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Abstract 
Typical Meteorological Year (TMY) data files are used for preliminary design and performance 
assessment of concentrating solar power (CSP) systems, so the quality of these files is 
important to the accuracy of assessments of financial viability. Preparation of TMY files 
involves selecting solar and weather data that matches the long-term averages for a specific 
site. The data is most commonly compiled in an hourly format, which reduces the 
computational requirements in the plant optimization and simulation. However, it is likely that 
the hourly resolution results in a simplistic prediction of plant performance that neglects the 
impact of short-term variability in solar irradiance. This study aims to clarify the influence of 
time resolution when developing and using TMY files for the performance predictions for CSP 
systems. The One Minute dataset available from the Bureau of Meteorology (BOM) was used 
to develop TMY years in different time steps, i.e. 1, 5, 15, 30, and 60 minutes, using the 
MARINA open source program for solar data quality assurance. These TMY years were then 
used to optimize and simulate parabolic trough power plants with molten salt storage using the 
physical parabolic trough model in NREL’s SAM. To investigate the impact of solar resource 
availability and thermal storage capacity, 3 sites in different solar intensity regions and 3 
storage capacities (4, 8,12 hours) are analyzed.  The variations in predicted design and 
performance (in terms of predicted annual generation and LCOE) for these different cases are 
assessed with reference to the different time steps to provide recommendations of a suitable 
methodology for modelling of CSP systems.  

1. Introduction
In order to accurately design Concentrating Solar Power (CSP) plants and predict their
performance, detailed solar and weather data for the targeted location is required. However,
such data is usually not available for many sites. It is therefore common to use the Typical
Meteorological Year (TMY) with the time resolution of one hour to optimize and simulate CSP
systems. Due to the lack of ground measured data, TMYs are often developed from less
accurate data, i.e.  the data which has been predicted using satellite measurements.
In a previous study (Meybodi et al., 2017), the authors clarified the influence of multi-year data 
sets of real solar data with a range of different time step sizes and thermal storage capacities 
on the performance prediction of CSP systems. In that investigation, 100 synthetic years were 
developed for Alice Springs using the available measured data and were used to predict the 
performance of the system. Incorporating a techno-economic model to the analysis provides 
an insight into the impact of time resolution in TMY files on assessments of the viability of CSP 
systems. In this work, three sites in different solar intensity regions are studied; namely Alice 
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Springs, Kalgoorlie, and Mildura. For each site, TMY files in 5 different time steps (1, 5, 15, 30, 
and 60 minutes) were developed and used to estimate the technical and economic 
performance of a 100 MWe net parabolic trough system. This study also clarifies the influence 
of thermal storage capacity by optimizing and simulating the CSP system for three storage 
sizes, i.e. 4, 8, and 12 hours of storage. 

2. Methodology 
The Australian Bureau of Meteorology (BOM) has released sets of one minute ground 
measured solar data for several sites around Australia, as shown in Fig. 1 with the approximate 
number of years of data available given after the place names (Bureau of Meteorology, 2016a). 
The approximate annual direct normal irradiance (DNI) for different sites is also provided.  As 
the figure shows, the highest solar intensity region is a zone from the western coast into central 
Australia. In addition to the solar data, one minute weather data for the same sites is available 
from the Bureau of Meteorology (Bureau of Meteorology, 2016b). 
 

 
Figure 1. Australian sites with high quality solar data and number of years available as 

of August 2016 (Meybodi et al., 2017) 
MARINA is an open source tool that provides five methods for the generation of TMYs 
(Ramirez-Santigosa, 2017). The tool takes raw data which is run through a quality control 
process, validation and gap filling, the selection of typical meteorological months, the 
generation of solar data for the TMY files, and finally the addition of other meteorological data 
to the TMY. MARINA was modified in ASTRI to accept BOM one minute data sets. There has 
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also been further modification to process the meteorological data and output the real validated 
data in yearly, monthly, or daily files. 
NREL’s SAM (version 2018.11.11) was used to optimize and simulate a parabolic trough plant 
using the physical option with the nominal net capacity of 100 MWe and three two tank molten 
salt storage systems, i.e. 4,8, and 12 hours of storage for the three selected sites. TMYs were 
developed using MARINA tool in 5 different time steps and fed into SAM to estimate the 
performance of the system. It is noteworthy that due to a software fault in SAM version 
2018.11.11, a previous version of SAM (version 2017.9.5) was used for some analyses. Table 
1 shows the main fixed technical characteristics for all the systems and sites. 

Table 1 Main technical specifications 
Item Value 
Collector  SkyFuel SkyTrough 
Collector’s reflective aperture area 656 m2 
Aperture width, total structure 6 m 
Length of collector assembly 115 m 
Number of modules per assembly 8 
Number of collector assemblies per loop 8 
Row spacing 15 m 
Receiver  Schott PTR80 
Single loop aperture  5248 m2 
Loop optical efficiency 0.72 
Total loop conversion efficiency 0.69 
Solar field heat transfer fluid Therminol VP-1 
Plant design gross output 111 MWe 
Plant design net output 100 MWe 
Power block design inlet temperature 391 °C 
Power block design outlet temperature 293 °C 
Condenser type Air cooled 
Storage type Two tank molten salt system 
Storage heat transfer fluid Hitec Solar Salt 

 
Cost data compiled in a previous study (Meybodi et al., 2017) was updated to incorporate the 
recent cost reductions in the CST industry. Table 2 shows the costing data used for the base 
case plant (100 MWe capacity with 4 hours of two tank thermal storage) in this study. 
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Table 2 SAM costing data for the base case 
Item Value Unit 

Site Improvements 25 $/m2 
Solar Field 171 $/m2 
HTF System 68 $/m2 
Thermal Energy Storage 74 $/kWht 
Power Plant 1150 $/kWe 
Balance of Plant 120 $/kWe 
Contingency 7 % 
EPC and owner cost 11% of the direct capital 

cost 
- 

Fixed O&M cost  67.3 $/kWt-yr 
Variable O&M cost 4 $/MWh 

 
As discussed in (Meybodi and Beath, 2016) a cost model was created to estimate capital and 
O&M costs for other sizes of the system and provide a detailed system cost breakdown using 
Microsoft Excel. This is linked to exchange data with SAM automatically, allowing for 
automated cost estimation for a specific plant design. Equation (1) defines the Levelized Cost 
of Energy (LCOE, c/kWe) which is the criteria to assess the economics of the system (Meybodi 
and Beath, 2016):  

∑

∑

=

=

+

+
++

=
n

t t
t

n

t t
ttt

r
E

r
FOPEXCAPEX

LCOE

1

1

)1(

)1(
                                                                                       (1) 

For clarity, CAPEX is the total installed cost ($), OPEX is the operational and maintenance 
cost ($/y), F is supplementary fuel cost ($/y), n is life of project (taken as 3 years of construction 
and 27 years of operation), r is the discount rate (0.07), E is the generated electricity (kWh/y), 
and t is the year of the project.  

3. Results and discussion 
Figure 3 shows the estimated annual net generation versus the thermal storage size for the 
three studied sites using TMYs with the different time steps. The optimum system sizing for 
different TMYs with the same storage size were near identical and the differences in the 
estimated generation are relatively minor. Maximum differences in generation are 8.49, 7.66, 
and 10.73% for Alice Springs, Kalgoorlie, and Mildura respectively, with the differences 
decreasing with increasing thermal storage size, i.e. the values become more consistent as 
the storage size increases.  Using TMY input with 1-minute time step results in the least 
predicted generation followed by 5-minute time step (there is no pattern for the other time 
steps). In other words, using TMYs with greater time steps appears to overestimate generation; 
however, the discrepancy is not significant.  
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Figure 3. Annual generation versus the thermal storage capacity for different time 

steps: a) Alice Springs; b) Kalgoorlie; c) Mildura  
 

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

4 8 12

An
nu

al
 G

en
er

at
io

n 
(M

W
h)

Storage Hours

1 5 15 30 60

0

100,000

200,000

300,000

400,000

500,000

600,000

4 8 12

An
nu

al
 G

en
er

at
io

n 
(M

W
h)

Storage Hours

1 5 15 30 60

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

400,000

450,000

500,000

4 8 12

An
nu

al
 G

en
er

at
io

n 
(M

W
h)

Storage Hours

1 5 15 30 60

(a) 

(c) 

(b) 



 

 

Asia Pacific Solar Research Conference, Canberra, December 3-5 2019 

  

  

  
Figure 4. LCOE versus the thermal storage capacity for different time steps: a) Alice 

Springs; b) Kalgoorlie; c) Mildura  
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Figure 4 depicts LCOE for different storage sizes for the three nominated sites. The differences 
in the values are again small with the maximum differences being 5.63, 8.98, and 9.06% for 
Alice Springs, Kalgoorlie, and Mildura respectively. There is no apparent pattern for the 
changes with the thermal storage size. However, the discrepancy decreases with the solar 
availability and the site with the highest annual DNI value (i.e. Alice Springs) has the least 
difference in LCOE. An assumption based on this would be that the choice of time step should 
be influenced by the intermittency of solar availability at a site. Maximum LCOE values are 
associated with the TMY with 1-minute time step followed by the typical year with 5-minute 
time resolution. It is noteworthy that the minimum LCOE values correspond to the 30-minute 
time step. 

4. Concluding remarks 
This study indicates that the time resolution in the TMY impacts the predicted technical and 
financial performance of CSP systems, potentially resulting in differences approaching 10%. 
Using typical meteorological data with hourly time resolution, which has the least computation 
time, results in reasonably close values to the ones estimated using TMY with 1-minute time 
step, as the most accurate figures. If the accuracy is important but computation time is also a 
concern, the TMY with 5-minute time step is recommended which provides sufficiently 
accurate values much quicker than the TMY with 1-minute time resolution.  
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