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Load Curve versus Operating Strategies 

Load curve means:  
The user defines a predefined electrical output at a certain time of 
the year. For CSP plants often an auxiliary system is necessary to 
follow a load profile. 
 
Operating strategy means:  
The user defines a priority of specific parts of the CSP plant over 
others or suppresses the utilization of parts until certain 
preconditions are fulfilled 
 
Thus operation strategies offer higher flexibility but are more 
complicated to define. 
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Load curve definition 
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Greenius comes with some predefined load curves 
Users may load one of the and manipulate it to their needs 
Load curves are using relative values for each period and one input 
for the nominal output. Actual output for each period is calculated 
from the product of relative and nominal value.  
For CSP systems this nominal values represents the net electricity 
output.  

• User have to take care that the power block will be large enough to 
deliver this net output! 

• Typically the relevant project file will have an auxiliary firing in order 
to fulfill the load curve during times when solar field and storage 
cannot provide sufficient heat. 

• If no auxiliary firing is defined, greenius will calculate the demand 
fraction satisfied by solar 
 

 
 



Load curve input form in greenius 
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Definition of the auxiliary boiler (HTF-heater) 

Greenius user day 30 October 2014     Load Profile and OS Definition     Slide 5      

Important: 
The nominal thermal 
power of the boiler should 
be sufficient to deliver the 
heat required by the 
power block in order to 
produce the electricity 
demand in fossil mode. 
 



Results of the simulation using a load curve  
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Implementation of operating strategies in greenius 

Defining an OS in words or in a higher programming language is 
quite easy 

User defined OS in a software tool means that actually multiple OS 
must be considered in the code 

In CSP plants with thermal storage (TES) the operators have some 
degrees of freedom for the plant operation: 

• Send the available heat to the power block or to the TES 
• Run the power block at full load or at reduced load 
• Use heat from the TES to operate the power block even during 

periods with no heat from the solar field 
• Use additional heat from fossil fired auxiliary heaters (if the plant has 

such devices) to run the power block 
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Solar only operating strategy 

This is the “natural” OS for CSP plants 
Operate the solar field at maximum possible heat production 
Use the heat from the solar field to operate the power block at 
maximum possible load 
When the heat delivered by the solar field exceeds the maximum 
power block input, use this surplus heat to charge the TES 
If the TES is totally charged, defocus parts of the solar field until the 
heat output matches the maximum power block input 
If the heat delivered by the solar field decreases in late afternoon, 
discharge the TES to run the power block at maximum possible load 
and continue discharging of TES in the evening until the storage is 
empty. 
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Example for an operating strategy 

This example has been used for a paper published at the 
International SolarPACES 2014 conference (Beijing, 14.-18. Sept. 
2014) 
The idea was to develop an OS in greenius which considers a 
certain feed-in-tariff structure (fictive but not unrealistic) 
285 €/MWh during peak 
hours, 100 €/MWh  
during off-peak hours, 
no payment during 
night 
Maximize revenues  
rather than electricity 
production (like for 
a flat feed-in-tariff) 

 
 

 
 

 
 
 
 
 

Greenius user day 30 October 2014     Load Profile and OS Definition     Slide 9      

0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ta
rif

f i
n 

€/
M

W
h

hour of day



OS determined by a feed-in-tariff system 

1. Try to run the power block at maximal load between 16:00 and 
21:00  

2. Don’t run the power block between 21:00 and 5:00 
3. Try to use the remaining heat from solar field and storage to 

produce electricity during the remaining hours of the day 
 
The plant has no auxiliary firing! 
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Definition of the OS  

Further considerations from this rules: 
Fill the storage before 16:00 up to a level that condition 1. could be 
satisfied 
Use 3 different periods according the different feed-in-tariff periods 
as first approach 
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OS with 3 periods 
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Definition of the FiT in greenius  
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Go to the “Nation” form, choose variable 
electricity tariff and press the arrow button 
to open the tariff creator form. 
 



Result analysis of the 3 periods OS 

Storage has the highest priority during period 2 but during summer the first 
hours of the day were used to charge the storage.  
PB is only started after the storage is completely filled up. At this time the 
solar field often delivers heat in excess to the maximum PB input and this 
must be dumped (the storage is already fully charged).  
Finally this first OS was not optimal since it produces a lot of dumping and 
the revenue is not optimal. 
A better OS would be to set the storage priority only until a certain fraction of 
the total storage capacity (we have about 7 h of capacity but for most of the 
time, we don’t need 7 h for the peak time). Therefore I reduced the value of 
“Charge prio. until” to about 0.3. Actually I played around with this parameter. 
The next step was that I realized that in winter time we should have a higher 
value of “Charge prio. until” since the sunset is earlier and we have more 
peak hours without DNI. That was the reason to introduce a 4th period. 
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OS with 4 periods 
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Allocation table 

Strategy definition table 



Comparison of annual revenues 
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Feed-in-tariff OS Net electricity Revenues 
 

Flat  285 €/MW Solar-only 146.7 GWh 41.8 Mio.€ 

New FiT Solar-only 146.7 GWh 20.1 Mio.€ 

New FiT 4 periods 137.6 GWh 23.9 Mio.€ 

New FiT means:  285 €/MWh during peak time, 100 €/MWh during normal time and no 
payment during night time as shown on slide 9  

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 



Final remarks 

The ultimate mathematical solution would be an optimizer running greenius 
and varying the OS parameter to find the optimum. This is currently not 
possible and the user has to do this manually.  

Finally the proposed OS with 4 periods might be optimized further (e.g. by 
introducing more periods). Another period in the afternoon (just 2 or 3 hours 
prior to the peak time) when no storage discharge will be allowed could be an 
idea to keep the storage full until the peak time starts.  

Using a predefined OS does not mean the same as optimizing the day-by-
day operation with consideration of weather forecasts. The latter procedure 
will be done by plant operators in different forms. They will at least consider 
the normal weather forecast from radio or TV or in a more sophisticated 
scheme; or alternatively they will use a computer system proposing a certain 
strategy with frequently updated DNI forecasts. 
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