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Executive Summary
This report summarises the adsorption desalination project Stage 1 in which a research and
demonstration plant has been designed, fabricated, and operated as an adsorption chiller to
demonstrate the possibilities of adsorption technology for application in the desalination of
recycled water.
The project’s four milestones covering planning, designing, fabrication, and operation of the
plant are summarised and together with this report identify the potential benefits of the
technology, what further research and development is required, and what is necessary to attract
funding from a manufacturing industry.
The plant has demonstrated the potential to desalinate approximately 450 litres of potable
water per day, and while this is an encouraging achievement for the early operation of the plant,
it falls considerably short of the output from a reverse osmosis plant. The project has identified
areas in which the plant efficiency could be considerably improved upon. It is recognised that
research in the technology is in its infancy and not all of the potential benefits have been tested.
The project has identified that the technology has no definite constraints that would detract it
from an application with recycled water and that the technology would benefit considerably if
the plant was firstly operated with saline feedwater, which could take another three months,
then as a pilot plant for industry evaluation.
It is recommended that as the project has satisfactorily demonstrated the potential of the
technology to an agreed level and provided guidance on how it may be improved upon, this Final
Report satisfies the requirements to conclude the Round 4 project and that the final payment is
approved.
It is also recommended that the application to operate the plant on a pilot plant basis as
proposed in the Smart Water Fund Round 6 application number 62M-2122, be approved once a
revised process to achieve the objective is agreed upon.
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1

Introduction

This Final Report summarises the milestones achieved during an investigation into a research
and demonstration adsorption desalination plant, built to understand the opportunities that the
technology may provide as an alternative to conventional desalination processes for use in
particular with recycled water applications.
The technology was first seriously considered in Australia in 2005 when Associate Professor Eric
Hu, then of Deakin University, brought it to the attention of Dr Ian Burston, a research
consultant engineer, with the view of developing industry interest in the technology. The
National University of Singapore were in the process of converting their four-bed adsorption
chiller plant into a desalinator and were willing to assist with the design of a plant to be
established in Australia.
After considerable discussions with potential industry partners in Australia, it became evident
that the technology was not sufficiently mature for industry to be interested, based on the
information available at that time.
A study visit to NUS was undertaken by Dr Burston to assess the technology and develop a plan
on how a demonstration plant could be established with the view to building a body of
knowledge in the technology and attracting industry interest.
A two stage project was developed with the aim of firstly demonstrating the technology as a
research plant, then demonstrating the technology in a commercial application. The research
was directed at recycled water desalination requirements.
An application to fund the project Stage 1 (this project) was approved by the Smart Water Fund
to commence in February 2007.

2

Objectives/Goals

The objective of this project has been to research and demonstrate in Victoria the adsorption
desalination principle with guidance from the National University of Singapore’s experience so as
to address the desalination needs of the water sector and in particular, water authorities.
The goal has been to design, build and operate a plant and to build a body of knowledge so as to
be able to make an informed decision on the suitability of the technology for both recycled
water and desalination of other feedwater sources.
Additionally, this Stage 1 project is to provide sufficient information to be able to move onto a
proposed Stage 2 in which the plant could be operated as a pilot plant.

3

Literature Review

The need to augment water supply in many regions of Australia and the world has been brought
to the attention of governments by water authorities as demand for water has exceeded supply
not only through population growth but more importantly because of the changes in climatic
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conditions. In Australia, water restrictions have been imposed in many regions to stretch the
dwindling resources while means to augment supply have been investigated.
Desalination of seawater as a means of augmenting potable water supply is now accepted by
state governments as part of the solution to the problem; however when this project was
conceived, the principle of adsorption desalination was directed towards improving the quality
of recycled water for irrigation purposes.
Adsorption technology is currently used in water and wastewater treatment processes to
remove some offensive substances giving rise to unpleasant odour and/or taste in the water.
Activated carbon or synthetic polymeric adsorbents have been used with varying degrees of
success to physically remove from waste streams the small offending concentrations of organic
compounds that create the problem. In this conventional use of adsorption technology, the
impurities are removed by adsorption or separation from the stream by accumulation and
concentration on the finely convoluted active surface of the solid adsorbent: no water phase
change is involved in the process and no distillation occurs.
In the refrigeration/cooling industry there is another type of adsorption technology which uses a
thermophysical adsorption process to produce chilled water. A silica gel adsorbent is used in an
adsorber bed together with an evaporator and a condenser to utilise the heat energy available
during the phase changes of a water refrigerant from a liquid to a vapour to chill process water.
Some manufacturers now use the process in the production of adsorption chillers citing the use
of low-grade or waste heat and few moving parts reducing operating costs as the main
advantages. Chilled water is used on a commercial basis for applications in air conditioning and
process cooling. The technology has great potential to be used in the treatment of water for
reuse purposes.
Extensive research into adsorption chillers has been carried out at the National University of
Singapore (NUS) and an application of the technology for desalination purposes has been
identified by Professor Kim Coon Ng.
The adsorption process in which a solid―such as granulated silica gel or charcoal―attracts
molecules of gas and liquid to its surface has been identified by some manufactures as having
advantages over absorption technology used in the application of water chillers.
The adsorption cycle used in water chillers is a reversible and closed system using an evaporator,
a receiver/generator chamber (adsorber bed), and a condenser. For example: refrigerant water
is evaporated in an evacuated chamber (say at 10 – 20mm Hg, cf. sea level atmospheric pressure
of 760mm Hg) and the vapour then adsorbed in a receiver chamber where upon it releases heat
thereby requiring cooling. The adsorbed water is then desorbed by changing the receiver
chamber into a generator by the introduction of process heat (at a temperature < 100°C). The
desorbed vapour is then condensed in the condenser. Chilled water is produced by pumping
water through tubes within the evaporator.
The advantages of an adsorption cycle over an absorption cycle in water chillers are in the
simplicity of the system which has few moving parts and uses low-grade heat thereby reducing
operation and maintenance costs and greenhouse gas emissions.
From the adsorption desalination (AD) point of view, together with and because of the above
advantages, corrosion and fouling rates should be reduced compared with other distillation
processes such as Multi-stage Flash (MSF) and Multi Effect Distillation (MED) systems that also
use thermal energy. Theoretically, the AD process requires less energy input than these and
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other widely used desalination methods and may also be capable of generating chilled water.
Furthermore, as the source water undergoes two phase changes (from a liquid to a vapour) in
which the water is distilled twice during the process, the likelihood of bio-contamination
occurring is considered negligible. The quality of treated water after the AD process should be
as good as drinking water.
A schematic of the AD principle in which Bed 1 is adsorbing and Bed 2 is desorbing is given in
figure 1 (an example of the switching process is given in appendix E). Pneumatic valves are
operated with cycle time controllers to make the adsorption/desorption cycle reversible
between the beds. Without the adsorber beds, the evaporator/condenser cycle would not be
thermodynamically or economically feasible, hence the development of other distillation
processes mentioned previously. Typical operating temperatures would be heating water circuit
≤ 85°C, cooling water circuit ≤ 20°C, and chilling water ≤ 20°C.

Condenser
Cooling
water

Product water

Cooling
water
circuit

Valve

Close

Bed 1

Silica gel

Valve

Open

Bed 2

Open

Valve

Close

Heating
water
circuit

Silica gel

Chilling
water
Feed water

Evaporator

Figure 1 Schematic of a two-bed adsorption desalinator principle
[Source: Adapted from NAK, 2009]

It can be understood from the working principle of AD technology using a Pressure Temperature and Concentration (P-T-X) relationship between the adsorbate (the product water)
and the adsorbent (the silica gel) that the energy requirement for distillation can be reduced
compared with conventional heat driven distillation processes.
The NUS four-bed adsorption chiller/desalinator shown in figure 2 has 36kg of granulated silica
gel per bed and is operated in a laboratory to produce desalinated water from brackish or sea
water sources. A rating facility is used to prepare and manage circulating water temperatures
for operating the plant (Wang and Ng, 2005). Maximum operating efficiency is achieved using
passive heat recovery and particularly with a four-bed plant operating on a synchronised
rotation method (Wang, et al., 2005). A patent is held over some aspects of the technology.
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Figure 2 The National University of Singapore adsorption chiller/desalinator
plant showing the adsorber beds with the condenser above them on the RHS.
The plant sits above the water heaters and other rating facility equipment.

The plant has obtained an optimum specific daily water production (SDWP) of 4.7 litres per kg of
silica gel. It is estimated that the fully operating AD plant will produce 7-10L/kg/d giving a total
output of 1kL/d or max. 1.4kL/d. The performance ratio (PR) is expected to be around 0.5
requiring heating water between 65 – 85°C.
Energy costs have been determined for comparison with other desalination processes and
indications are that the adsorption desalination process has the potential to halve energy costs
provided waste heat is available.
The literature review is further elaborated upon throughout the report and a list of references
and a bibliography are provided which includes information provided by the three final year
engineering students involved with the project.

4

Project Outcome and Findings

The project was originally approved for payment in four instalments under four milestones; this
Final Report is considered a fifth milestone identified as Plant Evaluation and Reporting.
Following is a summary of milestones one to four.

4.1

Summary of Milestones 1 – 4

Milestone 1: Detailed Project Plan – March 2007 to July 2007
The purpose of this milestone was too establish the project by bringing together water industry
personnel interested in the technology; identifying potential manufacturers and suppliers;
developing the milestones in detail; and producing a preliminary design for the main plant items.
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A steering committee was appointed and discussions were held with Melbourne Water and
Barwon Water to ascertain requirements for desalination of recycled water.
A visit to Singapore to study the NUS plant in more detail was made and Professor KC Ng’s visit
to Melbourne finalised preliminary design requirements.
The subsequent project plan was approved for the commencement of the detailed design.
Milestone 2: Plant Design Details for Construction – August 2007 to October 2007
During this milestone, three Deakin engineering undergraduate students were appointed to
assist with the preliminary design and cost estimate of the main plant items and ancillary
equipment for the project.
The project was broken down to four areas for student responsibility: AD Plant for the skid based
vessels and associated items; Rating facility for the heating and cooling supply to the plant;
Water & Vacuum facility was combined with site management; and Control and Monitoring for
the electronic and electrical requirements of the total Plant.
A budget was set for each facility.
Preliminary designs for each facility were developed for cost estimates to be produced and
tender documents for the AD Plant were made available to selected fabricators.
It was recommended that Lightning Fabrications Pty Ltd be appointed to complete the design of
the AD Plant skid mounted equipment and fabricate those items, while the Deakin design team
would work closely with Lightning Fabrications to provide valves, sensors and other nontendered items.
It was also recommended that the plant output be reduced to≤1kL of product water per day to
meet budgetary requirements.
Milestone 3: Plant Construction and Testing – November 2007 – July 2008
Lightning Fabrications tender was accepted and work commenced on fabrication design details.
The plant adsorber bed silica gel trays, support structure, and plumbing were designed by the
Deakin design team with much assistance from Hendy Coils Pty Ltd. Each bed contains six trays
made from heat exchange coils which are packed with silica gel. The two beds each contain
approximately 45kg of silica gel and the evaporator and condenser have been designed to
manage 32kg of water per hour. The plant has the capacity to evaporate/condense ≈750L of
product water per day. Based on the NUS plant experiments, the plant should be able to
produce seven or more kilograms of water per kilogram of silica gel per day. This is described as
the specific daily water production (SDWP). Based on this figure, the Deakin plant could
produce: 45 x 2 x 7 ≈ 630kg/kg/d, i.e. 0.630kL/d.
Zantek Pty Ltd was appointed to provide a control cabinet to be mounted on the skid, equipped
with the necessary items to operate the plant.
The Rating facility was designed to meet the budget in which case it has limited the length of
time that the plant can be successfully operated; however the overall design ensured that the
objective of understanding the principle of adsorption desalination could be achieved.
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As a further measure to meet the budget, components of the Water facility not necessary to
demonstrate the principle were omitted.
The AD Plant was successfully fabricated; the vessels pressure tested; and the control cabinet
made operational at Lightning Fabrications premises. The Rating facility equipment was installed
in the laboratory at Deakin University’s Waurn Ponds campus and preparations were made to
transport and install the AD Plant skid structure in the laboratory.
Milestone 4: Plant Operation and Demonstration – August 2008 – February 2009
Final fabrication testing of the AD Plant was completed at Lightning’s premises and the skid was
then transported to Deakin University.
The ancillary equipment for the Rating and Water facilities was connected to the AD Plant and
tested before commissioning. Additionally, an algorithm to operate the plant in a semiautomated mode while obtaining and storing data was established with a PLC contained within
the control cabinet.
A schematic of the plant is shown in figure 3. The Water facility has been omitted for this Stage
1 project to meet budget requirements and is unnecessary to demonstrate the principle.

Figure 3 Schematic of the Deakin University adsorption desalination plant and equipment
[Source: Adapted from Wang and Ng, 2005]

AD Plant
The principle items of the AD plant are the evaporator, the two adsorber beds each containing
45kg of silica gel, and the condenser.
The evaporator shown in figures 4, 5 and 6a is where the adsorption desalination process starts.
Feedwater in the evaporator at a temperature between 18 to 20°C boils to produce vapour
SWF Deakin Final Report App. # 42M-2062
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under vacuum at ≤ 2kPa. The vapour rises up the demister tower where any droplets carrying
salt or other matter are trapped before passing through a butterfly valve into one of the two
adsorber beds, also under vacuum.

Figure 4 AD plant evaporator and demister tower showing the flue and
butterfly valve connecting to bed2 on the left hand side. Note also the
viewing port and water level indicator to the right of the tower.

Figure 5 AD plant evaporator showing the location
beneath it for the future by-product tank.

The demister tower has been designed to mitigate carryover from the evaporator so as to
ensure the integrity of the silica gel adsorbent in the beds. The flue can be removed to inspect
SWF Deakin Final Report App. # 42M-2062
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the demisters and the top of the beds, but as shown in figure 6a, the adsorber beds are fully
welded at the top and bottom in which case an inspection of the silica gel trays shown in figure
6b requires grinding open the bed at the base.

Figure 6a End view of the AD plant skid showing the evaporator
on the left, bed1 in the middle, the condenser at the upper right,
and vacuum pumps at the bottom.

Figure 6b AD bed silica gel trays and plumbing for
cooling and heating water.
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Electric trace heat elements provide heat to the base of the beds when necessary: this can be
experimented with when operating in colder months and has been useful in raising bed
temperatures occasionally.
A problem with the demister tower is that in cool to cold weather, vapour produced in the
evaporator condenses in the tower before reaching the beds if the demister temperature is
lower than the feedwater temperature. This can be overcome in a similar way to the trace
heating provided at the base of the beds but has not been addressed as part of this project due
to time and monetary constraints. For similar reasons the by-product tank to be located
beneath the evaporator shown in figure 5 has been omitted. Both of these items have not
impeded upon the ability to assess the technology which is the purpose of the project.
Once the vapour has reached a bed, it is adsorbed to the surface of the silica gel which results in
the release of heat. This heat is removed by circulating cooling water at around 18°C through
the pipes and tubes shown in figure 6b to increase the rate of the process and maximise
adsorption. When adsorption is complete, the valve to the evaporator is closed and the cool
water is replace with hot water at around 80°C to change the adsorbate back to a vapour. A
valve to the condenser is then opened allowing the vapour to move through another flue to the
condenser shown in figures 6a and 7.

Figure 7 AD plant skid looking at the condenser towards the top, the manifolds to supply
vacuum to the vessels and compressed air to activate the automated valves are beneath the
condenser. Beneath the manifolds is a cable tray carrying cables to the control cabinet (figure
8) and beneath it are the water valves with associated plumbing for the beds. Controls for bed
trace-heating can be seen at the bottom of the beds.

The process of adsorbing and desorbing occurs in cycles for the two beds (refer to appendix E).
Adsorption and desorption times can be different and for ease of operating the plant to date
have been equal during automatic operation, in which case cycle times are denoted by the halfcycle time. It is usual to pre-cool and pre-heat the beds between adsorption and desorption
SWF Deakin Final Report App. # 42M-2062
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respectively and this is referred to as the switching time. Heating water is applied to the
evaporator when necessary and the condenser requires cooling water at a similar temperature
to the beds, which is around 18°C.
The condenser is the point at which the distilled product water is produced. As the condenser is
also at vacuum pressure, it is necessary for the product water to be equalised with atmospheric
pressure before it can be accessed. For this plant, the glass product water chamber shown in
figure 8 and discussed later is used to monitor water production as well as isolate it for removal.
The process of automating the opening and closing of valves and starting and stopping pumps is
facilitated through the components contained within the control cabinet shown in figure 8. A
LabVIEW FieldPoint programmable logic controller directs the commands as well as log data.
Input to the PLC is achieved by computer and the plant has the capacity to be controlled
remotely. The computer screen interface is shown in figure 9.

Figure 8 AD plant looking at the control cabinet with the glass
product water chamber on its lower right.
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Figure 9 The computer screen display while the plant is operating on an automated sequence.

Rating Facility
The purpose of the rating facility is to provide heating and cooling water at the required
temperature for the operation of the plant. The components include a 500L (9.6kW) hot water
supply, a 7.3kW mechanical chiller, two 1000L water tanks, four pumps and the associated
plumbing.
While the facility has served its purpose in demonstrating the technology satisfactorily for one
bed cycle, its ability to provide sufficient cooling and heating capacity for continuous operation is
insufficient. This is not a problem in terms of developing a basic understanding of the principle;
however, to develop an understanding of the capability of the plant on a commercial basis, the
facility would require considerable up-grading. The limitations of the rating facility are explained
further under Product Water Output.
Water and Vacuum Facility
This facility was modified to meet budget and time constraints while still achieving the objective
of the plant, which has been to demonstrate the adsorption chiller/desalination principle.
The purpose of this facility is to provide feedwater at the required rate and specification to the
evaporator; remove by-product from the evaporator; and remove and test the product water
from the plant, which in this case is from the product water chamber. Additionally, vacuum
requirements, particularly when removing fluids from the plant that are at vacuum pressures,
require close attention and this has therefore been identified as a significant aspect of the plant.
During the design and fabrication process, close attention was paid to ensuring that the plant did
not have vacuum leaks as this would significantly reduce its operational effectiveness.
Operation of the plant so far has been with deionised feedwater and the de-aeration process in
which non-condensable gases are removed from the feedwater has been achieved in the
evaporator. The need to filter or pre-treat the deionised water was unnecessary, in which case
all feedwater pre-treatment requirements from filtration to de-aeration were omitted. The byproduct tank is also unnecessary to demonstrate the basic principle of adsorption desalination.
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The product water chamber has been valuable in determining flow rates per bed per cycle as
well as monitoring water quality. Figure 10 shows product water being produced at a rate of 0.5
litres per minute, which is the best rate experienced since testing began in late November 2008.
While this rate is equivalent to 720L/d, it is unlikely that the plant could sustain it for more than
a few minutes in the cycles at this stage.

Figure 10 The product water chamber filling at a rate of 0.5L/min.

Product water Output
Initially the plant produced small volumes of product water that were significantly affected by
grime remaining from the fabrication process. The grime that could not be manually flushed
from the condenser in particular became dislodged by the vapour produced while operating the
plant and it ended up in the product water. The plant has produced over 260L of product water
and this problem is slowly abating. A table of product water volumes produced since operating
the plant is given in appendix A.
As seen in appendix A, the volume of product water per bed cycle has not been consistent and is
dependent upon a number of factors, other than the design of the vessels. This is not unusual
for the plant’s stage of development. As mentioned previously under AD Plant, the demister
tower temperature compared with the feedwater temperature is critical for the movement of
vapour to the beds. Once the vapour reaches the beds, the rating facility capacity to provide
water at the correct temperature and flow rate becomes critical. This can be explained with
reference to the charts in figures 11 to 14.
The maximum volume of product water obtained with the adopted operating times (half-cycle
11 minutes; switching time 1 minute) was 5 litres over the first bed cycle of bed1 in a sequence
where both beds were cycled twice. This was achieved on 3rd February after a succession of hot
days in which case the plant demister tower and flues were relatively warm compared with
earlier less successful tests on cooler days.
Figure 11 shows the plant pressures for the sequence.
(Note: 1 bar = 100kPa ≈ atmospheric pressure = 101.3kPa)
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Figure 11 Chart of plant pressures for 3 February 2009 sequence. Ideally, the profiles would be repeated
for successive cycles. This could be achieved with constant heating and cooling water temperatures.

Ideally, the pressures for the evaporator and bed1 between 1:06PM and 1:29PM and the
condenser between 1:17PM and 1:29PM would be replicated for each cycle. Unfortunately, due
largely to the capacity of the rating facility, this cannot be achieved. Most importantly, the first
25 minutes in which 5 litres of water was produced gives a strong indication of the plant’s
capability. The plant has 90kg of silica gel and at this rate water production is equivalent to 5.3
litres of water per kilogram of silica gel per day or a total output of about 450L/d. While this is
less than the 500 to 700L/d expected, the NUS plant had a similar rate of production in its early
days of operation. It is now estimated the NUS plant will produce up to 12L/kg/d.
Figure 12 shows the bed cooling water temperature throughout the sequence and how it
increases with progressive cycles; similarly the condensing water (figure 13) which is from the
same tank source experiences the same problem.
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Figure 12 Chart of plant bed cooling water for 3 February 2009 sequence. Note that the water starts at
15°C and finishes at 26°C. Constant temperature cooling water at 18°C would improve the adsorption rate
and make it consistent for each cycle.
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Figure 13 Chart of plant condensing water for 3 February 2009 sequence. Note that the water starts at
17.5°C and finishes at 26°C. Constant temperature condensing water at 18°C would improve the
condensation rate and make it consistent for each cycle.

Bed heating water is affected in a similar way to the cooling water due to the lack of capacity in
the system. Figure 14 shows how the hot water service can barely maintain a temperature of
55°C when 80 to 85°C is required. When the beds have been desorbed at 75°C (with the
assistance from the trace heaters) the rate and quantity of product water has increased
significantly.
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Figure 14 Chart of plant bed heating water for 3 February 2009 sequence. Note that the water
starts at 95°C and finishes at 55°C. Constant temperature heating water at 85°C would improve
the desorption rate and make it consistent for each cycle.

Product water testing is achieved by removing a sample from the product water chamber. As
the plant is still operated with deionised feedwater, testing has only occurred when the need has
arisen to empty the chamber. Initially product water quality was poor due to residues remaining
after fabrication which were mostly in the condenser. Water quality has since improved
SWF Deakin Final Report App. # 42M-2062

18

substantially with continuous operation and samples have been tested for pH, total dissolved
solids (TDS) and electrical conductivity (EC).
Test results indicate that the desalination process raises the pH from around 5 units to 7 units
which is in agreement with the findings of the National University of Singapore plant. The TDS
and EC are also found to increase marginally to a level less than tap water. The probable cause
for this is the residue in the system and it will be necessary to operate the plant using DI water
until the system has cleared and there is no increase in these values.
MS4 Summary
The plant successfully demonstrated the principle of adsorption chilling using deionised water
while producing 5 litres of water from one bed during a cycle. This would be equivalent to a
SDWP of 5.3kg/kg of silica gel. The plant can be operated continuously and could be used to
desalinate saline feedwater.
It was recommended that the project had demonstrated what was originally proposed and that
the plant should continue to be operated using deionised water until the product water
indicated that the system was sufficiently clean before introducing salt or recycled water to the
evaporator.

4.2

Appraisal of the Deakin Adsorption Desalination Plant

An appraisal of the Deakin AD plant must take into consideration the state-of-the-art which of
course is still at a research level. The National University of Singapore is leading the way in this
regard and their research programme is discussed in Section 4.5.
Adsorption Desalination Principle
Professor Kim Choon Ng from NUS at Singapore has laid the foundations for research into
adsorption desalination which developed from adsorption chiller principles; a commercially
available adsorption chiller is discussed in Section 4.4. The NUS four-bed adsorption
desalination plant has been produced by modifying their existing adsorption chiller. The
adsorption chiller was used to develop their operational experience and to identify how to
maximise chiller performance through passive heat recovery (Wang et al. 2005).
The idea of replacing the water used as the refrigerant in the chiller with saline water for the
production of potable water was first explored with this plant and the estimated SDWP was
4.7kg/kg of silica gel (Wang and Ng, 2005). Experimental investigations for desalination were
further considered by El-Sharkawy et al. (2007) while the plant was being modified for
desalination by replacing the mild steel evaporator with one made from stainless steel. The
performance improvement considered in this study identified a SDWP of 8.2kg/kg of silica gel
when the plant was operated with relatively high evaporation temperatures. Thu et al. (2009)
identified NUS plant product water output and performance ratios for four-bed and two-bed
operations. The tests determined that with a four-bed mode of operation, the SDWP was
10kg/kg with a performance ratio (PR) of 0.61; with a two-bed mode of operation, the SDWP
was 8.8kg/kg with a PR of 0.57.
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Deakin Adsorption Desalinator
Operation of the Deakin AD plant to date indicates that a SDWP of 5.3kg/kg (≈450L/d) is
achievable if the limitations of the rating facility are overcome. This figure compares well with
the results achieved at NUS given above. While there is room for improvement and considering
the need to continue using deionised water until the product water is satisfactory as mentioned
previously, the results indicate that the plant will be ideal for research purposes as a desalinator
and as a demonstration of the technology’s commercial potential for industry evaluation.

4.3

Comparison with Other Desalination Processes

A detailed comparison of AD with other desalination technologies has not been attempted in
this report: the work in this area by NUS together with some brief research and an inspection of
a small reverse osmosis plant is considered a good starting point providing sufficient information
on which to make the decision on whether to proceed further with AD technology.
Appendix B provides a summary of some of the thermal and membrane desalination processes
to assist with understanding their fundamental differences. Thermal processes involve
distillation and the production of pure water; membrane processes can be designed to produce
water with varying salt concentrations. The difference is important when considering feedwater
quality, the purpose for which the desalinated water is to be used, and the available energy
resources for the process.
Appendix C provides information available from Aqueous Solutions (2009) on reverse osmosis
units for desalination of low and high range saline feedwater.
A small RO plant supplied by Aqueous Solutions to the Lonsdale Golf Club was inspected at Point
Lonsdale on the Bellarine Peninsular in April 2009. The plant draws upon bore water with a TDS
of < 8000mg/L at a rate of 6000L/h to produce permeate water for irrigation at a rate of
4000L/h; the by-product 2000L/h is disposed of to a low lying saline body of water on the
property. The plant, installed in February 2008 at a total cost of about $170,000, is used to fill
storage tanks and is operated on an as-needs basis.
The Lonsdale Golf Club plant is housed in a shed and occupies a space of 8m x 3m. The plant
includes a catalytic iron removal filter, cartridge filter system, pumps, switchboard, flow meters,
back wash equipment, and two 5m long RO membrane permeators.
From Table 2 in appendix C, a permeate output of 4m3/h for a feedwater salinity of 35,000mg/L
(over four times greater than the Golf Club requirements) has a power requirement of 15kW.
For the lower density feedwater, less pumping power is required. From Table 1 it can be seen
that for the same flow rate with feedwater at 2000mg/L, the power requirement is 4kW. Based
on this information, it is reasonable to assume for the purpose of this exercise that the Golf Club
power requirement for the plant is somewhere around 10kW.
In summary we have for RO:

Low density permeate rate
Covered space requirement
3ph power requirement

4kL/h
8m x 3m
≈ 10kW

By a very rough comparison for AD we have:
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Deakin AD plant:

Distilled water rate
Covered space requirement
3ph power requirement

≈ 0.45kL/d
8m x 3m
≈ 2.25kW

NUS AD plant:

Distilled water rate
Covered space requirement
3ph power requirement

≈ 1.44kL/d
8m x 3m
unknown

It must be emphasised that the above figures have been produced to provide a rough idea of
where AD technology sits by comparison with a currently popular desalination process and that
it is too early for it to be critically judged on such a comparison. However, it is clear that AD has
much ground to cover before it can be seen to be competitive and as not all of the benefits of
AD have been tested and there is much room for improvement in the technology, further R&D is
justified.
Table 1 of appendix D provides information on an energy costs comparison for various methods
of desalination which has been produced by Prof. KC Ng. It is these figures that need to be
targeted and tested through further research and pilot testing of a plant to clearly identify the
benefits, and the capital and operational costs of the technology, before an informed
comparison can be made.

4.4

Adsorption Chiller Technology

Adsorption chiller technology has been lightly touched upon in the Literature Review (Section 3)
and in Section 4.2. The principle is the basis from which adsorption desalination has grown;
however, there appears to be a point where the plant designs take a radical departure―
something that is of significance and may affect the ability of the AD plant to be made compact.
Figure 15 shows a NAK adsorption chiller which is commercially available. As the figure shows,
the plant is compact with a control cabinet attached to the side and there are a number of
flanges for the connection of pipelines which are identified in figure 16.

Figure 15 A NAK commercially available adsorption chiller
[Source: http://smartenergy.arch.uiuc.edu/pdf/clearinghouse/adsorption%20chiller.pdf]
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Figure 16 NAK Adsorption Chiller front view
[Source: http://smartenergy.arch.uiuc.edu/pdf/clearinghouse/adsorption%20chiller.pdf]

Figure 17 is a schematic of the plant and appendix E is a schematic of the process showing the
beds switching between desorption and adsorption.

Figure 17 NAK Adsorption Chiller schematic
[Source: http://smartenergy.arch.uiuc.edu/pdf/clearinghouse/adsorption%20chiller.pdf]

Ideally, the adsorption desalinator plant could be made as compact as the adsorption chiller
shown in figures 15 to 17. Note that the evaporator sits beneath the beds and the condenser
above them with flap valves allowing the vapour to flow between each of them: there are no
large flues needed to facilitate the butterfly valves that have been used on the NUS (figure 2)
and the Deakin (figure 4) plants.
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In the case of an adsorption chiller, the refrigerant (which is the feedwater in the evaporator of
the desalinator) is pure water and the problem with carryover from the evaporator is not as
critical as it is in the case of the desalinator. The compact nature of the chiller by using the flap
valves may not be fully achievable with the application as a desalinator.
Figure 18 is an impression of a scaled-up adsorption desalinator produced by NUS. It would
appear that NUS are thinking along the same lines as Deakin and while the impression certainly
makes the plant more compact, there may still be room for improvement along the lines of the
adsorption chiller design. The best way to learn about how compact an adsorption desalinator
can be made is to firstly operate the Deakin plant continuously to investigate the demister tower
shown in figure 4 for evidence of carryover. The solution may be along the lines of the demister
pad installed in the demister tower, which can be made compact.

Figure 18 NUS impression of a scaled-up adsorption desalinator/chiller
[Source: http://www.kaust.edu.sa/pdf/speaches/Ng.pdf]

It might be that the large plant envisaged by NUS will indeed be similar to that shown in figure
18, but the opportunity to produce a small compact plant should still be investigated in the
interest of reducing the embodied energy and required space occupied by the plant.
There is much to be learnt from the adsorption chiller design, particularly in the area of the heat
exchangers shown in figure 17.

4.5

National University of Singapore Adsorption Desalination Project

The research at NUS has already been discussed in Sections 3, 4.2 and 4.4 of this report. This
section looks more closely at their project future direction and what can be learnt from their
plans based on the presentation by Prof. KC Ng on the NUS/KAUST (King Abdullah University of
Science and Technology in Saudi Arabia) collaboration project summarised in appendix D and
available on-line at http://www.kaust.edu.sa/pdf/speaches/Ng.pdf.
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The five year project has the two following phases:
“Phase 1 (short term program 18 – 38 months) Started from April 2008
• Sharing of existing design data and building of a world class facility for
adsorption thermodynamics at KAUST – characterisation of adsorbent-adsorbate
in vacuum/pressurised environment
• Training of 2 to 3 PDF/Staff
• Sharing of knowhow for the advanced AD cycle
• Construct new prototype in KAUST (with the advanced cycle)
Phase 2 (Long term program 36 – 60 months)
To foster joint research on the facilities for advanced AD cycles, e.g. using
concrete silos for bed design, leading to the commercialisation of a large-scale
AD demonstration plant in the Kingdom/Singapore.”
It is evident that NUS is of the view that commercialisation of the technology is unlikely in the
next three years and that efficiency gains in the bed design are critical to achieving the targets of
producing 8 – 23L of potable water per kilogram of silica gel per day with a power consumption
of 1.38kWh/kL of water.
It should also be noted that the research is university driven and that manufacturing industries
appear to be unwilling to get directly behind the technology until a major breakthrough
convinces them to do otherwise.

4.6

Adsorption Desalination Energy Efficiency

It is evident from this project and the available literature in the public domain that it is too early
to quantify AD energy efficiency such that industry can become seriously interested.
NUS research figures given in Table 1 of appendix D indicate that the AD energy cost of water
production where waste heat is available could be less than that for RO.
While the research at NUS is the most advanced and they have improved the performance ratio
of their plant over the past four to five years, their plant has not been put to the test in a
commercial environment as a desalinator, in which case the benefits and pit-falls, and hence the
operational energy efficiencies, remain unknown.
The journal publications cited in this report are encouraging for the technology from a research
perspective, but unless a pilot plant is operated on a continuous basis, the manufacturing
industry is expressing only mild interest in the technology.
The technology requires considerable R&D before it can be considered mature; however, the
energy efficiency of the technology should be competitive with other desalination technologies
as the plant operates close to ambient atmospheric temperatures and there is considerable
room for improvement in the thermodynamic, heat, and mass transfer areas of the technology.
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4.7

Manufacturing Industry Interest in Adsorption Desalination

Investigations into manufacturing industry interest in adsorption desalination technology in
Victoria commenced early in this project during the process of inviting tenders for fabrication of
the plant. The interested organisation and tendered amounts were reported in the Milestone 2
report. Representatives of two of the organisations considered suitable for further involvement
with the research have inspected the plant operating at Deakin University and have expressed
their interest in commercialisation of the technology. Comments from directors of the
companies regarding their future involvement follow.
Gasco/Lightning Fabrications, Bayswater
Mr Ron Major, founder of the highly successful Lightning Fabrications played a significant role in
the design of the Deakin plant and his organisation was responsible for its fabrication. The
company has since merged with Gasco Pty Ltd, an internationally renowned manufacturer of
heat transfer and combustion products which was established in 1991. The company has grown
considerably over the years and is about to celebrate its expansion and the opening of its new
premises which is to be officially opened by the Honourable Simon Crean MP, Minister for Trade
on the 22nd May.
Through the involvement of Ron with the project during the design and fabrication stages, Gasco
has become familiar with the technology and has considered how it could complement their
plans to start a research and development section within the company. They are aware of what
is required to move the technology forward but have made it clear that they would want to see a
plant operating as a desalinator on a continuous basis before becoming financially involved.
Sava Engineering Pty Ltd, Geelong
Sava Engineering was established in Geelong in 1976 and has progressively developed and grown
over the years to become a diversified and well established fabrication company.
An inspection of their operation in 2007 and the submission of a competitive tender to fabricate
the Deakin AD plant left a lasting impression and they were subsequently invited to inspect the
completed plant and to discuss the possibility of future involvement with the R&D work.
Discussions held with the company directors and general manager while they inspected the
plant operating have been beneficial for both organisations.
While Sava Engineering does not have the profile of Gasco, they are sufficiently progressive to
want to be involved with the project in some capacity. Consequently, they have offered to make
part of their extensive premises available for the operation of the plant during its further testing
and upgrading for continuous operation should the project Stage 2 go ahead. The conditions
would be that they would be paid at commercial rates for the additional work on the plant and
that they have the first right of refusal to continue with the project if the prospects of
commercialisation are evident.
It should be noted that Deakin will require the plant to be removed from the laboratory in which
it is currently operating by August 2009.
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4.8

Triple Bottom Line Project Feasibility

This project developed from a vision to be able to desalinate water with densities ranging from
brackish or recycled water through to seawater using an energy efficient and low maintenance
process. Stakeholders in the project are interested primarily in the plant’s capacity for use with
recycled water and this is the application for which the project has been directed.
The project TBL has been considered with reference to guidelines provided by Melbourne Water
(Melbourne Water, 2007). As it is a research project with a total budget of $716,000, the
assessment has been kept simple without adopting a deep and complex process of analysis.
Additionally, until such time as AD technology has been tested at length for the desalination of
recycled feedwater and the product water quality accepted by the end users, a thorough TBL
analysis is unachievable. Nevertheless, sufficient information about the process has been gained
from this Stage 1 project to be able to provide constructive comments based on the TBL
guidelines.
As AD technology is a process that may have considerable benefits for water recycling plants and
the technology requires further R&D, water authority recycling plants are considered the most
appropriate application for the technology in the first instance, followed by use at industries in
which saline process water is to be reused. Ideally, the technology would be applied where
waste heat or renewable energy is available to produce hot water at ≈ 85°C and cooling water at
≤ 20°C is available.
Applications of the technology for small volumes of water in private use have not been
considered in this TBL report as it is unlikely these applications will be appropriate until the
technology is accepted on commercial grounds.
Needs & Objectives
The immediate application of AD technology is to lower the salt load in recycled water used for
irrigation purposes. The use of recycled water more effectively for irrigation purposes through
the removal of salt is an initiative identified by Melbourne Water to assist in meeting the need or
target identified in the Victorian Government White Paper, Securing Our Water Future Together,
to recycle 20 per cent of our water by 2010. Action 5.32 of the Paper under ‘Recycling and
Alternative Water Supplies’ identifies the need for a salinity reduction strategy for the Western
Treatment Plant; accordingly, WTP Class A water supplied to Southern Rural Water for use in the
Werribee Irrigation District (WID) is the primary need considered in this analysis.
The need to meet Environmental Protection Authority requirements for the discharge of byproducts from the process must also be considered.
A third need (or objective) is to decide whether to proceed with the Stage 2 pilot plant plans.
Options
The following options have been considered:
1. Do nothing and continue to under utilise a precious resource while increasing the salt
loads in the WID.
2. Desalinate using RO and shandy the by-product with a class of recycled water suitable
for discharge to Port Phillip Bay.
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3. Desalinate using MSF or MED process and:
a. shandy with WID water for desired effect
b. deliver straight from plant to WID
c. shandy by-product as in 2 above.
4. Desalinate using AD with the same options in 3 above.
5. Desalinate and concentrate by-product for mineral extraction.
Deal-breakers
Three reasons as to why the next stage of the AD project may not commence in the short term
are:
1. The project is discontinued due to lack of funds;
2. There is nowhere for the plant to be relocated to in the near future; and
3. The project outcome/commercialisation of the technology lies outside of an acceptable
timeframe for action to be effective.
Preliminary Identification of Effects
A few brief comments are given for the categories of effect identified in Table 4.1 of the TBL
Guidelines (Melbourne Water, 2007).
Environmental
AIR – local and regional. If waste heat or renewable energy is used the effect would be positive;
if not the impact would be small due to the low operating temperatures.
AIR – global. As above.
WATER – fresh. Positive effect.
WATER – marine. There is a potential problem if large volumes of concentrated by-product are
not discharged appropriately to Port Phillip Bay. Note: Ocean outfalls [and presumably bay
outfalls] can be suitably designed and constructed to have little or no environmental impact.
WATER – ground. The use of low salinity irrigation water will benefit the ground water table. If
by-product is discharged to a lined storage for solar reduction before disposal for mineral
extraction, the risk of a problem occurring will be minimal.
LAND – soil. Positive effect for the reasons above.
LAND – change in land capability. Positive effect because of reduced salt load from irrigation.
LAND – biodiversity. Positive effect as a result of reduced salt load enabling healthy and more
diverse vegetation.
MATERIALS/RESOURCE USE & WASTE. If waste heat or renewable energy is used the effect will
be positive. Otherwise the effect will still be of considerable benefit.
Social Implications
WATER – consumptive. Not applicable unless government policy changes in which case it will be
positive.
BUILT ENVIRONMENT. Unlikely to be a problem at this stage.
SAFETY. Positive provided OH&S conditions apply.
NUISANCE – noise and odour. Unlikely to be a problem.
ACCESS – No foreseeable problem.
CULTURAL HERITAGE. Unknown until a site is chosen.
EDUCATION. Positive.
JOBS. Positive.
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Economics
A financial net present value analysis is customary with a TBL investigation which considers
capital and operating costs over the lifetime of the investment among other things.
It is too early in the development of the technology to provide this information and the best
guide at this stage is the information provided by NUS in Table 1 of appendix D which identifies
possible energy costs.
Identifying capital and operating costs of other thermal desalination plants, particularly MED,
would be a good starting point and the information would also be valuable for comparison.
TBL Summary
As adsorption desalination technology is in its early stages of development, there is little more to
be gained from applying the remaining steps of the TBL Guidelines until such time as more
information becomes available.
It is considered from a triple bottom line point of view that there is no reason for research into
adsorption desalination not to continue. Progress of the technology should be monitored if the
project Stage 2 does not proceed.

4.9

Communication Plan

The communication plan set out in appendix F of the Milestone 1 report has been followed as
closely as possible.
•
•
•
•

5

The research has been brought to the attention of the water authorities, preliminary
discussions have been held water with sector industry users, and two manufacturing
industries have expressed an interest in the further development of the technology;
Three Deakin University final year engineering students have been closely involved with
the project which has benefited publicity for the Smart Water Fund and Deakin
University, and been a valuable experience for the students;
A website for the project is almost ready to be launched which has links to the Smart
Water Fund and the National University of Singapore; and
A conference paper will be submitted to a relevant conference in due course; a journal
publication will be submitted once the plant is used as a desalinator and sufficient data
becomes available.

Potential Applications for Adsorption Desalination

There are many water sector users that could benefit from desalination but it should not be
regarded as the answer to our water shortage problems. Desalination is a part of the mix of
resources available and if decided upon, it is then necessary to decide which process to adopt.
Adsorption desalination is most likely to be appropriate where waste heat and an inexpensive
cooling capacity are readily available.
As the technology is still very much in the early days of its evolution, commercial enterprises are
unlikely to consider AD as the answer to their problems.
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The need to operate a pilot plant is discussed throughout this report and a proposal is
considered in some detail in Section 6.
An appropriate site to operate the pilot plant may exist with an industry, but at this point, a
water authority recycling plant is considered the most appropriate location.

5.1

Water Authority Opportunities

The following water authorities have considered the potential use of adsorption desalination
technology for water recycling:
Melbourne Water – Western Treatment Plant
Barwon Water – Black Rock Water Recycling Plant
Other water authorities that have been considered where desalination is or may be necessary
for either water recycling or potable water supply are City West Water, Central Highlands Water,
and Coliban Water.

5.2

Process Industry Opportunities

Industry processes where waste water requires salt removal; e.g. the dairy industry, would be
interested in the technology;
•
•

6

Preliminary discussions have been held with Murray Goulburn Co-operative Co. Ltd.
Industries associated with Coliban Water have also expressed an interest in the
technology.

Project Stage 2: Continuous Operation of an Adsorption Desalination Pilot
Plant

Operation of an adsorption desalination pilot plant is equally important as the project Stage 1 of
building the research and demonstration plant in terms of acquiring knowledge in the
technology and gaining industry support. However, the decision to proceed with the pilot plant
requires resolving a number of difficulties before it can be made.
In this section, it is assumed that the purpose and the need to proceed is agreed upon based on
the information in the preceding sections, but the uncertainties remaining require addressing so
that the organisations involved are in no doubt as to what is required.
The main purpose of a pilot plant is for industry to observe an AD plant operating as a
desalinator on a continuous basis, preferably outside of the laboratory. From a research point of
view, it is necessary to identify operational requirements and areas for efficiency gains, as well
as log data for analysis to gain an insight as to how to improve the technology. It is evident that
the adsorber beds require further investigation into how to improve their efficiency: NUS is
working towards this with KAUST and Gasco has already considered ways in which this can be
achieved. The possibilities are only limited by the decisions that we make.
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6.1

Smart Water Fund Round 6 Application

An application for funding Stage 2 of the Deakin AD Project was submitted in the belief that the
Stage 1 project would justify continuing the research in accordance with the original plan, which
was to operate a pilot plant.
Since lodging the application, a number of difficulties have arisen, namely, the opportunity to
continue the research at Deakin has been diminished by A/Prof. Eric Hu relocating to Adelaide
and, with the contract of Dr Ian Burston due to expire at the end of May, full support for the
research at Deakin has become problematic. Additionally, as mentioned, the plant is to be
moved out of the laboratory by August so that major alterations to the laboratory can proceed.
The resolving of these difficulties should not stand in the way of completing this Stage 1 project
process, but they need to be considered in the overall decision making process.
6.1.1

Provisional Approval of the Stage 2 Project

Provisional approval for funding to proceed with Stage 2 is conditional upon:
• The successful completion of this current Smart Water Fund project (Ref. 42M-2062);
• Receiving final approval from the Smart Water Fund to proceed with the Round 6 project
reference number 62M-2122. The approval process, in part, will be guided by the
presentation of final outcomes and achievements from the current project and the
determination of return on investment likely through further investment; and
• Acceptance of a funding offer from the Smart Water fund via a funding agreement.
In reply to the conditions, the following comments are provided:
It is considered that the current Round 4 project has been successfully completed with the
submission of the Milestone 4 report and this Final report. Any further requirements or
explanations necessary after the 29th May can be directed to Ian Burston on mobile 0439 720
203, or Deakin University through the contact details provided with the applications.
The “determination of return on investment likely through further investment” is dependent on
what is expected. If the investment is considered as a means to attract industries with the
potential to take the technology through to commercialisation, then industries the likes of Gasco
are particularly good as they have the wherewithal to make things happen on an international
basis [which is possibly what the technology really requires] and the return on investment in
terms of seeing an Australian product assist a global problem, not to mention a problem in the
state of Victoria, would have to be good. A company the size of Sava Engineering could also
achieve modest success, but they are more likely to draw heavily upon a specialist for assistance
with the thermodynamic and heat and mass transfer processes involved to improve efficiencies,
which will make it difficult for them to compete with larger companies or the research being
carried out with the NUS/KAUST collaboration.
In addition to manufacturing industry support, if the project receives support from higher degree
research students [and post-doctoral fellows as NUS is planning] then the return through
educational pursuits and publications has to be a great investment, not only in the technology
and its outcome, but also for the institutions that are fundamental for a progressive nation.
The decision as to how or whether to proceed is obviously difficult and time is running out, in
which case it is necessary to consider alternatives.
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6.1.2

Modification to Application

The need to postpone the commencement of the Stage 2 project to possibly January 2010, as
has been previously suggested, is now critical. Attempts made to obtain funding for up to
$75,000 to bridge the Round 4 and Round 6 projects with the intention of operating the plant as
a desalinator have been unsuccessful. Sourcing of funds from two organisations that operate
with short lead times for processing applications–the Vision for Werribee Plains (V4WP) and the
Smart SMEs Market Validation Program–both require industry participation.
The alternative to make the first milestone of the Round 6 application a point where the parties
involved have the option to discontinue is the remaining option. This will require changes to the
application to identify what is necessary, but it is considered well within the realm of possibility
and something to address after the satisfactory completion of this Round 4 project.

7

Conclusion

The Stage 1 project has been a success in achieving the objective of establishing home-grown
knowledge in adsorption chilling and adsorption desalination technology so as to assess the
potential of AD for use in the water sector. The Deakin AD plant has been designed to achieve
research and pilot plant demonstration objectives; the latter requiring additional foreseeable
work.
The plant has demonstrated its potential to produce in the order of 450L/d of distilled potable
water. While this figure is encouraging, it falls well short of what a reverse osmosis process can
achieve; however, AD technology is in the early stages of development and the potential for
improvement, not to mention any additional benefits of the technology, has yet to be fully
understood.
Further testing of the plant to a point where it has desalinated saline feedwater is necessary to
gain manufacturing industry financial support. Moreover, this will assist in determining what is
necessary to improve the plant’s efficiency and to operate it as a pilot plant.
The Stage 2 Project should proceed when the Smart Water Fund, Deakin University, and/or
other agreed organisations are satisfied that it is achievable, in which case deferment of the
project until January 2010 may be necessary.

8

Recommendations

It is recommended that this Final Report be accepted and approval be granted for the final
payment to be made to Deakin University in recognition of the satisfactory completion of the
Round 4 project.
It is also recommended that the avenues to facilitate the Round 6 application be reassessed.
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Appendix A

AD PLANT PRODUCT WATER VOLUMES
Product Water
Date
24.11.08
25.11.08
26.11.08
2.12.08
2.12.08
3.12.08
4.12.08
5.12.08
19.12.08
23.12.08
23.12.08
24.12.08
2.1.09
2.1.09
5.1.09
5.1.09
6.1.09
6.1.09
6.1.09
7.1.09
7.1.09
7.1.09
8.1.09
8.1.09
8.1.09
8.1.09
9.1.09
9.1.09
9.1.09
12.1.09
12.1.09
12.1.09
12.1.09
12.1.09
12.1.09
12.1.09
12.1.09
13.0.09
13.0.09
13.0.09
13.0.09
13.0.09
13.0.09
13.0.09
13.0.09
14.1.09
14.1.09
14.1.09
15.1.09

Run no.
1
1
1
1
2
1
1
1
1
1
2
1
1
2
1
2
1
2
3
1
2
3
1
2
3
4
1
2
3
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
1

B1
0.3
5.9
5.75
0
0
0
6.2
1.55
1.5
0
0
1.4
4.25
1
2
3.25
4.1
3
3.7
2.5
3
3
2.8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3.1
2.7
2.7
2.8
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Daily
B2
0
0
0
0
0
0
8.3
0.25
1.25
0
0
1.4
0
0.1
1.4
1.5
2.8
0.8
2.9
1.5
1.8
2
0
0.25
1.8
1.6
0.3
3.2
1.7
0
0.5
0.5
0.75
0.8
1.2
1.3
1.2
0
0.5
0.75
1.3
1.7
1.3
0.8
1.6
3.3
3.3
2.9
2.7

Total
0.3
5.9
5.75
0
0
0
14.5
1.8
2.75
0
0
2.8
4.25
1.1
3.4
4.75
6.9
3.8
6.6
4
4.8
5
2.8
0.25
1.8
1.6
0.3
3.2
1.7
0
0.5
0.5
0.75
0.8
1.2
1.3
1.2
0
0.5
0.75
1.3
1.7
1.3
0.8
1.6
6.4
6
5.6
5.5

B1
0.3
6.2
11.95
11.95
11.95
11.95
18.15
19.7
21.2
21.2
21.2
22.6
26.85
27.85
29.85
33.1
37.2
40.2
43.9
46.4
49.4
52.4
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
55.2
58.3
61
63.7
66.5

(L)
Running
B2
0
0
0
0
0
0
8.3
8.55
9.8
9.8
9.8
11.2
11.2
11.3
12.7
14.2
17
17.8
20.7
22.2
24
26
26
26.25
28.05
29.65
29.95
33.15
34.85
34.85
35.35
35.85
36.6
37.4
38.6
39.9
41.1
41.1
41.6
42.35
43.65
45.35
46.65
47.45
49.05
52.35
55.65
58.55
61.25

Total
0.3
6.2
11.95
11.95
11.95
11.95
26.45
28.25
31
31
31
33.8
38.05
39.15
42.55
47.3
54.2
58
64.6
68.6
73.4
78.4
81.2
81.45
83.25
84.85
85.15
88.35
90.05
90.05
90.55
91.05
91.8
92.6
93.8
95.1
96.3
96.3
96.8
97.55
98.85
100.55
101.85
102.65
104.25
110.65
116.65
122.25
127.75

Comment

Manual
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Appendix A

AD PLANT PRODUCT WATER VOLUMES (continued)
Product Water
Date
Carried
16.1.09
16.1.09
16.1.09
19.1.09
19.1.09
19.1.09
20.1.09
20.1.09
20.1.09
21.1.09
21.1.09
21.1.09
22.1.09
22.1.09
22.1.09
23.1.09
23.1.09
23.1.09
26.1.09
26.1.09
26.1.09
30.1.09
30.1.09
2.2.09
2.2.09
3.2.09
6.2.09
11.2.09
16.2.09
20.2.09
2.3.09
5/6.3.09
21.4.09
23.4.09
27.4.09

Run no.
over
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
1
2
1
1
1
1
1
1
1
1
1
1

B1
2.8
2.1
2.3
1.8
1.9
0.85
2.45
1.5
1.35
2.3
0.95
1.7
1.75
1.25
1.1
1.35
0.6
0.15
1
0.55
0.8
0.9
4.9
2.75
5.35
3.85
6.2
3.75
3.6
1
1
1.45
1
1.55
5.15
2
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Daily
B2
2.7
1.35
2.4
3.3
0.6
0.5
2.1
1
1
1.9
0.35
2.7
1.85
0.75
0.85
1
0.3
0.25
1.05
0.25
0.3
0.25
1.2
2.45
2.65
2.7
4.3
1.65
0.95
1.6
10.4
0.35
4.25
0.2
4.15
1.8

Total
5.5
3.45
4.7
5.1
2.5
1.35
4.55
2.5
2.35
4.2
1.3
4.4
3.6
2
1.95
2.35
0.9
0.4
2.05
0.8
1.1
1.15
6.1
5.2
8
6.55
10.5
5.4
4.55
2.6
11.4
1.8
5.25
1.75
9.3
3.8

B1
66.5
68.6
70.9
72.7
74.6
75.45
77.9
79.4
80.75
83.05
84
85.7
87.45
88.7
89.8
91.15
91.75
91.9
92.9
93.45
94.25
95.15
100.05
102.8
108.15
112
118.2
121.95
125.55
126.55
127.55
129
130
131.55
136.7
138.7

(L)
Running
B2
61.25
62.6
65
68.3
68.9
69.4
71.5
72.5
73.5
75.4
75.75
78.45
80.3
81.05
81.9
82.9
83.2
83.45
84.5
84.75
85.05
85.3
86.5
88.95
91.6
94.3
98.6
100.25
101.2
102.8
113.2
113.55
117.8
118
122.15
123.95

Total
127.75
131.2
135.9
141
143.5
144.85
149.4
151.9
154.25
158.45
159.75
164.15
167.75
169.75
171.7
174.05
174.95
175.35
177.4
178.2
179.3
180.45
186.55
191.75
199.75
206.3
216.8
222.2
226.75
229.35
240.75
242.55
247.8
249.55
258.85
262.65

Comment

Recharge

Record

Bed heat
& warm
chilling
water

36
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Appendix B

Thermal Processes

distilled product water is removed from a saline solution

Multi-stage flash [MSF]

developed in the 1950’s; vapour is flashed from brine pools

The major components of MSF distillation plants are a brine heater, a heat recovery section and
a heat rejection section, the latter two sections are made up of stages. Each stage consists of a
brine pool, vapour space, tube bundles and product water (distillate) tray. Feedwater is preheated in tubes by condensing steam before entering a brine heater. The heated feedwater
then enters a series of heat recovery stages each with successively lower ambient pressure
causing the feedwater to instantaneously boil or flash into steam. The steam is collected as
product water while the feedwater enters the next stage to undergo the same process. Product
water collected from each stage and the concentrated by-product waste are both removed from
the end heat rejection stages.
Typical MSF plants have between 10 and 40 stages with output volumes between 4 and 40ML/d.
Feedwater is heated to between 90 to 120°C. High operating temperatures increase efficiency
but also increase scale build-up and corrosion.
If waste heat is used MSF plants have a low operating cost; however, high energy costs have the
opposite effect. Feedwater quality is not as critical as it is for membrane systems.
Due to the simplicity and robustness of MSF plants, they account for the majority of desalination
processes worldwide (Bartosh, et al., 2005; Porteous, 1983).

Multi-effect distillation [MED]
through heat exchange

gained popularity in the 1980’s; vapour is produced

Multi-effect distillation plants, like MSF plants have a brine heater, heat recovery section and a
heat rejection section. They are more complex than MSF plants and can vary in design between
forward fed, backward feed, or parallel fed feedwater. A forward fed system is considered in
this case.
In essence, feedwater is brought to the boil in the first effect vessel of a series of vessels under
vacuum while it is sprayed or allowed to form a film over horizontal tubes carrying steam from a
steam heater. A small amount of vapour from the feedwater is produced in the effect and
condensed in the next effect as the product water. The remaining feedwater is then pumped
into the next effect to undergo the same process. The vacuum pressure in each consecutive
effect is controlled and as condensation energy is used to preheat the feedwater, energy
efficiencies of the system can be considerable.
It is common for MED plants to have 8 to 16 effects which typically produce between 2 and
40ML/d.
Feedwater is heated to about 70°C.
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Appendix B

They have an advantage over MSF in that hot water can be used instead of steam; however, they
have high operating costs if waste heat is not available and scale formation can be a problem
with high temperatures. Feedwater quality is not as critical as it is with membrane technology.
MED systems are now being considered more closely due to their greater energy efficiencies and
ability to operate at lower temperatures. They have a higher gained output ratio (GOR or R: a
ratio used to measure plant effectiveness or potential often expressed as a mass ratio per unit
time of kilograms of product water to kilograms of steam supplied to the plant) than MSF plants,
which together with their ability to use lower grade energy and lower temperature brines,
provides opportunities to reduce costs overall (Bartosh, et al. 2005).

Vapour Compression [VC]

can be stand alone or used with large MED plants

This technology is similar to MED but uses compression of vapour (through work input) to
change the boiling point of water or as the source of evaporating heat, rather than thermal
energy. The compression can be achieved by either a mechanical or thermal means (Bartosh, et
al., 2005; Porteous, 1983).
While VC may reduce operating costs and space required compared with MSF or MED plants,
energy consumption and capital costs are higher.

Adsorption Desalination [AD]
currently in the early stages of development; vapour is
adsorbed and desorbed between evaporation and condensation phases
This process utilises a silica gel adsorbent (desiccant) as a medium between an evaporator and a
condenser to reject and facilitate latent heat of vaporisation. The silica gel is packed around
tubes contained within beds so that it can be cooled during adsorption or heated during
desorption by circulating water through the tubes. The vessels are under vacuum enabling
feedwater to evaporate and product water to condense at around 20°C. The process requires
heat at temperatures up to 85°C for the beds and cooling at temperatures ≤20°C for the beds
and the condenser. The evaporator requires a heat source to maintain feedwater temperature:
warm water circulated through tubes is appropriate.
The principle has advantages in that there are few moving parts, saline water is handled in a deaeration chamber, an evaporator and a by-product chamber at around 20°C thereby reducing
problems with scaling and the associated maintenance, and if operated on waste heat AD should
be competitive with the least expensive desalination systems.
Feedwater quality may not be as critical as it is with membrane systems. There may be
advantages with reduced feedwater pre-treatment requirements if the integrity of the silica gel
can be ensured over a 20 to 30 year life span, as it is with adsorption chillers. The feedwater
under goes two phase changes during the process, one of them at around 40°C in a vacuum
pressure of 4kPa. These phase changes together with the extreme vacuum of the de-aeration
chamber used to remove non-condensable gases from the feedwater, could be advantageous in
reducing biological contamination of product water.
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Appendix B

This technology is still at a research level in which case many questions have yet to be answered.
If the plant can produce in the order of 10 litres of water per kilogram of silica gel per day [NUS
claim to be achieving 12L/kg/d] then a plant containing 100kg of silica gel will produce around
1.0kL/d.
The research and demonstration AD plant at Deakin University has a total of 90kg of silica gel
and at this stage could produce around 5L/kg/d or 0.45kL/d of product water.

Membrane Processes

concentrated salt solutions are separated from a saline solution

Reverse Osmosis (RO)

developed in the late 1950’s

Osmosis is the process in which a solvent such as water passes through a semi-permeable
membrane from a solution of low solute concentration to one of high solute concentration. The
result is two solutions of the same concentration or osmotic equilibrium pressure separated by
the membrane. The membrane is permeable to water but not certain ions and molecules such
as salts. In RO, the process is reversed by the application of high pressure to overcome the
osmotic pressure thereby producing a permeate solution with low solute concentration and a
waste solution with high solute concentration (Bartosh, et al., 2005; Porteous, 1983).
RO plants consist of a feedwater pre-treatment system, high pressure pumps, membrane
systems, and a post treatment system.
Pre-treatment of feedwater is necessary to lengthen the serviceable life of the membranes. In
this process, all suspended solids and the majority of micro-organisms are removed.
Membranes usually consist of composite polymers formed into tubes. High pressure applied to
feedwater causes the permeate product water to pass through the membrane for separate
collection while the by-product is rejected. Post-treatment stabilises the product water which
generally consists of balancing pH and disinfecting although there may be other requirements
(Bartosh, et al., 2005; Pizzi, 2005).
Membranes perform at their best when they are new and after time become fouled by incoming
feedwater products. This creates operational problems as the rate of permeate production is
reduced and higher pumping pressures are required (Pizzi, 2005).
While this technology can operate continuously with overall high recovery rates, the process can
be slower than other technologies and if pre-treatment is sub-standard membranes cannot be
guaranteed to remove harmful matter. Additionally, high electrical power consumption and
maintenance/replacement of membranes can detract from the economics of the principle.

Electrodialysis

developed in the 1940’s

Electrodialysis relies upon the ionic composition of a solution in which an electric current is
applied to pass ions through a semi-permeable membrane. In the case of saline solutions,
anions pass through one membrane while cations pass through another resulting in two streams
of product water and three streams of by-product (Bartosh, et al., 2005; Porteous, 1983).
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The process is best suited to low density solutions and pre-treatment of feedwater is necessary
to prolong membrane life.

Electrodialysis Reversal
This process is much the same as electrodialysis with the exception that the electrode polarity is
reversed periodically to produce continuous self cleansing (Bartosh, et al., 2005).
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AQUEOUS SOLUTIONS REVERSE OSMOSIS PLANT DATA

Appendix C

Table 1 Aqueous Solutions RO plant size and output information for low
salinity feedwater.
[Source: http://www.aqueoussolutions.com.au/]
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AQUEOUS SOLUTIONS REVERSE OSMOSIS PLANT DATA (continued)

Appendix C

Table 2 Aqueous Solutions RO plant size and output information for high
salinity feedwater.
[Source: http://www.aqueoussolutions.com.au/]
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Appendix D

NUS ADSORPTION DESALINATION RESEARCH WITH KAUST

The following points summarise a presentation given in 2008 by Professor Kim Choon Ng,
Mechanical Engineering Department, National University of Singapore. The presentation is
available at the website http://www.kaust.edu.sa/pdf/speaches/Ng.pdf

Solar Powered Adsorption Desalination
A KAUST-NUS Special Academic Partnership
(KAUST: King Abdullah University of Science and Technology)

Adsorption desalination mimics the hydrologic cycle in that it is a distillation process that works
closely with ambient atmospheric temperatures.
Advantages of AD Cycle
Low temperature heat requirement (65°C to 85°C) available from solar or waste heat
sources
Low electricity usage: a target of 1.5kWh/m3 is aimed at as a benchmark
Can be used for cooling as well as potable water (<10ppm)
Few major moving parts
Environmentally friendly using silica gel as adsorbent/adsorbate pair
Table 1 provides a comparison of energy costs for various desalination methods. Data obtained
from the NUS plant is used for the AD method and these have been projected for the current
collaboration project with KAUST.
Table 1 Energy costs comparison for various methods of desalination

Method of
Desalination*
MSF
MED
VC
RO single pass
RO double pass
AD
AD Proposed

Thermal Energy
Consumed

Electrical Energy
Consumed

Primary Fuel
Input

Energy Cost of
Water

kWh/m

kWh/m

kWh/m

US$/m

3

19.4
16.4
Waste Heat
Energy <85°C
Waste Heat
Energy <85°C

3

3

3

5.2
3.8
11.1
8.2
9.0
5.6

35.8
28.9
24.67
18.22
20
12.4

0.61
0.49
0.42
0.31
0.34
0.21

1.4-1.8

3.7-4.7

0.06-0.08

* Refer to appendix B for explanation of desalination method.

Water quality data for the NUS plant is given in table 2.
Table 2 NUS Water quality tests

TDS (ppm)
EC (µS/cm)
pH

Sea Water
35,000
60,000
7.5-8.5

Tap Water
166
333
6.9

Distilled Water
7.88
15.82
8.35

AD Water
6.9
16.08
8.4

Potable water production is estimated to be 8-23m3/tonne silica gel.day (8-23kg/kg/d).
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NAK ADSORPTION CHILLERS

Appendix E

The NAK adsorption chiller produced by GBU of Germany is discussed in Section 4.4 of this
report. Below is a schematic of the process showing the beds switching over between
desorption and adsorption.

[Source: http://smartenergy.arch.uiuc.edu/pdf/clearinghouse/adsorption%20chiller.pdf]

SWF Deakin Final Report App. # 42M-2062

44

