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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
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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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4 General Methods
41 Task 1 - Data Collection

4.1.1 Average water use in abattoirs

The average water consumption for modern integrated meat processing plants published in 2005"
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

Area Description % of Total Water
Consumption

Stock yards Stock watering 1.0 23
Stock washing 6.5
Stockyard washing 12.0
Truck washing 3.5

Slaughter and evisceration Viscera table and wash sprays 5.6 10
Head wash 0.3
Carcase wash 4.0
Carcase splitting saw 0.1

Paunch, gut and offal washing Paunch dump and rinse 7.5 18
Tripe / bible washing 25
Gut washing 55
Edible offal washing 2.5

Rendering Rendering separators 1.2 2
Rendering plant wash down 0.8

Sterilisers and wash stations Knife sterilisers 6.0 10
Equipment sterilisers 2.0
Hand wash stations 2.0

Amenities Exit / entry hand, boot wash stations 4.0 7.0
Personnel amenities 3.0

Plant cleaning Wash down during shifts 2.0 20
Cleaning and sanitising at end of shift 15.0
Washing tubs, cutting boards and trays 3.0

Plant services Condensers and refrigeration defrost 5.0 10
Cooling tower makeup 25
Boiler feed makeup 25

' 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.

'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
MJIAHSCW @, and adopted an average total water consumption figure of 7.0 kL/AHSCW 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
study? 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.
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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 Feedwater
Flowrate Salinity
(kL/ day) (TDS mg/L)

la 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.
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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

» Diological 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
COQ).

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

* 9 of feed water make up to % hot condensate return

» Isthere 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 (nho RO) With RO Change

MWhr/annum | kWhr/t MWhr/annum | kWhr/t MWhr/annum | kWhr/t

HSCW HSCW HSCW

Option 1 (LFLS) 11919 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 1374 8
Option 4 (LFHS) 11919 835 10 965 768 954 67
Option 5 (MFHS) 44 735 835 41 156 768 3579 67
Option 6 (HFHS) 149 110 835 137 181 768 11 929 67
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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.'

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 enerqy

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%.

Enerqy

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/ m® 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.
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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 ($/m*/day) | $3,500 $3,000 $2,500 $5,600 $4,800 $4,000
Operating Cost ($/ m®) | $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.

4.45 Task 5 — Economic Analysis

Table 4-6 Summary of Economic Analysis

Option Without RO With RO With RO

NPV, 15 | $itHsCwiyr | IRR, 15 | $itHSCW/yr | NPV, 15 | Payback

years years years period

(@ 4%) 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/m* and
$0.80/m®. 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.
lon 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 Ideal for treating brackish water with Compact Proven technology
membrane process TDS > 300 mg/L. Modular RO systems have been
Established as preferred brackish High overall recovery applied in Australia for
water demineralisation technology High product quality brackish water
globally desalination since the
Requires good pre-treatment early 1970’s.
Creates a brine concentrate that
can be difficult and costly to dispose
of
Thermal Mechanical High capital; investment cost Highest recovery Well proven technology
technology evaporation process High energy requirement technology (from 95% to Commercialised over 30
driven by heat transfer Exotic steels required for longevity 99%) years ago in the Middle
for condensing steam Has potential to produce East using waste heat
across a metallic heat solid (i.e. salt) which as energy source.
transfer surface could be sold No known reuse
applications in Australia
EDR Membrane technology Relatively low energy technology Potentially simpler pre- Proven technology

that uses direct

(but higher than RO)

treatment than for RO.

Limited applications in

current (DC) potential Not economically viable for brackish Compact Australia
across anion and waters with TDS > 3,000 mg/L Modular
cation permeable Medium to high overall
membranes to recovery
desalinate water Medium to high product
quality

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 Uses an osmotic * Not proven technology Potentially lower energy Unproven.
Osmosis pressure gradient requirement compared At early demonstration
(also referred | instead of pressure or with pressure driven stage.
to as heat to force water technologies such as
engineered through a purifying NF & RO.
0SMosis) membrane
Capacitive Uses carbon aerogel, a | = High cost of aerogel Potentially low energy Unproven
deionization porous material with a + Only at small scale development desalination technology At an early development
high surface area and phase phase
extremely low electrical
resistance and a small
direct current to
desalinate water
Advancesin | 4 Hydrophilic, 1. Membrane has the ability to filter Potentially low energy Unproven technology
RO membrane process out contaminants desalination technology At very early
technology embedding development stage

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.

2. Potentially could provide a solution
to water shortages.
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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 lllustrative 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%

2.1%

High 9.1%

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’

guantity 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
kL/d

Feed = 6.0

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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Appendices
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Appendix A Mass Balances for Options 1to 6
* Option la 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

e 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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ABATTOIR WATER USE FLOW CHART

Option 1a - Low use / Low salinity
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Economic Bvaluaion of Damineral sation

ABATTOIR WATER USE FLOW CHART

Option 1b - Low use / Low salinity with RO
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ABATTOIR WATER USE FLOW CHART

Option 2a- Medium use / Low salinity

Economic Bvaluaion of Damineral sation
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Economic Evaluaion of Damineral eation

ABATTOIR WATER USE FLOW CHART
Option 2b - Medium use / Low salinity with RO
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ABATTOIR WATER USE FLOW CHART

Option 3a- High use / Low salinity

Economic Bvaluaion of Damineral sation
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Eoonomwo Evaluaton of Demineraigation

ABATTOIR WATER USE FLOW CHART
Option 3b - High use / Low salinity with RO
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Eccnomic Evaluaion of Demineraizaticn

ABATTOIR WATER USE FLOW CHART
Option 4a - Low use / High salinity
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Economic Evaluaiion of Demineral ation

ABATTOIR WATER USE FLOW CHART
Option 4b - Low use / High salinity with RO
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ABATTOIR WATER USE FLOW CHART

Option 5a- Medium use / High salinity
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ABATTOIR WATER USE FLOW CHART

Option 3b - Medium use / High salinity with RO

Economic Evaluaiion of Diamineral ation
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Eccnome Evauaton of Demineraizabion

ABATTOIR WATER USE FLOW CHART

Option 6a - High use / High salinity
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Evcnomic Bvaluaiion of Deminerale-abion

ABATTOIR WATER USE FLOW CHART
Option 6b - High use / High salinity with RO
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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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Economic Evaluaiion of Daminemlisation
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Ciption 2 - Low salinity / Medium use
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Option & - High salinity / High uss
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Appendix C RO Projections & Water Compositions

* Low salinity
» High salinity

Page 46 of 61



Economic Evaluation of Demineralisation

ROEA Deiniled Beparnt

Rarrems Olrrraar 0 Sy oo oo Aaakysis for ALMTEC™ Meamhrasss

Page 1 of 3

FEOEd vE L5 ConifigDl ol 0ES_T1

Prejesct Lorw flow Lovwr sadinisy Camec |
W CHEM 4" IR
Frejci Ials ool s e &85
Hymim m1 C=islle
Ferd Floe o Stage 1 HR DI mvd Faas [ e rmess Flow FIUET mrd s PELEK
Fre Werfloe © Srmsmn 102 'l Faax L FReovery HA80 ™ Teed 024 har
Fex-d Preaeas P Ear Itgd T ERT 1w E dC Corxoarai 45 har
Probing Fecrr a8 Meed TS A0 FT gl Axmruge 0BT her
Chem Cese PR HCT) 10T eyl Hemker ol e ren 2= Anrermge NI A0E her
Trata] A clive A res 2241 M Arvarage Faan 1 Fix 22451 kmh Poe=r A ed B
Wemr Chmiltcsico Sorbee Tapphy F0L = 6 Speciis Drengmr A4] EWETT
Fead Feed Fecirs (- = Crarc Ferm Arng Ferm BEroa Ferm
Trmsw Mmere PPN #Ck Flow F=n Flow Flow Frens e o = F=ns =
ey s iy o Ean v el s fean dmp'h
1 TWI-I1221 4+ L] 41 0= T L p L Zoa =30 o N 1 H
2 TWI-I1211 = L] 21 [ N O 1251 A1 211 ZL=a o Ll e a1
* TWIM-I1211 1 B 1251 T O o= T2 TS L7097 o Ll e 1L==
Paas: Som s
gl m lea s
e — A dued Tead CapEnrm F rreass
Izl | Amer Feoycks Soge 1 Sope 2 S 1 | Smex 1) Smew I Sengw W | Teasd
HHE 1 [y [ 1| [ Do 03 [ e O [EE 1 s pe e f= e =]
K = s &4 =00 £ 12350 s 2K T 012 OIF O 021
L T TOTS ol FI 0 =R 2 oy 2 142 il 1IF
kg | 18 D II.I:I:I_ ::-l--l"__ 41 'I-ﬂ_ ET1_ 170 = (=1 = n:u:l_ [=T =] BE="R T
= = D :1':'.. '-I:I-I'I‘ 5-5--1-]‘ 161 I:.. 141 4-H =g I n:u:ﬂ-l = =R
nr o1 O I:u:l:ll_ I:II\:E-‘ I:I-:I-:I‘ I:u:l:ll_ (e o s l\:ll:-l:-l =] 0 =T
En 00 I:u:l:l_ I:Il\:-'li I:I-:I-ﬂ‘ I:|I|!-l_ [T o s l\:ll:-l:-l =] 0 =T
k] l LT 1 17__ = :"_‘ :.-:I'I‘ = l':.. 14 =7 o s l\:ll:-l:-l =] 0 =T
I-II:D'II_ CLNC d-d.l:l:ll_ I-E-IT‘ |E'l-5‘ :ﬂ-li:l_ 404 17 (] e Ill-d-l 18] 1
L e l R 1':'.. E-El‘ :.I-:I‘ I.-lIT__ 11 £&-H =g l\:l'l'll =T =L
1 l 198.32) 12K 'El_ 2II--H‘ lﬂ:LI-II‘ TIEITE 1D21T7TH oy 5o 1-|-Il 457 1E]
" o1 O I:u:l:ll_ I:II\:E-‘ I:I-:I-:I‘ I:u:l:ll_ (e o s l\:ll:-l:-l =] 0 =T
e A Oy I.l:l:ll_ Ilﬂl‘ 2I-E'|‘ '-ﬁl'll_ ] == Om l\:ll:-|!-l =R R IE=1C0
Ea k] 1 By I:|I:Il_ 1 II‘ R 'l.ﬂ-l_ == o l\:ll:q'_'l (= S =T ]
Earrn o1 O I:u:l:ll_ I:II\:E-‘ I:I-:I-:I‘ I:u:l:ll_ (e o s l\:ll:-l:-l =] 0 =T
k] l LIT n:ﬂ-._ 1] 1-5‘ I:I-E-E‘ 1 I:.. 13 o 25 l\:||!-|!-l IRE=TT
TS 191 09T A 07 TR0 LT 1310 B 1 5] T2l 103
P L I.'I:' I LY K B 44 & T = = B

Fermese Fio e pored by ROD0S b osiosl ped boed os 0T K rersboae aes TECLE TRIER B0 WARRL NTY, ERFRIEEIENGOR
I PLIEDA MO SO WARFRNTY CF HEFCHANTARLITY OF FITHESE, IR G2 M e PR < Corpooeda s oot The D Che ool
Cerepany irars sl S o Poeessin abniaed erdemsge v s e d o cee opp Boedes of iy Difemn o HiTes Ceparaica wwal The Dos

Tl

1kl afnsyoe ol ey oo =4 o= d prsemrsicd by i

Cparaica BT T D

il ST Program Fike s B OEA S 1M v Prodecesi Lo floes Jores salinite D 15 eail Bemil

e B3 B hEn L e masli o coecoe e mx plius BOAA oearas o ariax, ix oo glcsid = oed For
REETes Chaxn i Umrepans

ZANAZ00E

Page 47 of 61



Economic Evaluation of Demineralisation

ROEA Detaiked Bepont

Rervacos Clrerord Sy e m Soaakysis for FILMTEC™ Mambasss
Projpeci Lorwr flowr Lorer maliniiy
KX CHZM

i m s W mrw s

S

Seukilly Warsings

Large Er Sararman mda, = O

Sridf & Corvin Srabidiee Indey = O
BaS O 0% Saioraiica’ > 10O

Page 2 of 3

EiOEhA v L5 CondiglH a2 2857 E6_71

[ T |
L Sk e | ]

Arecabams ra bv o pured Comgle peer arebecadary rarada oo ot don g s rao mmem sBow s b sk o oy

Slawm [n ke

Ferma Ficw Ferm TS eed Flow=
Foage | Moo Booomery =l [ ] mtedl
1 oos [sE-1 | [ LTS
| ooy Oo&T ZH [Li =y
1 ooy O&T i L | BT
L [al=_ | [ E-2 | T1
1 [al=_ | L1 ZE L Cm g
= [ K] [ E-1] L3S T2
T [ K [ E 2] i | aTT
L} 0¥ [ L] 417 £17
Ferm. Flo= Ferm TIHS Feed Flow

Tragw T Peree me P oo ry N R .
s (e - 0 fR -
1 oo (L. 1] & 57 L1l
| [ L o= L L4l
1 [ L "R 1] =13 -1
L oS oar i =3
1 ooy oar ETH | £
= ooy "R 7.4k K
T ooy O E'NT T
L} [al=_ | "R =47 [ %
Ferm. Flo= Ferm TS Feed Flow
Frage T P re Py Ly ST s
1 [ L | "R ]| 10 1= 1131
| [ L | "R 1] 1050 1141
1 [ L= | [ 117X L1431
Ll [ D | [ 1] 11 e8x 11 4=
1 [ L | D 1L ed [LE L]
= [ L | e 14 gk 1048
T [ L | O - 15T LT
[} [ D, | [ E & IT. LK = 2k

Feed TIHE
Iy
i kT
E e 2
4 42
LT
[ - L
TLATO
TEk=H
ER.ET

Feed TIHE
[ R
Sl (0
I LE
(Lt B e
L1 44
LIS 55
IZKLTZ
LETE SN
(£ 2 =]

Feed TIHE
(L= R ]
LM, 52
e T
ITIE T
LEIL 13
LISG L2
I=TR =R

a1 AT
Z1E S

Pexd Prexs
1= d]
=5
=Tl
=Nl
L |
Lol B
=14
14
S

Fexd Prexs
(12 4]
LN
L0
EAN
L ]
L]
LT
L3
Bt |

Fexd Frean
11 d]

T4l

Femss Fio e pored iy ROES b csdosl e d o d on SACTT K rersbrae aes TET LG TMER B0 W ARLLNTY, ERFEESSEDNOR
IR P 0 0 A B e T O SR HASTTARE T O PITHESE, [5G 0 M ke Plnt-rﬁm.-lm The D Tl oond

Crrmparyy ke sk il e Poe s abivieed er-demsge v b wed. Broms e opp Eowdics of i oo ioa

Corperaisa woal The D=

Tkl Comp ey e 53 REEr i s mli cf oecosre e plds RO oeares iosijgeareae, de ooemer o licsld koo d fr

Tkl afsrme ol oy poo e ol promarcicd by i AinTes Ceporaics sor Thie Ties Charnicn | Ceespanes

fik ST Prosaram Fike s\ BOE &S 1M v Progeces' Lo Elowr o salinioeD 1Decail Bemil

2yoazone Ol



Economic Evaluation of Demineralisation

R24A Deiailed Repart

ol D, o e

pH

Large ki larmrman da
P & Dol Foahiline Ioede
lcgic Smeagi iMold
TS Cmg'l

B

oo

[

Caff O T Sakaratica s
Baf O % Sakaratice
504 1'% Semrmian)
CaF2 R Swarmiani

RO N Farratica

Sl O 1Y Semmrerioni)

T bsleree: A7 P me']l M sdded e e d

fike T Program Fikes\EOEA S My Progec s Lowr Flow o saliniteD 1Decail Bemil

s W aker
LD
=om
aTe
om
180 11
S100
O
L
o
LET
L= o]
0
=T 5
L=

Al il Tezd
LD
=0
aTl
L= |
hL =1-
S100
Ol%
LW
L=
LET
L= e ]
0 O
=T 5
L= ]

Coree i
[ S
L&
L34
L= ]
129722
08171
L2
HLIT
1L
o I
L= e o]

(=] o]
111
[k b

Page % cf 3

SN OB %o of 61



Economic Evaluation of Demineralisation

ROEA Deiailed Repart

Eervecms Corrorin Sy oo & sy sin for ALMTEC™ Marchrass s
Projeci High flow high saliniiy

K, CHIM

Frefo InTsmoilse: YA

Page 1 of 3

EES vE 15 CondigllH ol 3E7ES_T1

Symim w1 Caislle
Papd Flow - Siage 1 #1000 td Faar | Feree sa Flos FA0 D o s Feniee:
Rre W rFlow o lrmm #1000 md Faax L Fecavery BT W Paxd
Faxd Froieas 1540 kar Ited T EgEreE oo o 0 O E T
Foalims Faoor [} ] Feed TIHE IS0 mpl ANErags
Cheom DCose o LEFR HCT) 00 mpl Homdx 1o P ren =¥l Anreimge HNOF
Toaal A cive A res TIETH MY Acrarage Fam 1 Flo =12 lemh Fow=r
Waer Chmiflcosiconr We'll Weer 5000 1 Speciic V=g
Foad Pad Fadrc Toac s Ferm Al Ferm
Trage Iheomesi #FY #lk Flawe Pron Flow Pl P Floe Mo P
[F 1] (1 d] [ 1] [§ ] s B b - ] 1. 1] (-0 5]
1 HWe-I40 30 L | s D] LS o 16T M1 IFA 1= ZAFE L=l s o]
I W RIEND H I 12 0T 14l oo [ 11 B =B LD (=1 1]
T W TR 1 I AT 12 11 0O [ Sl KT e 1H e ] [=0 o]
Py S wrms
o wap ] sam Iem s
R amd At e Pexd Coacon s Fermam=
gl |ArerFegrcks | Foe || Ssge T Soge T Soge 1 | Foee ) Smge 7)) Tead
=H4 [ E= [=T: ¢ 1. [y [=T: 1 [T o 1. [CH [T | [=1C ¢ BE=TC 0
K AT < 7T R 11 Al 1 arg O Tl ipE| Sl
L HTelo00s W D O EFlDCY TFa1leH JL3EA1 224 L1 AR TR M1 IL0E
kg | 'I:IIII_ T DY 'r:IIJC: s LES IIC-_ :I:qlll-T_ ar 1 Il:l_ S} Sl
= TI:III: n=1se T\-:IIJD 135 48] AT 11‘ Fl:-ll D] l'l'll_ 1944 1S
= -:II\:H:-‘ (=T & -:||:c: [=T 1 -:IGC-‘ I:|I:I:Il 1 OCH I:u:l-:ll_ (=10 =T
B l:IlJ-ld =00 l:ll:-l_ L= b l:I:1‘ I:|1-|-. 1. [CH I:u:l-:l__ (=l =T
gl | L IIJ'L‘ L Il:ql_ B 2=IIC: !TI:E'. 1. [CH I:u:l-:ll_ (=1 =y
HI:D'II_ I'I-:III: 175 [ I'I-:II:-D: 421 L3 ll-E'illD‘ E-J-E-I-d-l L=1 II:|-\5'I._ S1E1| 421
e l:II\I- (=T & -:||:c: [=T 1 -:IGC-‘ I:|I:I:Il 1 OCH I:u:l-:ll_ (=10 =T
1 I'i'I:I'H 1777 B4 IWTT.d | 42T 12 AT l'I‘ 211 I-T. 1429 I-E-l:ll__ 1015 1422
F L l:IlJIC: (= & l:ll:ci (=1 IJIJIC: I:|I:I:Il 1. [CH I:u:l-:ll_ (= Q=
5 O -I:I-I-‘ 5 [ -I-:I-:-C- 111 33 ::-Hl-:-li :TIEl ] I:rﬁl_ 128 O
L] -:-:-:: a0y -ill:c: =Tl 'E-l-lli |!-I:|Ti|-. ang I:|'|'|._ i G113
Barco l:IlIl (= & 1. [T (=1 IJIJIC: I:|I:I:I. 1. [CH I:u:l-:l__ (= Q=
] = I'I 1 O '|I:-I: 17 'illl‘ II:|T=l iR | ﬁ-i‘ﬁl_ Fed| 420
TS 21-:H-T"_ 2911 4 2L A0H B A TS LET | R LS DA SE| 11T ATACE SR
ST AL B T 7] i a3 ass| ew] sas[szn

Camec 1
Sk N 1 ]

LAY bhar
LL31 b
£ K b
TH7T b
ST W
[ S

B
Frens
ean
14 =]
(1]

L L ]

Ferm
TS
mph
N
E1W

Sich

Femsr Fio epoed by ROSA b ool e d e d o SOOI Ersrsbnee aes TECLS TMER: B0 WARRLLNTY, ERFREEESED OR
TR P DB R T R W R ST O P A TANE T OF PITHES S, I O 0 M b PR = Corpooada s oot The Dars Che ol
Crrepary kieers sk By foreasin shiaed erdemsge v b el o e opp Eosdcs of dis ifmroa ioa. AisTes Cepera e wmal The Cws
asawree 23 ErhEng iE arn :lll-n-r::-.n-::rl e pive PGS eares dojjnaeieae, e ocxvroer dlesld b e d for
AT T D= Charsicil Crepany

Cheeesonl oy
ikl afsyore ol oy poo A -l prcmrcicd by i

Cparaica BT

file ST Program Fike s\ BECEAS 1S v ProgecisiHigh flowr logh salimine 0 1 Deiail himil

ZANRZ00E

61



Economic Evaluation of Demineralisation

RiIEA Deiailed Fepart

Rarvems Clrrar s By oo o Soaakysis for ALMTEC™ Marchass
Project High: flow- high salinity
Kk, CHIM

D m e W ar s

- eE -

Seukiliy ™arnainms

Loy lir Surmrmcs bedo, = 0

Tl & Dorein Seab e Ioede = 0O
B uf Os &% Sawwraiics = 100

2]
2
b

Page

FEdA vE 15 Condigll al 27 ES5_T1

Camec 1
Ltk B 1 e

A nmrcabans zay b owguired Comosglke e arebecalare: mareata oo 1 ies dom g s mao mmem s Boe b b mrasem o o

Silamm Co bl

Ferm Floe Ferma TIXE Peed Flow
L e P . .
s = - 43 TINELY ¢ P oa Vel
1 ol 1EF 12 10 L0
- | o= = 1447 1IKZT
1 o= 1 m-=1 16 1=
L] [l i 1| 11l 14 L3
1 L LTE ]| 11 =5
= 0o 1S4 44k 1044
T oI 1L4F L K
L} o 1Lk [ =2 0 ] T. ¥
Form. Flos Form. TS Fmd Flae
Trmge & Mermere R oovery .

el (gl

1 [ B} Y Tr-4T

- | 1 B} O L B

1 1 B} (=]l ¥ 3 1TLET

= (1ha | OTE 1904

1 o (=15} 1

= s (=] 4150

T s Lo L=L 5 | T I

B (s B | o o0 1
Form Flae Ferm TS Fad Flos=
Trage B Mermere Feooovery FTHES [T ea Vel
1 oo L=t F 3 22050 11
- | oo L=t o ETETH 11 =
1 (1 la | [=h ] 3 L 11 6%
= (1 la | (=R [ 3 = a1 1145
1 [ala} (= b | [ = Lo | 11 7
= [ala} (] o LT 1124
T i L= e [P0 M L | 11 14
B i L= =3 (L2 B ] 1207

Feed TIXE
Le s e
22240
INIETE
= OE
T =
4200 T
4211 ET
IRI1H
[
Meed TS
[ ]
B4 40
SO 1S
LEELT T6
LLIER 11O
LZLLELS
LI 43
[ |
4T4E T
Meed TS
1=zt
1244 L 43
L2744 BS
12502 11
LE- LM Ted
[E5 ]
(L L2 B ]
L0 0
e 0s 0N

Fexd Fresn
(1= d}
135
15513
1X Tl
(L8 ]
14 B1
4=l
14 425
14 T

Fexd Fresn
(1= d}
(%]
1A T2
1% 113
[ ]
1LET
(LR |
134
(=K1 |

Fexd Fresn
(12 d}
12 11
12=8
1235
1154
|8 -]
114l
1123
1]

Femmss Fio @ porcd iy RS b osiosl el ad os ACTT Ersrsbres axs. TETLATMER B0 WARKLANTY, ERFREESSEN OR
TR e 0 oo i I e T O S R LA TR RE T O PITHEN S, 15 e i M e Pln't-rm.-lm The Dorer e el

Cerepary urars sk o Poreesia obnaed pr-demsge r bmwred From de opp Eoedcs of il Diferma ion,

Corperaica el The Do

el ey L B ETRErE I s e T oo me plids POEAS peairas ievgnarear e onsosr dkiesld oo d P

il afspoee ol oy peo w6 vl promersiicd by e BnTes Crporadcs sor T e Chaxs i i Coeepanes:

filk ST Proearam Fikes BEOEA S v Prossces'\Hieh floes hiegh salinite 1 L Deiail himi

ZAMGTZ00D
Page 51 of 61



Economic Evaluation of Demineralisation

ROEA Deiailed Fepant

= ral ln, O el e

FH

Largs ke Saremacn el
ST & Coonvin SFahiline Ioeden
Icmic Smeagiy (Mol

T g e

S ]

[

[y oy

Cuf O T Saieraticn s

B aS O & Saieratica s
FrEOE 1 Searwianl
CalF2 o Semrmiani

I T SEearatien

Bl TR i W S rerhon §

Te- bslaree: & 28 '] Tl s o Red

Ak AT Proaram Fikes\BEOEA S 1My Prodsces\Hieh floss high sal it 0 IDe=imil himil

Fa= W amr
T
om
L= 1 o]
L= 3

a0 T
195 O
104
LD
L=L 5 |
=LAy I
o
L= s o]

T. 2

A v Teed
TTE
=] e
L=h ] o
L= 3

L =l o]
190 0
10
(e ]
L=E 2 e
2111
L= o o
[0 o}
T-E3
[0 o}

O T
T.m
1LER
LED
L=l N |

FETEL4=
EL -8
T2
el
£
15 B4
L= e o]

= O
1158
L=

Page * of F

Page 52 of 61



Economic Evaluation of Demineralisation

Appendix D Technology Review

* Reverse Osmosis

» Electro-Dialysis Reversal (EDR)
» Nanofiltration

» Thermal technology

* Forward Osmosis

» Capacitive deionisation

* Improvements in RO technology
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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 fibore 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
I/day/m>.

+ 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.

e 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/m?® 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 nanopatrticles to a water purifying membrane can double its efficiency, adding
just 5 percent to production costs
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