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One of the reasons why solar power plants have poor economic characteristics is the
intermittent character of solar radiation. This draw-back can be avoided by two means:
either by over sizing the area of solar collectors and incorporating in the plant's lay out a
respective neat storage facility or by combining the solar plant with conventional fuel
creating a Fuel-Solar Power Plant (FSPP). In this paper different types of FSPP are
compared with one another.

Three types of FSPP are considered and compared:

- the FSPP with a Rankine cycle, with direct steam generation in the solar
receiver supported with natural gas combustion when the amount of sola/ radiation is
unsufficient to provide full power operation of the plant (Fig. 1);

- the FSPP with an open Brayton cycle with heat regeneration using atmospheric
air as working fluid; the additional natural gas is injected directly into the airflow providing
for maintaining rated temperature at the gas turbine inlet (Fig. 2);

- the FSPP with a closed Brayton cycle with heat regeneration using mono atomic
gases as working fluid and an additional gas heater to maintain the rated temperature. The
heat sink is an air cooled heat exchanger with natural convection (Fig. 3).

Considerations are given to define the initial parameters (temperature and pressure)
of steam in the Rankine cycle, the compression ratio and the initial gas temperature in the
Brayton cycle and the temperature at the compressor inlet in the closed Brayton cycle. The
fuel (natural gas) utilization efficiency in the FSPP is defined as the ratio of additional
power produced di'.e to the gas combustion and the combusted amount of gas lower calorific
value.

The economic calculations are carried out for insolation conditions of Beer-Sheva
(Israel) and natural gas price $2/GJ. In all cases the amount of gas utilized is calculated to
provide full power operation of the plant during 4000 hours per year. Several assumptions
are made regarding the cost of equipment, the operational expenses and the balance of
system costs. The levelized cost of electricity during the plant's life time is calculated
assuming 10% interest and 20 years life time.

The results of comparison of the schemes are given demonstrating the advantages of
the open Brayton cycle plant.
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Fig. 1. Rankine Cycle FSPP

1 - Solar receiver
2 - Steam turbine
3 - Condenser
4 - Pump
5 - Gas boiler
6 Gas
7 - Air
8 - To stack

Fig. 2. Open Brayton cycle FSPP

1 - Compressor
2 - Solar receiver
3 - Combustor
4 - Gas turbine
5 - Regenerator
6-Air
7 -Gas
8 - To stack

Fig. 3. Closed Brayton Cycle FSPP

1 - Compressor
2 - Regenerator
3 - Solar receiver
4 - Gas heater
5 - Gas turbine
6 - Cooler
7 - Air preheater
8- Gas
9 - Air

10 - To stack
11 - Air
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