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Different CSP Technologies
Automation: Focus on Common areas

Boiler System – The Solar Field
BOP System – Power Plant Core
Turbine Control & Generator
Thermal Storage System -optional-
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Control Control AreaArea

CSP Common Automation Areas

SOLAR FIELDSOLAR FIELD

ControlControl

TES*TES*
ControlControl
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ControlControl
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Control Control 

MonitoringMonitoring AreaArea
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BOP, HTF & TESBOP, HTF & TES
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Network Network AreaArea

OptimizationOptimization AreaArea
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Automation Concept
Concentrated Solar Thermal Power Plant
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O-Net
Ethernet 
TCP/IP

A
C
80
0
M

Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12

BOP I

AC800M

Communications

Modbus RTU:
MT Protections 
BT Analyzers

etc

OPC:
ST

A
C8
00
MClusters x4

I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12

BOP II

AC800M

Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12

Electrical System

AC800M

Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12

HTF

AC800M

TES

Fiber optic

Clusters x4
I/O # 1..12

Clusters x4
I/O # 1..12

Clusters x4
I/O # 1..12

DCS

LOCs

Control Room

SOLAR FIELD BOP & POWER ISLAND TES
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Automation Control System 
Process Areas for Automation

Direct Control – Controlled Systems
Heat Transfer Fluid Control

Balance of Plant Control: 
Feedwater pumps & water auxiliaries

Cooling systems

Water & steam cycle control

Condensate systems

Electrical systems

Auxiliary systems

Thermal Energy Storage -TES
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Automation Control System 
Process Areas for Automation

Indirect Control- Monitored systems
Turbine control

Water treatment systems

Instrumentation compresed air systems

Black start / Diesel Genset

Auxiliary HTF boiler

Electrical protection systems
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DCS Network Architecture

Switches

O-Net
Ethernet 
TCP/IP

Printer 
Alarm

Laser 
Printer

Ethernet 
TCP/IP

Engineering

Servers GPS

Profibus

Fiber óptic

Solar Field MMI BOP MMI HTF MMI TES MMITurbine MMI

BOP I BOP II Electrical TES HTFTurbine
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DCS Field Intrumentation Interface
Hard Wired approach

Controllers

EC

Field Instrumentation Electrical Protection

MCC

I/O modules

The interface between Instrumentation
field and DCS is based upon:

• Traditional I/O cards
• Multicables
• Marshalling cabinets
• Distribution Panels

Relevant Points:
• High Reliability
• High Costs in DCS HW
• High Cost in Erection
• Medium Cost in Design Engineering
• High Cost in Documentation Engg.
• High Cost in Commissioning

System Servers

Operation
Monitoring
Optimization
Reports

Control Room

Field
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DCS Field Intrumentation Interface 
Full FieldBus approach

Controllers

Field Instrumentation

MCC

EC

Electrical Equipment

Interface between Instrumentation
Field & DCS is based in fieldbus:
• Profibus / FieldBus Foundation

cabling
• Full remote Instrumentation

configuration
• Diagnostics
• Easy maintenance and Asset

Management

Relevant Points:
• Medium Reliability
• Low Costs in DCS HW
• Low Cost in Erection
• High Cost in Design Engineering
• Low Cost in Documentation

Engineering
• Low Cost in Commissioning

Control Room

Field

System Servers

Operation
Monitoring
Optimization
Reports
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DCS Field Intrumentation Interface
Mixed Approach

Controllers

EC

Fieldbuses

Mixed Approach allows:
• Cabling Optimization
• Possibility of remote configuration
• Flexible Intrumentation Procurement

Relevant Points:
• High Reliability
• Medium Costs in DCS HW
• Medium Cost in Erection
• Medium Cost in Design Engineering
• Medium Cost in Documentation

Engineering
• Medium Cost in Commissioning

Control Room

Field

System Servers

Operation
Monitoring
Optimization
Reports

Field Instrumentation

Electrical Equipment

MCC
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DCS Optimization Area
Real-Time Optimization

Advanced 
Process Control 

(APC)

Control
Algorithm

Estimator

PLANT

++
+ +

w

ySP

h

y

u

x

Performance Monitoring
Asset Optimizacion
Stress Calculations
Life Remaining
What-If analysis

Solar Field Optimization
Advanced Temperature Control

Improved Heat Rate
Faster Ramp Rates
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Concentrated Solar Power Plant (CSP) 
Operator Workplace

• Human Machine Interface
• Based on state of the art solutions 
• Integration of engineering functions
• Integration of Process optimization tools
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Concentrated Solar Power Plant 
Operator Workplace

Operation displays for Solar Field
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CSP Automation Control System
Plant Sizing

Plant sizing (in  I/O count)

BIOMASS

COMBINED CYCLE

CSP

COAL FIRED
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CSP Automation Control System
Control Complexity

Control Complexity (in engineering hours)

BIOMASS

COMBINED CYCLE

CSP

COAL FIRED
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CSP Automation Control System
DCS Size vs Control Complexity

DC
S 

siz
e

Control Complexity

BIOMASS

COAL FIRED

COMBINED CYCLE

CSP
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CSP Automation Control System
Overall Control Size vs Complexity

Pl
an

t s
izi

ng

Control Complexity

BIOMASS

COAL FIRED

COMBINED CYCLE

CSP

50MW Overall Plant 
Sizing 
25.000 I/O signals  –
average
200.000 system tags –
average
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SOLAR FIELD CONTROL 
SYSTEM - LOC
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LOC Automation Concept

SCS
O-Net
Ethernet 
TCP/IP
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BOP I
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MT Protections 
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I/O # 1..12
Clusters x4
I/O # 1..12
Clusters x4
I/O # 1..12
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Electrical System
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Fiber optic
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I/O # 1..12

DCS

LOCs

Control Room

SOLAR FIELD BOP & POWER ISLAND TES
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Solar Field Control System
LOC Concept

Application Concept
• Positioning & Control of Solar Mirrors to 

concentrate sun radiation in a Collector 
and heat HTF

Design Parameters
• Keep the Functioning Mode on Autonomous 

mode
• Continuous Sun Tracking basis (maintaining 

the panels 90 deg to sun)
• Maximize the performance of Solar Field
• Keep operation & installation safe.

Key Factor
• Wide automation systems
• Extreme environmental conditions
• Time -Synchronization requirement
• Easy  to reconfigure & maintain
• Proactive monitoring of stings and 

irradiance levels.
• Improved ROI

Foto Andasol 1
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Solar Control System 
LOC
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Solar Control System 
LOC  – Design validation 

ENGINEERING 
DESIGN 

PROTOTYPE TEST 
CERTIFICATION

FIELD 
IMPLEMENTATION

In order to check the relaibility of the design a laboratory test  
is performed in order to verify the response to the simulated 
weather conditions specially the thermal behaviour.
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Solar Control System 
LOC Control interfaces DCS interface :DCS interface :

Through SCS system
Monitoring & Control Collector Position  
Monitoring Collector Temperature
Functioning modes execution

TemperatureTemperature CollectorCollector MonitoringMonitoring::
PT100 HTF acquisition

PositioningPositioning systemsystem:  :  
Hydraulic Solenoid valves actuator
Inverter Positioning Control  (1 & 2 axis)
Hydraulic pressure control

CollectorCollector SecureSecure & & StowStow position:position:
Limit switches
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Solar Control System 
Solar Position Algorithm

The SPA by NREL is a procedure to implement an 
algorithm to calculate

The solar zenith and azimuth angles

In the period from the year – 2000 to 6000

Resolution of 0.0003 deg for calculation of solar vector
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Solar Control System 
Closed IP65 LOC

Vertical LOC Cabinet: 
• IP 65
• Dusty, High Humidity or harsh environment
• Resistant to direct exposure to the sun
• High resistance to chemical and environmental 

elements
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Solar Control System 
Air Cooled LOC

Horizontal LOC Cabinet: 
• Natural & Forced Air cooling
• Higher environtment design temperature
• Direct sun radiation exposure optimized design
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SOLAR FIELD 
COMMUNICATION - SCS
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Automation Concept
SCS 
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Automation Control System
SCS Concept

Application Concept
• Seamless Integration of 

Massive data from Solar
Field – LOC into DCS

Key Factor
• Industrial Automation solution
• Low refreshing time for

complete Solar Field
• High Availability, Redundancy
• Optimization of Solar Field

Cabling layout



48 48AREVA T&D

Automation Layout
Field Network Topology

Power 
Block

Star-ring-star Structure

• Main double star - optics
• Secondary Rings - optics
• Local Stars – RJ45
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Solar Control System 
Field Network detailed structure

Onet – MMI side

Onet – Controller
side

Controller network

SCS network

MMI

DCS Servers

SCS  PCU

LOC – type C

Power 
Block

LOC – type C

LOC – type B

LOC – type ALOC – type A

Onet Switch

SCS Networkimg
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Solar Control System 
Summary - Main Features

Control  Design Criteria:
Seamless Integration of Automation: 
DCS+SCS+LOCs

Modular & Expandable

Robust for Hard environment

Secure for Delicate Process

Use of Standard communication protocols
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Solar Energy Potential 







Solar Energy Capture Techniques 
& Solar Tracker Requirement







Solar Tracking-Basics





Error between TST and LT can be calculated 
by using Equation of Time

















Applications and Cost-Economics






