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Salinity gradient energy (SGE) is well known as a renewable energy and defined as an electrochemical potential
between two solutions with different salinities such as river water and seawater, Because of huge energy potential of]
SGE in the world an energy conversion system from SGE into available electric energy is highly recommended.
Therefore, in this Dr. thesis, membrane-based reverse electrodialysis (RED} technique is studied toward its future’s
implementation of RED power generation system in order to producing the power density of around 1.5 W/m?® using
me of the biggest RED pilot seale stack. This thesis consists of 5 experimental chapters (Chapter 2~86) except
Mmtroduction (Chapter 1) and Summary {Chapter 7). The experimental chaplers focused on the important research|
topics such as to improve “RED stack desipn” (Chapter 2), to optimize the “RED operation condition” (Chapter 3), tof
find out suitable “RED applications and membreane” (Chapter 4), and to find out suitable “pre-treatment method fox|
RED” (Chapter 5), and to cstimate “scale-up of RED stack” (Chapter 6) using high number of stacked IEMs with)|
large effective membrane area. The followings are brief summaries of the experimental chapters including research
motivation and new finding through my comprehensive study.

In Chapter 2, because the presence of porous spacer between the membranes inside the RED stack would cause
reduction of the RED performance, the effect of spacer on the RED stack internal vesistance has been investigated.
The result revealed the presence of spacer increased the RED internal resistance around 14-48% due to the spacer|
shadow effect. Furthermore, comprehensive study using 16 iypes of spacer having different geometry enabled to
propose new simple numerical equations to cxpress spacer shadow effect on both membrane and solution
ecompariments of the stack in terms of non-ohmic resistance. Our proposed equations well agreed with the
experimental resistance data under a wide range of the spacer peometry, promising to be helpful not only for
estimation of different spacer on RED perflormance, but also developing a novel spacer design, Through this study,
we successfully chose a best spacer among them and used it for bench- and pilot-scale RED stacks (Chapter 3 and 7,
respectively).

In Chapter 3, The effect of operating conditions such as inlet flow rate and feed solution temperature on RED
power generation performance has been investigated by using two types of bench-scale RED stacks having different|
intermediate distance between the membranes. Although the most of previous litevatures also investigated the
effect of temperature on the performance, the study in a bench-scale under different operating conditions had not
been conducted yet. The results clearly revealed that power generation performance linearly increased with
increasing water temperature with its coofficient of about 1~ 3%/°C. Furthermore, for the first time, we successfully
found that the linear temperalure dependences were strongly influenced by inlet flow rate condilion and|

intermediate distance of the stack. This result led to suggest that a suitable location for setting a pilot-scale RED

istack was Okinawa {Chapter 8) in Japan because of high temperature.
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In Chapter 4, to find where the RED process can be potentially installed, the RED process using discharging

solutions from a real salt production plant has been investigated. For this purpose, we used four tvpes of discharging
solutions having different salinity and different ionic compositions. Feasibility study on the energy produclion|
potential via membrane potential measurement, resistance measurement and subsequent RED power generation|
performance using various types of membranes sucecessfully proposed the best feed solutions combination as well as
membrane types and orientation of monovalent selective layer of the membrane. Changing the membrane
orientation of selective layer interestingly increased the power generation of 30% when divalent ions included in the
solution. This results proposed the using one side monovalent selective membrane for a pilot-scale RED stack
{Chapter 6),

In Chapter 5, to find what is appropriate pre-treatment before RED when using wastewater as a feed, we have
investigated on the effect of coagulation process on the subsequent RED power generation performance using real
municipal wastewater. Membrane resistance and membrane potential measurements with different dusage of poly
aluminum chloride (PAC) as a coagulant proposed that excess amount of PAC will lead severe membrane fouling
especially only in the easc of cation exchange membrane. After then, we successfully found the optimized dosage of
PAC which enabled to improve RED performance because of 50% removal of natural organic material in the
wastewater during pre-treatment.

In Chapter 8, toward future’s RED implementation, we have developed one of the biggest RED stack in the world
at Okinawa, based on my previous studies above, and evaluated the performance using discharging brine solution
from seawater reverse osmosis (SWRO) plant and river water. We successfully got around 264 W (~1.5 W/m2) of RED
power generation which was the highest gross power density using pilot-scale in the world. This results also proved

that our previous studies were truly reliable in order to scale up the RED process,
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Study on development and application of reverse electrodialysis
(RED) process from lab scale to pilot scale
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