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This document has been prepared for the sole purpose of documenting our services to 

Clean TeQ Pty Ltd to  provide technical validation of the Clean-iX® pilot plant at Woodman 

Point WWTP. 

WorleyParsons Services Pty Ltd accepts no liability or responsibility whatsoever for it in 

respect of any use of or reliance upon this report by any third party. Copying this proposal 

without the permission of Clean TeQ Pty Ltd and WorleyParsons Services Pty Ltd is not 

permitted. 
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1. Summary 

The short supply of water in many regions of the world is propelling recycling and reuse 

which, in turn, is increasing the demand for appropriate equipment, products and services. 

Water shortage is becoming a pressing global issue.  

Secondary treated wastewater is produced by treating wastewater using primary filtration 

and secondary processes, mainly biologically based. Clarified secondary wastewater still 

contains a variety of constituents including suspended solids, nutrients, organics, bacteria 

and viruses. While secondary wastewater can be suitable for some applications, including 

agricultural and irrigation, it is not suitable as industrial water without further extensive tertiary 

treatment. 

Micro filtration followed by reverse osmosis (MF/RO) is currently the technology of choice for 

recycling of wastewater for use in industrial applications. However, scaling, bio-fouling and 

particulate fouling are some of the most significant issues associated with this process. 

Pilot plant trials at Woodman Point WWT facility have verified that the Clean-iX® ion 

exchange system has the ability to consistently satisfactorily treat secondary treatment 

wastewater and produce industrial quality water. Furthermore, it has demonstrated its 

capability of doing so with similar operating cost, lower power requirements and higher 

recoveries than MF/RO technology.  

According to Clean TeQ’s pilot plant trials and documentation, the flexibility and robustness 

of the Clean-iX® ion exchange process indicate that this technology will lend itself to a broad 

range of water management strategies and recycling applications. Of particular interest is the 

potential for Clean-iX® to provide cost-effective solutions for wastewater treatment from 

large-scale metropolitan to small regional systems, reuse of WWTP effluent for industrial 

applications, treatment of aquifer water in remote communities, reduction of such as 

nitrogen-containing ions (nitrates, nitrites, and ammonia), phosphates and sulphates, and 

capture and use of stormwater. 

This report provides the validation of the Clean-iX® Waste Water Treatment technology. In 

brief, the validation results are as follows: 

 WorleyParsons observation verifies that the Clean-iX® circuit has the 

flexibility to deal with variations in throughput and water specifications to 
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reduce the Total Dissolved Solids (TDS) to less than 20 mg/L when 

required.  

 The re-use of WWTP effluent in industrial operations is often restricted by 

concerns about scaling typically caused by hardness cations (notably, 

calcium and magnesium).  The results of the Clean-iX® pilot plant indicate 

that the flow sheet preferentially removes these cations. 

 According to vendor documents and WorleyParsons observations, the 

Clean-iX® Woodman Point pilot plant demonstrates the technology’s ability 

to achieve recoveries of 95%.  

 WorleyParsons observations indicate that the Clean-iX® Woodman Point 

pilot plant effectively demonstrates the mechanical and operational 

simplicity of the Clean-iX® platform. 

 According to vendor documents and WorleyParsons observations, the 

Clean-iX® Woodman Point pilot plant has effectively demonstrated the ability 

for the process to operate with a high degree of automation with very little 

operator intervention. 

A comparison of the operating parameters and costs of the Clean-iX® pilot plant 

producing 670m3/hr of high quality industrial water with a Reverse Osmosis system 

yielded the following major findings (see Table 1).  

 According to Clean TeQ documents, the Clean-iX® platform has lower 

capital expenditure than MF/RO. 

 From Clean TeQ’s pilot plant documentation and WorleyParsons 

observations, the Clean-iX® platform is able to produce between 2 and 7 

times less waste than reverse osmosis system. 

 The Clean-iX® platform uses approximately 5 times less power than reverse 

osmosis. 

 According to Clean TeQ, the Clean-iX® pre-treatment requirements are 

minimal compared to reverse osmosis. 

 The Clean-iX® platform has similar operating costs as MF/RO. 
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Table 1: Clean-iX® and RO comparison 

  Clean-iX®  Water MF / RO 
Produced Water Flow m3/h 670 670 
RECOVERY % 95 75 
WASTE m3/h 24 167 
POWER kWh/m3 0.22 1.166 
CAPEX $ $13,000,000 1 $25,000,000 2

OPEX 3 $/m3 0.51 3 0.50 3

Notes: 
1. excludes infrastructure costs 
2. includes infrastructure costs 
3. direct costs only, excludes amortisation of capital 
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2. INTRODUCTION 

The world faces many water purification and recycling challenges and a range of 

technologies are applied to deliver the outcomes desired.  Normally municipal wastewater 

effluent is used for industrial and agricultural water reuse. Water recycling for agricultural 

applications is mostly used in arid regions. 

There are four basic ways to recycle/reclaim water from wastewater effluent by reducing the 

total dissolved solids (TDS). The four basic types of systems are:  
 

 Reverse Osmosis (RO) with Pre-treatment Units with/without Microfiltration. 

 E  and  Reverse (EDR) Systems. lectrodialysis Electrodialysis  

 Thermal Desalination 

 Conventional Ion Exchange (fixed bed) System. 

These four approaches all provide some advantages and all also have some disadvantages. 

RO recovery systems are subject to physical and biological fouling and requires good 

pre-filtration and chemical control. Bio-fouling is problematic with RO treated effluents 

due to organics acting as a food source for bacteria at the RO membrane surface. 

Organics are always problematic with RO and pre-treatment is difficult and expensive. 

Following good pre-treatment, a reverse osmosis system makes sense when properly 

sized. With an automated cleaning procedure, up to 90% of the water can be recycled. 

One of the main advantages of RO system is the product water would be free of 

Organic Components (TOC), Turbidity (NTU) and microorganisms. 

Electrodialysis reversal (EDR) desalination is a membrane process that has been 

commercially used since the early 1960s. An electric current migrates dissolved salt ions, 

including fluorides, nitrates and sulfates, through an electrodialysis stack consisting of 

alternating layers of cationic and anionic ion exchange membranes. Periodically, the 

direction of ion flow is reversed by reversing the polarity applied electric current. EDR's main 

advantage is on very low TDS streams. When TDS is very high, EDR becomes very 

expensive.  
 

Thermal desalination has been practiced for more than 2,000 years. It based on desalination 

process that distills salty water by flashing a portion of the water into steam in multiple 

stages. Different types of thermal desalination are: Multi-stage flash distillation (MSF), 

Multiple-effect evaporator (MED/ME), Vapor-compression evaporation (VC) and 

http://en.wikipedia.org/wiki/Electrodialysis
http://en.wikipedia.org/wiki/Electrodialysis
http://en.wikipedia.org/wiki/Electrodialysis
http://en.wikipedia.org/wiki/Desalination
http://en.wikipedia.org/wiki/Artificial_membrane
http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Salt
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Fluoride
http://en.wikipedia.org/wiki/Nitrate
http://en.wikipedia.org/wiki/Sulfate
http://en.wikipedia.org/wiki/Cation
http://en.wikipedia.org/wiki/Anionic
http://en.wikipedia.org/wiki/Ion_exchange
http://en.wikipedia.org/wiki/Polarity
http://en.wikipedia.org/wiki/Sea_water
http://en.wikipedia.org/wiki/Multi-stage_flash_distillation
http://en.wikipedia.org/wiki/Multiple-effect_evaporator
http://en.wikipedia.org/wiki/Vapor-compression_evaporation
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Evaporation/condensation. However, these desalination systems typically require large 

amounts of energy as well as specialized, expensive infrastructure, making it costly 

compared to the other above technologies. 

Fixed bed batch processes are representative of conventional ion exchange water treatment 

technology. Ion exchange is known to be a viable alternative technology for many water 

treatment applications but conventional ion exchange has been displaced by RO for large-

scale water recycling. Now, resin-based ion exchange is generally restricted to ultra-high 

purification duties due to their relatively high operational cost. Furthermore, fixed bed 

systems are not compatible with high TSS feed streams. 

Recently, Clean TeQ has developed the Clean-iX® technology platform, which is a 

continuous ion exchange processing scheme. Clean-iX® is claimed to be “a revolutionary 

new ion exchange technology platform that captures the benefits of continuous, counter-

current processing. As such, Clean-iX® offers a paradigm shift in the cost-effectiveness of ion 

exchange technology”. 

In this report, the Clean-iX® technology will be reviewed as follows: 

• Clean-iX® project background. 

• Validation of quality and quantity of critical process streams. 

• Comment on the plant’s ability to deliver product water to specification in “steady-

state” operation. 

• Comment on the plant’s mechanical reliability and operability. 

• Comment on the effectiveness of the control system and hence the validity of the 

Clean-iX® WWTP water recycling control strategy. 

• Comment on resin performance and robustness through a number of 

sorption/desorption cycles. 

• Plant costs review (operating and capital costs). 

http://en.wikipedia.org/wiki/Evaporation
http://en.wikipedia.org/wiki/Condensation


 
Clean-IX Woodman Point WWTP 
 

 Page 9 300/15212/Ao1 : Rev 0 : 29-Oct-077 

3. CLEAN-IX® PROJECT BACKGROUND 

According to vendor documents, the Clean-IX® technology is based on 3 decades of 

research in the former Soviet Union. Clean TeQ has been building on this since research 

since 2001 under the leadership of Dr Nikolai Zontov, former head of the Sorption Division of 

All Russian Research Institute of Chemical Technology (ARRICT). The Clean-iX®  platform 

combines patented high strength resins, specialised reactors, resin transport systems and 

end to end process know-how to produce a moving bed counter-current ion exchange 

process.  The process is claimed to overcome limitations of conventional ion exchange 

systems and is suitable for various applications such as wastewater treatment from large-

scale metropolitan to small regional systems, reuse of WWPT effluent for industrial 

applications, treatment of aquifer water in remote communities and capture and use of 

stormwater. 

Clean TeQ has been developing a Clean-iX® flow sheet for water recycling over the past 5 

years. With the support of the WA Government’s Department of Water (through the Premier’s 

Water Foundation), the Water Corporation and HIsmelt, Clean TeQ has designed, built and 

operated a Clean-iX® water recycling pilot plant at the Woodman Point wastewater treatment 

facility. The Clean-iX® pilot plant is aimed at testing the technology’s robustness and 

flexibility. 

According to Clean TeQ documents, successful completion of the project aims to establish 

Clean-iX® as a viable technology alternative for large-scale water recycling, an alternative 

that could then proceed to commercialisation. The quality of the product water, together with 

the simplicity and reliability of the plant and the comparatively lower energy requirement 

suggest that Clean-iX® water recycling could become the technology of choice for some 

large-scale water recycling applications. 
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4. VALIDATION OF PROCESS 

4.1 Process Description 
The Clean-iX® continuous ion exchange technology platform is claimed to gain its 

performance advantages to conventional ion exchange by resin transfer though various 

process stages. The resin is transferred using an air-lift arrangement from one column to the 

next. Level sensors on all of the columns assures that the correct amount of resin is 

transferred between the columns and will also function as a “high-high” or “low-low” level 

alarm in case of process upsets.  

The continuous process includes Cationic Resin Transfer Sequence, Cationic Sorption 

Column, Cationic Pre-Wash Column, Cationic Desorption Column, Cationic Wash Column, 

Cationic Desorption Solution, Anionic Resin Transfer Sequence, Anionic Intermediate 

Balance Tank, Anionic Sorption Column, Anionic Desorption Column, Anionic Wash Column 

and Anionic Desorption Solution. 

The cationic/anionic sorption columns remove the cationic/anionic species out of the waste 

water feed stream and send the product water to an intermediate balance tank. Resin 

transfer from the sorption column is based on the volume of feed water to resin cycled 

through the system.  

The desorption columns allow the cationic/anionic species to be desorbed from the resin. 

Dilute sulphuric acid (4%) and caustic (4%) desorption solutions are fed into the base of the 

cationic and anionic columns, respectively, using a metering pump.  

The wash columns recover excess desorption solutions carried over by the resin transferred 

from the desorption columns. The wash water used in the wash columns comes from a 

product water tank, the flow of which is controlled by a solenoid valve and a manual needle 

valve and flow indicator. The rejected water from the columns flow into a wash water header, 

which is then used in the preparation of the desorption solution in the desorption solution 

tanks, hence minimising the amount of concentrated sulphuric acid/ caustic requirements.  

Performance of the Clean-iX® process is discussed in the following sections.  The process 

validation is based upon design parameters for the Woodman Point Pilot Plant from Clean 

TeQ documentation.  The plant performance cited by Clean TeQ is apparently based upon 

expectations from Pilot plant trial experiments. 
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4.2 Physical parameters 

4.2.1  Results 
 TSS – Particulates: pilot plant results indicate the Total Suspended Solids 

(TSS) can be reduced by resin bed from 55 to less than 5 mg/L.  

 Turbidity:  from pilot plant data, the Turbidity of inlet water was 6 NTU which 

reduced to 2.2 NTU at the end of Clean-iX® process. More investigation is 

needed to check the long term effect of this parameter on Clean-iX® process 

performance.  

 True colour: from pilot plant data, colour can be reduced from 49 to 9 TCU 

through the Clean-iX® process.  

 Hardness: the total hardness of inlet water is around 160 mg/L. From the pilot 

plant results and WorleyParsons observation, the Clean-iX® pilot plant can 

reduce this parameter to less than 2 mg/L.  

 TDS: the Total Dissolved Solids (TDS) of inlet water was 670 mg/L. The 

results of the Clean-iX® pilot plant show the TDS can be reduced to less than 

14 mg/L.  

 pH: According to pilot plant results, in the cationic circuit, the cations are 

exchanged for hydrogen ions causing the pH of the intermediate water to be 

2.0 – 2.2. Sorption of these acids by the WBA sees a rise in the pH of the 

water with a final water pH in the range of 6 – 8. 

Table 2- Typical Woodman Point Clean-IX® WWTP Feed/Product 
Specifications for Physical Parameters 

 
 TYPICAL 

Units ppm unless specified Feed  Product % Reduction 
TSS- Particulates 55 5 91 

Turbidity 6.0 2.2 63 
Colour (@400nm) (TCU) 49 9 82 

Total Hardness 160 2 98 
TDS 670 14 98 

Conductivity at 25 C (µs/cm) 1071 18 98 

pH 7.2 6.2  
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4.2.2  Discussion 
WorleyParsons observation indicates that the Clean-iX® does not require rigorous pre-

filtration.  In contrast, a Reverse Osmosis (RO) system would require significant pre-filtration 

to ensure feed TSS / turbidity is removed.   

The re-use of WWTP effluent in industrial operations is often restricted by concerns about 

scaling typically caused by hardness cations (notably, calcium and magnesium).  The results 

of the Clean-iX® pilot plant indicate that the process preferentially removes these cations. 

The process conditions in the intermediate tank are ideal for bicarbonate to carbon dioxide 

conversion and the pH in the intermediate tank can rise slightly over time as carbon dioxide 

gases off.  Pilot plant results (see Table 2) support the theory that the Clean-iX® process 

removes alkalinity, with demonstration of 95% removal of total alkalinity. 

It is considered that the product water from the Clean-iX® is desalinated sufficiently suitable 

for industrial use. i.e., cooling towers and low pressure boilers, and irrigation as well. 

4.3 Microbiological Parameters 

4.3.1  Results 
 Total coliforms: from pilot plant data, the total Coliforms in feed water 

(wastewater effluent) and product water are >24000 and >2400 MPN/100 ml, 

respectively. However, the pilot plant result shows the total Coliforms less 

than 10 MPN/100 ml in intermediate water.  

 Escherichia Coli (E. Coli): the total E. Coli in feed water, intermediate and 

product water are >24000, <10 and >2400 MPN/100 ml, respectively.  

4.3.2  Discussion 
Results of bacterial removal are considered inconclusive.  It is not clear from the pilot plant 

trials that coliforms or E. Coli are removed by this process, though some results suggest this 

to be the case.  

Coliforms and E. Coli can be removed totally by the Reverse Osmosis process. 
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4.4 Chemical Parameters 

4.4.1  Results - Inorganics 
Inorganic: includes Na, K, Ca, Mg, NH4, NO3 / NO2, SO4, S, PO4, Cl, HCO3 and SiO2.  

From the pilot plant results results and WorleyParsons observations, the Woodman Point 

pilot plant trials have provided important information about the performance of Clean TeQ’s 

Clean-iX® for removing specific ionic species from water feed streams.  The major results are 

as follow: 

 From Table 3, NH4, NO3 and NO2 ions were reduced by typically greater than 

95%.   

 Phosphates. From pilot plant results (Table 2), total phosphorus was typically 

reduced from 7.7 to 0.4 mg/L.  

 Sulphates. SO4 ion was reduced from 66 to 0.7 mg/L.   

 As shown in Table 3, all inorganic ions were removed by the Clean-iX® plant 

with, excepting Fe, very high percentage reduction.  

Table 3- Typical Woodman Point Clean-IX® WWTP Feed/Product 
Specifications for Inorganic Ions 

 
 TYPICAL 

Units ppm unless specified Feed Product % Reduction 
Na 159 2.3 98 
K 25 1.3 95 

Ca 28 <0.1 >99 
Mg 9.1 <0.1 >99 

Hardness as CaCO3 109 0.1 >99 
Total Phosphorus 7.7 0.4 95 
NH4 as Nitrogen 7.3 0.3 96 
NO3 as Nitrogen 4.6 <0.05 98 
NO2 as Nitrogen 0.7 0.01 98 

Fe 0.1 0.04 60 
Cl 185 <0.5 >99 

SO4 66 0.7 99 
Total alkalinity as CaCO3 140 7.0 99 

SiO2 12 12 0 

 



 
Clean-IX Woodman Point WWTP 
 

 Page 14 300/15212/Ao1 : Rev 0 : 29-Oct-077 

4.4.2  Discussion – Inorganics 
Nitrogen-containing ions (nitrates, nitrites, ammonia) are one of the major sources of 

groundwater contamination worldwide. These ions are also closely monitored by wastewater 

treatment plants as indicators of effluent quality. From pilot plant results (Table 3), Clean-iX® 

is proving to be effective at removing the full spectrum of nitrogen-containing ions. 

According to vendor documents, CSIRO has identified the presence of phosphorous as the 

most important factor determining whether or not an algal bloom can develop in a given 

aquatic environment. As a result, water management authorities around Australia are 

concerned about re-using WWTP effluent for irrigation purposes because of the potential for 

the collection of phosphates in waterways. Clean-iX® has the potential to reduce phosphates 

to trace quantities. 

Acid mine drainage is a widespread problem in the mining industry. WorleyParsons 

observation indicates that the Clean-iX® technology may provide a cost-effective 

breakthrough for the treatment of sulphate plumes generated by mining operations. The pilot 

plant’s performance has provided important insights into the development of a Clean-iX® flow 

sheet for that specific application. 

In general, it confirmed that the Clean-iX® circuit has the flexibility to deal with variations in 

throughput and water specifications to reduce the Total Dissolved Solids (TDS) to less than 

20 mg/L when required.  By using Reverse Osmosis System, the similar results can be 

achieved in one pass CPA3 (Hydranautics) brackish membrane element with 75% recovery. 

4.4.3  Results - Organics 
Organics: include BOD, COD and TOC.  Pilot plant data has demonstrated that by using 

Clean-iX® system, the BOD and COD of product water can be reduced from 10 to <5 and 58 

to <10 mg/L, respectively. The TOC can be reduced by 50% from 11 to 6.7 mg/L.   

Table 4- Typical Woodman Point Clean-IX® WWTP Feed/Product 
Specifications for Organic Constituents 

 
 TYPICAL 

Units ppm unless specified Feed  Product % Reduction 
BOD <5 – 10 <5 – 10  

COD 58 <10 – 25 55 - 80 
TOC 11 6.9 37 
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4.4.4  Discussion – Organics 
According to Clean TeQ documents, macro-porous ion exchange resins, like activated 

carbon, have the ability to absorb dissolve organic matter, due to large active surface. Weak 

base anionic resins have high affinity to organic matter, which are often weak organic acids. 

Clean TeQ’s laboratory experiments find that organic indications in the processed waters are 

substantially less than those in the feed water and waste desorption solutions contain high 

concentration of organics. Clean TeQ’s chosen resins’ organics absorption characteristics 

are highly reversible, which in turn, significantly reduces the resin’s organic fouling. 

In Reverse Osmosis system, the TOC must be removed in pre-treatment as it causes fouling 

and reduces the water product flux and membrane element life. 
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5. MECHANICAL RELIABILITY AND OPERABILITY 

From observation of the Woodman Point Pilot Clean-iX® Plant, the mechanical reliability 

and operability of the Clean-iX® WWT process is a function of several variables 

including: 

 Hydraulic throughput: Based on typical waste water salt loads, a single train 

is capable of processing approximately 250 m3/hr. However, Clean TeQ 

advise that a step change shift in capital costs will be seen at flow rates in 

excess on this due to column sizes reaching a limit and the requirement of 

parallel systems.  

 Feed water ion concentration: The cost of water treatment per unit volume 

is directly proportional to the salt concentration in the feed water. Higher salt 

loads in the feed water require larger volumes of resin, which in turn requires 

larger volumes of desorption solution reagents per unit volume of water 

treated. WorleyParsons observation indicates that the Clean-iX® pilot plant 

trials has demonstrated promising economic viability at salt loads seen in the 

Woodman Point waste water treatment effluent streams. Further 

developments in the area of desorption chemical concentration and possible 

reuse may put downward pressure on this operating cost. 

 Feed water turbidity:  Clean TeQ documentation indicates that the plant is 

able to continue to perform in the presence of particulates in the feed stream.  

The plant was observed to be operating with a feed water turbidity of 

approximately 4 NTU, with no apparent detriment. 

 Power Requirements: Pumps account for the majority of the power 

requirements for the plant. Therefore, the power requirements are a function 

of plant size and throughput. The Clean-iX® process is conducted at 

atmospheric pressure, maintaining pumping power low.  

 Recovery:  The pilot plant data indicates that the recovery (ratio of product 

water to feed water) of the Clean-iX® system is about 95%.  

 Resin loading capacity: According to vendor documents, the loading 

capacity dictates the achievable resin to feed water flow rates that the system 
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is capable of, which in turn dictates its economic performance. Higher loading 

capacities allow the resin to be cycled through the system at a slower rate, 

which hence requires less desorption reagents. Improvements in this area will 

lead to downward pressure on the Opex costs. 

 Resin Attrition:  Clean TeQ documentation indicates that the Clean-iX® 

process has very low resin attrition arising from the resin recirculating system.  

No resin loss could be observed, though this is not necessarily a true indicator 

of attrition. Resin consumption records for the plant do not indicate substantial 

loss of resin. 

 Efficiency: From Clean TeQ documents, the Clean-iX® plant is capable of 

producing ultra pure water. The pilot plant trials have demonstrated the ability 

of the technology to produce water of less than 20µs/cm conductivity when 

operating within its operating limits. Large economic gains can be realized if 

the columns are operated close to the sorption breakthrough parameters. 

According to vendor documents, operating in this regime brings the following 

benefits: 

i. Resin is utilised to its maximum loading capacity. 

ii. Resin flow rates are reduced to lowest practical levels. This in turn 

minimises desorption solution requirements. 

iii. It allows product water quality to be controlled. Efficiencies are lost 

by producing water that is significantly cleaner than required 

specification. 

The power requirement for Clean-iX® system is less than 20% of the power needed for a 

similar sized Reverse Osmosis system.  Further, the recovery of an RO is typically between 

75-90% compared to the 95% of the Clean-iX® plant.  The Clean-iX® pilot plant was 

achieving similar ionic rejection to what would be expected from a reverse osmosis system.  

The plant was operating well with feed water much more turbid than a RO could tolerate. 

It is considered that the Woodman Point pilot plant effectively demonstrates the mechanical 

and operational simplicity of the Clean-iX® process.   
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6. CONTROL SYSTEM  

The control system of the Clean-iX® process includes pH, resin transfers between the 

sorption/wash/desorption columns, residence time, flow rates and acid/caustic dosing 

pumps.  

pH control: According to vender documents and WorleyParsons observations, the main 

control of the plant is based on the ratio between water and resin flow rates. Resin transfer 

from the sorption column is based on the volume of feed water to resin cycled through the 

system. During the visit of the pilot plant, the observation indicates that the resin flow rates 

was controlled by the system (PLC) continuously. 

The key quality parameters of product water are assured by measuring the pH of the liquid 

phase of the column two thirds up from the feed to the column. Should the pH rise above a 

predefined limit, indicating a breakthrough of cations, resin transfer is increased, provided 

sufficient time has elapsed for desorption, else the feed pump is stopped until the required 

desorption time has elapsed. This will ensure optimum chemical consumption for resin 

regeneration while assuring the integrity of the intermediate product water. According to 

vender pilot plant data and WorleyParsons site visit, during resin transfer, the pH sample 

stream was isolated and the feed pump was stopped. The pH and level in an intermediate 

balance tank between the cationic and anionic circuits was used to monitor the quality and 

level of the intermediate water respectively. The observation indicates that the feed pump will 

be stopped if the pH goes out of limits or the level in the intermediate balance tank. 

Resin transportation: The amount of resin transferred in and out of the cationic/anionic 

sorption columns are controlled and measured by level indicators. The robustness of the 

Clean-iX® resins provides the ability to use resin transport systems with very little breakage 

of resin over time. Similarly, the Clean-iX® resins are able to continue to perform in the 

presence of calcium sulphate concentrations that preclude the use of conventional ion 

exchange. 

Residence time: Residence time and kinetic inputs into plant design are based on 

Clean TeQ’s laboratory analysis. According to vender documents and WorleyParsons 

observations, column design is a function these residence times and kinetics combined 

with superficial velocity, throughput and column function requirements. 
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Flow rates: the flow rates of each feed stream are controlled using VSD controlled 
pumps, flow meters and PLC control. During site visit, the observation indicates that the 
PLC system control the flow rates of each feed streams in continues system. 

Acid/caustic pumps: the acid / caustic flows are controlled using dosing pumps. The 
pumps are calibrated using calibrating cylinders. According to vender documents and 
WorleyParsons observations, the flow rate of the desorption chemicals is determined by 
the resin flow rate and the resin to desorption chemical ratios selected by the operator. 
The control is via the PLC. 

From WorleyParsons site visit and observation, the Clean-iX® Woodman Point pilot plant has 
effectively demonstrated the ability for the process to operate with a high degree of 
automation with very little operator intervention. 
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7. RESIN PERFORMANCE AND ROBUSTNESS  
According to vendor documents, resin selection and performance are based on the feed 

water composition, the water quality required and the economics of operation.  

From site visit, the feed to the Clean-iX® pilot plant is effluent from the Woodman Point 

Waste Water Treatment Plant.  Ionic species in the feed water are mostly sodium and 

chloride (total 440ppm), calcium (25ppm), and magnesium (9ppm). The water’s dark brown 

colour and nitrogen composition suggests high level of organic material in the water. The 

waste water has pH around 7. Total dissolved solids (TDS) concentration is approximately 

700ppm. From pilot plant data and WorleyParsons observation, the TDS of product water 

was about 14 ppm. 

For the cationic treatment, due to the need for removing cations associated with free mineral 

acidity (FMA), a strong acid cation resin in hydrogen form is required. The use of the 

hydrogen form cationic resin results in low pH interim water. According to vender documents, 

the Woodman Point Clean-iX® pilot plant utilises Clean TeQ’s R-101 cationic resin, a macro-

porous resin with high loading capacity, high mechanical strength and high osmotic shock 

resistance. Mechanical strength of the resin is important in this application due to the 

constant movement of the resin. From site visit and observation, the flow rate of resin was 

continuously constant which confirm the mechanical stability of the resin for the process.   

For the anionic treatment, a weak base anionic (WBA) exchange resin is best suited for this 

particular system. According to vender documents, the pilot plant uses Clean TeQ’s patented 

R-503 weak base anion resin.  Clean TeQ indicate that this macro-porous resins excellent in 

absorbing dissolved organic substances with high reversibility, making the resin organic 

fouling resistant.  From the vender documents and WorleyParsons observations, the resin is 

favoured due to regeneration at close to 100% chemical effectiveness. 

According to vendor documents and WorleyParsons observation, one of the main 

advantages of the Clean-iX® process is the continuous nature of the process allows the total 

resin inventory in the system to be kept to a minimum. Resin loss is caused by osmotic 

shock and mechanical abrasion, therefore the resin type and equipment design is critical to 

the economics of the process. The resins used in the Clean-iX® process have been 

synthesised to withstand the high osmotic pressure experienced by the resins throughout the 

process cycle. Also, mechanical breakage of the resin is minimized through specific 

equipment designs concerning the transfer process. 
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The other advantage of the Clean-iX® process is the robustness of the Clean-iX® resins 

which provides the ability to use resin transport systems with very little breakage over time 

which unlocks the benefits of counter current continuous operation. Similarly, the Clean-iX® 

resins are able to continue to perform in the presence of calcium sulphate concentrations 

that preclude the use of conventional ion exchange. As a result, Clean-iX® offers a paradigm 

shift in the cost-effectiveness of ion exchange technology for applications like WWTP water 

recycling. 
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8.  PLANT COSTS (OPERATING AND CAPITAL) 

8.1 Operating Costs 

An analysis was performed comparing the operating cost structures of a plant producing 670 

m3/hr. The operating costs for MF/RO and Clean-iX® were calculated to be $0.50/m3 and 

$0.51/m3 respectively. Specifically, the analysis yielded the following comparisons: 

 Chemical: According to Clean TeQ documents, in Clean-iX® system, chemical use 

includes sulphuric acid and caustic soda (sodium hydroxide) as desorption 

reagents and lime stone for pH adjustment.  In a MF/RO system, sulphuric acid, 

citric acid, caustic soda (sodium hydroxide), antiscalant, ferric chloride and 

coagulant aid are used. For a facility production 670 m3/hr, the total costs of 

chemical usage are $2.14 million and $312,000 for Clean-iX® and MF/RO systems, 

respectively. 

 Consumables: In a Clean-iX® system, the cost of resins is about $90,000 per 

year. In a MF/RO system, the cartridge filter and membrane replacement costs will 

be approximately $393,000 per year. 

 Power: In Clean-iX® system, the total power requirement for mechanical 

equipment is $173,505 which is 17% ($975,000) of the total power requirements 

for MF/RO systems.  

 Labor & maintenance: In Clean-iX® system, the labour and maintenance 

requirements are about $156,000 per year comparing to MF/RO system which is 

$650,000 per year.  

 Total operating costs: The total operating costs for Clean-iX® and MF/RO 

systems is approximately $0.50 per cubic meter (m3) product water.  

In a MF/RO system, the operating costs calculation based on 75% feed water 

recovery. However, if the recovery increases to 90%, the cost of power, chemical, 

and membrane elements will be increased by 12-15%. Therefore, the operating 

cost would be $0.55 per cubic meter (m3) of product water. 
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Figure 1 shows the operating cost breakdown of a MF/RO and Clean-iX. From this it can be 

seen that reducing sulphuric acid and caustic soda consumption (ie improving regeneration) 

represents the largest opportunity for operating costs reductions.  
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Figure 1- Operating costs comparison for Clean-iX® and Membrane (MF/RO) Systems. 
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8.2 Capital Costs 

According to vendor calculation, the capital cost of a 670m3/hr Clean-iX® plant is 
estimated at 13 million dollars excluding major infrastructure. This estimate assumes the 
following; 

 Capital costs of columns and tanks for the cationic circuit and anionic 
circuit were based on mass of material of construction estimates.  

 Capital costs of pumps for the cationic circuit and anionic circuit were 
based on pump power requirements. 

 Costs of electrical controls, internal piping, structural steel and concrete 
were factored based on major equipment costs (columns, tanks and 
pumps). 

 Other costs have been estimated based on engineering principles. 

 
As a MF/RO system comparison, the 16.7 ML/d (700m3/h) Kwinana Water Reclamation 

(KWRP) plant was built in year 2004 for approximately $25 million including pre-treatment, 

MF/RO units and infrastructure costs. Note that the KWRP plant is constructed to a high 

standard of engineering with significant support infrastructure (offices, stores, etc) for long 

term operation, and is therefore expected to have a high capital cost relative to the Clean-iX® 

pilot plant. Further investigation would be needed to compare the capital costs of Clean-iX® 

and membrane systems. 

According to vendor documents and WorleyParsons observation, the Clean-iX® removes 

some disadvantages of conventional Ion Exchange (Fixed Bed) technology which improves 

the CIP cycles, reduces chemical consumptions, waste, and cost as well. It would be also 

apparent technology economically comparable to Reverse Osmosis system. Significant 

advantage of Clean-iX® is relatively 2-7 times less waste stream. 

 

 


	Summary
	CLEAN-IX® PROJECT BACKGROUND
	VALIDATION OF PROCESS
	Process Description
	Physical parameters
	Results
	Discussion

	Microbiological Parameters
	Results
	Discussion

	Chemical Parameters
	Results - Inorganics
	Discussion – Inorganics
	Results - Organics
	Discussion – Organics


	MECHANICAL RELIABILITY AND OPERABILITY
	CONTROL SYSTEM
	RESIN PERFORMANCE AND ROBUSTNESS
	PLANT COSTS (OPERATING AND CAPITAL)

