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WP1 Solar management &
control strategies: Overview

2



© SolarX

SolarX Solar Management
Agenda

• SolarX System Model
• System integration and energy flow model
• Parameterization and flux management
• Exemplarily Study Case

• SolarX System Monitoring
• Solar Resource Assessment – DNI Nowcasting
• Fast and Precise Heliostat Calibration
• Lessons Learned

• Summary
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SolarX System Model
System integration and energy flow model
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5



© SolarX

SolarX System Model
System data interaction – heliostat field | receivers
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SolarX System Model
Parameterization and flux control
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• First optical model based on possible 
demonstrator for T1.2 and T1.4 developed
• 145 heliostat of 1.6x1.9 m2 

• 3 receivers of 1.4x1.4 m2 (oversized for 
visualization) in a 20 m tower

• ~ 300 kW total power with 1000 W/m2 DNI
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SolarX System Model
Parameterization and flux control
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Methodology:
1. Ray tracing simultion per sun

position for single receivers
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SolarX System Model
Parameterization and flux control

15

• Ray tracing simulations for 12 sun positions
• 66 combinations of shares in the receivers:

• α: 0%, 10%, … 100%
• β: 0%, 10%, … 100%
• 1-(α- β): 0%, 10%, … 100%

Result: Database of 729 concentration maps

Approach:
• Ray tracing simulations for 12 sun positions
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SolarX System Model
Exemplarily Study Case

16

• Paper by Alicia Crespo et al. at SolarPACES 
Conference Proceedings 2024

• System design for SolarPACES
• 2x2 m2 CPV receiver
• 3x3 m2 thermal receiver
• Four different heliostat fields designs: 

4000 m2; 6000 m2; 8000 m2; 10000 m2

 Specific flux per sun position and ratio as 
an input to EnergyPRO
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SolarX System Model
Exemplarily Study Case

Further development:
• Implement horizontal aiming strategy 
• Closer look to ramp-up periods

Validation/comparison:
Implement the actual Cerro Dominador aiming with 

defocusing  Available data (ACCIONA)?  

Scientific publication:
• Presented in SolarPACES, September 2025
• 24.09. Sala 6
• Publication following…
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Abstract handed in for SolarPACES conference
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Vertical aiming strategy with circumferential profile

Ray tracing model of 600 MWth Solar Island (heliostat field/receiver)

SolarX System Model
Exemplarily Study Case

Optimized heliostat aim strategies for the Cerro 
Dominador: trade-off between maximizing efficiency 
and ensuring receiver integrity.

ARIA method to implement aim point optimizations 
 enable testing of different aiming strategies

2D concentration map of a heliostat on one panel 
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SolarX System Model
Exemplarily Study Case

19

• Publication of HelioSlider in Solar Energy (Heliostat 
Field Issue)

• Design heliostat field for new scenarios:
• Location?
• Receiver sizes?
• Oversizing of the heliostat field?
• Multi-tower?

 Definition of scenarios
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SolarX System Monitoring
Solar Resource Assessment – DNI Nowcasting
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Forecasting model combining:
• Measurement based forecast
• All Sky Imager (ASI) based forecast
• Satellite based forecast

Forecast parameters:
• Maximal forecast horizon: 1 h
• Resolution: 1 min
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SolarX System Monitoring
Solar Resource Assessment – DNI Nowcasting
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ASI ISE roof Tracker ISE roof ASI IPM roof



© SolarX

SolarX System Monitoring
Solar Resource Assessment – DNI Nowcasting
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SolarX System Monitoring
Solar Resource Assessment – DNI Nowcasting
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SolarX System Monitoring
Solar Resource Assessment – DNI Nowcasting
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Forecast horizon: 5 min
• A DNI forecast based on ASI data was implemented

• A DNI forecast based on satellite data wa implemented

• A combined forecast based on measurements, ASI and 
satellite data was calculated for the location Freiburg

• A combined forecast based on measuremetns and ASI 
data was calculated for the location Cyprus

• Results are very promising

• Data collection at Cyprus is ongoing.

• Next step – integration with optical model for yield
forecast and control



SolarX System Monitoring
Fast and Precise Heliostat Calibration



SolarX System Monitoring
HelioControl Approach

Definition of requirements at PROTEAS
• Control of periodic heliostat movement:

• A) Periodic movement along one axis
• B) Movement at defined frequency
• C) Movement about central point

• Definition of movement

• Implementation
Primary Axis

Periodic movement along one axis
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SolarX System Monitoring
HelioControl Approach

Integration Concept
• Finalization of definitions with CYI and 

Heliostat Field Developer:
• Implementation of geometric definitions of 

PROTEAS (F-ISE)
• Heliostat control adaptation (HS-developer)
• Full field availability (CYI)
• Two aim point availability? (CYI)

• Eventually hardware integration / colocation
• Test and demonstration
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SolarX System Monitoring
HelioControl Approach (Amplitude + Phase)



SolarX System Monitoring
HelioControl Approach

• ~70 measurement data sets acquired
• First promising results
• However:

• Implementation with additional „vibrating drives“ not 
recommended

• Natural frequencies of heliostats are too close
• Implementation with heliostat drives allows for 

frequency control
•  proven at small scale, to be demonstrated in 

commercial scale



SolarX System Monitoring
HelioControl Approach – What it should look like

• Test of HelioControl Method with Vast Solar in 
Australia, Brisbane

• Fast Setup (Camera: 30 minutes)
• No optimization at all
• 6 aim points in 20 seconds (0.3/s)
• Theoretically 2.0/s is possible
•  Comparison with BCS
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SolarX Solar Management
Towards Model Predictive - and Closed Loop Control
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T1.6 Parametrized el./th./chem. Model
System data interaction – heliostat field | receivers
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Provide flexible aiming options by creating optimized heliostat aim strategies for the Cerro Dominador: 
trade-off between maximizing efficiency and ensuring receiver integrity.

47

ARIA method to implement aim point optimizations  enable 
testing of different aiming strategies

2D concentration map of a heliostat on one panel 

T1.3 Adaptative aiming strategy
Objective
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Raytracing 
simulation

Concentration maps 
per heliostat per 

panel 

Genetic Algorithm for 
optimal optical aiming 

Sky discretization map for the 
sun’s movement throughout 
the year at Cerro Dominador

Optimal Aiming 
Strategy 

Allowable Flux Density 
Calculation

Ant Colony Optimization 
for heliostat 

shifting/defocusing

ColSim Simulation: Fluid Film 
Temperature Calculation

Concentration 
maps

Optical optimization: Per sun node in sky discretization map

Thermal optimization: Per simulation step (every 10 minutes)

T1.3 Adaptative aiming strategy
External thermal receiver: Methodology
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Two heliostat field clustering methods considered: 
• Distance based: Clusters based on their relative distance 

to the receiver.
• Cosine loss based: Cluster based on the energy loss due 

to the angle between sun and heliostat (cosine effect).

Distance based clustering of the heliostat fieldGenetic algorithm: 
The GA to find the optimal number of clusters and optimal aim points on the receiver per sun 
position.
Weighted sum of (lower fitness value indicates a better solution):
 Total Spillage: The amount of flux that misses the receiver.
 Concentration standard deviation: Measures uniformity in concentration distribution.

T1.3 Adaptative aiming strategy
Optical Optimization
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Ant  Colony Opt imiza t ion  (ACO):
Nature-inspired algorithm simulating ant foraging behavior: Ants (candidate solutions) search for optimal 
heliostat-aim-point combinations based on the shift factor equation. 
 Parameters: Shift factor per heliostat and cluster 
 Termination Criteria: Flux density reaches AFD limit while minimizing spillage.

Allow able  flux density (AFD) modelling :
Determination of the exceeding flux density to maintain safe thermal levels 
for the molten salt from row-by-row:
 AFD<0: excess concentration  determines amounts of heliostat to be 

shifted
 AFD>0: flexibility to have additional concentration from negative regions

T1.3 Adaptative aiming strategy
Thermal Optimization
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Genetic algorithm aiming optimization resultsfor distancebasedculstering

T1.3 Adaptative aiming strategy
Optical Optimization Results

March 27 March 28
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T1.3 Adaptative aiming strategy
Thermal Optimization Results
(no defocusing)

March 27 March 28
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T1.3 Adaptative aiming strategy
Thermal Optimization Results
(no defocusing)

March 27 March 28

Solar Gain (MWh)

Date
Equitorial 
Aiming

Circumferential
Vertical

CD Reference 
Aiming

27.03.2005 5638,9 5694,4 5583,3
28.03.2005 7472,2 7527,8 7416,7

HTF Average Power (MW)

Equitorial 
Aiming

Circumferential
Vertical

CD Reference 
Aiming

27.03.2005 221,1 223,4 219,9
28.03.2005 296,3 29,9 294,0
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restricted

T1.3 Adaptative aiming strategy
Thermal Optimization Results 
(with defocusing)

March 27 March 28


	SolarX – Work Package I�Solar management & control strategies
	WP1 Solar management &�control strategies: Overview�
	SolarX Solar Management�Agenda
	SolarX System Model�System integration and energy flow model
	SolarX System Model�System integration and energy flow model
	SolarX System Model�System data interaction – heliostat field | receivers
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Parameterization and flux control
	SolarX System Model�Exemplarily Study Case
	SolarX System Model�Exemplarily Study Case
	SolarX System Model�Exemplarily Study Case
	SolarX System Model�Exemplarily Study Case
	SolarX System Monitoring�Solar Resource Assessment – DNI Nowcasting
	SolarX System Monitoring�Solar Resource Assessment – DNI Nowcasting
	SolarX System Monitoring�Solar Resource Assessment – DNI Nowcasting
	SolarX System Monitoring�Solar Resource Assessment – DNI Nowcasting
	SolarX System Monitoring�Solar Resource Assessment – DNI Nowcasting
	SolarX System Monitoring�Solar Resource Assessment – DNI Nowcasting
	SolarX System Monitoring�Fast and Precise Heliostat Calibration
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach (Amplitude + Phase)
	SolarX System Monitoring�HelioControl Approach
	SolarX System Monitoring�HelioControl Approach – What it should look like
	SolarX Solar Management�Towards Model Predictive - and Closed Loop Control
	Contact
	T1.6 Parametrized el./th./chem. Model�System data interaction – heliostat field | receivers
	T1.6 Parametrised el./th./chem. Model�System data interaction – heliostat field | receivers
	T1.6 Parametrised el./th./chem. Model�System data interaction – heliostat field | receivers
	T1.6 Parametrised el./th./chem. Model�System data interaction – heliostat field | receivers
	T1.6 Parametrised el./th./chem. Model�System data interaction – heliostat field | receivers
	T1.6 Parametrised el./th./chem. Model�System data interaction – heliostat field | receivers
	T1.3 Adaptative aiming strategy�Objective
	T1.3 Adaptative aiming strategy�External thermal receiver: Methodology
	T1.3 Adaptative aiming strategy�Optical Optimization
	T1.3 Adaptative aiming strategy�Thermal Optimization
	T1.3 Adaptative aiming strategy�Optical Optimization Results
	T1.3 Adaptative aiming strategy�Thermal Optimization Results�(no defocusing)
	T1.3 Adaptative aiming strategy�Thermal Optimization Results�(no defocusing)
	T1.3 Adaptative aiming strategy�Thermal Optimization Results �(with defocusing)

