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Power density and fouling propensity of pretreatments in
SWRO/PRO hybrid system
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ABSTRACT

Pressure retarded osmosis (PRO) processes can be implemented on a number of water types, using different technologies
and achieving various power outcomes. In this study, Sewage facility effluent was used for feed solution of PRO and
synthetic NaCl water for draw solution. This study was conducted to investigate effect of water quality of pretreatment
on power density and flux decline in PRO process. The results show that organic and particulate foulants have to be
removed for more stable operation. Flourescence technique with EEM enables to investigate the chemical properties
of aquatic organic matter by extracting spectral information. Humic/fulvic matters and soluble microbial by-products
were analyzed as the most affecting factors on the PRO performance. As a result of analyzing the whole system based
on the energy consumption of the unit process, specific energy consumption(SEC) of the applicable technology for PRO
pre-treatment should be about 0.2 kWh/m? or less.
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[l’ummmi(' Viewl B praw side 460 miday
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[Pelton Turbine]

Fig. 1. Summary of Megaton project plant.
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Fig. 2. Relative flux rate using different types of pretreatment
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Fig. 3. PRO pretreatment plant of Hydro-Québec Incorporation
(Garravand et al., 2015)
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Fig. 4. Schematic diagram of the lab-scale PRO process. Both
solution temperatures were adjusted as 20 °C

Table 1. Summary of experimental conditions

Item Conditions

Effective membrane area | 0.0064 m?*(0.08 mx 0.08 m)

Pressure 5~30 bar

Operation time 2 hr

FS 20 °C
DS 20 °C

Temperature

FS 0.13 cm/s
DS 0.13 cm/s

Flow rate

FS Pretreated Water
DS 1.2 M NaCl
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Table 2. Characteristics of pretreated water quality; (A)secondary
wastewater effluent, (B) tertiary wastewater effluent,
(Cyultrafiltration, (D)sand filter, (E)dual-media filter,

(F)reverse osmosis, (G)activated carbon,
(H)membrane bioreactor, (l)reverse osmosis brine
Item TOC UV254 Turbidity
(mg/L) (abs./cm) (NTU)
A 5.82 0.114 1.53
B 5.01 0.091 0.63
C 5.10 0.106 0.05
D 5.82 0.112 0.068
E 0.69 0.011 0.04
F 0.29 0.007 0.025
G 0.55 0.01 0.014
H 5.39 0.1 0.05
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Fig. 8. EEM fluorescence contour plots of PRO pretreated water samples. (a)secondary wastewater effluent, (b)secondary wastewater
effluent+ultrafiltration, (c)tertiary wastewater effluent (d)tertiary wastewater effluent+ultrafiltration, (e)activated carbon,
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Table 3. Energy saving rate(ESR) and Specific Energy Consumption(SEC) of SWRO/PRO hybrid system according to power

consumption for pretreatment

RO based SWRO/PRO system according to power consumption(kWh/m?)
Process Unit System of pretreatment
0 0.05 0.1 0.15 0.2 0.3 0.45
Intake kw 1.83 2.19 2.19 2.19 2.19 2.19 2.19 2.19
Pretreatment kw 3.04 3.04 3.56 4.05 4.67 5.16 6.16 7.75
RO kw 19.71 - - - - - - -
SWRO/PRO kw - 12.87 | 12.87 | 12.87 | 12.87 | 12.87 | 12.87 | 12.87
Total Energy Consumption kw 24.58 18.1 18.62 | 19.11 | 19.73 | 20.22 | 21.22 | 22.81
RO specific energy kWh/m® 2.96 - - - - - - -
Specific Energy Consumption | kWh/m® 3.69 2.70 2.78 2.89 2.95 3.03 3.18 3.42
Energy Saving Rate % - 28.8 24.7 22.8 20.1 17.9 13.8 7.3
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