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Executive Summary 

This project demonstrated the potential of the membrane distillation process to exploit waste heat from 
heavy industry to treat saline effluent, producing high quality water for on-site reuse.  Membrane distillation 
(MD) is a thermally based desalination process that can treat water using low grade heat, such as solar or 
waste heat, for reuse thus substituting precious potable water and reducing discharge volumes to sewer.  
Presently, desalination by available technologies is normally an electrically driven process which consumes 
a high value energy source while in turn adds to greenhouse gas emissions.  The major focus of this work 
was to examine the viability of MD water treatment which converts industry‟s routinely discarded effluent and 
waste heat to valuable treated water. 
 
This project is a practical trial of the membrane distillation treatment process to substitute potable water for 
treated industry wastewater on-site in Melbourne‟s west in partnership with City West Water.  The project 
comprised a 3 month plant trial where the demonstration plant was configured to treat wastewater 24 hours 
per day uninterrupted and unattended.  The pilot plant scale was designed to produce 10 to 20 L/hr of 
treated water, and the heat sources were derived from waste streams to demonstrate utilisation of a 
common surplus resource.  Furthermore, the application of true waste heat means this energy cost can be 
reliably excluded from practical assessment of the process. 
 
Membrane Distillation technology for water desalination differs from other membrane separation 
technologies in that the driving force for desalination is the difference in vapour pressure across a membrane 
rather than total applied pressure as used in reverse osmosis (RO) processes.  As vapour pressure is not 
significantly reduced at high salt concentrations this technique is particularly useful when desalinating high 
salinity streams or when operating at high water recoveries.  It is the relatively low temperature demands that 
make MD an attractive desalination process where low-grade thermal energy is available.   
 
Trial Site Selection 
City West Water selected a number of businesses from its customer base that would benefit from additional 
effluent treatment, have potentially useable waste heat, and were amiable to research projects of this nature.  
The businesses surveyed were: (A) a plastic foam producer; (B) a frozen food producer; (C) an electricity 
generator; (D) a chemical manufacturer; (E) a plastics manufacturer; and (F) a fabric dye house.  Samples of 
effluent from these sites were analysed and introduced into a laboratory scale MD plant to investigate the 
suitability of each stream. 
 
Technical and logistic issues of waste heat access and suitability of the effluent stream on site C, Ecogen 
Energy's Newport Power Station, were found to be favourable, but also of note was the supportive attitude of 
the site's management.  However, of most concern was the temperature of the waste heat (30 - 40°C) and 
its accessibility, as these have a direct influence of treated water production rate.  It was decided to proceed 
with the trial at the power station at a lower than targeted production rate as the key demonstration aspect, 
that of utilising very low value waste heat to recycle industrial effluent, was still uncompromised. 
 
Pilot Plant Design and Construction 
The membrane module for this work was designed and constructed by the team at Victoria University (VU).  
The module for was designed during previous projects and built using VU‟s expertise on optimal heat and 
mass transfer, at a scale tailored to meet the current project's objectives.  The membrane module was 
integrated into a plant capable of continuous unattended operation.  The plant was equipped with two plate 
heat exchangers for heat and cooling services and remotely accessible process control instruments and data 
logging.   
 

Membrane Module Details 

 Module type  DCMD, flat sheet 

 Membrane type  PTFE, scrim polypropylene backing 

 Membrane manufacturer Ningbo Chang-qi, China 

 Total membrane area 0.67 m
2
 

 
Pilot plant specifications: 

 Design flux: 20 – 30 L/hr/m
2
 

 Plant capacity: 240 – 480 L/day 

 Heat source: waste heat through plate HX  

 Cooling  cooling water through plate HX  
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Trial Results 
The key feature of this project was to explore the reliability of an MD plant in an industrial setting over a term 
of months, using only waste heat.  The pilot plant operated continuously for 12 weeks, with the exception of 
a one day shutdown due to a power station issue, and a six day shutdown due the failure of a plate heat 
exchanger.  Desalinated water production rate was found to average 2.2 L/hr (permeate flux of 3.4 L/hr/m

2
) 

over the trial period and fell largely between 2 and 3 L/hr.  Percentage water recovery reached 91.7% at the 
conclusion of the waste heat driven trial phase.  At the conclusion of the 11 week trial period operating with 
waste heat, a further 1 week experiment was carried out using an electric heater to supply an unrestricted 
amount of heat at selected temperatures.  The average production rate during the electrically heater period 
was 7.3 L/hr (permeate flux 10.8 L/hr/m

2
), before declining to 4.8 L/hr (7.1 L/hr/m

2
).  This decline is likely to 

be caused by membrane fouling, but could also be attributed to feed cycle concentration.  The trial 
concluded with a final reject concentration of 71,400 mg/L (92.8% water recovery).   
 
Energy and Economic Analysis 
RO is the most economical desalination technology available suggesting RO also serves conveniently as a 
„desalination benchmark‟ to compare MD against.  Membrane Distillation consumes both heat and electricity. 
Yet it is the electrical demand from the two cycle pumps that, although not the driving force for desalination, 
are nevertheless the primary energy cost of the process and therefore the quantity that requires comparing 
to RO technology which is up to 8 kWh/m

3
.  The table below list results of calculations performed on data 

obtain from the trial comparing energy requirements at different conditions. We found that the minimum 
energy required for MD is what is needed to pump the water through our module which is only a fraction of 
that required for RO. The total module energy however was larger by comparison, but this was due to an un-
optimised flow distribution system. With a viable 5kPa pressure drop across an optimised distribution 
system, we expect our current MD system could use less than half of the electricity required for RO. 
 

Parameter 
Module inlet pressure 

(actual) 

Module inlet pressure 
when optimised 
(assume 5 kPa) 

Pressure drop across 
module (measured by 

manometer) 

Hot cycle pressure (kPa) 50 5.0 1.0 

Hot cycle power demand (W) 24 2.3 0.47 

Cold cycle pressure (kPa) 37 5.0 1.0 

Cold cycle power demand (W) 16 2.2 0.44 

Production rate( L/hr) 2.4 2.4 2.4 

Energy requirement (kWhr/m
3
) 17 1.9 0.38 

 
 
Cost models of MD systems in comparison RO have been developed.  Applying these model to a real-world, 
albeit relatively small example of a 24 m

3
/day MD plant desalinating effluent using waste heat, reveals the 

costing at $1.14 per m
3
 over 30 year plant life.  A similarly sized RO plant operating over the same duration 

has a cost of water at $1.37 per m
3
.  Therefore, MD capital and operating costs are cheaper than RO by 

about 17% over the life of the plant.  This is based on savings associated with both the total capital (cheaper 
plant materials) and operating costs (waste heat resource). 
 
Conclusions 
Despite the waste heat availability being somewhat lower than originally anticipated, the experiment 
nonetheless effectively tested the MD process' longevity and robustness.  Capacity of the pilot plant was 
below the project's stated target, but treated water production rate is largely a function of membrane area 
which is scalable.  Correct sizing of treatment equipment requires a good understanding of the limitations 
and capabilities of the process, and outcomes of this trial illuminate many of the capabilities of the MD 
process.  It was concluded therefore, that there was practical merit in applying this MD system on waste heat 
at temperatures as low as 30°C, which achieved permeate flux of 3 - 4 L/hr/m

2
, of highly desalinated water.  

This supports the assertion of MD being a viable treatment technology for industrial effluent to recover 
potable water without incurring an increase in greenhouse gas emissions. 
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1 Introduction 

This project demonstrated the potential of the membrane distillation process to exploit waste heat from 
heavy industry to treat saline effluent, producing high quality water for on-site reuse.  Membrane distillation 
(MD) is a thermally based desalination process that can treat water using low grade heat, such as solar or 
waste heat, for reuse thus substituting precious potable water and reducing discharge volumes to sewer.  
Presently, desalination by available technologies is normally an electrically driven process which consumes 
a high value energy source while in turn adds to greenhouse gas emissions.  The major focus of this work 
was to examine the viability of MD water treatment which converts industry‟s routinely discarded effluent and 
waste heat to valuable treated water. 
 

2 Objective 

This project is a practical trial of the membrane distillation treatment process to substitute potable water for 
treated industry wastewater on-site in Melbourne‟s west in partnership with City West Water.  The project 
comprised a 3 month plant trial where the demonstration plant was configured to treat wastewater 24 hours 
per day uninterrupted and unattended.  The pilot plant scale was designed to produce 10 to 20 L/hr of 
treated water (assuming waste heat at 60˚C was available to drive the process), and although product and 
reject waters were directed to the site's sewer, the inference is the achievement of potable quality product 
with a minimal volume reject stream.  The heat sources will be derived from waste streams to demonstrate 
utilisation of a common surplus resource.  Furthermore, the application of true waste heat means this energy 
cost can be reliably excluded from practical assessment of the process. 
 

3 Background 

MD is a process which was developed in the 1960‟s, but is recently gaining renewed interest due to rising 
water and energy scarcity.  MD has great potential in addressing water and energy issues simultaneously as 
it utilises heat instead of electricity to treat water. This heat can be low grade (> 30°C) and so can be easily 
sourced from waste heat or solar thermal collectors. Work on MD has also risen recently as a result of the 
availability of low cost, high performance membranes produced from numerous suppliers worldwide (Zhang 
et al. 2009) 
 
MD technology for water desalination differs from other membrane separation technologies in that the driving 
force for desalination is the difference in vapour pressure across a membrane rather than total applied 
pressure as used in reverse osmosis (RO) processes.  As vapour pressure is not significantly reduced at 
high salt concentrations this technique is particularly useful when desalinating high salinity streams or when 
operating at high water recoveries.  Membranes used for MD processes are very hydrophobic which 
provides a barrier for liquid water but allows water vapour to pass. As these membranes are typically very 
thin (approximately 30 - 100 µm) and have large pore sizes (0.1 - 1.0 µm), relatively low vapour pressure 
differences will produce large amounts of desalted permeate (Tomaszewska 2000).  It is these relatively low 
temperature demands that make MD an attractive desalination process where low-grade thermal energy is 
available.   
 
Advantages of membrane distillation over reverse osmosis or other thermal methods of desalination include: 
 

 It produces very high-quality distillate. In most circumstances salt rejections of 99 to 100% are 
achievable. 

 Water can be distilled at relatively low temperatures (<40°C are achievable). As the driving force for 
MD is vapour pressure difference, low feed temperatures can produce reasonable rates of product 
water and may be practical considering the nature of some water impurities (e.g. scaling issues at 
high temperature). 

 Low-grade heat such as industrial waste heat, solar or desalination waste heat may be used. 

 The feed water does not require extensive pre-treatment that is typically required for pressure-based 
membrane processes. 

 
In an MD process for desalting saline water, hot feed is passed over the surface of the porous hydrophobic 
polymeric membrane, while cold water is passed over the other surface with the two streams physically 
separated by the membrane.  Figure 1 describes the heat and mass transfer process in a direct contact 
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membrane distillation (DCMD) process.  Water is evaporated into the pores of the membrane at the brine–
membrane interface which diffuses to the other side of the membrane, usually termed the permeate side.  
The feed temperature, Tf, decreases across the feed side boundary layer to T1.  Simultaneously, heat is 
conducted through the membrane to the permeate side.  The cold stream temperature Tp increases from the 
bulk cold flow across the permeate boundary layer to T2 as water vapour condenses into the fresh water 
stream and gains heat from the feed side.  The driving force is therefore, the vapour pressure difference 
between T1 and T2, which is less than the vapour pressure difference between Tf and Tp.  This effect is called 
temperature polarization, and its consequence is the reduction in permeate flux (Zhang et al. 2011).  The 
strategy to minimise this loss of flux is to drive the feed and permeate streams at high velocity across the 
membrane surfaces, causing turbulent flow and reducing temperature polarisation. 
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Figure 1 Heat and mass transfer diagram (Zhang et al. 2011) 

 
 
Although there are different configurations of MD, the key difference is the technique used to draw away and 
condense the vapour (decrease the vapour pressure).  Figure 2 illustrates the four commonly used 
configurations of MD (Alklaibi and Lior 2005) described as follows: 
 

 Direct Contact Membrane Distillation (DCMD), in which the vapour is condensed by liquid in direct 
contact with the permeate side of the membrane which is colder than the feed side. 

 Air Gap Membrane Distillation (AGMD), in which the permeated vapour migrates across an air gap 
before condensing on a cold surface nearby.  Condensed permeate falls under gravity as product 
water. 

 Vacuum Membrane Distillation (VMD), in which the vapour is drawn by simple vacuum and is 
subsequently condensed, if needed, in a separate device. 

 Sweep Gas Membrane Distillation (SGMD), in which a gas stream is used as a carrier for the 
permeate vapour. 

 
In a DCMD mode the feed and permeate streams are in intimate contact with only a thin polymer membrane 
between.  This results in superior permeate production but at the cost of greater heat and cooling demands 
of the system because of high thermal conduction through the membrane.  All heat that conducts through the 
membrane, that isn't used to evaporate water, must be replenished in the form of heat input to the feed and 
be simultaneously removed from the permeate stream.  Although some configurations of DCMD can recover 
some of this lost heat and return it to the feed cycle.  AGMD works in a similar way to DCMD, but with the 
added resistance of the air gap layer.  The heat conduction effect described for DCMD is therefore also 
encountered in AGMD, but is reduced by the insulating air-gap.  Consequently the heating inputs of an 
AGMD system are significantly lower than a DCMD process, but water flux is similarly lower because of a 
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very small temperature difference on either side of the membrane.  From a practical point of view, AGMD 
requires an added cold surface and some means of draining and collecting the permeate making module 
design more complicated.  These particular aspects of the AGMD process have been used advantageously 
to harness the lost latent heat to preheat the feed water thus improving energy efficiency (Dotremont et al. 
2009). 
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Figure 2 Configurations of various MD system (Zhang et al. 2009) 

 
Despite AGMD's potential for energy efficiency advantages, a DCMD design was considered more likely to 
achieve a working plant within the timeframe and budget of the project.  Furthermore, the generally higher 
flux produced from the DCMD mode would require a smaller plant (i.e. less membrane area) to produce the 
target 240 L/day, and in the particular application of interest there was more waste heat available for DCMD 
than was required to treat their water even at low thermal efficiency (see Section 4).  A schematic of the 
basic components and layout of a typical flat sheet DCMD process is outlined in Figure 3.  For DCMD, 
recycle loops on both hot and cold sides are needed to achieve the desired recovery as a single pass 
generally achieves recoveries not exceeding 5% by thermodynamic constraints.  This also allows for 
independent control of the flow velocity across the membrane to reduce the temperature polarisation effect 
discussed above. 
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Figure 3 Schematic of a DCMD process 
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4 Demonstration Site Selection 

Identification of potential users of low energy desalination for effluent treatment was initially made by the 
water authority servicing Melbourne's west, City West Water.  The authority selected a number of businesses 
from its customer base that would benefit from additional effluent treatment, have potentially useable waste 
heat, and were amiable to research projects of this nature.  An industry partner was then selected for the on-
site demonstration following a selection process to determine the most suitable site.  The selection criteria 
included; availability of sufficient waste heat to raise effluent temperature to approximately 30 - 60°C, an 
effluent stream that will benefit from desalting treatment, and a stream that is fit for MD processes.   
 
Five different types of business were approached for participation in the project.  For each participant 
discussions identified effluent streams that contribute the largest source of total dissolved solids (TDS) to the 
sewer discharge, or were the most challenging for trade waste management.  These streams were targeted 
for assessment for potential MD treatment.  Examples of the beneficial uses of MD treatment that emerged 
from this survey of a small geographical area were: 1) boiler or cooling tower blowdown treatment for direct 
return to the plant unit; 2) demineralisation plant effluent, where the ion exchange resin regenerant solutions 
are combined and treated as a saline stream, reducing the volume directed to sewer or potentially applying a 
zero liquid discharge principle where the salt is captured for disposal off-site; and 3) neutralised caustic wash 
water, concentrated to recover useful water.  This breadth of possible applications for MD technology in a 
very small selection of diverse businesses was particularly encouraging. 
 
For a water treatment technology to offer a practical solution over the long term, plant reliability operating on 
industrial effluent needed to be thoroughly assessed.  MD is a membrane separation process and all 
membrane applications face productivity losses from membrane fouling.  Consequently, the selection 
criterion of a "MD suitable effluent" was examined on a laboratory scale apparatus (see Figure 4) to 
investigate aspects such as product water quality, short and long term membrane fouling potential, and 
percentage water recovery limits.  The laboratory scale plant apparatus was equipped with an in-house 
constructed 0.0169 m

2
 flat sheet membrane module, electrically heated feed cycle, refrigerated permeate 

cycle, and incorporated reservoirs holding approximately 10 L of feed and permeate.  The permeate 
reservoir was positioned over an electronic balance to record permeate flux throughout the duration of the 
test.  The membranes used for all tests were thin film microfiltration PTFE membranes (Ningbo Chang-qi, 
China), were 0.5 μm pore size and bonded to a polypropylene scrim support layer (see Section 8.3.3 for 
more details on the membrane material and scrim backing).  The effluent was analysed using inductively 
coupled plasma spectroscopy and wet chemical analyses to assess parameters that influence MD 
performance including total organic carbon and metallic elements (Table 1).   
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Figure 4 Simplified diagram of laboratory scale apparatus 

 
The businesses surveyed were: (A) a plastic foam producer; (B) a frozen food producer; (C) an electricity 
generator; (D) a chemical manufacturer; (E) a plastics manufacturer; and (F) a fabric dye house.  However, 
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site visits indicated that the food producer (B) and the chemical manufacturer (D) had no easily accessible 
waste heat.  The other four sites (A, C, E and F) presented a number of possible streams that would benefit 
from a desalination process, and possessed some form of waste heat to drive the MD process. 
 
Samples of effluent collected from the short-listed sites were introduced to the laboratory scale MD 
apparatus and operated in a manner to simulate a pilot or full scale plant concentrating the water sample. 
The system was run until there was insufficient water volume to pump within the apparatus.  The main 
experimental goals were to investigate MD fouling or wetting, and to observe the level of water recovery that 
can be achieved before permeate flux declines unacceptably or salt precipitation limited further 
concentration.  Further, filtration of the MD's feed circuit to reduce the effect of precipitate forming on the 
membrane was achieved by placing an in-line filter immediately before the membrane module.  The required 
pore size of this filter to maintain a good flow of particulate free feedwater to the membrane module was an 
important aspect of the experiment.   
 

4.1 Site A. 

 
Operation. Plastic foam production 
Waste heat. Cooling water return (~60°C).  
Wastewater. 1. Cooling tower blowdown to trade waste (24 kL/day at 200 mg/L TDS) 
 2. Boiler blowdown to trade waste (0.1 kL/d at 2000 mg/L TDS) 
MD treatment Treat combined effluent streams allowing the product water to be used as boiler feed 

or cooling tower make-up. Configure MD plant for very high recovery (~99%) with no 
reject stream entering the sewer. 

 
The MD performance of this effluent showed very little flux decline up to 80% recovery (Figure 5), but the 
small sample size limited testing to higher recoveries.  The very low salinity of this stream indicated 
recoveries up to 95% or higher are achievable.  Although site management reported the effluent to be 100 – 
200 mg/L TDS, the actual sample collected was 29 mg/L.  There was very little presence of precipitate on 
the in-line filter at the conclusion of the test. 
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Figure 5. Site A, flux profile of cooling tower water containing steam condensate. 

 
The primary advantages of demonstrating MD technology on this site are: readily accessible heat and 
effluent; small site with good physical access to the cooling tower and sewer connections; and the potential 
to demonstrate a zero liquid discharge solution.  The disadvantages include: effluent TDS is too low to 
effectively demonstrate a desalination technique for a wider audience; and the site operates only Monday to 
Friday which reduces the impact of a continuous trial. 
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4.2 Site C. 

 
Operation. Electricity generation 
Waste heat. For pilot: continuous low grade heat from electric motor cooling water (~35°C). 
 For full scale: power cycle steam condensers. 
Wastewater. Ion exchange resin regeneration effluent, neutralised, to trade waste (3,000 – 4,000 

mg/L TDS) 
MD treatment. Treat effluent regenerant directly from effluent mixing tank. 
 
 
The combined ion exchange regenerant effluent was a desirable stream to demonstrate a desalination 
process at 3,500 mg/L TDS with few contaminants present.  Flux decline began to be significant above 85% 
recovery yet appeared to plateau at half the initial flux even at 95% recovery (Figure 6).  Permeate 
conductivity was observed to increase steadily from 30 μS/cm to 217 μS/cm indicating some salt passage 
through the membrane.  However, this industrial site uses an ammonia additive to combat corrosion and the 
feedwater sample was found to contain 38 mg/L (as N) ammonia.  The suspicion that ammonia would pass 
through the membrane into the permeate stream under MD conditions was confirmed with ammonia analysis 
of permeate samples collected throughout the run.  Of the 1.35 g of ammonia contained in the initial volume 
of feedwater (35.4 L of feed at 38 mg/L NH3 as N), 1.02 g was found in the total volume of permeate 
produced (34.5 L of permeate at 29.5 mg/L NH3 as N).  The observed permeate cycle conductivity profile 
(Figure 7) closely matched that of the grab samples analysed for ammonia content, indicating transport of 
ammonia was the likely cause of permeate conductivity rise.   
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Figure 6. Site C, Flux profile of ion exchange resin regenerant effluent. 



  

March 2011 © Copyright Smart Water Fund 2011 - Converting waste heat or solar to treated water Page 13 
 

  

 

0

5

10

15

20

25

30

35

40

0

50

100

150

200

250

0 20 40 60 80

A
m

m
o

n
ia

 (
m

g
/L

 a
s
 N

)

P
e
rm

e
a
te

 c
o

n
d

u
c
ti

v
it

y
 (

u
S

/c
m

)

Time (hr)

 

Figure 7. Site C, Permeate conductivity and ammonia profile if ion exchange resin regenerant effluent. 

 
The advantages of this site are: the effluent is very suitable for desalination with high salt content at relatively 
consistent quality; and a demonstration performed on a power generation site would be representative of the 
power generation industry as a whole.  Additionally, the presence of ammonia in this effluent would present 
an interesting feature of the experiment.  Examination of the fate of volatile compounds through an MD 
process and the potential partitioning between feed and permeate cycles would be of potential interest. 
 
Although this plant must reject a large heat load (in the order of 500 MW) across its main stream 
condensers, the highly efficient configuration of the operation makes accessing this heat difficult.  This waste 
heat could only be collected through modifications to site equipment on a scale unacceptable for a short term 
trial.  However, a secondary cooling cycle from electrically driven boiler circulation pumps was identified as a 
potential source of waste heat for the demonstration.   
 
 

4.3 Site E 

 
Operation. Plastics manufacture 
Waste heat 1. Steam ejector trap (low pressure steam) 
 2. Cooling water return (35-45°C) 
Wastewater. Cooling tower blowdown to trade waste (~1,300 mg/L TDS) 
MD treatment Treatment of blowdown, returning product water to cooling tower make-up.  Reject to 

trade waste. 
 
This effluent showed signs of membrane fouling during the test run, which became significant at high feed 
concentrations (Figure 8).  Initially iron precipitates were suspected as the likely foulant.  This type of 
precipitate is known to be very difficult to manage with filtration but can be removed using an acidic clean-in-
place (CIP) routine.  However, later in the test an acid insoluble material deposited on the membrane which 
reduced flux dramatically (potentially a silica scale).  Therefore, a further MD performance test was carried 
out using the concentrated feedwater and an addition of Flocon 260 antiscalant at 3 mg/L.  The flux profile of 
this test was unstable due to a membrane defect that was not apparent until results were assembled (Figure 
9).  Also, the run was operated in a constant feed concentration configuration (permeate was frequently 
returned to the feed reservoir) to maintain a steady percentage recovery, but some evaporation losses 
concentrated the feed further.  This meant the observed flux decline in the middle phase of the run could not 
be attributed to membrane fouling alone, as the rising feed concentrations may result in some or all of the 
flux decline.  Analysis of the citric acid CIP solution after each cleaning routine confirmed the presence of 
calcium and iron as the main cations liberated from the membrane.  Due to the small amount of recovered 
flux after the last citric acid cleaning treatment, a strong mineral acid clean was attempted (HCl at 5%).  This 
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treatment did not appear to remove further foulant and did not show any flux recovery.  Analysis of the HCl 
solution after treatment showed only trace levels of calcium, iron and copper. 
 
Although there was some ambiguity in the Flocon 260 testing, MD performance of the concentrated cooling 
tower water (>90% recovery) was significantly better in the presence of the antiscalant compared to the final 
stages of the original test without antiscalant when greater than 85% recovery was accompanied with an 
almost complete loss of permeate flux.  These results indicate the use of Flocon 260 is likely to combat 
membrane fouling to some degree.  Further testing on the laboratory scale equipment was considered 
unnecessary as the ultimate antiscalant dose, and most appropriate feed cycle filtration regime would be 
better optimised on pilot scale equipment should this site have been chosen for the pilot demonstration. 
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Figure 8. Site E, Flux profile, cooling tower blowdown.  A citric acid CIP procedure occurred twice during the 

run. 
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Figure 9. Site E, Flux profile, cooling tower concentrate with Flocon 260 added.  A citric acid CIP procedure 
occurred at the end of the run. 

 
The advantages of performing a MD demonstration on this site are: readily accessible heat sources (vented 
steam or cooling water return); consistent effluent water quality that is typical of many industrial settings.  
The disadvantages include: potential membrane fouling issues may limit water production rate and threaten 
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project targets; and petrochemical site regulations may require a lengthy approval process before 
commencement of the demonstration. 
 
 

4.4 Site F 

 
Operation. Fabrics dye house. 
Waste heat Hot water drain from dye operations. 
Wastewater. Combined effluent pit  (~1,600 mg/L TDS) 
MD treatment. Treatment of effluent, returning product water to hot water makeup.  Reject to trade 

waste. 
 
This effluent was collected from a combined drain accepting wastewater from a series of dying units that 
programmed with independent cycles and temperatures, depending of the fabric type and dye type.  As such 
the effluent quality and temperature varies throughout a 24 hour period.  The collected sample was obtained 
on 15

th
 February 2011 at 10am, was blue in colour, contained a significant amount of fibre waste and 

produced foam when agitated.  This foaming action indicated the presence of surfactant which could 
potentially wet the MD membrane, and was therefore scrutinized for wetting.  The sample was filtered 
through a 60µm element before application to the MD apparatus.  The MD test results showed no sign of 
membrane wetting throughout the run and scaling appeared not to affect permeate flux up to a recovery of 
90% (see Figure 10 for the flux profile). 
 
Operation of the demonstration plant at this site would require extracting the heat need by the MD process 
from the elevated temperature effluent pit.  But as the pit temperature is directly influenced by the cycles of 
dying units, the average temperature may not render usable heat.  To better understand the potential heat 
availability over the longer term, the temperature of the combined effluent pit was monitored for 5 days with 
an on-line data logger collecting temperature every 15 minutes.  The temperature profile over the logging 
period is displayed in Figure 11 along with a 4 hourly average.  This shows the temperature fluctuates widely 
and rapidly but the 4 hour average is between 35 and 46°C.   
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Figure 10. Site F, Flux profile, combined effluent. 
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Figure 11. Temperature profile of effluent pit 

 
Assessment of operating the demonstration at this site indicates an advantage of: the waste heat and 
effluent are the same stream.  The disadvantages are: variable quality effluent with large amount of solid 
material that require pre-filtration, potential presence of surfactant in effluent, variable temperature of waste 
heat, dying process only operates from Monday to Thursday. 
 

4.5 Effluent Quality Analysis 

Table 1 list the water quality analysis of three of the effluent samples collected from industrial sites outline 
above. 
 

Table 1. Water quality analysis  

Parameter Site (A) Site (C) Site (E) 

pH 6.8 7.7 7.4 

Total Organic Carbon (mg/L) 23 5.5 26 

Total Inorganic Carbon (mg/L) <1 208 5.4 

Ammonia (mg/L as N) - 38 - 

Total Dissolved Solids (mg/L) 41 3490 1250 

Calcium (mg/L) 4.6 7.1 84 

Iron (mg/L) <0.1 0.2 0.8 

Potassium (mg/L) 0.8 14 38 

Magnesium (mg/L) 0.6 4.4 37 

Phosphorus (mg/L) 1.5 <0.1 2.2 

Zinc (mg/L) 0.9 <0.1 1.2 

Silica (mg/L)* <1 19 7 

 *Estimation 
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4.6 Site Selection 

Opening negotiations with the management of site C, the electricity generator, found many aspects that 
encouraged the project team.  Technical and logistic issues of waste heat access and suitability of the 
effluent stream were found to be favourable, but also of note was the supportive attitude of the site's 
management.  It was these aspects that led the project team to believe operating the demonstration at this 
site showed the greatest chance of success.  Nonetheless, one attribute of site C of most concern was the 
temperature of the waste heat and its accessibility.  This power station, (typical of most power stations) 
rejects 35-40 °C temperatures across the main steam condensers (see Section 6 "Overview of Newport 
Power Station" for more detailed explanation of this).  When these temperatures are used to drive an MD 
process, lower desalination rates per unit area of membrane will result, compared to the production rate if 
the anticipated 60°C waste heat was used.  Yet it is these lower temperature waste heat sources (30 - 40°C) 
that hold very little value to industry and represent significant opportunities for MD technology.  But with 
lower temperatures comes lower unit production rates, so either a larger pilot plant was required to meet the 
target water production rate of 10 - 20 L/hr or a lower production rate would be demonstrated.  As the plant 
was already constructed and additional funding for enlarging the capacity was unavailable, it was decided to 
proceed at a lower capacity as the key demonstration aspect, that of utilising very low value waste heat to 
recycle industrial effluent, was still uncompromised.  Therefore, the power station's management were 
approached to participate in the project and host the demonstration.  
 
A formal Access Agreement was sought between Victoria University and Ecogen Energy, and owners of the 
natural gas fired Newport Power Station (known as site C previously) for access to their site for the 3 month 
demonstration period.  This Agreement was signed by all parties on 3rd August 2011, which enabled 
construction of equipment required for installation at this site to proceed.  Around six weeks later all site 
preparations and plant commissioning were complete and the trial commenced. 
 
 

5 Pilot Plant Design and Construction 

 

5.1 Membrane Module Development 

The membrane module for this work was designed and constructed by the team at Victoria University (VU).  
Although some MD equipment manufacturers are emerging, commercial modules are expensive and are 
limited to a few sizes.  As MD modules are not costly to build when designed correctly, the module for this 
plant was designed during previous projects and built using VU‟s expertise on optimal heat and mass 
transfer, at a scale tailored to meet the current project's objectives (Zhang et al. 2011).  Our previous 
experience of membrane module design had shown that rectangular flat sheet PTFE membranes configured 
in a multilayer arrangement produced good MD performance in a compact package (Dow et al. 2010).  
Furthermore, multilayer configurations enable customisation of the total membrane area by simple alteration 
of the number of layers installed, thereby adjusting the plant's capacity.  The design used in this project was 
developed in our previous project which was refined from the solar driven version that has led to a 2 or 3 fold 
increase in permeate flux, exhibited reduced backpressure and required lower membrane area. See Figure 
12 for a photograph of the membrane module. 
 
Membrane Module Details 
 

 Module type DCMD, flat sheet 

 Membrane type PTFE, scrim polypropylene backing 

 Pore size 0.5 μm 

 Membrane manufacturer Ningbo Chang-qi, China 

 Area of each layer 0.168 m
2
 

 Total membrane area 0.67 m
2
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Figure 12 Membrane module   Figure 13 Pilot plant during assembly 

 

5.2 Plant Assembly 

The membrane module was integrated into a plant capable of continuous unattended operation.  The plant 
was equipped with two plate heat exchangers for heat and cooling services and remotely accessible process 
control instruments and data logging.  On-line electrical conductivity measurement (Endress & Hauser) of the 
feed cycle provided a process control tool for % water recovery.  EC measurement of the permeate cycle 
monitored treated water quality and the degree of membrane wetting, which was an important experimental 
parameter for MD in a long term trial.  The methods of MD cycle flow rate and % recovery control are further 
described below.  See Figure 14 for a simplified schematic of the pilot plant and Figure 13 for a photograph 
of the plant during construction and VU's Werribee facility.  See Appendix A for a full P&ID of the pilot plant. 
 
 

5.2.1 Cycle Flow Control 

To enable unattended, 24 hour per day operation the process control system requires a reliable flow rate 
control.  Feed and permeate cycle flow rates have a large effect on permeate flux, therefore, stable flows are 
critical for consistent and predictable operation.  Additionally, the water pressure applied to either side of the 
membrane cannot exceed a fixed and relatively low value (approximately 80 kPa) or salty feedwater passes 
through the membrane causing a major shut-down and cleaning process.  Consequently, accurate pressure 
control via a pressure reducing valve was the chosen method of achieving stable flow rate and protecting the 
membrane module from over-pressure events.  Furthermore, pressure regulation was significantly cheaper 
than electronic mass flow rate control. 
 
 

5.2.2 Recovery Control 

The distilled water produced, measured as a proportion of feedwater treated, is the "system water recovery" 
which is an important parameter of the plant's capability.  In an MD process of this configuration, water 
recovery is controlled by the flow rate of feedwater entering the hot cycle.  However, the quality of 
instruments required to accurately meter a feedwater flow to a specified % recovery would exceed the 
resource of the project.  Therefore, recovery control using a semi-batchwise method was developed. 
 
Batchwise Recovery Control:   In this mode of operation feedwater enters the feed cycle tank at the same 

rate as the permeate rate, maintaining a constant volume but with the feed 
cycle concentration increasing.  At a variable concentration set-point, the 
feed cycle tank is pumped away and fresh feedwater re-fills the tank.  The 
main advantage of this method is relatively simple control of very high 
recoveries.  Rudimentary level control (i.e. float valve) and a single EC set-
point to trigger the feed cycle "pump-away" events result in relatively 
precise control of recovery, even at high recoveries (greater than 90%). 
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5.2.3 Filtration 

To combat membrane fouling and the likely formation of precipitate in the module, a cascade of filtration 
devices were installed on the feed cycle.  Each of the filtration units could be bypassed or changed to a more 
appropriate pore size element depending on conditions experienced during the trial.  The filtration equipment 
consisted of a high capacity bag filter (either 25 or 5 μm pore size could be installed), followed by a cartridge 
filter (~5 μm pore size).  Also a second smaller cartridge filter of 1 μm absolute pore size was obtained but 
kept in reserve as a contingency against very fine iron precipitate that was identified at one site.   
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Figure 14. Simplified schematic of the pilot plant 

 

5.3 Plant Design Capacity 

The assembled plant was tested at the Werribee facility to determine design capacity and baseline 
performance data.  Design flux was measured at temperatures traditionally used to assess MD performance 
of 60°C feed side and 20°C permeate side.  Subsequent testing of the entire working plant was set to the 
more conservative temperature of 45°C feed side. 
 
 
Pilot plant specifications: 

 Design flux: 20 – 30 L/hr/m
2
* 

 Plant capacity: 240 – 480 L/day* 

 Heat source: waste heat through plate HX (SS, heating area = 0.7m
2
) 

 Cooling cooling water through plate HX (SS, heating area = 0.7m
2
) 

 Plant footprint: 3.8 m
2
 

 Data logging: 
– Feed & product flow rate 
– Feed & permeate cycle flow rate 
– Temperature inlet and outlet of module 
– Temperature rise across waste heat HX 
– Temperature fall across cooler HX 
– Feed & Permeate conductivity 
– % Water recovery 
– % Salt rejection 

   
*Design flux and plant capacity are dependent on temperature and available waste 
heat.  Stated flux and capacity assumed 60°C and approximately 14kW. 
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Equipment suppliers 
 

 
Table 2.  Equipment suppliers 

Equipment Make Model 

Cycle Pumps Davey Products XF-192S 

Submersible effluent pump ETC QSB-2JH-110056 

Heat Exchangers Alpha Laval 
Heating: model M3-FG 
Cooling : model CB30-24H 

Watermeters Arad 
Feed cycle: model PB 
Perm. cycle: model Mh-M 
Product: model Mh-M 

Flowmeter Endress & Hauser Proline Promag 10 

Electrical Conductivity Endress & Hauser 
Liquisys M CLM  
Feed cycle probe : CLS30 
Perm. cycle probe : CLS15 

Thermocouples OneTemp Type T, 6mm 

Datalogging DataTaker DT80 

 
Initial performance testing employed an electrically powered process flow heater to simulate the waste heat 
source.  The synthetic feedwater was prepared from Sodium Chloride at 10,000 mg/L.  The plant and 
module proved to be leak free at lower cycle flow rates, and developed a small leak in the module at 
maximum cycle flow rate (module inlet pressure of 60 kPa).  This leak was relatively easy to correct.  See 
Table 3 and data of two performance runs of approximately 24 hours duration each; one at low cycle flow 
rate, the other at the maximum flow rate allowable of the membrane material.  These results indicate design 
flux was achieved and the production rate will meet the project's targets provided heating and cooling can be 
maintain at nominally 55-60°C feed temperatures and 20-25°C at the permeate cycle. 
 

Table 3 Initial performance testing (average of run) 

Date 
Duration 

(hr) 

Cycle 
flow rates 

(L/min) 

Feed cycle 
Temp (°C) 

Permeate 
cycle 

Temp (°C) 

Production 
rate (L/hr) 

Permeate 
flux 

(L/hr/m
2
) 

% Salt 
rejection 

2/02/2011 23 12 58 26 10.4 15.4 >99.99 

3/02/2011 24 25 57 26 13.6 20.3 >99.99 

 

5.3.1 Standardised Flux Test 

The completed pilot plant was trialled for a number of days to ensure process control mechanisms meet 
requirements in preparation for relocation to the selected site.  The established standardised flux test was; 
synthetic feedwater of 15 g/L Sodium Chloride, operating with electric heating of the feed cycle at 45°C, tap 
water cooling (or refrigerated chiller) of the permeate cycle at 20°C, and both cycle flow rates at 23 L/min. 
Starting a low water recovery of 35%, this was increased on two occasions over the seven-day uninterrupted 
test to approximately 72%.  Figure 15 shows the results of water produced each day along with 
concentrations of feed and permeate cycles.  The results indicate the % water recovery control logic 
operated effectively and salt rejection was 99.96%, indicating no membrane wetting occurred.  The rise in 
permeate cycle concentration in unison with feed cycle concentration indicates a probable minor leak 
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between feed and permeate cycles, which is unlikely to impact on product water quality in the longer plant 
trial.  Permeate flux at the second recovery set-point plateau (50 mS/cm set-point, 58% recovery, 33,000 
mg/L concentrate) was 12.1 L/hr/m

2
 which becomes a reference point that will be measured against at the 

conclusion of the plant trial phase. 
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Figure 15 Baseline performance testing. Vertical arrows indicate an increase in % recovery set-point. 

 

6 Overview of Selected Site - the Newport Power Station 

 

 
       Figure 16 Newport Power Station 

 

Ecogen Energy's Newport operation is a 
peaking 500MW gas fired closed cycle 
electricity generation unit.  The plant consists of 
a single natural gas fuelled boiler and a single 
train of steam turbines capable of producing 
500MW of electrical energy.  The steam cycle, 
like all thermal power stations, is the media that 
drives the turbine which drives the generator 
(see Figure 17 for a simplified diagram).  To 
complete the cycle, steam is condensed back to 
water which is re-fed to the boiler.  In this 
installation at Newport the condensers are 
seawater cooled, eliminating the need for large 
cooling towers in a residential area.  Instead, 
seawater from the mouth of the Yarra river is 
drawn into the plant, cools the main steam 
condensers then returns to the river a few 
degrees warmer. 
 
The energy efficiency of a typical thermal open 
cycle power plant is in the order of 40%, 
meaning a large proportion of the input energy 
is lost to the environment.  In the case for 
Newport the approximate energy breakdown is 
listed below: 
 
 Input from natural gas 1200 MW 
 
 Heat lost out the stack 200 MW 
 Heat rejected to the river 500 MW 
 Generated electricity 500 MW 
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The role of a peaking power station is to supply electricity to the network only in times of high demand, and 
often for short periods of hours in duration.  This means the plant is configured for fast start-up to take 
advantage of a demand peak.  But this also means it can spend large periods (days or weeks) in a warm 
standby mode with its boiler and turbines idle yet ready for start-up. 
 
In modern power stations the main steam condensers operate at 35-40 °C for the highest efficiency 
electricity generation.  Therefore, obtaining this temperature waste heat for this demonstration would be 
representative of the quality and quantity readily available at many power stations globally.  However, as 
stated in Section 4.2 above, a means of acquiring Newport's condenser cooling water was unacceptably 
complicated for a short trial.  Additionally, the peaking nature of the operation could result in a large 
proportion of the 3 month trial period being off-line therefore not generating waste heat over the main 
condensers.  Nevertheless, some units of the plant do operate when in its standby mode to minimise the 
time needed to be brought on-line.  One such unit is the Boiler Circulation system.  The function of this circuit 
is to pump high pressure boiler water around the boiler to eliminate stagnate areas and stratification.  There 
are four boiler circulation pumps (see Figure 18 for a photograph of the bank of boiler circulation pumps) 
which are electrically driven, water cooled and operate at approximately 40°C.  Two of these pumps operate 
when the plant is on standby, and all four run when the plant is on-line.  Negotiations with the power station 
management secured an agreement that the same two physical pumps will be operated on standby for the 
duration of the trial period, thereby supplying the project with a reliable, uninterrupted source of waste heat at 
approximately 40°C.  This is the same temperature of the main condenser cooling water, thereby reasonably 
accurately simulating the quality of the waste heat that could be obtained at this site at full-scale.  The 
collection of that heat is outlined in Section 6.1.1 below. 
 
The power station operates an ion exchange resin water demineralisation plant to produce highly purified 
boiler feed water.  The various resin types within the plant are regenerated at different times but all 
regenerants and rinse waters are combined in an effluent pit for neutralisation using sodium carbonate prior 
to disposal to sewer.  The resulting effluent is relatively free of suspended solids, between 3,000 – 4,000 
mg/L total dissolved solids with a neutral pH.  This effluent was chosen as the feedwater to the MD pilot plant 
as a good challenge to demonstrate a water reuse technology.  Furthermore, this effluent contains volatile 
ammonia which also presents interesting aspects for investigation.  Part of the power station's corrosion 
control strategy is the addition of ammonia to the boiler feedwater, and the station uses an ion exchange 
polishing train in the boiler water circuit to combat potential leakage from their seawater condensers.  The 
added ammonia is removed by the polishing train and displaced into the effluent during bed regeneration, 
resulting in significant concentrations in the effluent.   
 
 

   
Figure 17 Simplified Rankine cycle   Figure 18 Bank of Boiler Circulation Pumps 

 [http://en.wikipedia.org/wiki/Rankine_cycle] 

 
 

6.1 Pilot Plant Commissioning 

A series of activities were carried out to accomplish the integration of the VU's pilot plant into the power 
station's operation.  Relocating the pilot plant from VU's facility at Werribee to the water treatment area of the 
Newport Power Station, with all associated process connections, occurred in the later part of August, 2011.  



  

March 2011 © Copyright Smart Water Fund 2011 - Converting waste heat or solar to treated water Page 23 
 

  

 

This was followed by installation of the waste heat collection devices, pipeline to transport that heat, and 
cooling water pipeline.   
 
Cooling water, an important aspect of the MD process, was supplied by tapping into the Station's main 
cooling service which is provided by a seawater circuit obtained from the Yarra River.  However, the location 
of the pilot plant in the water treatment area was some distance from the nearest source of cooling water and 
required laying around 100 metres of pipework to transport the cooling water to the MD plant. 
 

6.1.1 Heat Collection Devices 

Part of the agreement with Ecogen Energy was to avoid all possible disruption to the Station's operation.  It 
was therefore critical to obtain the waste heat necessary to drive the MD process without compromising any 
of the Station's processes.  The method chosen to collect the required heat was to commission the 
construction of water filled outer jackets to cover existing heated equipment.  This equipment is electrically 
driven boiler water pumps that need constant cooling to maintain correct operating temperatures of 
approximately 40 - 45°C.  By covering two of these pumps with an outer jacket, their cooling system was 
assisted and the harvested heat transferred to the MD pilot plant using an auxiliary circuit of heating water.  
 
In addition to the water filled jacket devices, smaller amounts of heat, but at slightly higher temperatures 
were obtained by wrapping a coil of copper tubing around a hotter section of the boiler water pumps (the 
pump inlet and outlet valve handle shroud).  The accumulated heat from two jacketed pumps and two copper 
coils was found to be sufficient to drive the MD process, provided the length of pipework between boiler 
water pumps and pilot plant (around 150 metres) was properly insulated.  See Figure 19 for a diagram of the 
heat collection circuit.  Also, Figures 20 and 21 show photographs of a water jacket installed on one pump, 
and the pilot plant located in the Station's water treatment area. 
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Valve handles
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Figure 19. Heat collection circuit 

 
Commissioning trials consisted of testing of all the plant's systems including; flow integrity of the two MD 
cycles (Feed water and Permeate), effluent supply stream, adequate heating and cooling to achieve design 
treatment rates, and process control and logging systems.  These tests revealed one piece of equipment that 
failed to meet expectations and threatened the project's continuation.  It was discovered the heat collecting 
water jackets were unable to withstand the moderate pressure of the auxiliary heating water circuit and 
required modification.  Therefore, the jackets were returned to the manufacturer to explore alternate sealing 
methods. 
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Figure 20     Figure 21 

 
Mid September saw the reinstallation of the water jackets with new seals, along with modifications to the 
auxiliary heating water circuit which resulted in successfully applying heat to the pilot plant.  With this final 
link in the MD system functioning the trial was started on 26th September 2011. 
 
 

7 Plant Trial Results 

The key feature of this project was to explore the reliability of an MD plant in an industrial setting over a term 
of months, using only waste heat.  Installation of the pilot plant at the power station occurred in late 
September, and the trial commenced on 26th September 2011.  The pilot plant operated continuously for 12 
weeks to 11th December, with the exception of a one day shutdown in mid October due to a power station 
issue, and a six day shutdown in early November due the failure of a plate heat exchanger.  For the last 
week of operation the waste heat collection devices were decommissioned and the plant was fitted with an 
electric heater.  This phase of the trial was arranged to challenge the membrane module to deliver design 
flux under high salinity conditions with unconstrained heat inputs.  No safety incidents occurred or process 
upsets resulted from the pilot plant's presence. 
 
Over the course of first week progressive commissioning of the heat collection devices resulted in 
incremental increases in temperature of the waste heat driving the process.  Subsequent to the first week 
and for the following 10 weeks this temperature was uncontrolled and therefore coupled to the power 
station's operating cycle.  The nature of plant with peaking duties results in varying amounts of heat being 
rejected over time and therefore highly variable temperatures supplied to the pilot plant.  When the station 
was operating, the waste heat collected and directed to the MD process was 35-37°C, yet in its off-line or 
"standby" state, the temperature was 29-31°C.  As permeate flux of the MD process is proportional to 
feedwater temperature, the rate of treated water produced by the pilot plant fluctuated in unison with the 
station duty cycle.  Appendix B displays a graph of MD cycle temperature entering the module over the entire 
trial period.  A further limitation to production rate was the temperature of the permeate cycle which was 
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maintained in this instance by a heat exchanger cooled by seawater taken from the power station's main 
cooling system.  Due to the inability to obtain sufficient flow of seawater through the exchanger to maximise 
cooling, permeate cycle temperatures were 4 to 5°C higher than the seawater temperature.  See Figure 22 
for a profile of treated water production rate and recovery over the entire waste heat driven trial period. 
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Figure 22. Trend of production rate and water recovery 

 
 
 
With the exception of a cooling heat exchanger failure in week 6, the pilot plant functioned well with 
membrane module and control systems operating as planned.  However, the heat collection devices did not 
supply all the heat necessary to demonstrate the full capacity of the plant.  The production rate capacity of 
desalinated water was designed to be between 10 and 20 L/hr if approximately 14 kW of waste heat was 
supplied at 60°C.  With the decision to operate the trial at the current site with heat supplied at 35 - 40°C, 
lower production rates were inevitable.  But in addition to the low temperatures, lower quanta of heat were 
extracted from the devices than expected.  Analysis of heat transfer coefficients reveal low efficiencies were 
experienced from these improvised heat collection equipment due to far from ideal contact surfaces.  A 
consequence of this was the pilot plant was unable to meet the production rate target.  Considering the 
combined impacts of lower than anticipated driving temperatures, and smaller amounts of available heat, the 
pilot plant's performance can be judged as functional, and within acceptable criteria.  However, an 
opportunity to examine the plant's capability with unconstrained heat supply was provided in the final week 
by operating under electrical heating instead of the waste heat.  This experiment was purely a capacity test 
to demonstrate the production rate under ideal conditions and the collected data was quarantined from the 
wider trial results.  The results of the electrically driven phase of the trial are outline in Section 7.1 below. 
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Figure 23. Concentrate water quality 

 
Desalinated water production rate was found to average 2.2 L/hr (permeate flux of 3.4 L/hr/m

2
) over the trial 

period and fell largely between 2 and 3 L/hr.  Specific flux for MD is permeate flux per unit vapour pressure 
difference across the membrane, calculated using the average temperature in the module and the Antoine 
equation (Schofield et al. 1990), which was found initially to be 0.19 L/hr/m

2
/Pa and declined to 0.11 

L/hr/m
2
/Pa due to a combination of factors including concentration of the feedwater and membrane fouling.  

Percentage water recovery reached 91.7% (calculated from total volume of permeate produced and total 
volume concentrate rejected) at the conclusion of the waste heat driven trial phase.  Water recovery was 
controlled by regulation of feed cycle salinity measured by on-line conductivity, and successive increments of 
the control set point resulted in two plateaus of stable reject concentration at 15,000 mg/L for 2 weeks and 
53,000 mg/L for 11 days.  The final concentrate conductivity set point of 80,000 µS/cm was entered but the 
trial concluded before this was reached, climbing instead to 58,100 µS/cm representing 62,300 mg/L (TDS 
results measured by gravimetric analysis).  Figure 23 displays feed cycle concentration along with on-line 
conductivity trend. 
 
The MD permeate was found to be of variable quality, and largely not of demineralised standard, fluctuating 
between 400 and 100 µS/cm.  However, total dissolved solids was found to reach 24 mg/L at the end of the 
trial and analysis for volatile components reveal ammonia and carbonate were the largest contributors to the 
permeate impurities.  As with all distillation processes, distillate quality is affected by volatile components in 
the feedwater.  In this case both ammonia and carbonates were present in high concentrations in the effluent 
stream, and were transported across the membrane to the permeate.  However, the power station's normal 
operation sees constituents in the effluent change severely depending on treatment activities, such as 
regeneration of the polishing beds (ammonia containing) in contrast to demineraliser beds (no ammonia).  
Also the degree of carbonate neutralisation required will depend on the bed type being regenerated at any 
particular time.  As ammonia and carbonates in the power station's effluent can fluctuate on a daily basis, 
applied as feed to the MD pilot plant, these permeable species also fluctuate in the treated water.  Evidence 
for the permeate quality being effected by mainly volatile components is the relatively low total dissolved 
solids results.  See Figure 24 for a profile of permeate TDS, total inorganic carbon (carbonates and dissolved 
CO2) and total nitrogen analyses over the trial period.  The total nitrogen instrumental technique was 
considered a good measure of ammonia content in permeate samples due to the absence of other nitrogen 
containing species.  The gradual upward trend of the permeate TDS indicates a small proportion of feed 
cycle flow was leaking across to the permeate cycle, most likely due to a pin-hole in the membrane.  A whole 
of system salt rejection of 99.97% indicates membrane wetting did not occur.   
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Figure 24 Permeate water quality anaysis 

 
 

7.1 Electric Heating Trial 

 
At the conclusion of the 11 week trial period operating with waste heat, a further 1 week experiment was 
carried out using an electric heater to supply an unrestricted amount of heat at selected temperatures.  The 
purpose of this was to examine the pilot plant capacity without the constraint of sub-optimal heat driving the 
process.  Further, as the experiment immediately followed the long term trial, the plant operating at high 
water reject concentrations (62,000 mg/L at 92% water recovery), and the membrane was in a realistic, mid-
operational state. 
 
 
The heater was configured to supply heat to the pilot plant that resulted in a membrane module inlet 
temperature of 60°C (after an initial period at 47°C to test the system).  The target permeate cycle 
temperature was 20°C, however, a low flow rate of seawater restricted the cooling and resulted in this 
temperature being 28°C.  Figure 25 reveals an average production rate of 7.3 L/hr (permeate flux 10.8 
L/hr/m

2
) was established before declining to 4.8 L/hr (7.1 L/hr/m

2
).  This decline is likely to be caused by 

membrane fouling, but could also be attributed to feed cycle concentration. 
 
 
The trial concluded with a final reject concentration of 71,400 mg/L (92.8% water recovery).  By way of 
comparison, this effluent could be feasibly treated to this salinity by RO, but RO is limited to around 70,000 
mg/L brine concentration and requires 75 atm pressure to achieve this. However, a feature of MD is a 
minimal change in the energy required with rising salinity.  Therefore the potential to achieve water 
recoveries far higher than 93% was limited, in this case, by the termination of the trial. 
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Figure 25. Production rate using electric heater (Feed cycle = 60°C, permeate cycle = 28°C, 
Recovery =92%). 

 

8 Post Plant Trial Equipment Evaluation 

This section outlines the results of examination of the plant equipment after removal from the demonstration 
site at competition of the 3 month trial.  The comprehensive inspection of the pilot plant was carried out to 
detect areas of future improvement in terms of reliability and design.  Following decommissioning, all the 
plant's systems including pumping, filtration, electronics and membrane module were tested to make the 
required assessments.   
 
One area of post-trial examination that required particular scrutiny was the condition of installed membranes.  
An important learning for the project was the likely membrane life-span on a full-scale industrial operation, 
and the development of strategies to combat membrane fouling.  All membrane processes undergo fouling to 
some degree and the methods to control fouling are critical to the demonstration of a viable membrane 
process.  The cost of fouling manifests itself as low production rates and shorter run-lengths between some 
form of cleaning cycle.  Therefore, an examination of the condition of the membrane and identification of the 
type of fouling experienced are key aspects of the project. 
 

8.1 Standardised Flux Test 

Prior to installation of the newly constructed pilot plant to Newport Power Station the plant underwent a 
benchmarking tests to ensure design capacity and process control mechanisms met the needs of the project.  
Repeating this standardised flux test on returning the plant to Werribee gave a comparison of the plant's 
performance before and after exposure to the industrial environment.  The conditions for comparison are 
listed in Section 5.3.1.  Table 4 lists the average temperature, cycle flow rates and permeate flux, revealing a 
17% loss of flux post trial. Figure 26 displays permeate flux measurements graphically. 
 
 
  Feedwater = 15g/L NaCl 
  Reject concentration setpoint = 50 mS/cm 
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Table 4 Standardised flux test results 

Parameter Before Plant Trial After Plant Trial 

Hot cycle Temp (°C) 45.9 44.7 

Hot cycle flow (L/min) 23.6 23.6 

Cold cycle Temp (°C) 20.0 19.4 

Cold cycle flow (L/min) 23.5 22.6 

Reject EC (mS/cm) 50.2 49.0 

Average Permeate Flux (L/hr/m2) 12.1 10.0 

Average Permeability (L/hr/m2/Pa) 0.113 0.103 

 
 

0

2

4

6

8

10

12

14

0 10 20 30 40 50

P
e

rm
e

at
e

 F
lu

x 
(L

/h
r/

m
2

)

Hours

Before trial

After trial

  

Figure 26. Standardised flux test comparison 

 

8.2 Mechanical Examination 

 

8.2.1 Pumping 

The plant's water pumping was provided by commercial quality yet low cost transfer pumps rated for salty 
water (see Section 5.3 for equipment make and model).  These pumps were found to perform adequately 
with little evidence of degradation observed.  This was the case even for the feed cycle pump with a duty of 
highly saline water (reaching 71,000 mg/L TDS).   
 
One PVC flowmeter was obtained for the highly saline feed cycle which was appropriate for that service.  
However, two further flowmeters for the permeate cycle and product water were of brass construction (Arad, 
model MH-M) and were found to undergo corrosion.  This was evidenced by rusty water being discharged 
when the flow was stopped for a short time. 
 
The DN25 polyethylene pipe rated to PN12.5 and polyethylene fittings were found to be suitable for task and 
easily reconfigurable when alterations were needed. 
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The submersible pump that was immersed in the effluent pit to supply feedwater to the plant didn't last the 3 
month duration and needed to be replaced in the final weeks of the trial. This pump was under rated for the 
application and selected for cost effectiveness over durability. Therefore, this failure would not be expected if 
properly rated equipment were used. 
 

8.2.2 Filtration Equipment 

Filtration of the feed cycle consisted of a 25µm bag filter (size 430 x 180mm) followed by a 5µm cartridge 
filter (size 500 x 100mm, or 20"x4").  This arrangement was devised to allow for a large variation of potential 
precipitation and scale foulants.  However, the bag filter was found to have trapped only a small amount of 
material during the entire trial period.  The 5µm filter needed changing in week 8 of the 13 week trial.  
Chemical analysis of the material filtered by this element revealed the presence of predominantly calcium 
salts and also iron salts or particles. 
 
The conclusion drawn by these results is the 25µm bag filter was unnecessary for this application.  However, 
this is only true for this site, this effluent and this set of operating conditions.  An alternate site may require 
the full capacity of these filtration units. 
 

8.3 Membrane Autopsy 

The four layer membrane module was disassembled with membrane specimens collected from multiple 
locations of each layer.  All four layers appeared to be fouled with an equal amount of material indicating no 
one layer faced less or more foulant, and that flow was well distributed across all membrane layers.  The 
Feed side cavity of each layer contained two types of solid foulants; a sand coloured coarse solid, and a fine 
brown solid (see Figure 27 for a photo typical of material found in the Feed side).  Inside the Permeate side 
cavity of each layer, a dark brown material produced a fine layer over the membrane (see Figure 28). 

         

   
 Figure 27. Feed side of membrane  Figure 28. Permeate side of membrane 

 

8.3.1 Feed Side Foulants 

The two materials on the feed side were found to be slightly separable by density.  The heavier sand colour 
material could be washed almost free of the dark brown material with gentle agitation.  Analysis of the two 
solids by ICP-OES showed the following: 

 
 Sand coloured material 
  Appearance; large lumps of light sand colour. 
  Solubility: almost fully soluble in nitric acid. 
  Assay: predominately calcium phosphate and sulphate. 
  Biology: microscopic gram stain test found no biological matter present 
 
 Dark brown material 
  Appearance; very fine particulate, brown in colour. 
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  Solubility: sparingly soluble in a mix of hydrochloric and nitric acids. 
  Assay: contains aluminium, calcium, copper, iron, phosphate and sulphate. 
 

8.3.2 Permeate Side Foulant 

The material on the Permeate side of the membrane was unexpected, as the Permeate cycle was 
consistently clean, contained very low dissolved solids, and was free of suspended solids.  Analysis of the 
solid found an absence of biological matter but a high concentration of copper.  Therefore, the most likely 
deduction is the material originated from one incident when in week 6 (3

rd
 November 2011) copper brazing of 

the Permeate cycle heat exchanger corroded and allowed cooling water to enter the cycle.  In this installation 
cooling was provided by Yarra river water of high salinity and contained sediments typical to estuarine 
locations.  The heat exchanger was removed on the same day of the failure but estuarine water cycled 
across the membrane for approximately 10 hours before being stopped. 

 
 Brown material 
  Appearance; particulate, brown in colour. 
  Solubility: slightly soluble in a mix of hydrochloric and nitric acids. 
  Assay: predominately copper salts which contained iron particles. 
  Biology: microscopic gram stain test found no biological matter present 
 

8.3.3 Physical State of Foulants 

Membrane specimens cut from various locations around the membrane module were prepared for Scanning 
Electron Microscopy examination.  The objective was to prepare specimens in such a way to observe the 
nature and structure of the foulant layer, both Feed and Permeate sides of the membrane, and its interaction 
with the membrane.  This was achieved by viewing the specimens in two orientations; in a planar view, to 
observe the topography of the foulant, and along the cross section to view the foulant-membrane interface. 
 
The images shown in Figures 29 and 30 are a general overview of the fouling on both sides of the 
membrane.  These images are in the SEMs backscatter mode which gives the impression of depth and 
texture of the fouled membranes.  The images are annotated with features of particular interest.  (Only 
Figures 29 and 30 are in back scatter mode, all subsequent images are in the standard SEM configuration of 
secondary electron mode.) 
 
The membrane employed in this project was thin layer PTFE bonded to a backing material called scrim (the 
PTFE membrane has very little mechanical strength alone and requires this backing material to provide 
support).  This scrim is a lattice of polypropylene that has sufficiently large openings to allow for minimal 
obstruction of water streams across the membrane.  The scrim backing is clearly visible in all images of the 
Permeate side of the membrane (Figure 30 of the pair below). 

 

   
 Figure 29. Feed side on membrane  Figure 30. Permeate side of membrane 

        (lattice is the scrim support material) 
 
Feed side topography 

Indentation 

from scrim 

backing 

Build-up of 

material at spacer 

contact point. 



  

March 2011 © Copyright Smart Water Fund 2011 - Converting waste heat or solar to treated water Page 32 
 

  

 

Analysis by SEM of the flat sheet membrane facing the Feed cycle in the planar orientation shows a 
substantial amount of solid material in an uneven blanket over the vast majority of the membrane.  Further 
examination showed evidence that the foulant layer was loosely packed and in places delaminated from the 
membrane surface.  See Figures 31 to 33 for a sequence of images at a fixed location with increasing 
magnification that shows areas of unfouled membrane through breaks in the foulant layer.  Unfouled 
membrane has a distinctive network of PTFE fibres, which are visible in Figure 33 (see reference images of 
unused membrane at x1000 magnification in Figure 46). 

 

     
Figure 31   Figure 32   Figure 33 

Figures 31, 32 & 33 are of Feed side membrane foulant. 
 
Permeate side topography 
Images of the membrane that faced the Permeate cycle show the extent of the foulant material described 
above in section “Permeate Side Foulant”.  Visual inspection of this side of the membrane indicated an 
alarmingly large amount of foulant, yet SEM images reveal the foulant to be minor and only partially covering 
the membrane.  Surveying all the usable areas of the prepared Permeate side specimen showed that only a 
small proportion of the membrane exposed through the scrim openings were obscured by the foulant 
material.  The sequence of images below (Figure 34 to 38) magnifies just one scrim opening.  Figures 36, 37 
and 38 are held at one magnification but were captured in a transverse line along one scrim opening.  This 
showed only a small amount of foulant on the membrane within the opening, with an observable increase in 
foulant material at the downstream end of the opening.  This is likely due to deposition of suspended 
particles in the more stagnate areas of the opening. 
 

   
Figure 34.    Figure 35. 

 

     
Figure 36.   Figure 37.   Figure 38. 

Figures 34 to 38 are of Permeate side membrane foulant. 

Membrane visible 

through foulant  

Fig 36 

Fig 37 

Fig 38 

Fig 35 
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Membrane Cross-section 
The cross-section specimens were prepared by the freeze-fracture method to preserve, as much as 
possible, the integrity of the membrane-foulant interface.  This method freezes the specimen in liquid 
nitrogen then snaps the membrane together with all contamination perpendicular to the viewing plane.  
Figure 39 shows the fouled membrane in cross-section view, annotated with some observable features.  The 
images in Figures 40 to 42 encompasses just the membrane and foulant layer in an attempt to deduce the 
thickness of fouling layer and to examine signs of foulant entering the membrane pores.  The membrane 
material used in the project is known to be approximately 40µm thick.  Therefore, the image measurement of 
33 - 38 µm supports the measurement of 10 µm foulant thickness.  The image at 10,000 times magnification 
in Figure 42 shows the absence of fouling within the membrane structure (a delineated textural difference 
between membrane and foulant).  

 

 
Figure 39. Cross-section of fouled membrane. 

 

     
Figure 40.   Figure 41.   Figure 42. 

Images of interface of membrane/foulant 
 

8.3.4 Unused Membrane (for reference) 

Displayed in Figures 43 to 48 are SEMs of unused membrane. 

Membrane 

Scrim 

Permeate side 

foulant 

Feed side foulant 



  

March 2011 © Copyright Smart Water Fund 2011 - Converting waste heat or solar to treated water Page 34 
 

  

 

   
 Figure 43. Feed side, mag. X40   Figure 44. Feed side, mag. X1000 

 
 

   
 Figure 45 Perm side, mag. X40   Figure 46 Perm side, mag. X1000 

 

   
 Figure 47 Cross section mag x800  Figure 48 Cross section x 1500 

 

8.4 Equipment Evaluation Conclusions 

Examination of the condition of the pilot plant at the conclusion of the 3 month trial revealed the plant to be in 
good condition.  Process control performed well throughout the trial and datalogging was reliable.  The 
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mechanical pumping equipment were appropriate for the water streams, but the brass flowmeters were 
found to be not fully suitable with some corrosion occurring. 
 
The membrane module was unaffected by the months of operation, but the membranes had gained a 
significant amount of foulant in the Feed cycle in the form of calcium scale.  Surprisingly, this scale 
contributed to only a moderate loss in productivity through a 17% decrease in permeate flux.  A possible 
explanation of the minimal flux loss could be the absence of foulant within the membrane pores, together 
with a general porous character of the foulant layer allowing reasonably good flow dynamics across the 
membrane.  The Permeate cycle was slightly fouled with a copper salt, that appeared to have resulted from 
one incident when saline river water corroded the copper brazing of a heat exchanger (see Section 8.3.2), 
but resulted in only minor fouling. 
 
The filtration equipment was found to be over-sized and the 25µm high capacity bag filter was unnecessary.  
However, the addition of a small capacity final filter immediately before the membrane module may have 
minimised or eliminated the observed membrane fouling.  Also, a small filter on the Permeate cycle may be 
prudent on future installations to protect against unexpected incidents such as the heat exchanger failure in 
this trial. 
 
The autopsy revealed that despite good performance observed during the trial and relatively minor loss in 
flux, a distinct fouling layer appeared on the feed and permeate sides.  The fouling layer may be cleaned off 
the membrane in-situ now that the nature of the foulant is known to be inorganic in nature.  A longer trial 
would, therefore, be needed to establish a cleaning schedule for the MD process, but would vary greatly 
depending on the water being processed.  In this instance, the formation of calcium scale could be combated 
with a citric acid clean-in-place routine that showed evidence of permeate flux improvement in laboratory 
tests of effluent from a different site (Section 4.3).   
 
 

9 Competing Technologies 

 

9.1.1 Determination of Competing Technologies for Comparison 

The choice of currently available commercial desalination technologies is generally accepted to be between 
reverse osmosis (RO) and the two common thermal processes; multi-stage flash (MSF) and multiple-effect 
distillation (MED).   
 
Reverse osmosis is a pressure driven membrane process that drives pure water through a polymeric 
membrane held in a pressure vessel, collecting the permeate stream from one side of the membrane and 
discharging brine concentrate from the other.  Water permeates through a membrane when pressure on the 
feed side exceeds the osmotic pressure of the solution on that side.  As osmotic pressure increases with salt 
concentration, increasingly higher pressures in the RO vessel are needed to generate fresh water.  The 
ultimate pressure needed, and therefore the cost of that production, depends directly on the final salt 
concentration, which is the reject concentration.  Brackish feedwater to an RO process operating at low 
% water recovery has a low concentration reject stream and therefore can use low pressures which leads to 
a low energy requirement (e.g., 1-3 kWhr/m

3
) (Mezher et al. 2011), whereas seawater desalination operating 

at 50% water recovery (the practical maximum) has to reach and exceed pressures of 70 bar, needing 3-8 
kWhr/m

3
 (Mezher et al. 2011).  Thus, energy requirements for RO are influenced by both the feed 

concentration and the % water recovery of the system.  This is an important consideration when comparing 
the efficiency and merit of MD against those of RO, as the energy requirement of MD does not change 
significantly with increasing % water recovery. 
 
The thermal processes, MSF and MED, employ variations on the method of heating and reduced pressure to 
distil pure water from a feed solution.  The benefits and costs of the two technologies vary with location, 
feedwater quality, and availability to competitively priced thermal energy.  Both thermal technologies typically 
operate at elevated temperatures requiring significant amounts of high quality heat.  Depending on the 
thermal method employed, MSF or MED, has a reported thermal energy requirement of 40-80 kWhr/m

3
.  In 

addition to the heat demands of these technologies, plant equipment needs to be constructed from high cost 
corrosion resistant materials (Mezher et al. 2011).  These aspects place the low temperature waste heat and 
low cost polymeric equipment features of MD at a different level to conventional thermal technologies.  
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Therefore RO appears to be a closer competitor to MD.  Further, RO itself is the most economical 
desalination technology available suggesting RO also serves conveniently as a „desalination benchmark‟.  
 

9.1.2 Alternate Technologies 

Other technologies that find commercial installation are vapour compression (VC) and electro-dialysis (ED), 
but these are generally smaller, niche operations.  VC is an electrically driven thermal process that has a 
smaller heat requirement than MSF or MED but the cost of water production tends to be higher than the 
main thermal processes as VC unit capacity is smaller.  Electro-dialysis is a process that uses electrical 
potential to drive ions through a membrane, depleting the saline water of salt during its passage.  ED is 
generally used in small applications and for low concentration brackish water or final polishing of 
demineralised water (Mezher et al. 2011). 
 

9.1.3 Emerging Technologies 

Membrane Distillation comes under the heading of an emerging technology, but additionally includes forward 
osmosis (FO), capacitance deionisation (CDI) and humidification dehumidification distillation (HDD) (Mezher 
et al. 2011).   
 

9.1.4 Energy Comparison 

Membrane Distillation consumes both heat and electricity. It is the electrical demand from the two cycle 
pumps that, although not the driving force for desalination, are nevertheless the primary electrical energy 
cost of the process in this instance.  Studies on MD focus on heat consumption of the MD process 
normalised to the water produced, and aim to improve this value by recovering heat lost through the 
membrane and returning that heat to the feed stream. However we avoided this type of design as it 
compromises flux performance, instead elected for a design that produces the most water for the smallest 
membrane area (i.e. highest permeate flux) leading to smaller membrane modules and thus cheaper plant 
capital cost.  This was practical in particular due to the very low grade heat source (30-40C) available at the 
test site, which is not easily recycled back to the feed stream.  We found this to be the optimal design 
principle in applications with abundant low grade waste heat.  The most important aspect in comparing 
technologies is therefore the electricity requirement. 
 

Items using electricity in the plant trial where: 

1. MD system circulation pumps (two of); 

2. Heat collection circuit pump; 

3. Cooling water pump; 

4. Effluent supply pump; 

5. Permeate product pump; 

6. Electronics and control. 

 
The pumps listed from 1 to 3 above were the largest consumers of electricity due to their large flow rates 
and/or operating heads.  The remaining pumps and equipment were insignificant by comparison, and 
because they would also be required in a competing RO system, were ruled them out of the comparison.  In 
a real system, pumps 2 and 3 in the list above would not exist as the heating and cooling exchangers would 
be integrated into a properly installed system and thus can be ignored for the comparison to RO.  Therefore 
the true comparison to RO lies in the analysis of item 1, the MD system's circulation pumps. These pumps 
worked to distribute both feed and permeate cycles through the pretreatment filters, MD module flow 
distributor, and our current design MD module. 
 
Taken directly from the pump ratings, the system consumed relatively high amounts of electricity because of 
the decision to use low cost centrifugal pumps that were over-sized, ensuring the trial was not threatened by 
under-performing pumps.  To demonstrate the real electrical requirement, pumps with variable frequency 
drives should be employed that deliver the required flow rate at the required pressure.  Therefore the „true‟ 
electricity consumption of our system is determined by examining the friction loss (pressure drop) in each 
operation in the cycle with a flow restriction.  We have ignored friction losses of the pretreatment section in 
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our analysis as these would also be incurred for RO.  This leaves the pressure drops (and therefore the 
equivalent electrical requirement) of the MD-unique features being the flow distributor entering the 
membrane module and module itself.  
 
Table 5 summarises the electricity required based on the plant performance during the trial. Our simple flow 
distributor to the MD module is clearly a major energy loss, compared to the pressure drop across the 
module itself, which was largely due to the design imperative of equal flow distribution in as compact a 
module as possible.  This has demonstrated that to make MD electrically beneficial over RO, flow distribution 
must be improved.  This is indeed achievable since the measured pressure drop across the module of 1.0 
kPa, corresponds to 0.38 kWh/m

3
 which is approximately 10% of RO operating to the same final salinity (i.e. 

4.0 kWhr/m
3
 for seawater RO discharging 70,000 mg/L brine) (Mezher et al. 2011). 

 

Table 5. Cycle flows=18 L/min, Hot inlet temp. = 33°C, Cold inlet temp. = 20°C,  

Pump efficiency () = 0.7 

Parameter 
Module inlet pressure 

(actual) 

Module inlet pressure 
when optimised 
(assume 5 kPa) 

Pressure drop across 
module (measured by 

manometer) 

Hot cycle pressure (kPa) 50 5.0 1.0 

Hot cycle power demand (W) 24 2.3 0.47 

Cold cycle pressure (kPa) 37 5.0 1.0 

Cold cycle power demand (W) 16 2.2 0.44 

Production rate( L/hr) 2.4 2.4 2.4 

Energy requirement (kWhr/m
3
) 17 1.9 0.38 

 
The results in Table 5 shows the system's energy requirement is directly proportional to the highest pressure 
drop in the MD flow cycle.  Therefore, to realise the lowest possible energy requirement of the MD process, 
construction of a membrane module inlet with the lowest achievable pressure drop is critical.  These results 
and experience in the field of module design indicate a pressure drop of 5 kPa is desirable.  This is indeed 
achievable in properly designed flow distributors.  For example the plate heat exchangers used in this trial on 
the same cycle consisted of 0.7m

2
 of heat transfer area while exhibiting a pressure drop of 1.4 kPa. 

 
We therefore demonstrated that the current MD module design required a theoretical minimum of 10% of the 
electricity of RO, and with realistic flow distribution would be around half that of RO in total.  
 

9.1.5 Cost Comparison 

Cost estimates of MD systems in comparison to the major desalination technologies (RO and thermal) has 
been reported in the scientific literature and generally found economically favourable to RO in waste heat 
cases (Meindersma et al. 2006; Al-Obaidani et al. 2008)  The research group at Victoria University have also 
performed MD costing based on these procedures, but with updated heat and electricity values designed 
towards the optimisation of permeate flux rate with no heat recovery (Kesieme et al. 2011) (Kesieme et al).  
Applying this model to a real-world, albeit relatively small example of a 24 m

3
/day MD plant desalinating 

effluent using waste heat, reveals the following costing.  An MD plant with an operational life of 30 years and 
using 2 kWh/m

3
 of electrical power (including pretreatment) has a cost of water at $1.14 per m

3
.  This model 

makes the assumption that although waste heat is essentially a free resource, costs associated with its 
collection and transfer impose a cost at 10% that of the value of natural gas. 
 
A similarly sized RO plant operating at the same discharge brine concentration over the same duration has a 
cost of water at $1.37 per m

3
.  Therefore, MD capital and operating costs are cheaper than RO by about 

17% over the life of the plant.  This is based on savings associated with both the total capital (cheaper plant 
materials) and operating costs (waste heat resource). 
 

10 Benefit of MD to Water Industries 

Broadly, MD can be considered as a low energy, high water recovery technology that could find application 
in many industries where saline effluent is an existing or emerging problem.  The very small survey of 
businesses in Melbourne's West carried out for this project (Section 4) found a number of sites with the 
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combination of a trade waste liability and ample low quality waste heat.  Examples of the potential uses of 
MD treatment identified were: 1) boiler or cooling tower blowdown treatment for direct return to the plant; 2) 
demineralisation plant effluent treatment, reducing the volume directed to sewer or potentially concentrating 
the brine to a state that could be disposed off-site; 3) neutralised caustic wash water, concentrated to 
recover useful water.  Indeed, virtually any organisation that uses process heating also requires cooling, 
which by definition means heat must be rejected.  Further, this project has demonstrated that very low grade 
heat is sufficient to drive the MD process, and with temperatures as low as 30° proving effective, the span of 
potential application appears very wide. 
 
Complimentary to MD's low energy demand is the processes ability to operate at very high saline 
concentration.  Previous experience with MD, along with this work has shown that there is some productivity 
rate loss at high concentrations, but unlike RO's 70,000 mg/L limitation that cannot be exceeded, there is no 
known concentration ceiling for MD.  Whereas the practical concentration limit for MD is likely to be set by 
membrane fouling and salt precipitation.  The later stages of this trial saw permeate flux decrease from 10.8 
to 7.1 L/hr/m

2
 as the concentration was in the vicinity of 71,000 mg/L, but this may not be attributed to a 

concentration effect alone.  Regrettably the trial was forced to terminate before concentrations higher than 
this were reached.  Nevertheless, in any new installation, reduced permeate flux is relatively easily 
accounted for by increasing membrane area. 
 
Furthermore, the ability to treat high concentration saline feedwaters, or operate at very high water 
recoveries renders the MD process a good fit with zero liquid discharge principles.  Conceptually, a single 
MD treatment option or in a hybrid system of RO pre-concentration followed by MD then a final evaporative 
step, zero liquid discharge does not have to be an energy intensive solution. 
 
 

11 Communication Activities 

As outline in the Communication Plan for milestone 5, all planned actions were executed.  Details of those 

and additional actions are listed in Table 6. 

 

Table 6. Communication Plan actions 

Planned Action Execution  

Invite water authorities and other interested 
groups to site demonstration. 

 

A half-day Membrane Distillation Workshop for 
research and industry groups was held at Ecogen 
Energy‟s Newport Power Station Stite on 6

th
 

December, jointly organised by SWF, VU and 
CWW.  Incorporated into the program was a tour of 
the demonstration MD plant. 
The number of participants registered for the event 
exceeded the capacity of the venue.  Restrictions 
were then placed on the number of allowable 
registrants from any one organisation to allow more 
organisations to be represented. 
 

Submit papers in the AWA Water Journal and 
at a water industry conference (e.g. Ozwater 
2011, Enviro) 

 

A paper was presented at Ozwater'11 (Dow et al. 
2011) reporting the project's interim findings, which 
was subsequently published in AWA's Water 
Journal (Dow and Duke 2011). 
 

An abstract outlining the project's results was 
submitted to Ozwater'12 and accepted for platform 
presentation. 
 

Additional communication activities An article on the project was published in City West 
Water‟s Liquid Assets business publication.  
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12 Conclusions 

This project sought to demonstrate the viability of the MD process by treating industrial effluent using heat 
obtained from a waste source as the only driving force for treatment.  The 3 month trial at the Newport Power 
Station was a practical pilot trial treating a trade waste stream, largely unattended on a continuous basis.   
 
The trial successfully showed that the plant's production rate was relatively consistent up to reject 
concentrations of 62,300 mg/L, after which flux decline was observed.  Treated water quality was found to be 
affected by volatile components in the feed water, yet salt rejection was 99.97%.  Energy efficiency of the 
MD process was an important consideration of the project, which found electrical consumption could be 
approximately half that of RO on a kWhr/m

3
 basis when waste heat is employed.  This lead to an economic 

assessment that shows the cost of MD could be 17% lower than a comparably sized RO plant, and MD 
receives the greenhouse gas advantage. 
 
One of the key aspect of a 3 month trial was to demonstrate stable permeate flux at relatively high % water 
recovery over the longer term.  The period between 21

st
 November and 6

th
 December 2011 saw recovery 

control set at 50,000 mg/L reject concentration, representing 90-91% recovery.  This period experienced 
stable specific flux of 0.15 ± 0.02 L/hr/m

2
/Pa.  However, plant conditions were altered subsequent to this 

period but this plateau helps to support the notion that MD is applicable for high recovery situations.  It is the 
ability to treat high concentration saline feedwaters, or operate at very high water recoveries that expends 
MD usefulness, and potentially lends it to incorporation into a zero liquid discharge option. 
 
Despite the waste heat availability being somewhat lower than originally anticipated, the experiment 
nonetheless effectively tested the MD process' longevity and robustness.  Capacity of the pilot plant was 
below the project's stated target, but treated water production rate is largely a function of membrane area 
which is scalable.  Correct sizing of treatment equipment requires a good understanding of the limitations 
and capabilities of the process, and outcomes of this trial illuminate many of the capabilities of the MD 
process.  It was concluded therefore, that there was practical merit in utilising this system on waste heat at 
temperatures as low as 30°C, which achieved permeate flux of 3-4 L/hr/m

2
, of highly desalinated water.  This 

supports the assertion of MD being a viable treatment technology for industrial effluent to recover potable 
water without incurring an increase in greenhouse gas emissions. 
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Appendix A 

Hot Reservoir 

Capacity: 100 L

Temp: 40-60°
Cold Reservoir

Capacity: 100 L

Temp: 30 – 50°

Process Flow Diagram

Noel Dow

Date: 10/08/2011

Industrial Reuse Membrane Distillation Project
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Appendix B 
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Temperature trend of entire trial period (measured at membrane module inlet). 

 
 


