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• Overview on the SUNSPOT cycle
• Focus of study
• Simulation method and critical assumptions
• Validation of models
• Site selection
• A progressive outlook on the SUNSPOT
• Project Outlook
• Questions
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Stellenbosch University Solar Power Thermodynamic cycle by Kröger (2012)
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• Modelling of the combined cycle and SUNSPOT 
specific components

• Showing the progression of the SUNSPOT cycle for 
a 14 MW scale industrial plant

• Developing a high level feasibility model, including 
the thermo-economic implications
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• Thermodynamic models in Matlab
• Representative “Black Box” equations are derived 

for off-design conditions for gas turbine, steam 
turbine and combined cycle. 

• Transient simulation – Load Following
• Assumptions



7

• Gas Turbine – Mercury 50

Matlab simulation results compared with experimental data from 
the Mercury 50 (Ushyne, 2008)

IpsePro simulation results from the DLR compared with 
experimental data from the Mercury 50 (Ushyne, 2008)
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• Steam Turbine – Normalized model

*Data from SAM model derived from a Technical Manual supplied by NREL (2011)
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Gas Turbine
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Steam Turbine
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Validation of power output 'Black Box' equation with regards to plant variations 
in gas temperatures, flow rates and condensing pressures at various ambient 

temperatures 
Modelled data
"Black Box" equation
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Sites and gas reserves Direct normal irradiance

Elevation Electricity grid
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Combined cycle simulation
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Solar retrofit combined cycle simulation
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SUNSPOT cycle simulation
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Performance Parameters System
Combined Cycle Solar Retrofit Combined Cycle SUNSPOT Cycle

Annual Power Production [MWh] 77596.70 75816.63 69968.01
Annual Fuel Usage [Ton] 15375.13 9457.59 9198.44
Thermal Efficiency 37.57% 59.68% 56.62%
Load Factor 62.63% 61.19% 56.47%
Solar Efficiency N/A 20.23% 21.52%
Solar Fraction N/A 34.58% 36.22%
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• Thermo-economic evaluation
• Namibian locations 
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