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Solvent recovery from organic waste via solar-driven pervaporation and
membrane distillation processes
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Abstract—The new solar hybrid photovoltaic/thermal (PV/T) system with multi-pass rectangular
flow ducts is designed to improve the overall efficiency of thermal heat-transfer efficiency and
PV cell efficiency. The theoretical formulations of the solar hybrid PV/T system are developed by
making the energy balance and the resultant equations are solved by the fourth-order
Runge-Kutta method. The factors affecting the device performance are the numbers of flow ducts,
air mass flow rate, inlet air temperature and incident solar radiation. The theoretical results
indicate that the heat transfer efficiency of solar air heater and solar hybrid PV/T systems
increases with increasing the numbers of the rectangular flow ducts and air mass flow rate but
decreasing with the incident solar radiation and inlet air temperature. The experimental apparatus
of flat-plate solar air heaters and solar hybrid PV/T systems are also set up to confirm the
accuracy of the theoretical predictions. A concurrent flat-plate device is developed for
mathematical modeling on membrane distillation in solvent recovery, and thus, a pair of
two-dimensional conjugated partial differential equations by making energy balance was derived.
The activity coefficient on NMP/water mixture separation can be estimated by UNIFAC method
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to correct the partial vapor pressures of both NMP and water in the non-ideal binary mixture for

predicting the vapor flux across membrane.

The conjugated partial differential equations (PDEs)

can be transformed into an ordinary differential equations (ODES) system using finite difference

technique and the fourth-order Runge-Kutta method as well.

The influences of solution

volumetric flow rate, inlet solution temperature and solution composition under fixed cold stream
temperature on the mass flux across the membrane and separation efficiency are also discussed.

Keywords: solar hybrid PV/T systems; solar air heater;

multi-pass flat-plate; efficiency

improvement; membrane distillation; solvent recovery.
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FFFP The purposes of this study are to develop the mathematical
models and experimental apparatus for membrane distillation
process and PV/T hybrid solar collector to obtain the effects of
design and operation parameters on such two systems. The
accurate temperature distribution of membrane distillation,
transmembrane flux and overall collector efficiency can be obtained
by establishing mathematical models and experimental set-up. The
results of this study can be used to design membrane distillation
devices for solvent recovery and PV/T hybrid solar collectors to
saving the cost.
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