundations for electrical equipment

• layouts for motor location drawings

• cable tray engineering

• location of lighting fixtures

• location of electrical equipment
CHEM-E0115
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6 Co-operation with other engineering 
parties
HVAC engineering

• electrical room heat loads

• ventilation engineering of electrical rooms

Automation engineering
• motor controls

Machine vendors
• motor/load list

• automation

• control voltage distribution
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7 Summary
• Electrical engineering at AFRY includes design from utility 

substation until motor and other loads including also motor 
controls and data field bus engineering

• Electrical engineering utilizes effective engineering tools and 
works in close co-operation with other engineering parties

• AFRY electrical engineering services cover the whole project life 
cycle starting from pre-feasibility study and including necessary 
engineering, fat tests , installation supervision and testing at site. 
After the start-up AFRY can provide services for modification 
projects with local service concept.
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