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Abstract

The present research involves a theoretical study to evaluate
performance of Integrated Solar Combined Cycle Power. An energy
analysis process was conducted to solve the equations of the first law
of thermodynamics depending on the engineering equation solver
program. Al-Amara gas station was chosen as a simple gas power plant
of (125 MW) to watch its performance in high temperatures, which
represents the first axis of the study. The second axis 1s about combining
the gas turbine unit with a steam unit by using a dual-heat recovery
steam generator in order to benefit from the largest possible amount of
thermal energy coming out of the gas turbine with the exhaust gases.
The third and final axis includes the addition of the solar energy field
using parabolic trough collector that relies on direct steam generation.
It concentrated on calculating the desired benefit from applying

integrated solar combined cycle power plant.

The results of the first axis obtained from the performance of the
simple gas turbine shows that the increase in ambient temperature from
(15°C) to (50°C) leads to a decrease in air mass flow rate entering the
compressor in a percentage of (10.8%), which in turn leads to a decrease
in the power output, thermal efficiency, and the mass flow rate of the
exhaust gases of about (22.6%), (13.2%) and (10.86%), respectively.
As for the specific fuel consumption, it was found to increase to nearly
(13.27%). It was also found that the temperature of the exhaust gases
increased from (546°C) to (589°C) when the ambient temperature
increased from (15°C) to (50°C).



The results of second axis which includes combining a gas
unit with a steam unit to form the combined cycle gas turbine show that
when the simple cycle gas turbine unit operates with (15°C) and a
compression ratio of (12), the power output increases by (32.5%) than
the simple cycle gas turbine unit. That means gaining additional power
equal to (60.295 MW). The efficiency of the combined power plant
reached (49.77%), meaning that it increased by (32.53%) than the
simple gas turbine unit. In the case of a high pinch point from (10°C) to
(45°C), it was observed that the power output and thermal efficiency
decreased by about (12%) and (1.4%), respectively. In the case of a high
approach point from (2°C) to (30°C), a decrease of the power output of
the steam turbine of about (10.3%) was observed.

The third and final axis includes the performance of the
Integrated solar combined cycle power plant. The results show that the
highest power output and efficiency occur at mid-day as it reached
(207.964 MW) and (55.3%) respectively. Then, the capacity returns to
(185.423 MW). Then, capacity returns to (185.423 MW). The
efficiency decreases to (49.77%). at sunset and the system operates as
a normal combined power plant. The specific consumption of fuel, the
lowest consumption occurs at midday with a value of (0.1315
kg/kW.hr). Then, it increases again to work as a combined power plant

unit at sunset with a value of (0.147 kg/kW.hr).

The results of the study indicate that integrating the solar energy field
with the installed generating unit increases the performance of the

generating unit as a whole



