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Introduction and motivation

Solar energy can be used to provide heat or to generate electricity (many land areas in the world have sufficient solar irradiance based on Figure 1). Most solar panels
designed for one of these purposes, with electrical photovoltaic (PV) panels being typically less than 20% efficient. PV cells experience a deterioration in efficiency when
operated at high temperatures, which occurs when the solar irradiance and generation from such systems are at their highest. Hybrid PV-thermal (PVT) solar collector
technology combines PV modules with the contacting flow of a cooling fluid in a number of configurations, and offers advantages when space is at a premium and there is
demand for both heat and power [1,2]. By far the most common use of the thermal-energy output from PVT systems is to provide hot water at 50-60 °C for households or
commercial use, however, a much wider range of opportunities arises at higher temperatures (typically above 60 °C) where refrigeration cycles can be used.

Meanwhile, non-concentrating solar thermal (ST) collectors, such as evacuated tube collectors (ETC), can be designed to operate with a high thermal efficiency in the
range 80-200 °C, making them suitable for a wider range of thermodynamic power and cooling cycles, such as the organic Rankine cycle (ORC) and the diffusion
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absorption refrigeration cycle (DAR), which can be tailored to a particular solar heat source though careful selection of an appropriate working fluid [3,4]. annualsum <800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
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In this work, we investigate two alternative system configurations for the provision of solar combined cooling and power (S-CCP) in a distributed domestic application. dalysum <20 25 30 35 40 45 50 55 60 65 70 75>

Both systems use the same reference household energy demand for cooling and power and are constrained by the same total available solar collection area.
Figure 1. Global solar irradiance map [5].
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» The ORC engine is modelled with fixed pinch-point temperature differences and constant component isentropic efficiencies representative of Figure 8. Pie charts showing the annual electricity and cooling demands covered by the PVT-AR and ST-ORC-DAR systems.

generalised positive-displacement pumps and expanders.
« The DAR is modelled using an empirical performance map obtained from experimental analysis of a 100-W prototype unit.
« The ORC and DAR receive thermal inputs from two separate sections of the solar-thermal collector array (of total area 16.5 m?), sized according A k I d g

to the summertime total cooling-to-electricity demand ratio (~0.6). C n OW e m e n tS
« The operating temperatures of collector arrays 1 and 2 are optimised to maximise the electrical power and cooling outputs per m?, respectively.
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Results
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