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DESCRIPTION 

 

Title of Invention 

 METHOD FOR CONTROLLING RO SYSTEM 

 

Technical Field 

[0001] 

 The present invention relates to a method for controlling an RO 

system for performing reverse osmosis treatment of water, and in 

particular to a method for controlling an RO system including a plurality 

of RO apparatuses installed in parallel. 

 

Background Art 

[0002] 

 When fouling occurs on an RO (reverse osmosis) membrane, feed-

water pressure increases, and power consumption of a feed-water pump 

increases.  Therefore, chemical cleaning may be performed to reject the 

fouling.  Chemical cleaning, however, requires time and costs, and, 

moreover, deteriorates the membrane and shortens the life of the 

membrane. 

[0003] 

 Chemical cleaning targets especially organic fouling and microbial 

(bio) fouling.  On an RO membrane, physical fouling such as SS fouling 

due to SS (suspended solids) may also occur. 

[0004] 

 Therefore, it is desirable to be able to, while reducing the number of 

times of chemical cleaning as far as possible, prevent fouling on an RO 
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membrane with a simple configuration and ensure the treatment 

efficiency of a water treatment system. 

[0005] 

 As an anti-clogging method for an RO apparatus with an RO 

membrane, PTL1 describes a method of blowing suspended solid 

concentrated effluent water that has occurred on a reverse osmosis 

membrane part in a process of filtering water to be treated, at regular 

intervals of accumulated water-passing time. 

[0006] 

 PTL2 describes that, based on degrees of membrane clogging, 

priority of filtering apparatuses to be caused to operate, among a 

plurality filtering apparatuses arranged in parallel, is set.  In the 

paragraph of 0064 of PTL2, it is described to air-clean a membrane. 

 

Citation List 

Patent Literature 

[0007] 

 PTL1: JP 2005-279461A 

 PTL2: JP 2016-067968A 

 

Summary of Invention 

Problem to be solved by the Invention 

[0008] 

 A subject of the present invention is to provide a method for 

controlling an RO system, the method being capable of reducing power 

consumption and the amount of waste by reducing the amount of use of 



- 3 - 

chemicals and the number of times of exchanging a membrane and 

capable of enabling stable operation and contributing to energy saving. 

 

Solution to Problem 

[0009] 

 A method for controlling an RO system of the present invention is a 

method for controlling an RO system, the RO system comprising a 

plurality of RO apparatuses arranged in parallel and a control unit 

controlling a start/stop process, the start/stop process including an 

operation process and a stop process for the RO apparatuses, wherein 

control is performed so that the number of times of start/stop is larger for 

an RO apparatus that easily recovers treatability by start/stop. 

[0010] 

 In one aspect of the present invention, start/stop process histories 

of the RO apparatuses are stored; and priority of RO apparatuses to be 

caused to operate, among the RO apparatuses, is decided based on the 

start/stop process histories. 

[0011] 

 In one aspect of the present invention, membrane treatment 

performance histories of the RO apparatuses are stored in association 

with the start/stop process histories of the RO apparatuses; and a degree 

of recovery of membrane treatment performance expected due to the 

start/stop process is estimated for each of the RO apparatuses, based on 

the start/stop process histories and the membrane treatment performance 

histories; and an RO apparatus in which the degree of recovery expected 

due to the start/stop process is higher, among the RO apparatuses, is 

decided to be prioritized higher. 
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[0012] 

 In one aspect of the present invention, exit pressure or power 

consumption of a feed-water pump is measured, the feed-water pump 

feeding water to the RO apparatuses; and an RO apparatus in which the 

exit pressure or the power consumption is higher, among the RO 

apparatuses, is decided to be prioritized higher. 

[0013] 

 In one aspect of the present invention, the number of times of the 

start/stop process during operation is decided based on a result of the 

estimation of start/stop effectiveness; and the number of times of 

start/stop within a predetermined time is decided so that a number-of-

times-of-start/stop effect is higher. 

[0014] 

 In one aspect of the present invention, the membrane treatment 

performance of each of the RO apparatuses at a current time point is 

measured; and the priority of the RO apparatuses is decided based on the 

membrane treatment performance at the current time point. 

[0015] 

 A program of one aspect of the present invention, is a control 

program for controlling a water treatment system, the water treatment 

system comprising a plurality of RO apparatuses arranged in parallel, the 

program causing a computer to execute: a control instruction to control a 

start/stop process, the start/stop process including an operation process 

and a stop process for the RO apparatuses; a storage instruction to store 

start/stop process histories of the RO apparatuses ; and a priority decision 

instruction to decide priority RO apparatuses to be caused to operate, 

among the RO apparatuses, based on the start/stop process histories. 
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Advantageous Effects of Invention 

[0016] 

 According to the present invention, it is possible to ensure 

treatment efficiency of an RO system with a simple configuration.  In the 

present invention, rejection of fouling is performed by performing stop 

and operation of RO membrane apparatuses or performing flow rate 

adjustment of each flow path without performing chemical cleaning.  

Therefore, it is possible to reject fouling by software without adding a 

special hardware configuration, and the configuration is simple. 

[0017] 

 Moreover, since fouling is rejected even in start/stop operations 

included in an operation plan, it is possible to, by planning a start/stop 

process in consideration of histories of start/stop operations performed in 

the operation plan, reduce the number of times of treatment related to 

fouling rejection and efficiently reject fouling, in comparison with PTL1 in 

which blow treatment is intentionally performed. 

 

Brief Description of Drawings 

[0018] 

[Fig. 1] Fig. 1 is a system diagram of an RO system to which a control 

method according to an embodiment is applied. 

[Fig. 2] Fig. 2 is a flowchart showing a flow of determination based on 

functional blocks. 

[Fig. 3] Fig. 3 is a flowchart showing a flow of determination based on 

functional blocks. 
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[Fig. 4] Fig. 4 is a flowchart showing a flow of determination based on 

functional blocks. 

 

Description of Embodiment 

[0019] 

 An embodiment will be described below with reference to drawings. 

[0020] 

 Fig. 1 is a system diagram of an RO system to which a control 

method according to the embodiment is applied. 

[0021] 

 Feed water is fed from a feed water pipe 1 to a plurality of (in this 

embodiment, four) treatment systems (which may be hereinafter referred 

to as systems) A, B, C, and D and is RO-treated. 

[0022] 

 In the systems A to D, the feed water is sent by pipes 11 to 14 

connected to the feed water pipe 1, and fed to cross-flow type RO 

apparatuses 41 to 44 by feed-water pipes 31 and 34 after being 

pressurized by pumps 21 to 24. 

[0023] 

 Permeated water that has permeated RO membranes of the RO 

apparatuses 41 to 44 is taken out as permeated water from permeated 

water pipes 51 to 54 via a collective permeated-water pipe 55.  A part of 

the permeated water is sent to a cleaning water tank 57 via a pipe 56 

branched from the collective permeated-water pipe 55 and stored.  Water 

in the cleaning water tank 57 can be supplied to the feed-water pipes 31 

and 34 via a cleaning line 59 having a cleaning pump 58. 

[0024] 
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 Concentrated water (brine) of the RO apparatuses 41 to 44 is taken 

out as concentrated water from concentrated water pipes 61 to 64 via a 

collective concentrated water pipe 65. 

[0025] 

 Each of the pipes 11 to 14, and 31 to 34 is provided with sensors S1 

and S2 for measuring a flow rate or pressure, and, furthermore, pH and 

the like.  Each of the pipes 51 to 54, and 61 to 64 is provided with 

sensors S3 and S4 for measuring one or more characteristics such as a 

flow rate, pressure, electrical conductivity, and the like.  Each of the 

pipes 51 to 54, and 61 to 64 is provided with valves V1 and V2. 

[0026] 

 Detection data of each sensor is inputted to a control apparatus 

(not shown).  In a memory of the control apparatus, operation plan data 

is stored together with a control program.  Each of the pumps 21 to 24, 

and 58 and the valves V1 and V2 is controlled according to a signal from 

the control apparatus. 

[0027] 

 In the present embodiment, short-time stop and re-operation of the 

RO apparatuses, that is, "a start/stop process" is performed in the cross-

flow RO apparatuses for the purpose of physical rejection of fouling in 

addition to chemical cleaning. 

[0028] 

 As having an effect of the start/stop process causing physical 

fouling to be detached, "release of consolidation of membrane 

contaminants by stop the apparatuses, and flushing at the time of 

starting the apparatuses (the release of consolidation on the membrane 

surface is facilitated by change in the membrane-surface effective 
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pressure at the time of transition from stop to start being large)" and 

"suck-back (backwash due to occurrence of osmotic pressure at the time of 

stop)" are exemplified.  In addition, since the start/stop process 

secondarily occurs in normal water passing treatment (for example, 

change in the number of apparatuses to perform operation accompanying 

fluctuation in the flow rate of permeated water), the process is superior in 

being able to reject physical fouling without stopping the water passing 

treatment and without using chemicals. 

[0029] 

 Whether or not to execute the start/stop process is determined 

based on whether or not "the membrane performance recovery effect (for 

example, the amount of reduction in power consumption) by the start/stop 

process" is 0 or more, or whether or not "costs incurred by the start/stop 

process (for example, the amount of increase in consumption power 

accompanying a flushing step and activation of pumps) are exceeded.  

When this is satisfied, it is good to repeat the start/stop process as far as 

an abnormality in the desalting rate is not detected. 

[0030] 

 Specifically, as shown in Figs. 2 to 4, from a relationship between a 

past start/stop history and membrane treatment performance history of 

each of RO apparatuses to be used, "membrane treatment performance 

expected to be recovered by the start/stop process", in change from 

"membrane treatment performance immediately after the latest cleaning 

or membrane exchange" to "membrane treatment performance at a 

current time point", is calculated, and then, "the number of times of 

start/stop per specified time" with a high effectiveness is decided from "a 

recovery effect for each number of times of start/stop per specified time 
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(for example, within the past twenty-four hours)", and "a membrane 

performance recovery effect by the start/stop process (for example, in 

water supply pressure and power consumption) at that time. 

[0031] 

 When start/stop of a certain RO apparatus is repeated, the recovery 

effect gradually decreases.  Therefore, the recovery effect of each 

apparatus is calculated periodically (for example, every three hours), and 

operation priority is decided such that as large a number of times of 

start/stop as possible is assigned to a system with a high recovery effect. 

[0032] 

 Since physical fouling has a property of being more consolidated as 

time of sedimentation on the membrane surface is prolonged, "the 

membrane performance recovery effect by the start/stop process" 

gradually decreases.  Since power consumption of each membrane 

apparatus increases only during time of performing operation, leaving 

"the membrane treatment performance expected to be recovered by the 

start/stop process", detection and execution of the start/stop process at an 

early stage leads to significant reduction in power consumption and the 

number of times of cleaning per amount of permeated water. 

[0033] 

 In the present embodiment, in a system in which a plurality of RO 

apparatuses are arranged in parallel as described above, operation 

priority is decided.  Especially, based on histories of starts/stops 

performed in an operation plan, the operation priority of the RO 

apparatuses is decided. 

[0034] 
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 If an upper limit is set for the number of times of changing the 

operation priority, and "the number of times of start/stop per specified 

time" for each RO apparatus cannot be satisfied (for example, an 

operation of an operator giving an instruction to perform operation 

prioritization twice a day is decided), operation priority is decided such 

that as large a number of times of start/stop as possible is assigned to a 

system with a high recovery effect. 

[0035] 

 If "the number of times of start/stop per specified time" for each RO 

apparatus is satisfied, "membrane treatment performance capable of 

rejection by the start/stop process" is detected at an early stage, and 

operation priority is decided so that the start/stop process is executed at 

an early stage. 

[0036] 

 As time during which operation of each RO apparatus is stopped by 

the start/stop process, 5 minutes or more, for example, 5 to 360 minutes 

are preferred, but the time is not limited thereto.  If the stop time is 

shorter than 5 minutes, the membrane treatment performance recovery 

effect of the RO apparatus may be insufficient.  Here, whether the 

membrane treatment performance has recovered or not is determined by 

whether "energy (power consumption, feed-water pressure) required per 

amount of permeated water after start/stop" is below "energy (power 

consumption, feed-water pressure) required per amount of permeated 

water before start/stop" or not. 

[0037] 

 If there is "membrane treatment performance not capable of 

rejection by the start/stop process" in change from "the membrane 
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treatment performance immediately after the latest cleaning or 

membrane exchange" to "the membrane treatment performance at 

current time point", it is coped with by implementing another cleaning 

method (for example, chemical cleaning or flushing using chemicals or 

treated water).  It is possible to, by planning a start/stop process in 

consideration of histories of start/stop operations performed in the 

operation plan, reduce the number of times of treatment related to fouling 

rejection and efficiently reject fouling, in comparison with PTL1 in which 

blow treatment is intentionally performed. 

[0038] 

 For the RO system, an operation plan is specified according to an 

amount of water to be generated, and the like, and information about the 

number of RO apparatuses to be operated at each time point is included 

in the operation plan. 

[0039] 

 The control system described above has the following functional 

units. 

[0040] 

<Control unit> 

 The control unit controls operation and stop of a filtration 

apparatus by controlling a valve, a pump and the like. 

[0041] 

 The start/stop process includes operation of closing a flow path on 

the permeated water side and operation of reducing the flow rate of feed 

water. 

[0042] 

<Measurement unit measuring feed-water information> 
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 For example, pH, feed water pressure, and a feed water flow rate 

are measured. 

[0043] 

<Measurement unit measuring membrane treatment performance> 

 For example, feed-water pressure, permeated water pressure, brine 

pressure, a feed-water flow rate, a permeated water flow rate, a brine 

flow rate, water temperature, feed-water conductivity, and treated water 

conductivity are measured. 

[0044] 

<Acquisition unit acquiring pump state> 

 For example, frequency, output current, output voltage, power 

consumption, and exit pressure are acquired. 

[0045] 

<Recording unit recording apparatus information> 

 For example, a membrane area, the number of vessels, and a 

membrane configuration are recorded. 

[0046] 

<Storage unit storing maintenance histories> 

 Membrane treatment performance immediately after the latest 

cleaning or membrane exchange (for example, feed-water pressure, inter-

membrane differential pressure, and a flux) is stored. 

[0047] 

<Storage unit storing start/stop process history> 

 Both of histories of performing start/stop according to a water 

treatment operation plan and histories of intentionally performing the 

start/stop process for SS rejection are stored. 

[0048] 
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<Storage unit recording priority history> 

 A history of priority specified from the control unit is stored. 

[0049] 

<Calculation unit calculating membrane treatment performance> 

 For example, inter-membrane differential pressure and a flux are 

calculated. 

[0050] 

<Power consumption estimation unit> 

 When power consumption is not continuously measured, the power 

consumption is estimated from measured values (for example, feed-water 

pressure and a feed-water flow rate, and the like). 

[0051] 

<Fouling estimation unit> 

 An amount of change in membrane treatment performance due to 

fouling is calculated by excluding, from treatment performance 

immediately after the latest cleaning or membrane exchange, influence of 

operation conditions (for example, inlet water pressure, a treated water 

flow rate, and temperature) in a difference corresponding to reduction in 

the treatment performance due to influence of operation having been 

continued. 

[0052] 

 Properties of fouling are classified.  For example, by calculating 

membrane treatment performance expected to be recovered by the 

start/stop process, in an amount of change in membrane treatment 

performance due to fouling, membrane treatment performance not 

capable of rejection by the start/stop process is detected. 

[0053] 
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<Start/stop effectiveness estimation unit> 

 For each RO apparatus, a membrane treatment performance 

recovery effect expected due to the start/stop process, that is, start/stop 

effectiveness is estimated.  This is because whether start/stop is effective 

for recovery of membrane treatment performance or not differs depending 

on RO apparatuses. 

[0054] 

 The start/stop effectiveness for each RO apparatus is estimated 

from a relationship between its past start/stop history and membrane 

treatment performance history (for example, within one year).  For 

example, by referring to the number of starts/stops performed within a 

predetermined period and changes in membrane treatment performance 

before and after the starts/stops, a degree of recovery of treatment 

performance by the starts/stops is calculated. 

[0055] 

<Start/stop process planning unit> 

 Timings of the start/stop process in the future are planned based on 

the start/stop histories.  An RO apparatus that has not started/stopped 

within a predetermined period is caused to start/stop. 

[0056] 

 The number of times of start/stop is decided based on an estimation 

result of the start/stop effectiveness estimation unit.  The number of 

times of start/stop is decided so that a number-of-times-of-start/stop effect 

to be an indicator of recovery efficiency is high.  (For example, when 

there is no difference between five times of start/stop and four times of 

start/stop within 24 hours, four times is selected.) 

[0057] 
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<Priority decision unit> 

 Priority of RO apparatuses to be caused to perform the start/stop 

process is decided based on the start/stop histories of the RO apparatuses. 

[0058] 

 An RO apparatus with a higher start/stop effectiveness is 

prioritized higher. 

[0059] 

 Furthermore, an RO apparatus in which the exit pressure or power 

consumption of the high pressure pump acquired by the pump state 

acquisition unit is larger is prioritized higher. 

[0060] 

 The present invention has been described in detail using specific 

aspects.  It is, however, apparent to one skilled in the art that various 

changes are possible without departing from the intension and scope of 

the present invention. 

 This application is based on Japanese Patent Application 2021-

030480 filed on February 26, 2021, the disclosure of which is hereby 

incorporated by reference thereto in its entirety. 

 

Reference Signs List 

[0061] 

21-24  Pump 

41 to 44  RO apparatus 

57  Cleaning water tank 
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CLAIMS 

 

[Claim 1] 

 A method for controlling an RO system, the RO system comprising 

a plurality of RO apparatuses arranged in parallel and a control unit 

controlling a start/stop process, the start/stop process including an 

operation process and a stop process for the RO apparatuses, wherein 

 control is performed so that the number of times of start/stop is 

larger for an RO apparatus that easily recovers treatability by start/stop. 

[Claim 2] 

 The method for controlling the RO system according to claim 1, 

 wherein start/stop process histories of the RO apparatuses are 

stored; and 

 priority of RO apparatuses to be caused to operate, among the RO 

apparatuses, is decided based on the start/stop process histories. 

[Claim 3] 

 The method for controlling the RO system according to claim 2, 

 wherein membrane treatment performance histories of the RO 

apparatuses are stored in association with the start/stop process histories 

of the RO apparatuses; and 

 a degree of recovery of membrane treatment performance expected 

due to the start/stop process is estimated for each of the RO apparatuses, 

based on the start/stop process histories and the membrane treatment 

performance histories; and 

 an RO apparatus in which the degree of recovery expected due to 

the start/stop process is higher, among the RO apparatuses, is decided to 

be prioritized higher. 
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[Claim 4] 

 The method for controlling the RO system according to claim 3, 

 wherein exit pressure or power consumption of a feed-water pump 

is measured, the feed-water pump feeding water to the RO apparatuses; 

and 

 an RO apparatus in which the exit pressure or the power 

consumption is higher, among the RO apparatuses, is decided to be 

prioritized higher. 

[Claim 5] 

 The method for controlling the RO system according to claim 3 or 4, 

 wherein the number of times of the start/stop process during 

operation is decided based on a result of the estimation of start/stop 

effectiveness; and 

 the number of times of start/stop within a predetermined time is 

decided so that a number-of-times-of-start/stop effect is higher. 

[Claim 6] 

 The method for controlling the RO system according to any of 

claims 1 to 5,  

 wherein membrane treatment performance of each of the RO 

apparatuses at a current time point is measured; and 

 priority of the RO apparatuses is decided based on the membrane 

treatment performance at the current time point. 

[Claim 7] 

 A control program for controlling a water treatment system, the 

water treatment system comprising a plurality of RO apparatuses 

arranged in parallel; 

 the program causing a computer to execute: 
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 a control instruction to control a start/stop process, the start/stop 

process including an operation process and a stop process for the RO 

apparatuses; 

 a storage instruction to store start/stop process histories of the RO 

apparatuses; and 

 a priority decision instruction to decide priority RO apparatuses to 

be caused to operate, among the RO apparatuses, based on the start/stop 

process histories. 

 

  


