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a b s t r a c t
In the pressure-retarded osmosis (PRO) process, the power density was dramatically influenced by 
the operating conditions including the applied hydraulic pressure difference (ΔP), the ratio of feed to 
draw flow rate (VF/VD), and the ratio of draw flow rate to membrane area (VD/Sm). A theoretical model 
considering the non-ideal effects of concentration polarization, reverse salt flux, and pressure losses in 
draw side through the membrane module was developed to predict the water flux of the PRO, from 
which the power density and specific energy were predicted. The optimization of operating conditions 
was conducted by the theoretical model to meet the PRO process’ predefined economic viability of 
about 5.00 W m–2 for the power density. Experimental verification of the theoretical model was carried 
out when the applied pressure is <10 bar, which is the maximum pressure resistance of the forward 
osmosis membrane in the paper. The resulted optimal operating conditions were ΔP of 17 bar, VF/VD 
of 0.8, and VD/Sm of 47 L min–1 m–2 using seawater–river system, under which the theoretical power 
density was 5.13 W m–2, higher than the benchmark of 5.00 W m–2. The error between the experimental 
and theoretical results was <5%, which demonstrated the theoretical model is reliable.
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