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1 Background 
 

The extended drought, and the probability of climate change causing more frequent drought periods, 
has resulted in a drive within the Australian meat industry to reduce water consumption at meat 
processing plants. Coupled with this reduction in water consumption there is a focus in the meat 
processing industry to minimise energy consumption. 

 
The disposal of high salinity brine from membrane-based water treatment is problematic for most 
meat industry operations. There is a trend for municipal water authorities to tighten the salinity 
thresholds of wastewater discharges that will be received by their wastewater treatment plants. As a 
consequence there is a need to consider alternate beneficial uses for the high 
salinity brine streams within the meat processing operation 

 

2 Project Objective 
 

The objective of this project is to establish the technical and economic feasibility of membrane based 
demineralisation treatment for use in meat processing industry plants in Australia. 

 
This project focused on the reduction of the salt content of water supplied to meat processing plants, 
rather than a review of meat processing plant wastewater treatment and potential reuse. By lowering 
the “baseload” of incoming salts to the meat processing plants, a corresponding lowering of the salt 
load in the plant effluent is inferred (provided the removed salts can be used beneficially within the 
operation and not be allowed to re-join the wastewater effluent for discharge. 

 
Furthermore, a lowering of the salt load to the “internal” meat processing industry plant processes 

in cooling towers and boilers) could be of potential benefit by a consequent reduction of: 
 

• the chemical consumption requirements for cooling systems; 
• reduced blowdown from boilers (associated with the lower salinity incoming water supply); 

and 
• associated energy savings opportunities. 

 
Meat processing plants are large consumers of water. They frequently operate in parts of Australia 
where incoming water from the town supply or the meat company’s groundwater supply contain 
substantial quantities of salt. Demineralisation can reduce the incoming quantity of the  total 
dissolved salts (TDS). 

 
Application of this membrane based demineralisation technology can be particularly useful for 
cooling towers and boilers which concentrate the salts using evaporation. Blow down (disposal of a 
portion of the boiler system water) is employed to prevent scale and corrosion in these systems by 
removing a portion of the concentrated salts. Even with an optimised system blow down regime, 
there is a net loss of water and energy from the system, with associated chemical consumption. A 
sub-optimal control over boiler / cooling tower blow down results in additional losses in terms of 
water, energy, and chemical consumption. 

 
Notwithstanding the potential benefits cited above, a major challenge will be dealing with the high 
TDS concentrate stream (termed “brine”) from the demineralisation/ membrane-treatment process 



Page 6 of 61 

A.ENV.0074 - Economic Evaluation of Demineralisation 
 

 

 
 
 

utilised for treating the meat processing plant water supply stream. If the brine stream can be 
applied for beneficial use it could render membrane based demineralisation an attractive option. On 
the other hand, if the brine stream must be disposed of, or requires further treatment, the prohibitive 
treatment cost could make demineralisation technology uneconomic. 

 
Alternate uses for the brine stream in a meat processing plant have been considered as part of this 
review. 

 

3 Design Basis 
 

In consultation with the MLA, the following design basis was adopted for this study 
 
• A minimum flow rate to the demineralisation plant of 40 kL/ day, a medium flow rate 150 kL/ day, 

and a maximum feed flow rate of 500 kL/ day were chosen (recognising although that some  
meat processor operations can consume up to 2,000 kL/ day of water). 

• For the low salinity option, the salinity of the Brisbane Municipal water supply with a total 
dissolved salt (TDS) content of nominally 350 mg/L was selected. For the high salinity option a 
TDS of 2,000 mg/L was selected 

• For the purpose of this study. the cooling tower and boiler feedwater requirement within the meat 
processing operation is defined as 10% of the total meat processing plant usage. 

• It was assumed that the majority of meat processing plants use their wastewater for irrigation 
purposes and not to discharge to the local town sewage system 

• Although it is accepted that most meat processing plants operate for 5 days per week and on a 
single 8 hour shift and in some cases up to double 8 hour shifts per day, it was decided as the 
basis of the design the cooling towers operate continuously for 24 hours per day 7 days per 
week 

• It was assumed that the meat processing plants do not use any pre-treatment other than 
chemical dosing for their cooling tower make-up to prevent scaling and biological growth in the 
cooling tower. 
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Area Description % of Total Water 
Consumption 

Stock yards Stock watering 

Stock washing 

Stockyard washing 

Truck washing 

1.0 

6.5 

12.0 

3.5 

23 

Slaughter and evisceration Viscera table and wash sprays 

Head wash 

Carcase wash 

Carcase splitting saw 

5.6 

0.3 

4.0 

0.1 

10 

Paunch, gut and offal washing Paunch dump and rinse 7.5 18 

Tripe / bible washing 2.5 

Gut washing 5.5 

Edible offal washing 2.5 

Rendering Rendering separators 

Rendering plant wash down 

1.2 

0.8 

2 

Sterilisers and wash stations Knife sterilisers 

Equipment sterilisers 

Hand wash stations 

6.0 

2.0 

2.0 

10 

Amenities Exit / entry hand, boot wash stations 

Personnel amenities 

4.0 

3.0 

7.0 

Plant cleaning Wash down during shifts 

Cleaning and sanitising at end of shift 

Washing tubs, cutting boards and trays 

2.0 

15.0 

3.0 

20 

Plant services Condensers and refrigeration defrost 

Cooling tower makeup 

Boiler feed makeup 

5.0 

2.5 

2.5 

10 

 

 
 
 

4 General Methods 
 

4.1 Task 1 - Data Collection 
 

4.1.1 Average water use in abattoirs 
 

The average water consumption for modern integrated meat processing plants published in 20051 

was 10.6 kL per ton of Hot Standard Carcass Weight (kL/tHSCW). Since this publication, it is 
understood from information provided by the MLA, that by the application of a variety of water 
conservation measures, water consumption has been significantly reduced. As the basis for this 
study a water consumption of 7.0 kL/tHSCW was used. 

 
It is also noted that this water consumption reduction has been achieved by water saving 
approaches that did not require high capital expenditure investment and that had attractive payback 
periods. As agreed with the MLA at the commencement of this study, to compensate for a reduction 
in water consumption in other areas of the abattoir, the percentage of water used by the meat 
processing plant services has been adjusted to a figure of 10%. The base line information for water 
use at a typical meat processing plant as detailed in Table 4.1 is based on the MLA Red Meat 

Processing Industry Energy Efficiency Manual 2 . 
 

Table 4-1: Breakdown of water use at a typical meat processing plant 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 
MLA (2005) Industry Environmental Performance Review: Integrated Meat Processing Plants.  Prepared by URS 

Australia as Project PRENV.033 final report, April 2005. MLA, North Sydney. 
1 

MLA (2009) Red Meat Processing Industry Energy Efficiency Manual. Prepared by Hydro Tasmania Consulting as 
Project A.ENV.0065 Final Report, January 2009. MLA North Sydney. 
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4.1.2 Average energy use in abattoirs 
 

To estimate potential energy cost savings from the implementation of demineralisation technology, 
we used an average energy consumption published figure for an Australian abattoir of 3,006 

MJ/tHSCW (1), and adopted an average total water consumption figure of 7.0 kL/tHSCW as 
applicable for a typical meat processing plant. We then used these figures to calculate an average 
energy usage number from the meat processing plant total water consumption adopted for the 
abattoir. 

 
The average energy usage split between thermal (coal) and electricity is 70%: 30%. This reference 
study2 comprised 12 modern integrated facilities. 

 
In cases where natural gas is used instead of coal, the outcomes of this study will still be relevant to 
the meat industry. In general, the direct cost of natural gas per megajoule is higher than that for coal. 
The potential cost savings for natural gas dependant facilities will therefore be higher than that 
reported for coal based facilities on which this report has focussed. 



Page 9 of 61 

A.ENV.0074 - Economic Evaluation of Demineralisation 
 

 

 
 
 

4.2 Task 2 – Generic Water and Salt Balance 
 

The following scenario’s provided in Table 4.2 were adopted for the demineralisation technology 
options and used as the basis for the generic water and salt balance provided in Appendix 8.1 

 
Table 4.2 – Scenario’s for Generic Water and Salt Balance 

Option Scenario Feedwater 
Flowrate 
(kL/ day) 

Feedwater 
Salinity 

(TDS mg/L) 

1a LFLS without RO Low Feedrate/ Low Salinity (LFLS) 40 350 

1b LFLS with RO Low Feedrate/ Low Salinity (LFLS) 40 350 

2a MFLS without RO Medium Feedrate/ Low Salinity (MFLS) 150 350 

2b MFLS with RO Medium Feedrate/ Low Salinity (MFLS) 150 350 

3a HFLS without RO High Feedrate/ Low Salinity (HFLS) 500 350 

3b HFLS with RO High Feedrate/ Low Salinity (HFLS) 500 350 

4a LFHS without RO Low Feedrate/ High Salinity (LFLS) 40 2,000 

4b LFHS with RO Low Feedrate/ High Salinity (LFHS) 40 2000 

5a MFHS without RO Medium Feedrate/ High Salinity (MFHS) 150 2000 

5b MFHS with RO Medium Feedrate/ High Salinity (MFHS) 150 2000 

6a HFHS without RO High Feedrate/ High Salinity (MFHS) 500 2000 

6b HFHS with RO High Feedrate/ High Salinity (MFHS) 500 2000 
 

The following approach was followed to establish a generic salt balance for meat processing 
operations. 

 
A reverse osmosis (RO) plant recovery of 85% was selected as the design basis for the mass 
balance. It is recommended that the 15% RO brine concentrate stream that is generated from this 
RO facility be mixed with water being used for stock yard washdown and stockwatering. If a lower 
RO recovery (for example 75%) is used in practice, the productivity for the RO plant will need to be 
increased to match the production flow requirement equivalent to that for the 85% RO recovery unit. 
However the total salt balance would remain the same. 

 
For the low salinity feedwater option the salinity of the water for stockyard washdown would increase 
from 350 mg/L TDS to 447 mg/L TDS. The same ratio would be applicable to the high salinity 
feedwater option where salinity levels would rise from 2,000 mg/L TDS to 2,815 mg/L TDS. This 
equates to a 27% increase in salinity for the low level salinity case and a 40% increase in salinity 
level for the high salinity case. 

 

 
 

4.2.1 Cooling Tower Feedwater 
 

Cooling towers are used to reject low grade heat from a water-cooled system. Heat is transferred by 
evaporation of a portion of the water stream into the air stream. As the latent heat of evaporation of 
water is much greater than the heat capacity of water, only a small portion of the water needs to be 
evaporated to achieve the required cooling effect for the bulk of the water flow. 
As the process water is re-circulated, the mineral concentration will increase as a result of the 
evaporative losses. When the recirculated process water is concentrated to twice the original 
mineral content, it is referred to as 2 cycles of concentration (COC). The purpose of a water 
treatment program is to maximise the COC while minimising scaling, corrosion and microbiological 
growth. 



Page 10 of 61 

A.ENV.0074 - Economic Evaluation of Demineralisation 
 

 

 
 
 
 

Since it would be desirable to operate near the maximum acceptable TDS concentration in order to 
obtain maximum use of the water, and noting that the dissolved impurities are electrolytes (therefore 
conductive), water conductivity is typically measured and used to control the blowdown of the 
system. Makeup water is typically controlled based on level control in the cooling tower sump. 

 
There are three classes of problems common to all cooling systems which are influenced by water 
quality: 

• corrosion 
• scale 
• biological growth 

 
Corrosion 
Corrosion can be minimised by the addition of a corrosion inhibitor chemical to the cooling water 
system. Inhibitors are chemicals that either react with a metallic surface to prevent attack 
(passivation), or by scavenging and neutralising the corrosive species in the cooling water 
system. pH measurement is used to measure and control the alkalinity level of the water in order 
to prevent corrosion, with pH correction made by dosing a phosphoric acid based treatment 
chemical system. 

 
Only by disposing of a percentage of the re-circulated water (blow-down) and by adding fresh 
make-up water to the cooling tower can the concentration of total dissolved solids (TDS) be 
maintained within control limits, and water chemistry optimised. Poor control in maintaining the 
water chemistry can result in system corrosion, typically of ferrous metals. 

 
Scaling 
The most important factor relating to cooling tower performance is scaling, which is typically 
caused by the over saturation of calcium compounds in the cooling water (poor control over 
COC). 

 
Impurities in makeup water (town’s water / bore water) are normally alkaline in nature, usually in 
the form of calcium bicarbonate and magnesium bicarbonate. The concentration of these 
impurities must be controlled to prevent scale formation within the cooling system. These 
impurities, especially calcium bicarbonate, are less soluble at higher pH values, therefore more 
likely to form scale on the system. Acid is added to the circulating water to lower the pH, though 
it must always be kept above a pH of 6.0. This maintains the calcium species in a dissolved 
state, so they can be removed by the blow down of the system. 

 
Biological growth 
The efficiency of cooling water systems can be severely affected by biological growth. 
Additionally,  the  human  health  aspects  of  maintaining  cooling  tower  disinfection  require 
application of maintenance regimes, most notably targeting Legionella Sp. To mitigate biological 
growth the recirculating cooling water is treated by disinfectants and/ or biocides. 

 
For the low salinity scenarios, the COC in the cooling towers was assumed to be between 3 and 4. 
After RO pre-treatment, it could be possible to increase the COC to 10 without increasing the TDS in 
the cooling water above base case conditions. The new operating parameters would result in a 20% 
saving in water consumption. 
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For the high salinity scenarios, the COC in the cooling towers was assumed to be 2. After RO pre- 
treatment, it was possible to again increase the COC to 10 without increasing the TDS in the cooling 
water above the current base case. These operating parameters would result in a 35% saving in 
water consumption. 

 
4.2.2 Boiler feed water 

 

Municipal water or groundwater cannot generally be used directly as boiler feed water, and typically 
would require some form of pre-treatment. Feed service water constituents such as iron, copper, 
silica and hardness are known to be undesirable in the boiler feedwater, leading to operational 
problems with boiler tube scaling and the potential for hot-spotting. Dissolved oxygen is another 
contaminant in the boiler feed water that has the potential to cause corrosion in the boiler tubes or 
steam pipes. 

Typical boiler feedwater requirements (for up to 20 bar operating pressure) are provided below 

pH 8.3 -10.0 
Iron as Fe        < 0.10 mg/L 

Copper as Cu                 < 0.05 mg/L 
Total Hardness (as CaCO3)  < 0.30 mg/L 

 
Contaminants in the feedwater are concentrated in the boiler kettle as the steam is raised. Water 
treatment chemicals are added to maintain the boiler water chemistry to avoid precipitation and 
scale formation. The principle control of the boiler water quality is by regular blow-down of the boiler 
water. Depending on the capacity of the boiler, blow-down can either be an automated or a manual 
operation. 

 
Reducing the dissolved salts from the boiler feedwater can enable an increase in the number of 
cycles of concentration that can be achieved in the boiler. The current best practice is to adopt a 
pre-treatment employing RO. In most cases, RO has been shown to be economically beneficial if the 
feed water TDS is above 300 mg/L. The higher the TDS, the greater the potential benefits are for 
RO. 
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The following are typical benefits of using RO as a pre-treatment step for boiler make up water 

• Reduced fuel cost through lower heat loss 

• Increase in boiler cycles with reduced blowdown 

• Reduced boiler system chemical treatment costs 

• Improved operation and steam purity 

• Reduced risk (most boiler failures occur due to tube failures) 

• Improved condensate corrosion control 
 

Implementation must be considered on a case by case basis. The following factors needs to be 
considered. 

• Current cycles of concentration 

• Capacity of the boiler 

• Feed water quality 

• % of feed water make up to % hot condensate return 

• Is there a use for RO brine? 
 

For the low salinity feedwater scenarios, we have assumed that COC in the boilers would be around 
a figure of 10. After RO pre-treatment, we estimate that it is possible to increase the COC to 
nominally a figure of 100 without increasing the total salinity in the cooling water. On this basis we 
estimate that it could be possible to achieve a saving in water consumption of 35%. 

 
For the high salinity feedwater scenarios, we have assumed that the COC in the boilers would be 
nominally a factor of 2. After RO pre-treatment, we estimate that it could be possible to increase the 
COC to 10 without increasing the salinity in the cooling water. On this basis we estimate that it 
could be  possible  to achieve  a water  consumption  saving,  similar  to  that  for  the  low  salinity 
feedwater option, of 35%. 

 
4.2.3 Chiller and condenser feed water 

 

We estimate that for the chiller and condenser feed water the water savings would be similar to that 
identified for the cooling towers. No provision, however, has been made for any energy savings. 
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4.3 Task 4 - Energy Analysis 
 
 

4.3.1 Case Study: Use of Ro for Boiler Water Pre-Treatment 
 

Vendor: GE Water & Process Technologies RO Technology 
Client: Unilever Plant, Rexdale Ontario, Canada 

 
A case study data sheet is provided in Appendix E 

 
The following is a summary of the impact of implementing RO pre-treatment as a replacement for 
conventional boiler water pre-treatment. 

 
• Plant boiler capacity = 100 000 tonnes of steam per year. 

• Make up water source: Municipal Water (TDS of 350 mg/L), chemically softened and 
dealkalised water. 

• COC increased from nominally 10 to 100 

• Boiler blowdown reduction of more than 80% was achieved 

• RO plant payback period was less than 16 months 

• Natural gas consumption was reduced by 8% 

• Reduction in boiler chemicals and commodity softening chemicals 
 

Although this case study suggests that higher energy savings can be expected, conservative energy 
savings have been adopted for this study. We estimate that a 1% energy saving is more realistic for 
low salinity water with a figure of 8% for the high salinity water option. 

 
Table 4-3– Energy Analysis 

Option Base case (no RO) With RO Change 

 MWhr/annum kWhr/t 
HSCW 

MWhr/annum kWhr/t 
HSCW 

MWhr/annum kWhr/t 
HSCW 

Option 1 (LFLS) 11 919 835 11 810 827 109 8 

Option 2 (MFLS) 44 735 835 44 323 827 412 8 

Option 3 (HFLS) 149 110 835 147 736 827 1 374 8 

Option 4 (LFHS) 11 919 835 10 965 768 954 67 

Option 5 (MFHS) 44 735 835 41 156 768 3 579 67 

Option 6 (HFHS) 149 110 835 137 181 768 11 929 67 



Page 14 of 61 

A.ENV.0074 - Economic Evaluation of Demineralisation 
 

 

 
 
 

4.4 Task 5 - Economic Analysis 
 
 

The method we used to calculate any economic benefit of installing an RO system was to compare 
the operation cost without RO against the operating cost with RO. 

 
4.4.1 Utilities 

 

The total cost of water is not only the purchased price for water, but must include the cost of pre- 
treatment before the water is suitable for use in the abattoir, together with the treatment cost of 
waste streams and the associated disposal cost. Typical costs were used for town water for the low 
salinity option and for groundwater for the high salinity option. i

 

 
Table 4-4 Actual Cost of Water ($/kL) 

Water Source Town Groundwater 

Salinity Low High 

Purchase $1.20 N/A 

Water pre-treatment and pumping N/A $0.56 

Wastewater treatment $1.29 $0.40 

Wastewater discharge $0.64 N/A 

Total $ 3.13 $0.96 
 

Annual cost increase for water and energy 
 

Water and energy costs are expected to increase at higher rates than the annual inflation rate.  For 
this study we have adopted an average annual increase of 7%. 

 
Energy 

 

We have adopted a cost for the electricity supply of ten cents per kilowatt hour. For coal, only the 
direct cost of coal of $50 per tonne was used to calculate the energy saving. 

 
4.4.2 RO Plant Capital Cost 

 

The capital cost estimate for the supply of an RO plant for the high capacity, low salinity feedwater 

RO plant is based on industry advice of a unit rate of $2,500/ m3/ day. The estimated capital cost for 
the high salinity feedwater RO plant, including the additional pre-treatment cost, would add 
approximately 60% to the capital cost compared to the low TDS case. 

 
For the medium capacity plant option the unit cost was increased by nominally 20% to compensate 
for the reduced treatment quantity. For the low capacity plant option, the unit cost was increased by 
40% above the baseline cost. For the high salinity feedwater plant, the costs were increased by 
similar percentages. These factors are summarised in Table 4-5. 



Page 15 of 61 

A.ENV.0074 - Economic Evaluation of Demineralisation 
 

 

 
 
 

Table 4-5 Summary of Estimated Unit rates for RO Plant Capital Costs 

 
Feedwater Low TDS   High TDS   
Capacity Low Medium High Low Medium High 

Basis   $2,500    
Factor 1.4 1.2 1 2.24 1.92 1.6 

Capital cost ($/m3/day) $3,500 $3,000 $2,500 $5,600 $4,800 $4,000 

Operating Cost ($/ m3) $0.60 $0.60 $0.60 $0.80 $0.80 $0.80 
 

4.4.3 RO Operating Cost 
 

The operating  cost for RO was derived  from a literature  search and includes  the membrane 
replacement cost and treatment chemicals but does not include the cost for labour for the operations 
and maintenance staff. An annual escalation cost of 7% was adopted for the RO operation, the 
same as that used for water and energy. 

 
4.4.4 Internal rate of return calculation 

 

The internal rate of return (ROR) was calculated over a 15 year period. For this ROR calculation, 
the capital was deemed to have been spent in year 0 and written off over a 10 year period. 
Depreciation was shown as a positive cashflow, because of the reduction in tax paid. This was 
calculated at 40% of the depreciation over 10 years. 

 
4.4.5 Task 5 – Economic Analysis 

 

Table 4-6 Summary of Economic Analysis 

Option Without RO With RO With RO 

 NPV,  15 
years 

$/tHSCW/yr IRR,  15 
years 

$/tHSCW/yr NPV,  15 
years 
(@ 4%) 

Payback 
period 
years 

Option 1 (LFLS) 0 0 5.2 -0.05 $11,100 10.0 

Option 2 (MFLS) 0 0 6.9 -0.11 $89,400 9.0 

Option 3 (HFLS) 0 0 9.1 -0.17 $455,900 8.2 

Option 4 (LFHS) 0 0 0.0 +0.21 ($46,000) 14 

Option 5 (MFHS) 0 0 1.0 +0.15 ($120,000) 13 

Option 6 (HFHS) 0 0 2.1 +0.09 ($234,000) 12 
 

The economic analysis is based on the following assumptions*: 
1. Cost of electricity, water, coal and RO operating cost all escalate at 7% per year. This is 

probably very conservative as the cost of water and electricity is expected to increase 
substantially above the rate of inflation in the near future... The IRR of the project increases 
when these rates are increased. 

2. Depreciation is written off over a period of 10 years. For each year, the depreciation is taken 
as a tax saving at a rate of 40% and is added to the project as a cash flow...  If this is not the 
case, the IRR decreases by between 4.5 and 5.5% 

3. Cost of water as per Table 4-4. If the real cost of water is higher, then an increase in the IRR 
of a project is expected. 
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4. Energy split with thermal coal supplying 70% of requirements. If the thermal coal proportion 
is lower, then the IRR decreases. No savings in electricity consumption were used for the 
calculations. 

5. The cost of thermal coal that was used for the analysis is $50 per tonne. If the cost of coal 
increases, the IRR increases. 

6. The estimated unit RO capital cost are as detailed in Table 4-5 for the different scenarios. 
The IRR decreases with higher RO capital cost, 

7. The RO operating cost for the low and high salinity options is respectively $0.6/m3  and 

$0.80/m3. The IRR decreases with higher the RO operating cost, 
8. The RO membranes are replaced every five years for the high salinity option and every 6 

years for the low salinity option. If the  interval  between  membrane  replacements  is 
increased, the IRR of the project increases. 

9. No savings on chemical consumption in the cooling towers and boilers were used for this 
economic analysis 

 
For the low salinity option the water savings contribution is approximately 5 times that of the energy 
contribution. For the high salinity option, the energy savings component is approximately 1.5 times 
that of the water savings contribution. 

 
The detailed economic analysis is provided in Appendix D. 
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5  Technical Review of Demineralisation Technologies 
 
 

Although some substances dissolved in water, such as calcium carbonate, can be removed by 
chemical treatment, other common constituents, like sodium chloride, require a molecular separation 
process, collectively known as demineralisation. In the past, the difficulty and expense of 
desalination rendered brackish water technically and economically unattractive as a source of 
potable water. However, due to significant improvements to demineralisation technology, from the 
early 1970’s desalination of brackish water became commercially viable and practicable in Australia. 

 
All demineralisation processes involve three major liquid streams: the saline feedwater (ranging from 
low salinity water to high salinity brackish water), a low-salinity product water, and high salinity 
concentrate (brine or reject water). There are also cleaning / regeneration waste streams which are 
minor in volume, but may require further treatment or other disposal destinations, for instance 
chemical washed for membranes. 

 
The salinity of the product water from the demineralisation process would have a TDS ranging from 
nominally 50 mg/L to 500 mg/L. This product water would be suitable for most domestic, industrial, 
and agricultural uses. 

 
The brine stream is a concentrated salt solution, generally with a TDS ranging from 2000 mg/L to 
more than 10 000 mg/L. Brine can be disposed of by discharge into deep saline aquifers or to 
surface waters if the salinity of the brine stream is acceptable for the receiving environment. Brine 
can also be diluted with treated effluent and disposed of by irrigating crops, golf courses and/or other 
open space areas providing that the salinity of the blended water is acceptable for crops and 
grasses 

 
The following demineralisation technologies have been evaluated in this investigation: 

• Reverse Osmosis 
• Electro-Dialysis Reversal (EDR) 
• Nanofiltration 
• Thermal Technology 

 
Although the following emerging demineralisation technologies were considered, as they are at an 
early development stage, they have not been evaluated further 

 
• Forward Osmosis 
• Capacitive Deionisation 
• Improvements in RO technology 

Detailed technical descriptions of these demineralisation technologies are provided in Appendix D. 

Ion Exchange (IX) technology was also considered as one of the demineralisation technology 
options but has been discounted as non viable as it is not practicable from technical and economic 
terms for treating water with TDS levels > 300 mg/L . 
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Table 5.1 – Comparison of Demineralisation Technology Options 
 

Technology Principle Features Benefits Commercialisation 

RO Pressure driven 
membrane process 

• Ideal for treating brackish water with 
TDS > 300 mg/L. 

• Established as preferred brackish 
water demineralisation technology 
globally 

• Requires good pre-treatment 
• Creates a brine concentrate that  

can be difficult and costly to dispose 
of 

• Compact 
• Modular 
• High overall recovery 
• High product quality 

• Proven technology 
• RO systems have been 

applied in Australia for 
brackish water 
desalination since the 
early 1970’s. 

• 

Thermal 
technology 

Mechanical 
evaporation process 
driven by heat transfer 
for condensing steam 
across a metallic heat 
transfer surface 

• High capital; investment cost 
• High energy requirement 
• Exotic steels required for longevity 

• Highest recovery 
technology (from 95% to 
99%) 

• Has potential to produce 
solid (i.e. salt) which 
could be sold 

• Well proven technology 
• Commercialised over 30 

years ago in the Middle 
East using waste heat 
as energy source. 

• No known reuse 
applications in Australia 

• 

EDR Membrane technology 
that uses direct 
current (DC) potential 
across anion and 
cation permeable 
membranes to 
desalinate water 

• Relatively low energy technology 
(but higher than RO) 

• Not economically viable for brackish 
waters with TDS > 3,000 mg/L 

• Potentially simpler pre- 
treatment than for RO. 

• Compact 
• Modular 
• Medium to high overall 

recovery 
• Medium to high product 

quality 

• Proven technology 
• Limited applications in 

Australia 

Nanofiltration Pressure driven 
membrane process 

• Most suited for alkaline brackish 
waters 

• Lower energy than RO (nominally 
up to 30% less) 

• Not suited to reduction of divalent 
ions 

• Similar features to RO 
but with lower capital & 
operating cost 

• Not proven technology 
• Limited commercial 

application to date. 
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Table 5.2 – Comparison of Emerging Demineralisation Technologies 
 

Technology Principle Features Benefits Commercialisation 

Forward 
Osmosis 
(also referred 
to as 
engineered 
osmosis) 

Uses an osmotic 
pressure gradient 
instead of pressure or 
heat to force water 
through a purifying 
membrane 

• Not proven technology • Potentially lower energy 
requirement compared 
with pressure driven 
technologies such as  
NF & RO. 

• Unproven. 
• At early demonstration 

stage. 

Capacitive 
deionization 

Uses carbon aerogel, a 
porous material with a 
high surface area and 
extremely low electrical 
resistance and a small 
direct current to 
desalinate water 

• High cost of aerogel 
• Only at small scale development 

phase 

• Potentially low energy 
desalination technology 

• Unproven 
• At an early development 

phase 

Advances in 
RO 
technology 

1.  Hydrophilic, 
membrane process 
embedding 
nanoparticles to a 
water purifying 
membrane to 
potentially double 
the membrane 
efficiency with only 
5 percent additional 
production costs 

 

2.  Carbon nanotube- 

based membranes 
could reduce cost of 
purifying water from 
the ocean. 

1. Membrane has the ability to filter 
out contaminants 

 

 
 
 
 
 
 
 
 
 
 
 
 
2. Potentially could provide a solution 

to water shortages. 

• Potentially low energy 
desalination technology 

• Unproven technology 
• At very early 

development stage 
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6 Technical and economic assessment of application of 
demineralisation using membrane systems to meat 
processing plants 

 

For this study, the 10% of water being used for services was earmarked for demineralisation. 
Several studies have shown that water and energy savings can be made from using RO to treat 
either cooling water or boiler feed water. 

 
Demineralisation of water used in the other areas of the abattoir also has the potential to improve 
the quality of the water. Each abattoir will have to do an assessment on the perceived benefits of 
having better quality water, but it cannot be justified purely from an economical point of view. 

 
Combining all the estimated parameters into a cost benefit analysis, the potential internal rate of 
returns that are calculated are summarised in Table 6.1. 

 
Table 6-1 Illustrative Rate of Return on Investment 

 Salinity of feed water source 

RO Plant Capacity Low salinity (towns water) High salinity (bore water) 

Low 5.2% 0.0% 

Medium 6.9% 1.0% 

High 9.1% 2.1% 
 

The estimated benefit of an RO system is more significant for low salinity municipal water than for 
high salinity feed water. Any saving in water usage will have an increased cost effect because of the 
higher disposal cost of water in towns. 
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7 Feasibility study of the use of RO brine stream for supply to 
water consuming activities in the meat processing plant 
Discussion 

 

The RO brine stream could be used for the following applications: 
 
• Feed stock watering 
• Stock yard washing 

 
The following estimates of the RO brine quantity and quality for the various options together with the 
potential water quantity reduction and water quality effects is provided in Table 7-1 

 
Table 7.1 - Estimates of RO Brine Quantity and Quality 

 
Option Potential 

savings 
(kL/day) 

Potential water quality effects Estimates of RO ‘brine’ 
quantity and quality 

Option 1 8 Feed TDS 350 mg/L reduced to 70 
mg/L for utility/ services , Feed to 
stockyard wash down and stock 
watering TDS increases from 350 
mg/L to 447 mg/L 

TDS = 1937 mg/L 
Flow = 5.6 kL/d 

Option 2 30 Feed TDS 350 mg/L reduced to 70 
mg/L for utility/ services , Feed to 
stockyard wash down and stock 
watering TDS increases from 350 
mg/L to 447 mg/L 

TDS = 1937 mg/L 
Flow = 21.2 kL/d 

Option 3 100 Feed TDS 350 mg/L reduced to 70 
mg/L for utility/ services , Feed to 
stockyard wash down and stock 
watering TDS increases from 350 
mg/L to 447 mg/L 

TDS   = 1937 mg/L Flow = 70.6 
kL/d 

Option 4 14 Feed TDS 2000 mg/L reduced to 
70 mg/L, Feed to stockyard wash 
down and stock watering TDS 
increases from 2000 mg/L to 2815 
mg/L 

TDS = 12937 mg/L   Feed = 6.0 
kL/d 

Option 5 52 Feed TDS 2000 mg/L reduced to 
70 mg/L, Feed to stockyard wash 
down and stock watering TDS 
increases from 2000 mg/L to 2815 
mg/L 

TDS = 12937 mg/L 
Feed = 22.4 kL/d 

Option 6 175 Feed TDS 2000 mg/L reduced to 
70 mg/L, Feed to stockyard wash 
down and stock watering TDS 
increases from 2000 mg/L to 2815 
mg/L 

TDS = 12937 mg/L 
Feed = 74.6 kL/d 
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8 Conclusions 
 

The application of membrane based demineralisation (RO) technology in the meat processing 
industry to demineralise the incoming water supply has the potential to provide water and energy 
savings. This treatment however would be restricted to nominally 10% of the total abattoir water 
consumption. 

 
RO is a commercially proven demineralisation technology that could provide significant benefits for 
cooling tower and boiler make up water applications in the meat processing industry, particularly for 
high salinity water situations. Using desalinated water would allow higher cycles of concentration 
(COC) to be achieved with no adverse effects to existing systems. The additional benefit could be 
substantial reductions to the cooling tower make- up water requirements. Overall, RO treated water 
if used in these systems could reduce the water treatment chemical consumption. 

 
For the low feedwater salinity scenarios, a COC in the cooling towers without RO treatment of 
nominally between 3 and 4 was adopted. After RO pre-treatment, it was identified that it could be 
possible to increase the COC to nominally as high as 10 (without increasing the salinity in the 
cooling water) with a potential saving in water consumption of 20%. In the case of the high salinity 
feedwater scenario, a COC in the cooling towers without RO treatment of nominally 2 was adopted. 
After RO pre-treatment, it was identified that it could be possible to increase the COC to nominally 
as high as 10 (without increasing the salinity in the cooling water) with a potential water saving 
consumption of 35%. 

 
For the low salinity feedwater, the use of RO as a pre-treatment for the boiler feedwaters could 
achieve an increase in the COC from typically 10 to as high as 100 cycles. Similarly, for the high 
salinity feedwater case, the estimated increase change in the COC in the boilers could be from 2 to 
100 cycles. This would result in a significant lower boiler blowdown demand, with subsequent 
savings in water, energy, and chemicals. 

 
In terms of energy savings, from the literature reviews and case study presented, we have estimated 
that a 2% energy saving could be achievable for a low salinity feed water, whilst a higher energy 
saving, in the order of 8%, could be achieved for the high salinity water feedwater. 

 
The disposal of the RO brine stream on-site to the stockyard washdown would only slightly increase 
the washdown water salinity. This approach offers a simple and viable method for disposal of the 
RO brine. 

 

9 Recommendations 
 

Although it has been identified in this study that there are potential water and energy savings by 
using an RO plant to desalinate the feed water to the abattoir services area, the savings are not 
considered significant enough to justify the application of RO membrane demineralisation on 
economic terms alone. Under a different situation, where carbon dioxide emissions are taxed, the 
attractiveness of using an RO plant may be markedly different. 

 
It is anticipated that reducing the salinity of the feedwater by the application of RO to boilers and 
cooling towers could provide additional benefits, such as increased equipment life and reduced 
chemical consumption. However these potential benefits have not been quantified in this study. In 
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situations of water scarcity, water conservation could be a critically important consideration so that 
the application of RO may be worthwhile considering to reduce the abattoir water resource 
requirement. 

 
It is recommended that consideration be given to validate the findings of this study by undertaking a 
trial with a rental pilot RO plant. Such a pilot demonstration, at a suitable abattoir, could be 
invaluable to evaluate savings relating to energy, water and chemical consumption for make-up 
water to the cooling tower and boiler systems. The outcomes from this pilot trial could establish an 
industry benchmark on the viability of applying RO demineralisation technology for the Australian 
meat processing industry. 
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Appendix A Mass Balances for Options 1 to 6 
 

 
 
 
 
 

• Option 1a Low salinity / Low use 
• Option 1b Low salinity / Low use with RO 
• Option 2a Low salinity / Medium use 
• Option 2b Low salinity / Medium use with RO 
• Option 3a Low salinity / High use 
• Option 3b Low salinity / High use with RO 
• Option 4a High salinity / Low use 
• Option 4b High salinity / Low use with RO 
• Option 5a High salinity / Medium use 
• Option 5b High salinity / Medium use with RO 
• Option 6a High salinity / High use 
• Option 6b High salinity / High use with RO 
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Economic Evaluation of Demineralisation 
 
 
 

 

Appendix B Financial Calculations 
 

 
 
 
 
 

• Financial calculation Option 1 - Low salinity / Low use with RO 
• Financial calculation Option 2 - Low salinity / Medium use with RO 
• Financial calculation Option 3 - Low salinity / High use with RO 
• Financial calculation Option 4 - High salinity / Low use with RO 
• Financial calculation Option 5 - High salinity / Low use with RO 
• Financial calculation Option 6 - High salinity / Low use with RO 
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Appendix C RO Projections & Water Compositions 
 

 
 
 
 
 

• Low salinity 
• High salinity 
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Appendix D Technology Review 
 

 
 
 
 
 

• Reverse Osmosis 
• Electro-Dialysis Reversal (EDR) 
• Nanofiltration 
• Thermal technology 
• Forward Osmosis 
• Capacitive deionisation 
• Improvements in RO technology 



Page 54 of 61 

Economic Evaluation of Demineralisation  

 

 
 
 

D1      Technical & Economic Review of Demineralisation Technologies 
 

Demineralisation for this project refers to the membrane separation RO process (not ion exchange) 
used to reduce the dissolved salt content of saline water sources to a level that enables use within 
the meat processing operations. 

 
The saline feedwater is drawn from marine or underground water sources. It is separated by the 
demineralisation process into the two output streams: the low-salinity product water and high salinity 
concentrate streams. 

 
Although some substances dissolved in water, such as calcium carbonate, can be removed by 
chemical treatment, other common constituents, like sodium chloride, require more sophisticated 
separation methods, collectively known as demineralisation. In the past, the difficulty and expense of 
removing various dissolved salts from water rendered saline waters impractical as a source of 
potable water. However, starting in the 1950s, demineralisation began to appear to be economically 
practical for most uses, under certain circumstances. 

 
The product water of the demineralisation process is generally water with less than 500 mg/L of 
dissolved solids, which is suitable for most domestic, industrial, and agricultural uses. 
A by-product of demineralisation is the brine stream. Brine is a concentrated salt solution, generally 
with more than 10 000 mg/L of dissolved solids. Brine must be disposed of, generally by discharge 
into deep saline aquifers or surface waters with a higher salt content. Brine can also be diluted with 
treated effluent and disposed of by spraying on golf courses and/or other open space areas 

 
D1.1   Reverse Osmosis 
RO is currently the most common approach for demineralisation, with the market for this technology 
expected to grow at a rate of 10% annually. 

 
RO is a valuable water purification process when mineral-free water is the desired end product. RO 
involves forcing a solution through a semi-permeable membrane using hydraulic pressure. Most 
mineral constituents of the source water are physically larger than water molecules so that they are 
trapped by the semi-permeable RO membrane and removed by the system. Such minerals include 
sodium chloride, lead, manganese, iron, and calcium. 

 

The permeate (the liquid flowing through the membrane) is passed through the membrane by the 
pressure differential created between the pressurised feedwater and the product water, which is at 
near-atmospheric pressure. The remaining feedwater continues through the pressurized side of the 
reactor as brine. No heating or phase change takes place. The major energy requirement is for the 
initial pressurization of the feedwater. For brackish water desalination the operating pressures range 
from 17 to 28 bar, and for seawater desalination from 55 to 68 bar. 

 
In practice, the feedwater is pumped into a closed container against the membrane to establish an 
operating pressure. As the product water passes through the membrane, the remaining feedwater 
and brine solution becomes more and more concentrated. To reduce the concentration of dissolved 
salts remaining,  a portion  of this  concentrated feedwater-brine solution  is withdrawn  from the 
container. Without this discharge, the concentration of dissolved salts in the feedwater would 
continue to increase, requiring ever-increasing energy inputs to overcome the naturally increased 
osmotic pressure. 
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The membrane material used for reverse osmosis is usually an organic thin-film membrane, typically 
a polyamide material perforated with tiny holes. These holes are small enough to let water pass 
through, but they block salt and other contaminants. 

 

A RO system consists of four major components/processes: (1) pre-treatment, (2) pressurization, (3) 
membrane separation, and (4) post-treatment stabilization. 

 
Pre-treatment: The incoming feedwater is pre-treated to be compatible with the membranes by 
removing potential physical and biological contaminants (e.g. suspended solids) that could otherwise 
foul the RO membranes. An inhibitor chemical may also be required as part of the pre-treatment to 
control and prevent scaling caused by constituents such as calcium sulphate as they are 
concentrated within the pressurised modules. 

 

Pressurisation: The RO feed pump raises the pressure of the pre-treated feedwater to overcome 
the osmotic pressure and resistance losses across the membrane. 

 
Separation: The permeable membranes inhibit the passage of dissolved salts while permitting the 
pure product water (typically called permeate) to pass through. Because no membrane is perfect in 
its rejection of dissolved salts, a small percentage of salt passes through the membrane and 
remains in the product water. RO membranes are arranged in a variety of configurations. Two of the 
most popular are spiral wound and hollow fine fibre membranes. They can be made of cellulose 
acetate, aromatic polyamides, or, thin film polymer composites. Spiral wound membranes have 
become the RO membrane of choice for brackish water and seawater desalination, although the 
specific membrane and the construction of the pressure vessel may vary according to the different 
operating pressures and types of feedwater. 

 
Stabilisation: The RO product water usually requires pH adjustment and degasification before 
being transferred to the distribution system for use as drinking water. The product passes through an 
aeration column in which the pH is elevated from a value of approximately 5 to a value close to 7. In 
many cases, this water is discharged to a storage cistern for later use. 

 

 
Today's state-of-the-art technology uses thin film composite membranes in place of cellulose acetate 
and polyamide membranes. The composite membranes work over a wider range of pH, at higher 
temperatures, and within broader chemical limits, enabling them to be more tolerant to potentially 
fouling feed water supplies and for conditions commonly experienced in most industrial applications. 
In general, the recovery efficiency of RO desalination plants increases with time as long as there is 
no fouling of the membrane. 

 

 
Advantage
s 

 

• The RO processing system is simple; the only challenge is to obtain good definition and 
representative information on the feedwater quality which enables the designer to identify the 
appropriate pre-treatment to ensure a robust a reliable system is installed to protect the RO 
membranes. 

 

• Systems may be assembled in pre-packaged modular designs for production capacities 
ranging from a few litres per day to massive quantities per day for brackish and seawater 
desalination applications. The modular system allows for high mobility, making RO 
technology suitable for expansion 
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• RO plants have been used for emergency water supply. 
 

• Installation costs are relatively low. 
 

• RO plants have a very high space/production capacity ratio, ranging from 25 000 to 60 000 
l/day/m2. 

 
• RO technologies can be used to remove organic and inorganic contaminants. 

 
• Aside from the need to dispose of the brine, it is considered that the RO process has 

negligible environmental impact. 
 

• The RO technology makes minimal use of chemicals. 
 
 

Disadvantages 
 

• The membranes are sensitive to fouling so if inappropriate pre-treatment is employed the 
membrane life could be short resulting in high membrane replacement costs. 

 

• The feedwater usually needs to be pre-treated to remove particulates (in order to prolong 
membrane life). 

 
• Due to the corrosive nature of the saline water the RO plant requires a high quality standard 

for materials and equipment. 
 

• There is often a need for specialist assistance to design, construct, and operate plants. 
 

• Brine must be carefully disposed of to avoid deleterious environmental impacts. 
 

• There is a risk of bacterial contamination of the membranes; while bacteria are retained in 
the brine stream, bacterial growth on the membrane itself can introduce tastes and odours 
into the product water. 

 
• RO technologies require a reliable energy source. 

 
• Demineralisation technologies have a high cost when compared to other methods, such as 

groundwater extraction or rainwater harvesting. 
 

 
The energy requirement for the brackish water RO process typically ranges from 1 to 3 kWhr per 
cubic metre of product water. 

Typical RO produced water costs range from nominally $0.70 to $1.00 per cubic meter (this is 
inclusive of RO capital cost). 
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D1.2  Thermal Technology 
 

The mechanical evaporation process is driven by heat transfer from condensing steam to the lower 
temperature across a metallic heat transfer surface. The absorbed heat causes vaporization of water 
and an increase in the salt concentration. The vapour is then condensed becoming distillate for 
reuse. 

 
Evaporators can be categorized according to the arrangement of their heat transfer surface and the 
method used to impart heat to the feed solution. Common types of evaporators include the following: 

 
• Single effect 

• Multiple effect 

• Vapour compression 

• Vertical tube falling film 

• Horizontal tube spray film 

• Forced circulation 
 

Evaporators are usually employed as a final concentration step to minimise brine reject volume from 
RO process. The most common combination of evaporators to accomplish full evaporation of 
membrane reject streams is vertical tube falling film-vapour compression evaporation followed by a 
crystallization/landfill step. The typical steps in the mechanical evaporation process are summarised 
as follows: 

 
1. Brine concentrate is pumped through a heat exchanger that raises its temperature to the boiling 

point. 
 

2. Hot feed combines with the brine/concentrate slurry in the sump. The brine/concentrate slurry is 
constantly circulated from the sump to a flood box at the top of a bundle of heat transfer tubes. 
Calcium sulphate crystals can be seeded into the brine/concentrate slurry to act as precipitation 
nuclei for scalants that would otherwise scale the heat transfer surfaces. 

 
3. Some of the brine/concentrate evaporates as it flows in a falling film through the tubes and back 

into the sump. 
 

4. The vapour passes through mist eliminators and enters the vapour compressor, which heats it 
slightly. Compressed vapour flows to the outside of the heat transfer tubes. Mechanical 
compressors are used in most applications. The mechanical vapour compressor is responsible 
for about 80 percent of the minimum 25 kilowatt-hours (kWh) energy usage per cubic meter of 
brine/concentrate concentrator feed. 

 
5. Heat from the compressed vapour is transferred to the cooler brine/concentrate falling inside the 

tubes, causing some of the brine/concentrate to evaporate. As the compressed vapour gives up 
heat, it condenses as product water. This condensate is highly pure with a TDS content from 5 
mg/L to 10 mg/L, making it an excellent water source for boiler make-up, cooling water make-up, 
and process use. 
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6. The high-purity distillate is pumped through the heat exchanger, where it gives up heat to the 
incoming membrane reject. Total product-water recovery across the brine/concentrate 
concentrator is between 95 and 99 percent. 

 
7. From 1 percent to 5 percent of the brine/concentrate slurry is blow down from the sump to 

control the brine/concentrate density between 20 percent and 30 percent (200,000 to 300,000 
mg/L). Blow down is sent to a crystalliser feed tank and then on to the forced circulation 
crystalliser. 

 
The concentrated brine can be further treated in a forced circulation crystalliser (FCC). The water 
recovery from this process is expected to be 80% and the final product salt stream would be a 
crystallised solid. 

 
A forced circulation crystalliser (FCC) is a mechanical evaporation process that uses heat and 
pressure differentials to flash-boil water, generating distilled liquid and solid salts. Some suppliers 
integrate the crystalliser with the mechanical vapour compression falling film exchanger vessel. 

 
The typical steps in the FCC process are summarised as follows: 

 
1. The 20 to 30 percent brine/concentrate (from the upstream brine concentrator) is recirculated 

through a heat exchanger under pressure to prevent boiling and subsequent scale formation in 
the tubes. 

 
2. The pressurized brine/concentrate then enters a separator chamber operating at a slightly lower 

pressure or partial vacuum, resulting in flash evaporation of water and formation of insoluble salt 
crystals in the brine. 

 
3. The vapour passes through mist eliminators and enters the vapour compressor, which heats it 

slightly. Compressed vapour flows to the outside of the heat transfer tubes heating the 
recirculated brine/concentrate flowing inside the heat transfer tubes. Mechanical compressors 
are used in most applications. The mechanical vapour compressor is responsible for about 80 
percent of the 66 kWhr/kL energy usage for the FCC feed. 

 
4. One to five percent of the brine/crystal liquor is wasted to separate the insoluble salt from the 

liquor. Salt crystals are typically separated from the liquor with a centrifuge or filter press. Salt 
can be disposed in a landfill or to market, and the filtrate liquor is returned to the FCC feed tank. 

 
5. Total product water recovery across the brine concentrator and crystalliser is estimated to be 

between 95 and 99 percent. The condensate from both process units can be delivered to the 
main product-water stream. 

 
Crystalliser systems can help to reduce wastewater discharges and, in many cases, capture 
revenue-producing products. The technology reduces environmental impacts and help to achieve 
zero                                                               liquid                                                               discharge. 

 
By controlling the feedwater chemistry, crystallisers can recover specific salts that can be sold to 
offset operating costs. Because industrial wastewaters often contain mixtures of salts in variable 
concentrations, the design of an effective crystallizer system requires special expertise. 
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The crystallisers are simple to install, generally skid-mounted and fully packaged with all auxiliary 
equipment and controls. Automated controls and wash systems make the equipment easy to 
operate. 

 
Thermal systems have a high capital and a high operating cost. A system with a mechanical vapour 

compression typically uses between 25 and 30 kWh/m3 of produced condensate. These systems 
are normally used as a final concentration stage in a zero liquid discharge (ZLD) application. 

 

 
 

D1.3   Electro-Dialysis Reversal (EDR) 
 

Electro Dialysis (ED) is based on the principles governing the behaviour of an ionic solution when it 
is subject to direct current (DC) potential. In ED, alternating anion and cation permeable membranes 
(called anion transfer and cation transfer membranes) are placed in layers with an anode on one 
side of the assembly and a cathode on the other. When a current is applied to the system, water 
within one group of channels is “de-ionised”. Cations migrate through the cation transfer membrane 
towards the cathode, and the anions migrate through the anion transfer membrane towards the 
anode. In the adjacent channels, the membranes do not allow migration in the direction the ions are 
drawn (cations cannot migrate through the anion membrane and anions cannot migrate through the 
cation membrane). Thus, alternating channels are formed of deionised product water and ion-rich 
concentrate stream. 

 
The ED stack contains two distinct flow channels, one for feed water and one for concentrate 
recycle. This allows concentrate to be recycled and only feed water to flow through demineralising 
channels. The concentration of ions in the concentrate is the limiting factor only to the extent that 
very high ion concentrations lead to precipitation which will foul membranes. Therefore, some 
concentrate is continuously blown down to waste and made-up with feed water. 

 

 
Electrodialysis Reversal (EDR) is an advanced water treatment process based on electro-dialysis. 
EDR removes ions and other charged species from water and other fluids using small quantities of 
electricity to transport charged species through membranes composed of ion exchange material. 
EDR generates a purified water stream, and concentrated brine stream. 

 
EDR technology is designed for up to 94% water recovery. EDR systems have an automatic 
Polarity Reversal self-cleaning feature that reduces the fouling tendencies of the water by reversing 
the polarity of the electrodes every 15 to 20 minutes. This change in polarity causes scale and 
organics to disassociate from the membranes. 

 
In addition, EDR membranes can operate on waters with up to 0.5 mg/L chlorine to control the 
biological nature of feed water, and can also be shock-chlorinated up to 30 mg/l for maximum 
cleaning efficiency if required. 

 
EDR is used to desalinate challenging brackish waters such as surface waters and waste waters. 
Applications for EDR technology include municipal drinking water, industrial process water, and 
wastewater reuse projects. 
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EDR have been used for the removal of radium, arsenic, and perchlorate as well as demineralisation 
of well and surface waters. Electrodialysis Reversal reliably desalinates water to customer 
specifications for industrial process requirements, such as boiler make up water. Additionally, 
because of its rugged membranes and high chlorine tolerance, EDR membranes are ideal for 
wastewater                                                           reuse                                                           projects. 

 
Installed EDR systems vary in capacity from 15 m3/day to 6,000 m3/day per unit, and are able to 
achieve a removal of 50% to 94% of TDS in process streams with up to 12,000 mg/L TDS. By using 
multiple stages (stacks in series), systems can be optimized to handle a wide range of treatment 
needs. 

 
D1.4   Nanofiltration 
Nanofiltration (NF) is mainly used for the removal of divalent ions and the larger monovalent ions 
such as heavy metals. In simple terms NF technology can be regarded as a coarse RO membrane 
system and has the ability to remove divalent ions (e.g. calcium, magnesium, ferric ions, and 
sulphate) and trivalent ions (e.g. aluminium and ferrous ions) but will allow monovalent ions (e.g. 
sodium, chloride and nitrate) to pass through the membrane and be present in the NF product water 
(normally                                                          termed                                                          permeate). 

 
Since NF uses a more open membrane structure, the feed pressure for the system can typically be 
30% lower compared to RO systems. . 

 
NF has limited application as a demineralisation technology. 

 
D1.5   Ultrafiltration (UF) 
Ultrafiltration (UF) is the separation of macro-molecules, fine emulsions, or colloidal material across 
a semi-permeable membrane, with pore sizes ranging from 0.005mm to 0.1 mm. The removal of this 
material occurs in a cross-flow filtration process, where the feed and concentrate flows are parallel 
to the membrane surface and the permeate flow is perpendicular to the membrane surface. 

 
Pressure is applied to the feed side of the membrane, forcing the water through the membrane to 
the permeate side. High turbulent flow minimizes boundary layer fouling and sludge build-up on the 
membrane surface. 

 
It has limited application as a demineralisation technology. 

 
D1.6   Microfiltration (MF) 
MF separation technology has cut-off of nominally 0.2 microns and removes larger size particulate 
matter (e.g. physical contaminants such as suspended solids, colloidal and biological material) in the 
feedwater compared with UF. MF systems operate at a lower pressure than for UF. MF can be also 
used as an alternative to centrifugation. 

 
Both MF and UF are primarily used as the pre-treatment steps for RO. 
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D2      Technical & Economic Review of Emerging Technologies 
 

D2.1   Forward Osmosis 
 

This technology is also referred to as engineered osmosis. Unlike conventional demineralisation 
systems, an osmotic pressure gradient is established to force water through a purifying membrane 
(instead of using pressure or heat). The approach exploits the fact that water naturally flows from a 
dilute region to one that's more concentrated when the two solutions are separated by a semi 
permeable material, thereby saving the energy normally needed to drive the process. 

 

An approach is to add a "draw solution" on one side of the membrane to extract clean water from 
dirty water. The solution is designed to have a high osmotic pressure and be easy to remove 
through heating. 

 

Forward osmosis is not a new technology, but trying to find the optimal draw solution to make it 
efficient is critical. To date, only a pilot scale plant has been reported, producing one cubic meter of 
water per day. This technology still has a long way to before it can be considered suitable 
commercially at the scale of RO facilities. 

 

 

D2.2   Capacitive Deionisation (CD) 
Capacitive deionisation (CD) is a demineralisation technique invented a decade ago at the Lawrence 
Livermore National Laboratory. It exploits carbon aerogel, an extremely porous material originally 
developed for aerospace applications. 

Composed almost entirely of air, aerogel looks like "frozen smoke," in one common description. The 
capacitive deionization approach to demineralisation takes advantage of two of aerogel's distinctive 
properties: its extremely high surface area and extremely low electrical resistance. 

 

In operation, the salty water flows between paired sheets of aerogel. Electrodes embedded in the 
aerogel apply a small direct current; positively charged ions attach to the sheet with the negative 
electrodes, and negatively charged ions cling to the sheet with the positive electrodes. After a 
suitable number of hours or days, the current is reversed, rinsing the ions off into a concentrate 
stream. 

 

This technology is still unproven on commercial scale. Capacitive deionisation's biggest issue 
remains the cost of manufacturing aerogel. 

 

 
 

D2.3   Improvements in RO technology 
 

Embedded nanoparticles change the properties of RO membranes, making them hydrophilic (water- 
attracting, so that water passes through more easily) while retaining their ability to filter out 
contaminants. Adding nanoparticles to a water purifying membrane can double its efficiency, adding 
just 5 percent to production costs 




