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Motivation 

Optimizing solar field operation and 

control during transient processes, like 

passing clouds and solar field start-up, is 

key to improve the competitiveness of 

line-focus solar thermal power plants. 

Computationally efficient simulation tools 

can play a significant role in the design 

and optimization procedures for such 

systems exposed to high degrees of, 

both, temporal and spatial variability in 

the energy input. 

An example test case of a whole day 

simulation is shown in Figure 4 and the 

corresponding revenues and penalties 

shown in Figure 5. 

Potential Benefits of Nowcasting 

Systems 

VSF uses direct normal irradiance (DNI) 

maps from nowcasting systems. It 

predicts the field behaviour to quantify the 

benefits of using advanced control 

strategies as shown in Figure 6. The 

figure shows the potential revenue gain 

resulting from using irradiance data from 

DNI maps provided by cloud cameras 

instead of the installed weather stations 

as investigated within the WobaS project. 

 

Control Assessment 

Control strategies can be implemented 

to operate the simulation model 

depending on the irradiance condition as 

shown in Figure 1 and 4. To be able to 

compare different control strategies, a 

controller performance assessment 

scheme based on energy output and 

conversion efficiency has been 

developed to estimate the expected 

revenues and to penalize off-design 

plant operation, such as: 

• Defocusing instances. 

• Reduced power block efficiency due 

to low temperatures. 

• Reduced thermal energy storage 

capacity. 
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Conclusions 

VSF provides a virtual test platform for 

parabolic trough power plants enabling 

more cost-efficient testing of new 

control strategies. It provides a 

controlled environment, where the 

results could be fairly compared and 

reproduced [2]. 

Figure 1: Virtual Solar Field using irradiation 

input from DNI maps from nowcasting systems. 

[Top right] Lines represent loop outlet 

temperatures and squares represent collector 

temperatures. [Bottom right] Collector  focus 

during cloud passage. 

Virtual Solar Field 

VSF is an in-house developed transient 

solar field model that couples a static 

hydraulic flow model with a detailed 

dynamic loop model making use of the 

different time scales in the system (see 

Figure 3). This results in an accurate 

and computationally efficient simulation 

tool for commercial power plants scale, 

such that, for example, 10 hours of 

Andasol-III solar field operation can be 

simulated in under 10 minutes. VSF 

has been validated against solar field 

operation data from Andasol-III [1]. 
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Figure 3: VSF program flow diagram 

Figure 4: A simulation of La Africana solar field 

using automatic flow control Figure 5: Revenues and penalties distribution 

Figure 2: Collector loops in PT-solar field 

Figure 6: Potential revenue gain by using DNI 

maps from nowcasting systems without 

forecasts 
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