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Abstract. In this paper, two solutions are proposed to increase the sales revenue of a pre-
sized solar thermal power plant (STPP) that operates with a Hybrid Rankine Brayton cycle 
(HRB) by changing the reference operating parameters. In the first solution, the turbine inlet 
temperature value is optimized to increase the energy production. In the second solution, a 
new dispatch strategy that prioritizes energy production during the hours of higher sales price 
is additionally implemented in low solar radiation months. In the remaining months, the 
reference dispatch strategy that prioritizes production from energy coming directly from the 
solar field over energy from storage system is maintained. The incremental sales revenue of 
each solution proposed over the reference case is calculated considering hourly SPOT prices 
for a three-year period and considering hourly annual simulations for a typical year. 

Keywords:  Medium Temperature Solar Thermal Energy, STPP, B-HRB, CSP. 

1. Introduction

The profitability obtained from the operation of a power plant can be improved by lowering 
costs (such as O&M costs) or by increasing revenues. The revenues can be increased in two 
ways: Increasing the annual energy production or increasing the average sale price per unit of 
energy. In the first case, operating parameters that increase either the energy production 
efficiency or the primary energy used are modified. In the second case, energy is generated 
when the sale price allows greater revenue. Not all renewable electricity production 
technologies can use this option to increase their incomes since they depend on the availability 
of the natural resource. 

STPPs with thermal energy storage system (TES) can store the absorbed energy and 
manage when to transfer it to the power block (PB). This allows for adapting production to 
demand, regardless of whether demand peaks occur when there is no solar radiation. The 
Spanish electricity market is a pay as-cleared market in which the sale prices are determined 
in hourly periods through a daily auction. Therefore, it could be interesting to produce around 
demand peaks, especially during the demand peak after sunset. However, the most 
widespread management strategy in Spain prioritizes production from energy coming directly 
from the solar field over energy from the storage [1], [2]. Usaola [3] compares the benefits of 
two operational scenarios in a Spanish STPP, one of them following the real scenario, and the 
other following an optimized operation model around hours with higher energy sale prices. The 
results shown that with the Spanish subsidy policy, the benefits of the optimized operation are 
lower than the production operation that prioritizes energy that comes directly from the solar 
field. This was because the largest part of the planter venue comes from a fixed premium, not 
modulated by the market price. In [4] a new comparison is done considering the new subsidy 
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policies implemented in Spain in 2013. Although these policies are more restrictive than the 
previous ones, it is demonstrated that the weight of subsidies is still significant enough to 
prioritize an operation strategy based on electricity production from thermal energy that comes 
directly from the solar field. This study concludes that in order to make STPPs economically 
viable in Spain without subsidy policies, several measures need to be taken. These include 
increasing the nominal power capacity of new STPPs beyond the current 50 MW limit, 
enhancing the energy storage capacity, and establishing an operation strategy that aligns more 
closely with the demand curve, regardless of whether production occurs during non-solar 
radiation hours. 

 In this work, we have proposed two solutions that improve the profitability of a STPP in 
a scenario without subsidy policies. The reference case is a STPP that works with a constant 
turbine inlet temperature operation  and a dispatch strategy that prioritizes energy that comes 
directly from the solar field. In Solution 1, the constant inlet temperature setting criterion of the 
reference case has been changed to a variable turbine inlet temperature setting criterion, 
keeping constant the difference between the HTF flow temperature that enters in the SSG and 
the turbine inlet temperature. In Solution 2, in addition to the variable turbine inlet temperature 
setting criterion, we have considered a new dispatch strategy that prioritizes energy production 
at sunset in low solar radiation months, during the hours of higher sales price. Design 
parameters are maintained in both cases, so no new costs are incurred. 

2. Reference data 

We have performed the calculations using MATLAB, integrating Refprop databases to obtain 
the properties of propane (power fluid) and air (refrigerant). We have created databases for 
Therminol VP1 (HTF) and molten salts (heat storage fluid) using the expressions proposed in  
[5,6]. The meteorological data used to calculate the annual simulations, corresponds to a 
database of a typical year for Sevilla provided by METEONORM. It includes the weather station 
coordinates, as well as values taken hourly of Direct Normal Irradiation (DNI) and dry bulb 
temperature. These data can be found in Table 1. The annual simulation results of the 
reference case have been validated using SAM. The economic analysis has been done 
considering databases of hourly SPOT prices (€/MWh) for the years 2017, 2018 and 2019 
provided by [7].  

 The power plant design is the same for all the cases considered. It is a 100 MW STPP 
with a parabolic trough solar field located in Sevilla that operates with a propane HRB power 
cycle. This cycle was proposed by Rovira et al. [8] and it is a good alternative to conventional 
power cycles, achieving similar performance with greater simplicity. Figure 1 shows the layout 
of the reference HRB power cycle and its T-s diagram. The design parameters used to pre-
size the different systems of the power plant are shown in Table 1. The nominal ambient 
conditions for the solar field have been taken at 12:00 p.m. (solar time) on June 21. 

 The solar field is based on parabolic trough collectors (ET-150 with Schott PTR70 
receivers) in which Therminol VP-1 (HTF) transfers the thermal solar energy to the power cycle 
through a heat exchanger (SSG). The solar field has 264 loops. Each loop is composed of 4 
Solar Collector Assemblies (SCAs) distributed in two rows. The solar multiple is 2, so in 
nominal conditions half of the absorbed solar power is transferred to the power cycle and half 
is stored. The TES is a two-tank system with a storage capacity for 12 hours of nominal PB 
thermal power requirement. The power cycle nominal efficiency is 39.98%. It is reached with 
a 0.25 compressor recirculation factor value and 14:1 compression ratio.  In these conditions, 
the air-cooling system power consumption is 6.8 MW. Heat exchangers (Recuperator, SSG, 
condenser and molten salts/HTF heat exchanger) have been pre-sized calculating the UA 
factors. A dataset that contains all the results is included as Supplementary Material. 
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Table 1. Input parameters under design conditions. 

 

 

 
Figure 1. Layout (left) and T-s diagram (right) of the HRB cycle. 

3. Methodology 

3.1 Off-design calculation methodology 

The power cycle turbomachinery off-design behaviour is characterised assuming the following 
criteria: 1) The Stodola-Frügel Law describes the steam turbine operation [9]. 2) The 
turbomachinery efficiency is reduced from the nominal value as the capacity moves away from 
the design value. Equation (1) relates the turbomachinery efficiency to its capacity. The 
turbomachinery capacity depends on the flow rate, the pressure, and the inlet temperature.   
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UA factors decrease as the mass flow rate of the fluid with the highest thermal 
resistance also does. Equation (2) relates the design and off-design values for UA factor and 
mass flow rate. 

        𝜂𝜂𝑡𝑡𝑡𝑡 = 𝜂𝜂𝑡𝑡𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 − �1 − 𝜙𝜙𝑡𝑡𝑡𝑡
𝜙𝜙𝑡𝑡𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑

� 3�  𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒  𝜙𝜙 = �̇�𝑚 √𝑇𝑇
𝑃𝑃

                                   (1) 

              
   𝑈𝑈𝑈𝑈 𝑜𝑜𝑡𝑡𝑜𝑜 = 𝑈𝑈𝑈𝑈𝑑𝑑𝑑𝑑𝑑𝑑 · � �̇�𝑚𝐻𝐻𝐻𝐻𝐻𝐻

�̇�𝑚𝐻𝐻𝐻𝐻𝐻𝐻𝑑𝑑𝑑𝑑𝑑𝑑
�
0.8

                                                          (2) 

𝜂𝜂𝑡𝑡𝑡𝑡 is the efficiency of turbine in off-design conditions; 𝜂𝜂𝑡𝑡𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 is the efficiency of turbine in 
nominal conditions; �̇�𝑚 (𝑘𝑘𝑘𝑘/𝑠𝑠)  is the propane mass flow rate that enters in the turbine; 𝑇𝑇 (𝐾𝐾)  
is the temperature and 𝑃𝑃 (𝑃𝑃𝑃𝑃) the pressure. 

 𝑈𝑈𝑈𝑈𝑜𝑜𝑡𝑡𝑜𝑜  (𝑀𝑀𝑀𝑀/𝐾𝐾) is the overall heat transfer coefficient  in off-design conditions 
multiplied by the total area;  𝑈𝑈𝑈𝑈𝑑𝑑𝑑𝑑𝑑𝑑 (𝑀𝑀𝑀𝑀/𝐾𝐾) is the overall heat transfer coefficient in design 
conditions multiplied by the total area;  �̇�𝑚𝐻𝐻𝑇𝑇𝐻𝐻 is the HTF mass flow rate that enters in the heat 
exchanger; �̇�𝑚𝐻𝐻𝑇𝑇𝐻𝐻𝑑𝑑𝑑𝑑𝑑𝑑 is the design HTF mass flow rate that enters in the heat exchanger. 

3.2 Annual simulations. General considerations 

The following effects are considered in all simulations:  1) Thermal losses of storage tanks are 
calculated hourly using the expressions showed in [10]. These equations are based on a 
dimensionless analysis performed on tanks that have the same diameter-to-height ratio as 
ANDASOL I tanks [11]. 2) Row shadowing losses are assessed by the shadow factor [12]. 3) 
Solar field startup thermal energy is calculated considering the hourly HTF energy state and 
the thermal inertia of headers and SCA components (Equation 3).  The hourly HTF energy 
state is calculated considering the HTF volumes (V) of each system: loops, cold pipe headers 
(c,hd), hot pipe headers (h,hd) and SSG (Equation 4). It depends on the HTF density (𝜌𝜌), the 
HTF enthalpy (h) and the number of total loops (𝑁𝑁𝑙𝑙𝑙𝑙𝑑𝑑). The energy state of headers and SCA 
components is calculated by Equation (5). It considers cold and hot headers thermal inertia 
(𝑚𝑚𝑚𝑚𝑐𝑐,ℎ𝑑𝑑 ,𝑚𝑚𝑚𝑚ℎ,ℎ𝑑𝑑) as well as loop thermal inertia (𝑚𝑚𝑚𝑚𝑙𝑙𝑙𝑙). These experimental terms are proposed 
in [13]. We have considered the standard values proposed by System Advisor Model (v 
2021.12.2). In Equation (5), 𝑚𝑚𝑚𝑚𝑐𝑐,ℎ𝑑𝑑 and  𝑚𝑚𝑚𝑚ℎ,ℎ𝑑𝑑  are multiplied by the nominal power generated 
(�̇�𝑀𝑑𝑑𝑑𝑑𝑑𝑑) and the HTF temperature contained in cold and hot headers; 𝑚𝑚𝑚𝑚𝑙𝑙𝑙𝑙 is multiplied by the 
length of each SCA (𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆), the total number of total loops (𝑁𝑁𝑙𝑙𝑙𝑙𝑑𝑑), the number of SCAs per loop 
(𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆), and the average temperature of each loop (𝑇𝑇�𝑙𝑙𝑙𝑙). 4) The PB startup is constrained by a 
time duration and a thermal energy fraction. The time duration constrain value is 30 min and 
the energy constraint value is a 20% of the thermal energy demanded by the PB during 1 hour 
at nominal conditions. Both conditions must be met in order to consider the startup period of 
the power block as completed. 

 𝐸𝐸𝑡𝑡ℎ,𝑑𝑑𝑠𝑠(𝑀𝑀ℎ) = 1(ℎ) · 𝐸𝐸𝑡𝑡ℎ,𝐻𝐻𝐻𝐻𝐻𝐻
3600 (𝑑𝑑)

+ 𝐸𝐸𝑡𝑡ℎ,ℎ𝑑𝑑+𝑑𝑑𝑐𝑐𝑠𝑠                                                                 (3) 

𝐸𝐸𝑡𝑡ℎ,𝐻𝐻𝑇𝑇𝐻𝐻(𝐽𝐽) = 𝑁𝑁𝑙𝑙𝑙𝑙𝑑𝑑 · 𝜌𝜌𝑙𝑙𝑙𝑙 · 𝑉𝑉𝑙𝑙𝑙𝑙 · ℎ𝑙𝑙𝑙𝑙 + 𝜌𝜌𝑐𝑐,ℎ𝑑𝑑 · 𝑉𝑉𝑐𝑐,ℎ𝑑𝑑 · ℎ𝑐𝑐,ℎ𝑑𝑑 + 𝜌𝜌ℎ,ℎ𝑑𝑑 · 𝑉𝑉ℎ,ℎ𝑑𝑑 · ℎℎ,ℎ𝑑𝑑 + 𝜌𝜌𝑆𝑆𝑆𝑆𝑆𝑆 · 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 · ℎ𝑆𝑆𝑆𝑆𝑆𝑆                  (4) 

              𝐸𝐸𝑡𝑡ℎ,ℎ𝑑𝑑+𝑑𝑑𝑐𝑐𝑠𝑠(𝑀𝑀ℎ) = �̇�𝑀𝑑𝑑𝑑𝑑𝑑𝑑 · �𝑚𝑚𝑚𝑚𝑐𝑐,ℎ𝑑𝑑 · 𝑇𝑇𝑐𝑐,ℎ𝑑𝑑 + 𝑚𝑚𝑚𝑚ℎ,ℎ𝑑𝑑 · 𝑇𝑇ℎ,ℎ𝑑𝑑� + 𝑚𝑚𝑚𝑚𝑙𝑙𝑙𝑙 · 𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆 · 𝑁𝑁𝑙𝑙𝑙𝑙𝑑𝑑 · 𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆 · 𝑇𝑇�𝑙𝑙𝑙𝑙                     (5) 

The following operation conditions are considered in all cases: 1) The HTF mass flow rate 
through the SSG and the outlet temperature of the solar field take the design value; 2) Ambient 
temperature and inlet SSG temperature at HTF side (in the case that the TES provides thermal 
energy to the PB) take off-design values; 3) Condensation temperature is fixed 10ºC above 
the dry bulb temperature. 
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3.3 Annual simulations. Reference case and Solution 1. 

In the reference case, the turbine inlet temperature always maintains its design value. In 
Solution 1, the temperature difference between the HTF entering the SSG and the turbine inlet 
always maintains design value. Therefore, when the HTF temperature entering the SSG takes 
off-design values, the turbine inlet temperature is adjusted to maintain the design temperature 
difference between the two flows. Besides, both follow a dispatch strategy that prioritizes 
production from energy coming directly from the solar field with only one PB startup per day. 
The following premises are considered: 1) Every day, after the startup of the solar field and 
before the startup of the power block (PB), the minimum energy required to be stored is 
calculated to ensure uninterrupted operation of the PB during daylight hours. 2) The PB startup 
operation only demands energy that comes directly from the solar field. 3) If the power 
absorbed by the solar field is higher than the maximum power that the cycle can demand, the 
power excess is derived to the storage system. 4) If the absorbed solar power is lower, the 
stored energy is transferred to the PB complementing the flow that comes from the solar field. 
5) After sunset, the salts are discharged at the nominal value, so the remaining stored energy 
is transferred to the PB increasing the total production time. 

3.4 Annual simulations. Solution 2 

Solution 2 considers a new dispatch strategy that prioritizes the production during the time 
periods with higher selling prices. In the remaining hours of the day, the power plant is turned 
off (in case of no solar radiation) or is storing energy. The PB startup operation begin 30 
minutes before the production time period, so if the solar radiation is lower than the maximum 
thermal energy that the PB can absorb, the TES supplies the remaining power. The turbine 
inlet setting criterion is the same as in Solution 1. 

  This new strategy is set during the six months with lower solar radiation (January, 
February, March, October, November, and December). The time period in which the PB 
generates power is a fixed daily interval of time that is recalculated monthly. To determine it, 
we have first calculated the average hourly SPOT prices for each month of one year. This 
method is applied to each one of the three years considered. We have calculated the average 
hourly prices for an average year after verifying that the trend of the average hourly prices 
coincides for the same months of each year. Then, the time period in which PB generates 
power is set monthly considering the highest average hourly prices for the mean year. The 
new dispatch strategy also considers the energy losses due to defocussing collectors when 
the TES is storing energy, but the PB is off. These losses can be high because the salts flow 
rate cannot exceed the nominal value. To reduce them, when the accumulated energy losses 
over a day exceed a certain value, the reference dispatch strategy that prioritizes production 
from energy coming directly from the solar field is set for that day, recalculating the simulation. 

 The next steps are considered in case that the cold salts tank is emptied during an 
energy storage operation: 1) The simulation is recalculated from two days before the day the 
tank is emptied, extending one hour the generating power time interval. The extended time 
interval applies only to the day from which the simulation is recalculated. The extended hour 
corresponds to the hour with the highest possible average price. 2) If the tank is emptied again 
on the same day, step 1) is repeated from the day before the tank was emptied. 3) If the tank 
is emptied again on the same day, there are two possibilities: 3a) If the tank is emptied the 
hour before the production period starts and this hour has the highest possible average price, 
the production time period is extended. 3b) If none of the conditions in 3a) are met, the previous 
steps are repeated, extending the production interval for one more hour. This methodology 
simulates the operation of a real power plant in which weather conditions are known two days 
in advance.   

 In Figure 2 an example of flux chart is showed to clarify the methodology exposed: In 
n day, the cold salts tank is emptied two times. When it happens for the first time, the “x” hour 
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is added to the production “h” interval in day n-2. That corresponds with the step 1) of the 
methodology. Then, the simulation is recalculated again until day n, in which  the cold salts 
tank is emptied again. In this time, the “x” hour is added to the production “h” interval in day n-
1. That corresponds with the step 2) of the methodology. If the tank were to be emptied more 
times, another hour "y" would be added following the same steps. 

 
Figure 2.  Example of flux chart. 

4. Results 

4.1 Hourly SPOT prices analysis. 

Figure 3 and Figure 4 shows the average hourly SPOT prices for each month of the mean 
year. In all months there are two periods of peak prices and another two of valley prices. During 
low radiation months, peak price periods occur around the sunset and sunrise. Prices around 
sunset are higher than around sunrise. Regarding the valley price periods, one of them is 
around high radiation hours (usually between 12 a.m. and one or two hours before the sunset) 
and the other one occurs during no radiation hours (usually between 0 a.m. and one or two 
hours before the sunrise). This behaviour is similar during high radiation months but the 
difference between the mean price of the periods is lower. 

 
Figure 3. Mean hourly sale price for low radiation months. 
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Figure 4. Mean hourly sale price for high radiation months. 

4.2 Comparison between the reference case and Solution 1. 

Table 2 shows the comparison between the main results of the annual simulation for the 
reference case and Solution 1. The thermal energy demanded by the PB  (QPB,net)   is the 
difference between the total energy absorbed by the solar field (Qsolar,abs) minus the sum of the 
solar field startup thermal energy (Qstart,sf), the PB startup thermal energy (Qstart,PB)  and the 
thermal energy losses in the molten salt tanks (QTES,loss). The total net energy generated 
(Enet,PB)  is  the total energy produced by the PB (Etot,PB)   minus the energy consumed by the 
air-cooling system. 

Table 2. Main results of the annual simulation  
         for the reference case and Solution 1 

 
      Figure 5. Monthly mean temperature in cold  

                                                                                     salts tank 
Enet,PB is higher in Solution 1 despite the PB efficiency (EffPB) is lower. It is because Qsolar,abs is 
increased as result of the higher maximum solar power that can be absorbed and stored before 
defocussing colectors. The maximum solar power absorbed depends on cold salt tank 
temperature, which is lower in Solution 1. Figure 5 shows the monthly mean temperature of 
the cold salts tank for each case. In Solution 1, salts are discharged to the cold tank with a 
lower temperature in the partial and total salt discharge operations as it is shown in Table 3. 
For that reason, the thermal power discharged from the TES and the power generated by the 
PB is higher in Solution 1 than in the reference case for the same environmental conditions. 

Table 4 shows the monthly net energy production and the monthly revenue for a mean 
year in the reference case and their respective increments in Solution 1. For the reference 
case, the net energy production during months with high radiation is around a 74% of the total 
annual production. The sales revenues take a similar value.  Solution 1 achieves an increase 
of energy production during the months of high radiation because the losses due defocussing 
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collectors are high for the reference case. During these months, the thermal energy stored is 
usually enough to keep the production some hours after 0 a.m. (valley prices period). The hot 
salts tank is emptied earlier in Solution 1 so the number of production hours after 0 a.m is 
lower.  However, more power is produced during the peak prices period after sunset. For that 
reason, the sales revenue increment is higher than the energy production increment. During 
the low radiation months, the sales revenue increment is sometimes lower than the energy 
increment, reaching negative values in some months. This is because less energy is produced 
during the two peak price periods as the PB demands more thermal power from the TES. The 
production during the morning peak price period is reduced as more energy must be stored 
before the PB startup. The production during the sunset peak price period is reduced because 
the hot salts tank is usually emptied just after sunset. 

The annual production increment of Solution 1 over the reference case is 2.03% and 
the annual revenue increment is 2.29%. 

 
Table 3. Hourly simulation results in two representative points for the reference case and 

Solution 1 

 
 

 
Table 4. Monthly results for reference case and Solution 1 

 
 
Figure 6 and Figure 7 show different hourly parameters of the simulation for the reference case 
and Solution 1 on May 25th. Figure 1 shows the hourly gross power of each case along with 
the corresponding hourly price curve. The power produced for the reference case decreases 
as the proportion of energy from storage increases relative to solar field energy. This occurs 
at 11 a.m. and 7 p.m. (combined contribution of energy from the solar field and storage) and 
from 8 p.m. onwards (energy from storage only). For Solution 1, the power decrement is not 
as significant when the energy comes from storage. As a result, Solution 1 generates higher 
power during the peak price hours at sunset (between 7 p.m. and 11 p.m.). 
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Figure 7 shows the percentage of filling in the hot salts tank and the temperature of the 
cold tank for the reference case and Solution 1. The percentage of filling in the hot tank for the 
reference case is higher than that of Solution 1, even though both tanks were initially empty at 
8 a.m.. The difference in filling between the two cases increases between 8 a.m. and 12 p.m., 
when the salt flow rate is below the limit value. As a result, since the temperature of the cold 
tank is lower in Solution 1 compared to the reference case, a lower flow rate is required to 
store the same amount of energy. From 12 p.m. to 7 p.m., both cases reach the nominal value 
of salt flow rate, resulting in the storage of more energy in Solution 1. Starting from 8 p.m., the 
salts are discharged from the hot tank at the nominal value. Since Solution 1 achieves a lower 
discharge temperature to the cold tank, the thermal energy transmitted to the power block is 
higher than in the reference case. 

 
Figure 6. Spot prices and hourly gross power production for the reference case and Solution 

1 on May 25th 
 

Figure 7.  Percentage of hot salts tank filling (left) and temperature of the cold tank (right) for 
the reference case and Solution 1. 

4.3 Comparison between Solution 1 and Solution 2 

 The production time interval is set around the peak prices period at sunset. Figure 8 
shows the annual revenues increment of Solution 2 over Solution 1 depending on the 
production time period duration and depending on the limit value of daily energy losses due to 
defocusing collectors. This limit value is assessed as a fraction of the daily solar energy 
absorbed. Table 5 shows the hourly distribution of the interval depending on the interval 
duration and the month considered. In all the cases, the annual revenues increment decreases 
quickly when the energy limit value is higher than 15%. It is because the average sale price 
increment does not compensate the increase in solar energy losses. Although the 4 hours 
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interval is the option that most increases the average sale price, the 5 hours period interval is 
the option that most increases the annual revenues. It is because the 4 hours interval case 
implies a higher annual number of startup PB operations. Consequently, less thermal energy 
is available to produce power. The selected option is the 5 hours interval with a limit value of 
10%. The annual revenues increment of this option is 1.67%. The annual energy production 
decrement is 0.09%. 

                                                                                           Table 5. Production hourly distribution 

 
Figure 8. Annual revenues increment for different values of 
 time intervals and daily energy losses limit in Solution 2 
 
Figure 9, Figure 10 and Figure 11 compare the distribution of the production hours between 
Solution 1 and Solution 2 for January, February, and March. The distribution for October, 
November and December follows similar trends. The results have been included as 
supplementary material. The yellow lines represent the spot prices. The blue and red bars 
show the total distribution of production hours for Solution 1 and Solution 2 respectively. The 
grey bars show the number of hours in which the new dispatch strategy of Solution 2 has been 
applied.  

 The production distribution in Solution 1 is mainly concentrated in the valley price period 
between 12 a.m. and sunset.  Regarding Solution 2,  the production distribution is concentrated 
in the production interval set for the new dispatch strategy (6 p.m. to 22 p.m.). In January, the 
new strategy is set all the days and the production interval has been extended only for one 
hour three times.  In February, the limit value of loss energy is achieved in some days, so the 
reference dispatch strategy has been set on these days. However, unlike Solution 1, the 
production hours on these days are homogeneously distributed from sunrise to sunset price 
peak periods. It happens because the hot salt tank is not empty when solar field startup 
operation finishes. The result of adding the production hours of the two strategies in Solution 
2 is a production concentrated in the peak price interval at sunset and distributed 
homogeneously during the remaining production hours. In March, the production distribution 
in Solution 2 follows a similar trend but with a lower concentration in the peak price interval at 
sunset.  In Solution 2, late night production is not allowed since it corresponds to the lowest 
price time interval of the day. 

Table 6 shows the monthly net energy production and the monthly revenues for a mean 
year in Solution 1 and their respective increments in Solution 2. The net energy increment in 
the months in which the new strategy is set, is positive in some cases and negative in others. 
This is because at the beginning and end of each month the hot salts tank is not empty. For 
the same reason, there is a net energy increment in April even though the new dispatch 
strategy has not been applied this month. The sales revenue is increased in all the months 
considered regardless of the net energy increment value. 
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Figure 9.  Production hourly frequency comparison in January      Figure 10.  Production hourly frequency comparison in February 

 

 
Figure 11.  Production hourly frequency comparison in March 

 
 

Table 6. Monthly results for Solution 1 and Solution 2 

 

5. Conclusions 

In this work, two solutions that change the operating conditions of a pre-sized STTP and 
increase the annual sales revenue have been proposed. Solution 1 considers a variable turbine 
inlet temperature setting criterion that improves the annual sales revenue by increasing the 
annual energy production. The greatest increment is achieved in higher solar radiation months 
(April to September). Solution 2 also considers a new dispatch strategy that concentrates 
energy production during the time interval with the highest average hourly selling price. This 
interval is recalculated monthly. This new strategy is considered in the lower solar radiation 
months (October to March) and is set only on the days in which energy losses due defocussing 
collectors do not exceed  10% of the  daily solar energy absorbed. This strategy improves the 
annual results increasing the average sale price per unit of energy even though the annual 
energy production decreases. 

 Solution 2 annual sales revenue increment is around 4% over the reference case.  2.3% 
of the increment is due to the variable turbine inlet temperature setting criterion and 1.7% is 
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due to the new strategy of production during the time period with the highest hourly price. This 
last operation criterion is more effective although the annual revenue increment is lower since 
the months in which it is set represent only 26% of the annual absorbed solar energy. This 
dispatch strategy could be studied and implemented in all the STPPs with a TES that have 
been pre-sized considering the days with the highest radiation of the year. This could also 
reduce the large difference in hourly prices between peak and valley price periods during low 
radiation months. 

 The two solutions proposed do not increase the costs, so the profitability is higher than 
the sales revenue. For further work, a full economic analysis should be carried out to evaluate 
it. 
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