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Table 2 : Daily average solar irradiation on February 21, using ASHRAE clear sky model

This project presents the design of a solar-powered, turbine-driven ﬁ 6:5:::;‘ :7':':1 :s'/:; :’1/':7 v:/: ‘:7/: o
irrigation pump operating on the Rankine cycle using steam/water as the T 7019 5.8 206 1862
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depth of 260 meters. The power plant operates between pressure limits BT oo s e oL L —
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provides a sustainable and eco-friendly irrigation method. 15:53.01PM 838.48 32552 4795 350 37697
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Figure 1: System model for the project
Agriculture in Saudi Arabia faces critical challenges due to water scarcity,
high energy demands, and reliance on fossil-fueled based irrigation
systems, which increases cost, carbon emissions, and system sustainability.
A solar-powered turbine-driven irrigation pump based on Rankine cycle This section presents the detailed design results for each sub-system model.
can offer a sustainable solution. However, the following key challenges The calculations are based on the ground water data available for the Altawaleh
remain: region in Riyadh, Saudi Arabia.

- efficient solar-to-mechanical energy conversion.

- optimization of the Rankine cycle for irrigation, integration of solar
collectors, turbines, and pumps, ensuring system reliability, and meeting
the high-power demand required to extract water from a 260-meter depth.
Addressing these issues is essential for creating a viable, eco-friendly
irrigation system for arid regions like Saudi Arabia.
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Figure 3 : Hourly total solar irradiation (G)) on February 21, using ASHRAE model.
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In this project, a solar-powered, Rankine cycle system is designed to
(] ] 1] (] operate an irrigation pump that required approximately 450 kW power to
pump ground water from a depth of 260 m. It featured the use of 312 CPC
solar collectors, each having an aperture area of 15.3 m?. The maximum
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1. Environmental Analysis: Evaluate Riyadh’s environmental conditions, wf] [ (3] XL Rankine cycle efficiency for the operating pressure range is approximately

including solar radiation, water sources, and irrigation needs. ) @ ] o) 37%. A baseline economic apalys1s of the system reveals a caplFal cost of

2. System Design: Design a Rankine cycle system that is optimized for 2000 [ 00 1000 10000 421,125 SAR, an.nua.l operating cost of 84,225 SAR, and a net meome of

the region Boller Pressure (KPa) 147,400 SAR, yielding a 15% ROI and a 6.6-year payback period. The
: . . design is efficient, cost-effective, and eco-friendly—ideal for sustainable

3. Performance Ana1y.515. Calculate system efﬁmen.cy,.energy balances’ Figure 2 : Rankine cycle efficiency as a function of boiler and condenser pressures. a I‘ngLlltlll‘e Y

and performance metrics to ensure the system’s feasibility. g :

4. Economic Feasibility: Conduct a comprehensive economic analysis to Table 1: Monthly solar irradiance calculations.

assess the financial viability of the proposed system.
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