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ABSTRACT In this study, power generation and an economic evaluation of photovoltaic (PV) systems and LFR thermal power plant
in Riyadh, Kingdom of Saudi Arabia were performed using the SAM program provided by NREL (National Renewable Energy
Laboratory) and the calculation results were compared. The designed power capacity of the two systems was 1 MWe at 12 PM on
June. Three different PV commercial models were selected and the design conditions of the LFR power plant were referred to the
eCare Solar Thermal Project of CNIM (Construction Industrielles Mediterrancee). In conclusion, the annual power generation of PV is
higher than the LFR due to the higher solar irradiation source of POA. On the other hand, the LFR showed more power generation at
June and September because of the high optical efficiency and high DNI at a circulation ratio of 10. The levelized cost of energy
(LCOE) and capital cost of LFR were 45% and 54% higher than those of the PV, respectively. In the case of a 50% construction cost
reduction of the LFR due to growth of the market in the future, the LCOE of LFR becomes 5% higher than the PV but the capital cost
of the LFR is 8% lower than the PV.

Key words Linear fresnel reflector(A1 & Z &gl 2A}2H), Photovoltaic power(El %31HA), Economic evaluation(7d A A4 & 7},
Solar Thermal Power(Ef| %F & 2HA4)

Nomenclature APy, : Annual Power of PV, Wh
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LFR : Linear Fresnel Reflector

LCOE : levelized cost of energy
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Fig. 1. Schematic of linear fresnel reflector



Table 1. Feature of PV model and Inverter

PV Module

Model _N_ominal Ter_nperature Module2
Efficiency (%) Coefficient (%/C) Area (m°)

SAF 18,41 -0.39 1.63

HA} 15,34 —0.41 1,96

CA} 15,94 -0.43 1,94

Inverter
Model CEC Weighted Efficiency (%)
EAF 96.40
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Fig. 2. Photovoltaic model simplified diagram
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Table 2. Feature of LFR project
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Table 3. Module efficiency and power generation

Power Generation (kW)
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Table 5. Absorber efficiency at steam ratio of 10, 20, 40

Table 7. Power generation at circulation ratio of 10, 20, 40

Absorber Efficiency (%)

Power Generation (kW)

2| 10 20 40 2| 10 20 40

3Y/124] 69.1 69.4 69.7 3Y/124 567.3 5069 436.9
62/124] 90.0 90.2 91.1 6€/12A] 981.7 936.1 7777
9Y/124] 89.6 90.0 90.5 9L/124] 937.1 820.5 693.0
122/124] 58.5 58,7 58.8 12€/124] 3472 318.5 295.5
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Table 6. Steam mass flow rate at circulation ratio of 10, 20,

40
Steam Mass Flow Rate (kg/h)

Z3H| 10 20 40
3Y/124] 2,777.8 2,492 4 2,155.6
69/124] 5,168.2 4,354.7 3,657.7
9%/124] 4,328.2 3,809.0 3,280.5
129/124] 1,817.1 1,707.5 1,541.9
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Table 8. PV system cost

ZITHIE($)
PVEXH|(PV Module) 993,829
SIH1E] AxJH](Inverter) 293,949
71E} Adujn
(Balance of ]zs;nl équipment) 797,863
/Ju] Q17H](Installation labor) 209,963
H] o)L
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HhfA|(Sales Tax) 143,184
% 71%¥](Total Indirect Cost) 227.170
2-93H)(0&M Cost($/Yr)) 28,000
Total Installed Cost($) 3,806,775

Table 9. Comparing PV economic evaluation
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S5 =55 Z =
(kWh) (¢/kWh) ($/WdC) (m ) RE(%)
SAF | 2,217,589 3.96 2.72 7,602 12,51
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HAF | 2,282,490 3.85 2,72 9,122 10,72
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Fig. 12. Comparing PV cost
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Table 10. LFR solar power plant cost

ZITH|E($)
=2 20154 20254
E2H|(Site Improvement) 663,000 663,000
LFR A*]H|(Solar Field) 2,040,000 1,020,000
vk AX]H|(HTF System) 510,000 255,000
HJAH](Contingency) 224,910 112,455
Z Z)%M|(Total Direct Cost) 3,437,910 2,073,660
ZHFEH|E($)
T 20154 20253
AlEH](EPC and Owner Cost) 378,170 189,085
| A|(Sales Tax) 137,516 68,758
% 7PH](Total Indirect Cost) 515,687 257,844
2-GH|(0&M Cost($/Yr)) 50,000 50,000
Total Installed Cost($) 3,953,597 2,331,504
EPCand /fSalesTax

3%

Site
Improvement
17%

Solar Field
52%

Fig. 13. Comparing LFR solar power plant cost

Table 11, Comparing LFR economic evaluation
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