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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• A case study on an efficient poly
generation system using solar and 
geothermal energy.

• Green multi-generation for power, 
heating, cooling, hydrogen, and 
freshwater.

• Energy and exergy analyses, showing 
high efficiency and performance.

• LSTM forecasting of solar irradiance for 
reliable system planning.

• Grey wolf optimization and uncertainty 
analysis using Monte Carlo.
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A B S T R A C T

Global warming and fossil fuel supply limitations highlight the need for sustainable energy options. Renewable- 
based systems provide a path to carbon neutrality but face reliability challenges due to intermittency. This study 
investigates Tenerife Island’s potential for integrating solar and geothermal energy. A novel hybrid system is 
proposed, combining concentrated solar power, geothermal energy resources, with a system comprised of the 
following components: a supercritical CO₂ cycle, a lithium bromide-water absorption cooling system, a multi- 
effect desalination unit, a three-stage organic Rankine cycle and a proton exchange membrane electrolyzer. 
This system produces electricity, heating, cooling, freshwater, and hydrogen, achieving baseline energy and 
exergy efficiencies of 62 % and 17, respectively. The system’s production rates are 7844 kW power, 4416 kW 
cooling, 6848 kW heating, 22.6 kg/h hydrogen, and 20.7 m3/h freshwater. Optimization using the grey wolf 
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