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In this study, energy and exergy for different parts of a 5
MWe direct steam generation (DSG) solar power plant was
analyzed for Yazd city climate. It was observed that the most
energy in the condenser and the most exergy losses occurred
in the parabolic solar concentrator. To improve the efficiency
of the concentrator, this study recommends to preheat the
water entering the concentrator with one or more open
preheaters in which the extractions of steam from
turbine should be optimized by their pressures and mass
flow rates. For different cases in which the cycle has up to 4
preheaters, the efficiency of the first and second laws of
thermodynamics was investigated. In the case of 4
preheaters, based on obtained results, it was revealed that
the efficiency of the first and second laws were 17.2% and
16%, respectively which was a significant increase compared
to the case where the cycle had one, two or three preheaters.
Therefore, according to the obtained results from the
efficiency of the first and second laws as well as the
irreversibility of power plant components, the cycle of the
present article can be recommended for the city of Yazd.
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EXTENDED ABSTRACT

Introduction

The most effective way to meet energy demand is to use energy efficiently. Solar thermal
power generation is one of the most suitable power supply options used worldwide. Energy
analysis (according to the first law of thermodynamics) does not provide a qualitative
assessment of the various losses in system components. The exergy analysis method
(according to the second law of thermodynamics) is a useful tool to increase the optimal use
of energy resources. In this study, energy and exergy for different parts of a 5 MWe direct
steam generation (DSG) solar power plant was analyzed for Yazd city climate.

Methodology

The scheme of the power plant is shown in Figure (1), which consists of seven parallel
rows of ET-150 collectors and each row consists of 12 parabolic concentrators, 3 for water
preheater; 6 for water evaporation, and 3 for heating steam. The design of the solar collector
was at 12 noon on 25 August. The solar collector produced superheated steam with a
temperature of 410 C and a pressure of 70Bar. Due to the complexity of system analysis, EES
software was used to solve the equations. In order to check the coding accuracy and results,
the obtained answers were validated.

Rankin cycle with hot steam
Pipe-line 1

LPT

Solar collector-field

Condenser

10 EN

Pipe-line 2 9 8 6
FWH
CFP CEP

Figure 1. Scheme of solar power plant cycle with direct steam generation.

Results and discussion
The cycle for one preheater is shown in Figure 1. To obtain the optimal state of the cycle,
different pressures, mass flow; and efficiency of the firstand second laws of thermodynamics
were calculated. The results are shown in Table 1. The ratio of bleed mass flow to total fluid
flow was obtained from the following formula:
(™ Y7 = (e = he)/(hy — he)

0.95
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Obviously, the optimal bleed mass fraction from the turbine for pressure was equal to
the mass fraction that caused the water at the outlet of the preheater to be saturated. The
mass fraction increased with increasing pressure. According to Table 1, for the efficiency of
the first maximum law (14.421%), the bleed pressure was in a lower range and the best
efficiency of the first and second laws in the bleed pressure was equal to 4.6 times and the
mass discharge fraction of 0/1817 occurred.

Table 1. Mass ratios and efficiencies of the first and second laws in the cycle with one preheater.

Efficiency of the second Efficiency of the first bleed mass fraction ratio Pressure point 7
law (%) law (%) |kg/kg] [bar]
0/151 0/142741 0/1076 1/1
0/1517 0/143382 0/1258 1/6
0/1521 0/143748 0/1395 2/1
0/1523 0/143968 0/1506 2/6
0/1525 0/1441 0/1599 3/1
0/1526 0/144175 0/168 3/6
0/1526 0/144209 0/1752 4/1
0/1526 0/144213 0/1817 4/6
0/1526 0/144196 0/1875 5/1
0/1526 0/144162 0/1929 5/6
0/1525 0/144125 0/1969 6
0/1517 0/143309 0/2342 11
0/1505 0/142251 0/2592 16
0/1493 0/1411101 0/2784 21
0/1481 0/13992 0/2941 26
Conclusion

According to the results in Figure 2 and results obtained from the energy and exergy
analysis of the solar power plant, it was discovered that the most energy loss occurred in the
condenser and then in the collector, and the collector had the most exergy loss. Exergy loss
in the condenser was negligible because in the condenser, low-quality energy was lost. DSG
SSTP cycle analysis showed that the collector and adsorbent needed to be improved. One
way to reduce exergy losses was to optimize the water temperature from the inlet to the
parabolic collector row in the DSG SSTP absorber. When the cycle had an open preheater;
changing the mass fraction of the undercarriage and the undercarriage pressure caused the
optimum state to be reached. For the optimal state, the bleed pressure was equal to 4.6
times, the efficiency of the first law of thermodynamics was equal to 14.421%, and the
efficiency of the second law was equal to 15.26%. Optimization was also performed for
modes with two, three, and four preheater cycles. In the case of two preheaters, the
efficiency of the first law was equal to 14.687% and the efficiency of the second law was
equal to 15.54%; in the case of three preheaters, the efficiency of the first law was equal to
15.134% and the efficiency of the law was the second is equal to 16.01%. In the case where
four preheaters were placed, the return of the first law was equal to 17.17% and the return
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of the second law was equal to 16%. As can be observed from the results in Figure 2, at least
three or four preheaters must be used in order to achieve greater efficiency and output per
cycle. Therefore, according to the obtained results, the cycle of the present article can be
suggested for Yazd city.
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Figure 2. (a) Comparison of efficiencies of the first and second laws based on the number of preheaters, (b)
Comparison of power plant output (kilowatts) based on the number of preheaters.
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