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Description:  

Florida utilities are mandated to achieve 20% renewable energy contribution to their generation mix 

by 2020. While technologically feasible with solar energy, the capital costs are high – presently, 

capital costs range from $6,000-$7,000/kW for PV and $3,500-$4,000/kW for concentrating solar 

thermal power.  This project targets the development of solar thermal power technology for bulk 

power and distributed generation, which will diversify energy resources in Florida and reduce 

greenhouse emissions by utilizing renewable sources. Also, there will be economic impacts with the 

establishment of new power industry in Florida, which will help the electrical utilities of the state to 

meet the renewable portfolio standards. The project has three main tasks; the first one is to develop 

design methodologies and standards for the proven solar thermal power technologies in combination 

with bio or fossil fuels based on Florida conditions and resources. Secondly, the project aims to set 

up demonstration and test facilities for these technologies for optimization for Florida conditions, and 

the final task is to develop and commercialize innovative technologies based on new thermodynamic 

cycles. 

 

Budget: $882,000 

Universities: USF, UF, UCF  

 

Progress Summary 
 

Research Objectives for Current Reporting Period: The main research objectives for the current 

reporting period include the development of a test facility and pilot 

demonstration systems based on parabolic trough technology.  
 

Progress Made Toward Objectives during Reporting Period  
Daily integration (DI) approach was used to obtain the average direct 

normal solar radiation for the location of the pilot demonstration solar 

plant (USF, Tampa, Fl). The direct normal solar radiation obtained for 

Tampa is shown in Fig. 1. The annual average for this location is 4. 6 

kWh/m
2
-day. These solar radiation values and the solar shading 

analysis for solar collector rows were used for the solar field 

calculation. The solar field layout proposed for 50 kWe is shown is 

Fig. 2.  The Soponova 4.0 (Sopogy Inc.) parabolic trough collectors 

will be used in the solar field for providing 430 W/m
2
 of thermal energy after losses. The solar field 

is being designed to work in conjunction with a thermal energy 

storage system which will use    phase change material (PCM) as a 

storage material. 

 

 

Fig. 1: Direct Normal Radiation for 

Tampa, Fl 
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The remaining thermal energy will be provided by a natural gas boiler, which will work in series with 

the solar field and supply thermal energy to the power block when the solar energy is not available.  

 

The power block that will convert the thermal 

energy to electricity is based on Organic Rankine 

Cycle. This power block will have a nominal 

capacity of 120 kWe. A preliminary study on 

condensation methods for solar thermal plants is also 

conducted and more research will be devoted to the 

development of cost effective dry cooling 

technology. 

 

Research activities for the next reporting period will 

focus on the modeling of heat transfer losses through 

the solar receiver and field piping, pressure drops 

and pumping requirement and thermal energy 

storage system design.  

 

 

 

 
Fig 2: Proposed Solar Field Layout 

 

 

2011 Annual Progress Report 
 

Task 1: Development of simulation and design methodology for parabolic trough and parabolic 

dish 

The objective of the task one is to develop a simulation and design methodology for the parabolic 

trough and parabolic dish based technologies for Florida conditions. Solar radiation, solar collector 

and thermal storage topics are the subtasks, and following progresses have been made during the 

period. 

 

Parabolic trough solar systems are currently one of the most mature and prominent applications of 

solar energy for production 

of electricity. Compared to 

conventional power plants, 

parabolic trough solar 

power plants produce 

significantly lower levels of 

emissions and carbon 

dioxide. Thermal 

simulations and cost 

analysis of the system are 

used to evaluate the 

economic feasibility. 

Complex models and 

components are integrated  

 

Fig. 3: Parabolic Trough Power Plant  
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to emulate real operating conditions, such as: Solar  

Radiation Model, Solar Thermal Collector, Thermal Energy 

Storage, Solar Field Piping, Power Block, Cost Analysis, 

and Integration of all Systems. This progress report presents 

a preliminary design method to calculate solar radiation 

data and thermal collector efficiency which are used to 

determine the size and the cost of solar field. 

 

 

 

 

 
Fig. 4: Comparison of Two Models 

 

An hourly solar radiation model is necessary to calculate the energy input that come from the sun, 

since the solar collector performance changes during the whole day. The inputs for the hourly solar 

radiation model are the long term average values of total horizontal and diffuse radiation, which can 

be obtained by   ground or satellite measurements. Satellite data provide information about solar 

radiation and meteorological conditions in locations where ground measurement data are not 

available. Gueymard developed a Daily integration approach model to predict the monthly-average 

hourly global irradiation by using a large dataset of 135 stations with diverse geographic locations 

(82.58N to 67.68S) and climates. The results showed that the daily integration model is most accurate 

than previous hourly models. 

 

The second part of this report is about the numerical heat transfer model. The receiver consists of an 

absorber surrounded by a glass envelope. The absorber is typically stainless steel tube with a 

selective absorber surface. The glass envelope is an antireflective evacuated glass tube which protects 

the absorber from degradation and reduces heat losses. The Solar receiver uses conventional glass to 

metal seals and bellows to achieve the necessary vacuum enclosure and for thermal expansion.  

 

The heat transfer model is based on an energy balance between the heat transfer fluid and the 

surroundings (atmosphere and sky). A comprehensive radiation model between the absorber and the 

envelope is included in this study. The results showed that the new model has lower RMSE than the 

NREL Model (0.985% and 1.382% respectively). The numerical heat transfer model integrated with 

the solar radiation model can be used for evaluating the performance of solar collectors for any 

location. 

 

Task 2: Development of a test facility and pilot demonstration 
The second task targets the development of a test facility and pilot demonstration systems based on 

parabolic trough and dish technologies. The experimental combined power and cooling setup will be 

used as a preliminary study of the demonstration system that will be developed. 

  
PERFORMANCE ANALYSIS OF A RANKINE-GOSWAMI COMBINED CYCLE 

Improving the efficiency of thermodynamic cycles plays a fundamental role for the development of 

solar power plants. These plants work normally with Rankine cycles which present some 

disadvantages due to the thermodynamic behavior of steam at low pressures. These disadvantages 

can be reduced by introducing alternatives such as combined cycles which combine the best features 

of each cycle. In the present study a combined Rankine-Goswami cycle is proposed and a 

thermodynamic analysis is conducted. The Goswami cycle, used as a bottoming cycle, uses 

ammonia-water mixture as the working fluid and produces power and refrigeration while power is 

the primary goal. Figure 5 shows a schematic of the Rankine-Goswami cycle. 
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Fig.5  

 

 

The detailed explanation about the parameters that were used for simulation is given in the paper. 

Different cases were also considered for parametric studies which are shown below.  

 

 

 
 

 

The thermodynamic properties of water and steam were implemented in Python 2.6 by using the 

international-standard IAPWS-IF97 steam tables. For the Goswami cycle, the properties of ammonia 

water were obtained from a Gibbs free energy formulation given by Xu and Goswami. In this study 

the amount of the electric work obtained from the topping cycle was held constant at 50 MWe while 

for the bottoming cycle the turbine work was considered as an output parameter. Figure 6 shows the 

effect of the high pressure side on the rectifier temperature and absorber concentration, In this case, 

the ammonia concentration range was selected such as the absorber was kept at least under 

atmospheric pressure. 
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Fig 6 

 

Figure 7 shows the effect of the condenser pressure on the Goswami bottoming cycle exit quality for 

different cases and ammonia mass fraction. Moreover, Figure 8 shows the effect of the variations of 

the net -work with the condenser pressure for ammonia mass concentration of 0.3, in all the studied 

cases. 

 

  

 
                                                   Fig.7                                                          Fig. 8 

 

The effect of condenser pressure on the effective First Law efficiency is also illustrated in Figure 9 

while the cooling capacity of the Goswami bottoming cycle is presented in Figure 10. The effective exergy 

efficiency in the cycle as a function of the condenser pressure and ammonia mass fraction is also presented in 

Fig.11. 

 

 
        Fig. 9 
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                                              Fig. 10                                                            Fig. 11 

 

Task  3. Installation and Operation of 50kWe Solar Power Plant 

Sopogy Inc. Honolulu Hawai is the main contractor for installation and operation of 50kWe Solar 

Power Plant at USF. SunQuest Energy at Clearwater FL is the sub-contractor of Sopogy. They are 

currently in final stage for preparing the complete engineering drawing of the Solar Power system in 

order to get the permit for the construction of solar power plant. It is expected that by the mid 

November permits should be in place so that Sopogy will be able to ship the material to USF. We are 

hoping that Sopogy will be able to start the construction of power plant sometime in the month of 

December 2011.  Power block for generating electricity will be supplied by GulfCoast Green Energy. 

Power block is a Green Machine Elite 4000 manufactured by Electratherm. This machine will 

produce about 50kWh electricity from the thermal energy produces by solar field that will have 199 

Soponova 4.0 parabolic concentrators from Sopogy Inc.      

 

Task 4: Thermal Energy Storage 

We are currently working on the development of low cost thermal energy storage (TES) systems for 

Concentrating Solar Power (CSP). The objective is to research and develop a thermal energy storage 

system (operating range 300
0
C – 450 

0
C ) based on encapsulated phase change  materials (PCM). The 

system will be able to meet the utility-scale base-load concentrated solar power plant requirements at 

much lower system costs compared to the existing TES concepts. This project is developing a TES 

system concept that will allow for an increase of the capacity factor of the present CSP technologies 

to 75% or greater and reduce the cost to less than $10/kWht as compared to the present cost of about 

$40/kWht.  

We have successfully prepared porous pellets of phase change materials that will allow for the 

volumetric expansion during PCM melting and hence impose less stress on the encapsulating 

material. We have developed the encapsulation techniques and selected the low cost encapsulating 

materials that will be used to encapsulate the PCM. Currently we are optimizing the process for 

encapsulating the PCM so that it can undergo at-least one thousand charge and discharge cycles 

without any deterioration of the encapsulation. We are also working on the development of numerical 

model that will help to design the thermal energy storage systems. 

 

 

 

 
 


