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Disclaimer 
While the National Centre for Engineering in Agriculture and the authors have prepared this document in good faith, 
consulting widely, exercising all due care and attention, no representation or warranty, express or implied, is made as to the 
accuracy, completeness or fitness of the document in respect of any user's circumstances. Users of the report should 
undertake their own quality controls, standards, safety procedures and seek appropriate expert advice where necessary in 
relation to their particular situation or equipment. Any representation, statement, opinion or advice, expressed or implied in 
this publication is made in good faith and on the basis that the National Centre for Engineering in Agriculture, its agents and 
employees, and the commissioning Agency are not liable (whether by reason of negligence, lack of care or otherwise) to any 
person for any damage or loss whatsoever which has occurred or may occur in relation to that person taking or not taking (as 
the case may be) action in respect of any representation, statement or advice referred to above. 
 
 
 
 
 
 
 
Published in October 2007 by the National Centre for Engineering in Agriculture, Toowoomba based on information 
for the Netpro shadecloth EMT as published in the following report: 
 
Craig I, Green A, Scobie M and Schmidt E (2005) Controlling Evaporation Loss from Water Storages. National 
Centre for Engineering in Agriculture Publication 1000580/1, USQ, Toowoomba.  
 
 
Project results are based on independent trials conducted in 2003-2005 by the NCEA through a project funded by the 
Queensland Department of Natural Resources and Water through the Rural Water Use Efficiency Initiative.  
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EXECUTIVE SUMMARY 
 
 
 
Evaporation losses from on-farm storage can potentially be large, particularly in irrigation 
areas in northern New South Wales and Queensland where up to 40% of storage volume can 
be lost each year to evaporation. Reducing evaporation from a water storage would allow 
additional crop production, water trading or water for the environment.  
 
A project was initiated during 2003-2005 by the Queensland Government Department of 
Natural Resources and Water (NRW) with the express aim of addressing this gap in our 
knowledge. Its focus was on; 
 

·  Assessment of the effectiveness of different Evaporation Mitigation Technologies 
(EMT’s) in reducing evaporation from commercial storages across a range of climate 
regions. 

·  Assessment of the practical and technical limitations of different evaporation control 
products. 

·  Comparison of the economics of different EMT’s on water storages used for 
irrigation. 

 
This report provides results for the NetPro Shade Cloth EMT.  
 
Table 1 indicates the range in measured evaporation reduction at the USQ research tanks for 
the NetPro shade cloth product. While efficiency in reducing evaporation was less favourable 
at commercial test sites, potential savings on commercial storages have also been given, based 
on the results and experiences of this study. A range of expected installation and 
operating/maintenance costs are also given and this has been translated into an estimated 
breakeven cost ($/ML water saved). It is anticipated that the low cost operating and 
maintenance scenario is most representative given good product installation. Breakeven cost 
is shown to vary from $296 - $395 for the NetPro shade cloth solution. 
 
 

Table 1 Summary table on product performance. 

 
Note: Estimated breakeven cost is based on 2200mm potential evaporation, all year water storage, low cost 
scenario and range in evaporation reduction performance. 
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1 INTRODUCTION 

Evaporation losses from on-farm storages can potentially be large, particularly in irrigation 
areas in northern NSW and Queensland where evaporation rates are higher than in southern 
states. While accurate estimates of on-farm storage volumes are not available, it is estimated 
that farm water storages in Queensland alone equate to a total capacity of 2,500,000ML and 
that across Australia the figure is around 8,000,000ML. Most of these storages are shallow 
(water depth 4 to 5 metres) and the annual evaporation loss could be as high as 40%. Saving 
just 1,000,000ML would be sufficient to irrigate about 125,000 hectares and generate an 
annual gross value of approximately $375million. While the above assumptions are broad 
they indicate the potential savings that can be made through evaporation reduction. These 
savings are available for additional crop production or water transfer to other user groups such 
as to meet environmental targets. While the focus of this project was on on-farm storages the 
potential to achieve savings on large storages operated by water supply authorities is equally 
compelling. 
 
A project funded by Queensland Natural Resources and Water through the Rural Water Use 
Efficiency Initiative (RWUEI) has assessed the viability of utilizing evaporation mitigation 
techniques on a commercial scale as a sustainable mechanism for reducing evaporation. This 
report assesses the effectiveness of the NetPro shade cloth evaporation mitigation 
technologies (EMTs) to reduce evaporation on commercial sized storages, the practical and 
technical limitations of the product, variability in performance across climate regions and the 
economics of its use.  
 

2 METHODOLOGY 

2.1 NetPro Product and Evaluation Site  
 

NetPro is a shade cloth (Figure 1) made using a high tension cable, incorporating long life 
300g/m2 90% plus black monofilament shade cloth. The cable design in essence acts as a 
giant spider web, with all cables spliced at crossover points to disperse the load evenly and 
also to eliminate product creep due to wind.  
 

 
Figure 1: NetPro shade structure uses 90% UV shade cloth and high tension cables to suppor t the cover  
above the water  sur face. 
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Evaluations were undertaken at the Ag plot trial site at the University of Southern Queensland 
which has three 10m diameter tanks that are approximately 0.7m deep (Figure 2). These three 
tanks allowed for a control tank and two EMTs to be intensively assessed at the same time. 
The tanks were cleaned and flushed between each trial to ensure tests were undertaken on 
clean water. Since the tanks were lined no seepage occurred from these tanks. 
 
 
 

 
Figure 2a: Three 10m diameter tanks used to test evaporation mitigation technologies. A maximum of two 
products can be tested at the same time to allow for  a control tank to calculate the evaporation saved by 
the var ious products. 

 
 
 
A NetPro shade cloth cover was also tested on a 3.8 ha storage at Stanthorpe which had two 
control storages beside it (Figure 2). A hydrographic survey of the storage profile was done to 
be able to determine the relationship between water volume and change in depth at a known 
water level. Details of the Stanthorpe and USQ trial site (Toowoomba) are given in Table 2. 
Both a control and treatment storage was used at each site. 
 
 
 

 
Figure 2b: NetPro shade cloth structure over  a 3.8 ha storage at Stanthorpe showing orchard with hail 
protection on two sides of the storage. 
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Table 2a: Details of the EMT Treatment storage (Stanthorpe) and USQ (Toowoomba) research sites. 

Details Stanthorpe Toowoomba 
Owner Andreatta USQ 
Storage – surface area 3.8ha 2 x 78m2 
Storage – capacity 132ML 0.055ML 
Storage – wall height 3.0m 1.0m 
Shape ‘L’  Circle 
EMT product NetPro shade All 
How is it filled Pump Tap 
Equipment 
 PST 
 AWS 
 RL 
 Other 

 
3 
2 
1 

 
5 
1 
3 

* PST – pressure sensitive transducer; AWS – automatic weather station; RL – relative level 
 

Table 2b:  Details of the open/control storages at Stanthorpe and USQ. 

Details Stanthorpe Toowoomba 
Owner Andreatta USQ 
Storage – surface area 0.8ha 78m2 
Storage – capacity  0.055ML 
Storage – wall height 3.0m 1.0m 
Shape Triangle Circle 
How is it filled Natural Tap 
Equipment 
 PST 
 AWS 
 RL 
 Other 

 
2 
1 
1 

 
2 
 
1 

Class A pan 
 

2.2 Evaporation mitigation assessment 
This project investigated the performance of the NetPro product including the efficiency in 
reducing evaporation, operational requirements and mechanical durability. From this data, an 
economic assessment was conducted to calculate the cost per megalitre of water saved. The 
methodology to determine the EMT efficiency in reducing evaporation is discussed below.  
 
NetPro shade cloth evaporation reduction efficiency was determined by comparing 
evaporation loss from a storage with the shade cloth cover with evaporation that would have 
occurred had no cover been present. Evaporation with no cover was derived where possible 
from an adjacent control storage equipped with a depth logger. Where no data was available 
from the control storage, an estimate of open water evaporation was derived from a climate 
based evaporation equation (Penman-Monteith FAO56). 

2.3 Mechanical durability assessment 
An assessment of the mechanical durability of the NetPro cover was undertaken. Written 
notes, photos and records of the mechanical performance of the product and repair and 
maintenance requirements were kept during the project. Data was also collected from the 
product supplier and landowner of the trial site. In addition contact was made with other users 
of the product to get comment on relevant mechanical durability issues. NetPro also provided 
where appropriate technical specifications for the product. 
 
The product was assessed for its practicality and impact on normal operational use of the 
water storage. Consideration was given to the degree of supervision, cleaning, repairs and 
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maintenance required for each EMT. Impacts from external factors such as wind and hail 
were closely monitored throughout the project. 
 
Costs for the NetPro shade cloth in terms of monitoring, maintenance and operating were 
noted for use in the economic assessment.  
 

2.4 Economic assessment 

2.4.1 Economic framework 
Table 3 provides the framework used to assess the economics of investing in evaporation 
control products. Evaporation water saved represents the depth of water that can be saved 
annually by a product. This will be based on the location (potential evaporation from an open 
storage) as well as the effectiveness of the product in reducing evaporation (eg 80%). Thus a 
product able to provide an 80% saving in evaporation loss at a location with a climate 
potential annual evaporation loss of 2500mm, will provide 2000mm annual water savings. 
This is illustrated in Table 4 for a range of scenarios.  
 
The annual evaporation saving and cost (value) of water ($/ML) will determine the breakeven 
investment in an EMT. Thus if water is worth $300/ML and a water saving of 2000mm per 
year is achievable then there is a breakeven investment of $6000 per year per hectare for the 
EMT (Table 3). 
 
This also implies that an investment in the EMT of $6000 per year per hectare would cost 
$300/ML water saved. This value also represents the opportunity cost of water saved. It 
would be viable to invest in the evaporation control product if; 

·  The gross margin on the crop irrigated per ML water is greater than $300/ML, 
·  The value of a temporary water sale is greater than $300/ML, 
·  The cost of water for irrigation is greater than $300/ML. 

 

Table 3:  Framework for  assessing the economics of investing in evaporation control products. 

COST OF WATER EVAPORATION SAVING
AUD$ PER ML mm PER YEAR

 1000 1250 1500 1750 2000
Breakeven Investment - AUD$/ha/yr

$100 $1,000 $1,250 $1,500 $1,750 $2,000
$200 $2,000 $2,500 $3,000 $3,500 $4,000
$300 $3,000 $3,750 $4,500 $5,250 $6,000
$400 $4,000 $5,000 $6,000 $7,000 $8,000
$500 $5,000 $6,250 $7,500 $8,750 $10,000
$600 $6,000 $7,500 $9,000 $10,500 $12,000
$700 $7,000 $8,750 $10,500 $12,250 $14,000
$800 $8,000 $10,000 $12,000 $14,000 $16,000
$900 $9,000 $11,250 $13,500 $15,750 $18,000

$1,000 $10,000 $12,500 $15,000 $17,500 $20,000  
 

Table 4:  Evaporation savings as a function of potential evaporation loss and product 
performance. 
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PRODUCT PERFORMANCE POTENTIAL EVAPORATION LOSS  
% Reduction in Evaporation mm/yr

 1500 1750 2000 2250 2500
EVAPORATION SAVING (mm/yr )

20% 300 350 400 450 500
25% 375 438 500 563 625
30% 450 525 600 675 750
35% 525 613 700 788 875
40% 600 700 800 900 1000
45% 675 788 900 1013 1125
50% 750 875 1000 1125 1250
55% 825 963 1100 1238 1375
60% 900 1050 1200 1350 1500
65% 975 1138 1300 1463 1625
75% 1125 1313 1500 1688 1875
80% 1200 1400 1600 1800 2000
85% 1275 1488 1700 1913 2125
90% 1350 1575 1800 2025 2250
95% 1425 1663 1900 2138 2375  

 

2.4.2 Factors impacting evaporation savings 
A number of factors will affect the amount of evaporation water that can be saved using an 
EMT. The three main factors that will affect evaporation reduction are the evaporation 
potential, storage characteristics and EMT effectiveness. 
 
Evaporation potential 
The potential evaporation loss from small water bodies will vary with location based on 
temperature, humidity, wind, radiation and other factors. Currently the recommended method 
to obtain regional data on long term average evaporation from small storages is based on 
point potential evapotranspiration (ET) figures provided by the Australian Bureau for 
Meteorology (http://www.bom.gov.au). Figure 4 illustrates the average annual potential ET 
distribution for Australia. Point potential ET varies from approximately 3200 mm/yr in 
Northern Territory to 1400mm/yr in Victoria. Most major agricultural areas have values 
ranging between 1800mm/yr to 2400mm/yr. Alternatively class A pan evaporation figures can 
be used and multiplied by a pan factor (typically varying from 1.0 in summer to 0.4 in winter) 
to convert to free water evaporation. 
 
The economic assessment undertaken in this project used a range of locations representative 
of the spread of potential evaporation losses from storage across the country. 
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Figure 4:  Annual average point potential evapotranspiration. 

 
Storage character istics 
A number physical factors relating to the storage will affect evaporation losses. These include 
surface area/volume relationship. A deep storage with small surface area is more efficient in 
minimizing evaporation losses. Wind breaks and local topography will also impact 
evaporation losses. Storages can also be managed to limit evaporation, for example by 
maintaining reserve water in storages with low evaporation or pooling together. 
 
Another important consideration is the amount of time the storage holds water. This is 
illustrated in Table 5 below for a site with evaporation from storage of 2600 mm/yr. If the 
storage only holds water between October and March (50% of year) the amount of 
evaporation loss will be 1795 mm (69% of annual total).  
 

Table 5:  I llustration of evaporation loss dur ing per iods of storage 

12 8 6 4
Jan-Dec Sep-Apr Oct-Mar Nov-Feb

2600 2177 1795 1259

Months of Storage
Period of Storage
Evaporation over Storage Period (mm)  
 
Periods when a storage has water will vary between years depending on; 

·  Weather patterns, 
·  Catchment runoff and water supply, and 
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·  Irrigation abstractions. 
 
Per formance of EMT 
The performance of various EMT’s is important in determining economic viability. Product 
performance will vary based on a wide range of factors, including; 

·  Product design, 
·  Installation issues (including size of storage), 
·  Seasonal variations, and 
·  Repair and maintenance issues. 

 
Based on the assessed performance of the NetPro product under ideal conditions at the USQ 
Ag plots and the commercial performance at Stanthorpe performance figures have been 
assessed in this project. 
 

2.4.3 Economic assessment 
A discounted cash flow analysis was undertaken for the NetPro product. The net present value 
(NPV) of the investment and annuity to finance this investment was determined. The dollar 
value of the annuity per megalitre (ML) water saved was also determined to allow comparison 
between regions and cost scenarios. 
 
A detailed assessment of the capital, operating, maintenance and repair costs of the NetPro 
structure was undertaken based on discussions with the supplier and storage landowners. 
Capital and variable costs will vary significantly depending on local situation and a range in 
expected cost structures was assumed. 
 
The cost per ML saved can be compared against the value of water determined either as the 
opportunity cost of water lost (in terms of production and profit forgone), the revenue earned 
from a water sale or the cost of a water purchase. 
 

2.5 Water  quality assessment 
Physical and chemical covers have the potential to alter the quality of the water contained 
within a storage by interfering with various natural chemical and biological processes. Certain 
biological and chemical parameters can be used as indicators to detect any significant changes 
in water quality. However, in a natural system there are many factors that will influence the 
level or rate of any given parameter chosen to monitor water quality. 
 
This project did not include a comprehensive analysis of water quality impacts associated 
with the NetPro product. However a first assessment of potential changes in water quality 
attributable to the NetPro product was undertaken. 
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3 EQUIPMENT  

3.1 Water  balance equipment 
 
The water balance method was selected as the most appropriate way of determining 
evaporation for this project. The water balance is essentially a mass flow analysis: 
 

Change in volume = Inflow + Rain – Outflow – Seepage – Evaporation 
 
For periods when there is no inflow, outflow or rainfall and for small incremental time steps 
when surface area is constant, the equation simplifies to: 
 

Change in depth = Evaporation + Seepage 
 
Thus, by measuring changes in water depth the net change in evaporation and seepage can be 
determined. The accuracy of this method depends greatly on the accuracy of the pressure 
transducer sensors and associated equipment developed for this purpose. 
 

3.1.1 Pressure sensitive transducer  
Pressure sensitive transducers (PSTs) were used to accurately measure water depth and 
therefore determine seepage and evaporation loss. The transducer selected was a Druck, type 
PDCR 4000 Series (350mBar sensor), with an improved accuracy of � 0.04% of the range, 
equivalent to � 1.4mm over 3.56m.  
 
A data logger system was required to accurately measure and log the change in depth over a 
24h period. The system comprised a PST (Figure 5), 12 bit data logger, 12V battery, solar 
panel, regulator and a water resistant enclosure (Figure 6). The PST was suspended above the 
storage floor out of the silt on a float with a rope and sinker (Figure 7:). The placement of the 
PST in the storage can help remove some of the cable noise evident in some of the data 
collected. The data logger used was an Intech Nomad GP-HR general data logger (Figure 8:)  
 
Parameters measured every one second, time averaged and recorded every 15 min included; 

·  time and date, 
·  point water depth (mm), 
·  average water depth (mm), 
·  minimum water depth (mm), and 
·  maximum water depth (mm). 

 

 
Figure 5:  Druck PM P 4030 pressure sensitive transducer  improved accuracy was used to 
accurately measure the change in water  depth. 
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Figure 6:  Depth logger  compr ising a pressure sensitive transducer , 12 bit data logger, 12V battery, 
solar  panel, regulator  and a water  resistant enclosure. 

 

 
Figure 7: Float, rope and sinker  used to locate the pressure sensitive transducer  out of the silt but 
in a constant spot. 

 

 
Figure 8:  Nomad GP-HR general purpose data logger  from Intech used to log the depth from the 
pressure sensitive transducer . The 12 bit logger  has three analogue inputs (individually configurable) and 
one digital pulse input channel. 

 

3.1.2 Automatic weather station 
A theoretical value of evaporation was calculated using AWS data (Penman-Monteith FAO 
56) as a backup for actual evaporation measured from a control storage. The instrumentation 
required to do this was a commercially available Environdata – WeatherMaster 2000 (Figure 
9). 
 
Parameters measured every 1 sec and recorded every 15 min included; 

·  time and date, 
·  air temperature (ºC), 
·  wind speed (kph), 
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·  wind direction (º), 
·  solar radiation (W/m2), 
·  relative humidity (%), 
·  rainfall  (mm), 
·  wind run (km), and 
·  peak wind gust over 3sec (kph). 

 

 

Figure 9:  WeatherMaster  2000 weather  station used to measure the parameters required to run 
Penman-Monteith. 

 

4 RESULTS 

4.1 Evaporation mitigation assessment 
 
The period of analysis at the Stanthorpe and USQ AgPlot sites for the control and EMT 
(covered) condition are summarised below (Table 4). At Stanthorpe data was limited by; 

1) periods of pumping in and out of the storage, 
2) no water in the storage, and 
3) instrumentation problems. 

 
Storages on collaborator properties were run as commercial storages and experimental or trial 
requirements were second to operational requirements.  

Table 4:  Table of data sets collected from the Stanthorpe and USQ tr ial sites. 

  2003 2004 2005 
  D J F M A M J J A S O N D J F M 

EMT     �  �  �  �  �  �  �  �  �  �  �  �  

Open     �  �  �  �  �  �  �  �  �  �  �  �  USQ 

Open �  �  �  �  �  �  �  �  �  �  �  �  �  �  �   

EMT    �  �  �  �  �  �  �  �  �  �  �    
Stanthorpe 

Open     �  �  �  �  �    �  �  �    
 
Notes 
USQ 
PST units were installed in the USQ Ag plot tanks on the 15 April 2004 and logged continuously until March 
2005. 
 
Stanthorpe 

PSTs were installed in the EMT storage on the 2 March 2004 and in the open storage on the 31 March 2004. The 

open storage was essentially dry from the 2 September to the 18 October 2004.  
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Results from the experimental USQ research tanks provided ‘best’  or potential performance 
figures for each product given the controlled environment with intensive instrumentation and 
no seepage. Results from the Stanthorpe site provides an indication of likely performance at a 
commercial scale, but are overall less accurate than the USQ trials. Lower accuracy at 
commercial sites related mainly to seepage rate determination which, in the water balance 
approach used, affects measured evaporation. Measured evaporation savings at the Stanthorpe 
and USQ sites are given below.  
 

Table 6 :  Measured evaporation savings at Stanthorpe and USQ research sites. 

PRODUCT Average 
 (%) 

Range 
(%) 

NetPro shade cloth (USQ tanks) 70 69 – 71 
NetPro shade cloth (Stanthorpe) 68 50 - 87 
   

 
The sections below provide selected example datasets for the NetPro shade cloth trials. 
 
The figures below take the form of a graph of water depth with time as recorded by the PST. 
The ‘y axis’  is normalised water depth recorded in millimetres, whether it be measured with a 
PST or calculated with weather data using the Penman-Monteith equation. The ‘x axis’  is the 
date, with the position of the date label indicating 00:00hrs (midnight) on the start of that day. 
Each day has been split into four equal periods of six hours (which may be referred to as six 
hour boxes). A night-time period is therefore identified as the two boxes either side of a 
midnight line, and the corresponding day period, the other two boxes. 
 
Potential performance – Toowoomba 
NetPro shade cloth was tested at the USQ tanks during three test phases, each three weeks in 
duration. A disc and wire structure held the tensioned shade cloth fabric 0.5m above the 
surface of the water. 
 
The average amount of evaporation saved through the shade cloth at the USQ Ag plot was 
70% (range 69%-71%). 
 
Figure  10 illustrates results for the period 26 to 30 November 2004. The lighter line 
represents the PST recorded water depth of the covered tank which illustrates a significantly 
lower average daily rate of water loss (less than 2 mm/day) compared to the than the control 
tank (greater than 6 mm/day). The percentage of evaporation saved by the shade cloth in this 
case was 70%. 
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Figure  10:  Water  depth in open tank and NetPro shade cloth covered tank dur ing November 2004. 

 
The shade cloth product performed very consistently during the trials conducted at the USQ 
evaporation research tanks. Due to the timing in which the sample of the product reached 
USQ, only summer tests were conducted. The in-field trials conducted at Stanthorpe have a 
wider range of results collected over all seasons and as such show a wider variation in the 
products performance. 
 
Commercial assessment –Stanthorpe 
Using the PST/AWS method described previously, the effectiveness of the shade-cloth cover 
has been successfully assessed in the Stanthorpe field site and accurate figures have been 
derived for the percent savings in evaporation. This was attributable to large amounts of good 
quality pump free data obtained at this site. 
 
The average evaporeation savings throughout the year was 68% (50-87%). The NetPro shade 
cloth at Stanthorpe demonstrated a 80-87% reduction in evaporation during the summer 
months and a 50-56% saving during the winter months. 
 
The lower performance figures during the winter are thought to be due to cold/freezing water 
and the thermal insulation effect of the shade cloth during the winter. As both total 
evaporation rates and evaporation reduction performance are low during the winter 
evaporation savings will be small. 
 
Figure 11 illustrates the performance of the shade cloth covered storage versus the open 
storage at Stanthorpe during mid November 2004. Seepage rates determined from running 
averages taken from preceding months were 0.5 mm/day for both storages. The diagram 
clearly shows that the shade-cloth covered storage evaporated at a rate of less than 1 mm/day, 
comparing to almost 5 mm/day for the open control storage. The latter curve was in excellent 
agreement with the Penman-Monteith based estimate. The evaporation saving produced by 
the shade cloth was in this instance 87%. 
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Figure 11:    Graph showing PST recorded depth of EMT and control storages from the 14 to 20 
November 2004 at the Stanthorpe. 

 

4.2 Mechanical durability assessment 
An evaporation mitigation technology (EMT) that reduces evaporation and has low set up 
costs is not necessarily a great product. A product that has a short life span or high repair or 
operating costs may have limited use or suitability. A mechanical durability assessment was 
therefore an important part of this project. This section of the report identifies issues, 
problems and solutions associated with the NetPro shade cloth system. 
 
Mechanical durability was assessed by recording problems and issues at each site. Comments 
were then received from the landholders of the trial sites as well as other users of the product. 
Manufacturers and suppliers also provided information on product mechanical durability. 
Ultimately this information was translated into repair, maintenance and operating costs used 
in the economic assessment. 
 
The NetPro cabled shade cover is a physical cover suspended above the water and made from 
high tension cable and black monofilament shade cloth. The cable framework looks like a 
giant spider web with the cables being spliced at the crossover points (Figure 12). The cables 
are anchored into the storage wall and the EMT covers 100% of the water surface. The 
structure itself has a design life of 30 years with the shade cloth expected to require 
replacement after 15 years. This type of EMT is best suited to storages with permanent water. 
Changes in the water level do not affect the cover as it is free standing and not in contact with 
the water. 
 
Potential failures are a result of physical breakdown or damage of the shade cloth and the 
framework or structure. Good installation is crucial to ensure the structure reduces 
evaporation and the operating and repairs & maintenance are minimised. 
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Figure 12: Installation of the high tension cables which are anchored into the wall of the storage. 

 
 
The shape and size of the storage will determine the structure or framework required to 
support the shade cloth. Being a physical structure the biggest concern is wind getting under 
the cover causing tunnelling and ballooning. Installation is best done with the storage empty 
as access is required to insert the poles and to fix the shade cloth to the wire cable. The 
limiting factor for the size of storage covered is the ability for the shade cloth to span from 
one bank to the other. 
 
Anything that leads to breakdown or damage of the cover will not only reduce its 
performance but also decrease its life span. Ultraviolet light will breakdown the shade cloth 
over time and exposure. It is also advisable to repair any tears, holes and split joints as soon as 
they are noticed. Tears can be caused by animals or wind lifting the shade cloth and can 
potentially be serious as they allow more wind to get under the cover. Any major tears will 
need to be repaired by an expert with specialised equipment or alternatively sections of shade 
cloth may need to be replaced. 
 
Clips that join the shade cloth together can break or rip out of the shade cloth itself (Figure 
13). This can be a result of an excessive load being placed on the shade cloth by wind or 
material sitting on the shade cloth. During a hail storm the hail needs to be carried by the 
structure until it melts and drains through the shade cloth. 
 

 
Figure 13: The seams in the shade cloth are j oined by wires and clips. Any damage to the seams 
should be repaired as soon as possible to avoid even fur ther  damage. 
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The evaporation mitigation performance will be reduced if the water level in the storage is 
above the cover. The shade structure will also sag when wet. Silt and debris can be deposited 
onto the cover around the water perimeter by the wind and needs to be removed as soon as 
possible. A curtain is used to stop silt build up and wind tunnelling under the cover (Figure 
14). As the cover is not in contact with the water weeds are not likely to grow on the shade 
cloth. 
 

 
Figure 14 Around the per imeter  of the main shade cloth structure is a cur tain that hangs over  the 
edge of the to reduce the amount of wind getting under the cover  but still allow any silt that is eroded off 
the storage bank not to sit on top of the cover. 

 
Access to the storage floor to service gate valves, foot valves and suction lines will be limited 
by the size of the opening in the shade cloth (Figure 15). Any repairs to the storage walls will 
all have to be done from the outside. Removal and disposal of the shade cloth at the end of its 
life needs to be considered. 
 

 
Figure 15 A gateway entrance was retrofitted to the cover to allow access under  the cover . 

 
NetPro is a proven structure and has been widely used with hail protection nets over orchards. 
The shade cloth can be purchased in a range of UV ratings to suit the need of the landholder. 
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4.3 Economic assessment 
 
The performance of NetPro shade cloth, in terms of reduced evaporation loss has been 
assessed and operational costs have been evaluated. This section provides a regional 
economic assessment of the potential for evaporation reduction across Australia using NetPro 
shadecloth.  
 

4.3.1 Factors impacting evaporation savings 
A number of factors (evaporation potential, storage characteristics, product evaporation 
reduction performance) will affect the amount of evaporation water that can be saved using an 
evaporation control product. 
 
Evaporation potential 
For the purposes of this regional economic assessment, five broad categories of potential 
evaporation from storage were selected (Table 7). The spatial variation in potential ET based 
on Australian Bureau of Meteorology data (http://www.bom.gov.au) illustrated variation in 
point potential ET from approximately 3200mm/yr in Northern Territory to 1400mm/yr in 
Victoria. Seasonal distribution of evaporation is indicated in Table 8. 
 

Table 7 Potential evaporation classes and locations used in economic assessment. 

 
Potential Evaporation 

Evaporation from storage 
(mm/yr) 

 
Location 

Very High 3000 Katherine – NT 
High 2600 Charleville – Qld 

Moderate 2200 Toowoomba – Qld 
Low 1800 Dubbo – NSW 

Very Low 1400 Albury – NSW 
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Table 8 Seasonal distr ibution of evaporation at five locations across Australia. 

 
 Evaporation (mm) % of Total Evaporation (mm) % of Total Evaporation (mm) % of Total Evaporation (mm) % of Total Evaporation (mm) % of Total

Jan 245 8.2% 340 13.1% 268 12.2% 261 14.5% 214 15.3%
Feb 204 6.8% 268 10.3% 223 10.2% 203 11.3% 178 12.7%
Mar 245 8.2% 258 9.9% 201 9.1% 189 10.5% 161 11.5%
Apr 235 7.8% 186 7.1% 168 7.6% 121 6.7% 89 6.4%
May 224 7.5% 113 4.4% 112 5.1% 77 4.3% 54 3.8%
Jun 204 6.8% 83 3.2% 101 4.6% 58 3.2% 45 3.2%
Jul 204 6.8% 93 3.6% 101 4.6% 68 3.8% 45 3.2%
Aug 245 8.2% 134 5.2% 134 6.1% 87 4.8% 54 3.8%
Sep 276 9.2% 196 7.5% 168 7.6% 116 6.5% 80 5.7%
Oct 327 10.9% 279 10.7% 223 10.2% 165 9.1% 134 9.6%
Nov 316 10.5% 310 11.9% 235 10.7% 213 11.8% 161 11.5%
Dec 276 9.2% 340 13.1% 268 12.2% 242 13.4% 187 13.4%

Totals 3000 100.0% 2600 100.0% 2200 100.0% 1800 100.0% 1400 100.0%

Very Low EvaporationVery High Evaporation High Evaporation Moderate Evaporation Low Evaporation

 
 
Seasonal patterns of evaporation are important since a disproportional high amount of evaporation loss will occur over summer months. 
Evaporation control products like Water$avr can be selectively applied only during these periods to improve economic performance. 
 
Table 9 shows the amount of winter and summer time evaporation for each of the five regions. It shows that where the potential evaporation is 
very high then there is not much difference between winter and summer but for very low evaporation regions summer accounts for nearly 75% of 
the total yearly evaporation. 
 

Table 9 Winter  and summer evaporation rates for  each of the five regions. 

 
 Evaporation (mm) % of Total Evaporation (mm) % of Total Evaporation (mm) % of Total Evaporation (mm) % of Total Evaporation (mm) % of Total

Apr-Sep 1388 46.3% 805 31.0% 782 35.5% 527 29.3% 366 26.1%
Oct-Mar 1612 53.7% 1795 69.0% 1418 64.5% 1273 70.7% 1034 73.9%
Total 3000 2600 2200 1800 1400

Very Low EvaporationVery High Evaporation High Evaporation Moderate Evaporation Low Evaporation
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The seasonal distribution of evaporation for sites typifying each of these zones is given in 
Table 8 and Figure 16. For the economic analysis it is assumed the EMT works on a 
percentage saved and the different climatic classes have no effect on EMT performance and 
this performance does not change throughout the year. 
 

Monthly Evaporation From Storage (mm)
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Figure 16 Seasonal distr ibution potential of evaporation from storages in different climatic zones. 

 
Storage character istics 
An important consideration is the amount of time the storage holds water. The regional 
analysis undertaken in this report used four scenarios of water hold in storage; 

·  Jan – Dec (12 months) 
·  Sep – Apr (8 months) 
·  Oct – Mar (6 months) 
·  Nov – Feb (4 months) 

 
Per formance of EMT in reducing evaporation 
Based on the potential performance of NetPro shade cloth under ideal conditions on the USQ 
Ag plot research tanks and the commercial performance at the Stanthorpe collaborator site, 
performance scenarios were developed for the regional economic evaluation (Table 10).  

Table 10 Evaporation reduction per formance indices used in economic analysis. 

Product Per formance of EMT (% evaporation mitigation) 
 Low Moderate High 
NetPro shade cloth 60% 70% 80% 
 

4.3.2 Cost of  NetPro Shade Cloth cover  
A detailed assessment of the capital, operating, maintenance and repair costs of NetPro shade 
cloth was undertaken based on discussions with the supplier and storage landowners. Table 11 
and the sections below summarize the cost breakdown for the NetPro product. Capital costs 
for the NetPro structures will vary depending on a range of factors including product 
specification, site location, access, installation specifics, wind, storage geometry and surface 
area. In discussion with product suppliers a representative range of capital costs was 
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determined. Estimated repairs, maintenance and operating costs have also been detailed below 
and include visual checks, removal of debris and repairs to tears.  
 

Table 11 A summary of the range of costs associated with the installation and operating the 
NetPro shade cloth. 

 Low Medium High 
Capital cost ($/ha) $70,000.00 $80,000.00 $100,000.00 
Operating cost ($/ha/year) $112.50 $237.50 $337.50 
Maintenance cost ($/ha/year) $0.00 $100.00 $200.00 
 
The assumptions made to generate the costs for the initial capital outlay, operate and maintain 
the NetPro shade cloth product are given below. 
 
Capital cost 
The capital costs were based upon a 15 year life for the shade cloth and 30 year life for the 
cable framework and with no residual value for either the shade cloth or the framework at the 
end of life. It was assumed that the shade cloth was 25% of the total cost and the framework 
was 75%. Where the installation costs range from; 

·  Low of $7.00/m2 
·  Medium of $8.00/m2 
·  High of $10.00/m2 

 
Operating cost 
The operating costs were based upon a per hectare per year basis. It was assumed that a 
person would cost $25.00 per hour. The operating costs for NetPro shade cloth include 
general checking of the storage and cleaning of the cover. The operating costs range from; 

·  Low 
o Check up every month - ¼h (12 events) $75.00 
o Check up every storm event - ¼h (6 events) $37.50 $112.50 

·  Medium 
o Check up every month - ½h (12 events) $150.00 
o Check up every storm event - ¼h (6 events) $37.50 
o Cleaning debris - 2h (1 event) $50.00 $237.50 

·  High 
o Check up every month - ½h (12 events) $150.00 
o Check up every storm event - ¼h (6 events) $37.50 
o Cleaning debris - 2h (3 events) $150.00 $337.50 

 
Maintenance cost 
The maintenance costs were based upon a per hectare per year basis. It was assumed that a 
person would cost $25.00 per hour. The maintenance costs for NetPro shade cloth include 
tears to the cover. The maintenance costs range from; 

·  Low – nil $0.00 $0.00 
·  Medium 

o Tears - 4h (1 event) $100.00 $100.00 
·  High 

o Tears - 8h (1 event) $200.00 $200.00 
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A summary of key costs used in the analysis is given in Table 12. A range of cost scenarios 
(low, medium and high) was used to represent the likely spread in capital, operating and 
maintenance costs. 
 

Table 12 Summary of costs in economic analysis. 

 NetPro 
shade cloth 

Capital Cost  
Low $7.00/sqm 

Medium $8.00/sqm 

High $10.00/sqm 

Design Life 15 year cloth 

30 year structure 

Operating Cost  

Low $112.50/ha/yr 

Medium $237.50/ha/yr 

High $337.50/ha/yr 

Maintenance Cost  

Low $0.00/ha/yr 

Medium $100.00/ha/yr 

High  $200.00/ha/yr 

 
 

4.3.3 Economic assessment 
A discounted cash flow analysis was undertaken for the NetPro product. A real discount rate 
of 5% was assumed. A sixty year projection was used to give a common investment cycle for 
all products. The net present value (NPV) of the investment and annuity to finance this 
investment was determined. Table 13 gives the NPV of the investment and annuity value for 
each evaporation control product. 
 

Table 13 NPV and equivalent Annuity for  NetPro shade cloth and cost scenar io.  

 

 
 
 
The dollar value of the annuity cost per megalitre (ML) of water saved varies with 
performance. Table 14 provides the annualized cost per ML of water saved for; 

·  The evaporation performance figures for NetPro shade cloth (Table 10) 
·  The product cost scenarios (Table 12 and Table 13) 
·  The potential evaporation classes (Table 7) 

 
The impact of different periods of water storage on $/ML cost of NetPro is given in Table 15.  
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Table 14 Cost of EMT (annuity cost per ML of water  saved). 

 

 
 
 
 
 
 
 
 

Table 15 Impact of different per iods of water  storage on $/ML cost of each product (%). 
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4.3.4 Economic value of water  
The assessment given above provides broad guidelines on cost of investing in NetPro 
solutions per ML saved for different locations and conditions. This project looked at the costs 
associated with saving water by reducing evaporation and it is up to each individual to 
determine a return for that water. This would require an assessment of the economic value of 
water. If a farmer knows the value of water in terms of increased crop production or cost of 
water then the viability of investing in a selected EMT can be assessed. 
 
The value of water can be related to a range of factors including the opportunity cost of water 
lost (in terms of production and profit forgone), the revenue earned from a water sale or the 
cost of a water purchase. Profit from additional crop produced that is achieved using saved 
water (reducing evaporation) is related to additional yield, crop quality and therefore selling 
price. These figures will vary substantially. Table 16 illustrates for example the gross margin 
per ML water for a range of crops in the Darling Downs area. 
 
The gross margin ($/ML) ranges from $130/ML for soyabeans to $664/ML for wheat on 
irrigated crops on the Darling Downs. Most of the EMTs would be viable to save water for 
additional wheat production but none for additional soyabean production (Table 16). The 
costs are particularly sensitive to selling price which will change depending on market 
conditions. A risk based assessment done over several years would be required to assess the 
cost/benefit of each crop. 
 
Temporary water trades would also be possible with water savings. The selling price of water 
will depend on demand/supply conditions and could range from $50/ML to $300/ML. The 
timing of water availability, for example water being available for a critical irrigation or at the 
end of a dry spell would command better prices. The cost of purchasing water will be affected 
by the same factors as well as the costs of infrastructure to pump, store and convey water. 
 
It is clear that assessing the cost benefit of investing in evaporation mitigation is very 
dependent on local conditions. The information in Table 16 provides a useful basis for 
assessing investment cost per ML of water saved which can be compared with the economic 
value of water for the grower. Site, crop, grower and timing conditions need to be accounted 
for when doing a full cost benefit. Such an assessment needs to account for risk both in terms 
of when storage is empty (a function of within and between year water demand and supply 
patterns) and the fluctuating value of water and crop production. 
 

Table 16 Gross margin per  ML ir r igation water  for  selected crops. 

I r r igated Crop Profits ($/ML) Dar ling Downs 
 

Crop $/ML 
Peanuts $190 
Maize $170 
Sorghum $236 
Cotton $598 
Wheat  $664 
Bar ley $501 
Sunflower $141 
Soyabeans $130 
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4.3.5 Conclusions 
NetPro Shade Cloth evaporation mitigation technologies (EMT’s) have been shown to be 
potentially economically viable to reduce evaporation and save water. The decision to install a 
system will depend on the value of water to the landowner in terms of increased crop 
production, cost of water and potential to trade water surplus. 
 
The potential cost of installing and operating a NetPro shade cover EMT ($/ML) has been 
illustrated in the report for a range of scenarios. Cost of water per megalitre ($/ML) will be a 
function of; 

·  installation and maintenance costs which are very dependent on site situation and 
installation issues, 

·  annual and seasonal evaporation losses from storage at the location, and 
·  efficiency of the EMT in reducing evaporation. 

 
The report illustrates that for a site with annual open water evaporation potential of 2200mm 
and competitive (low) installation and operating costs, the product costs per ML water saved 
would vary, depending on the efficiency of product in reducing evaporation (Table 17). For 
each product, the medium evaporation reduction performance scenario is considered 
achievable based on the results of this study and assuming continuing product development. 
 

Table 17 Water  cost per  megalitre for  a range of evaporation mitigation per formances. 

 Evaporation reduction per formance 
 High Medium Low 

NetPro shade cloth $296 $339 $395 
 
 
The cost/ML saved will be influenced by the amount of time the storage holds water. For 
example, for storages only holding water during the six month period (Oct-March) the unit 
cost given above for NetPro would increase by 145%.  
 
Gross margins per ML water used for increased crop production can range from $100/ML to 
over $1000/ML. Saving water by reducing evaporation therefore would be a viable option in 
many instances. 
 

4.4 Water  quality assessment 
 
A very simple water quality monitoring program was designed to determine if there was any 
large scale changes in the quality of water in the presence of the NetPro system tested. Water 
quality varies naturally under the influence of a range of processes, therefore, the results from 
this water quality monitoring program could not definitively assess if the EMT was the 
primary cause of the change in water quality. However, it was able to highlight areas of 
change and areas that require further investigation. 
 
The results from the water quality monitoring programs undertaken at the USQ and 
Stanthorpe sites did not indicate any large scale changes in the quality of the water in storage 
(Table 18). At both the Ag plot and the field site at Stanthorpe the temperature was slightly 
lower under the shade cloth when compared with the control. No other differences were 
noted.  
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Table 18: Changes apparent in water  quality parameters in both field scale tr ials and at the USQ Ag plot. 

  
pH 

Dissolved 
oxygen 

 
Temperature 

Electrical 
conductivity 

 
Algae 

Shadecloth - - �  - 
Not analysed but 
reducing sunlight will 
reduce algal populations 

 
For example over the analysis period 13 December 2004 to 17 January 2005 water recorded 
in the NetPro and control storages were as recorded in Table 19 
 

Table 19 Temperature in NetPro and control storage at USQ Ag plot. 

Site Temperature (oC) 
 13 December  2004 17 January 2005 
NetPro storage 21.2 22.7 
Control storage 25.0 27.1 
 
Table 19 illustrates that the NetPro storage remained at 3.8 to 4.5oC cooler than the water in 
the control storage. The different temperatures recorded in each storage before the installation 
of the shade cloth can be attributed to the fact that the shade cloth storage was filled 
somewhat later than the control storage. The control storage would have had more chance to 
adjust to the ambient air temperature than the shade cloth storage. The final temperatures were 
recorded after each storage had been left for a month indicating the cooling effect of the shade 
cloth cover. All other parameters analysed (pH, dissolved oxygen and conductivity) during 
the shade cloth trials were not significantly different to those found in the control storage. 
 
Water quality sampling was undertaken at Stanthorpe from the covered storage only. The 
control storage was not monitored for two reasons viz: the control water storage alternated 
between two storages and the actual level of water in either of the control storages was often 
too low to allow meaningful sampling. The water quality sampling undertaken at Stanthorpe 
was useful to observe changes in the water quality over time. The results from the water 
quality monitoring program showed little variation outside of what would be considered 
natural variation given the pumping regime and seasonal change. 
 
Figure 17 depicts total incident solar radiation plotted against time of day, recorded at the 
Stanthorpe trial site for approximately one week in March 2004. The sensors used to record 
radiation were solid state semiconductor units supplied as standard in all the AWS used. Solar 
radiation recorded by the sensor placed above the shade cloth rises to approximately 900 to 
950W/m² during the midday period, whereas, radiation for the sensor placed below the shade 
cloth rises to only 100W/m². 
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Figure 17 Measured radiation above and below the shade cloth at Stanthorpe. 

 

This data illustrates that the reduction in the total radiation received at the AWS is at least 
90% due to the presence of the shade cloth. The solar radiation penetrating the shade cloth has 
an early morning and a late evening peak in addition to the midday peak. This may be a cloth 
weave reflection or refraction effect which is dependant upon the angle of incidence of the 
sun. 
 
Figure 18 illustrates another important effect of the shade cloth that is reducing wind speed 
across the surface of the storage. Although wind speed is not such an important parameter as 
solar radiation and temperature, reduced wind speeds will assist in minimizing evaporation. 
For a wind speed above the shade cloth of 15kph the wind speed reduction is approximately 
90%. For wind speeds of below 5kph wind speed below the cover is reduced to 0kph. 
 
Based on the Penman-Monteith model reduction of wind speed from 15kph to 1.5kph, with 
average values entered for all other parameters, the reduction in predicted evaporation is of 
the order of 20%. 
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Figure 18 Effect of shade cloth on reducing wind speed. 

 
 
 

5 SUMMARY AND RECOMMENDATIONS 

This project was initiated to assess the effectiveness of NetPro shade cloth in terms of 
performance in evaporation reduction, practical and technical limitations, impact on water 
quality and economic potential. Evaluations were carried out on experimental tanks located at 
the University of Southern Queensland as well as on commercial storages located at 
Stanthorpe. 

5.1 Evaporation mitigation assessment 
The performance of the NetPro shade cloth suspended cover as tested at the USQ research 
tanks where ‘potential’  evaporation mitigation performance under ideal conditions was 
determined to be; 
   
Suspended cover (NetPro shade cloth) 70% (69%-71%) 
 
Evaporation reduction at the Stanthorpe commercial site was determined to be; 
   
Suspended cover - NetPro shade cloth (Stanthorpe) 68% (50%-87%) 
 

5.2 Mechanical durability assessment 
 
The NetPro shade cloth product showed potential to achieve 70% reduction in evaporation 
loss. These results were also achieved on the commercial storage in Stanthorpe. The structural 
support required is likely to limit the size of storage to less than 5 ha and the shape and size of 
the storage will dictate structural arrangements. Being suspended above the water, 
evaporation mitigation is not influenced by silt and debris accumulation or water inundation. 
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Installation generally needs to be undertaken on an empty storage. The shade cloth will perish 
due to UV light and requires replacement approximately every 15 years. 

5.3 Economic assessment 
 
The NetPro structure has been shown in this study to be potentially economically viable to 
reduce evaporation losses. The decision to install a system will depend on the value of water 
to the landholder in terms of increased crop production, cost of water or potential to trade 
water surplus. The potential cost of installing and operating an EMT per unit of water saved 
($/ML) will be a function of; 

·  installation and maintenance costs which are very dependent on site situation and 
installation issues, 

·  annual and seasonal evaporation losses from storage at the location, 
·  efficiency of the EMT in mitigating evaporation, and 
·  storage operating conditions. 

 
For a site with an annual evaporation potential of 2200 mm, water all year and potential “ low”  
installation and operating costs, the product costs per ML water saved would vary depending 
on evaporation mitigation performance (Table 20). Medium evaporation mitigation 
performance is considered achievable from commercial storages based on the results of this 
study. 
 

Table 20 Cost per ML water  saved (annual evaporation of 2200mm all year  water  storage). 

 Evaporation mitigation performance 
 High Medium Low 

NetPro shade cloth $296/ML $339/ML $395/ML 
 
NetPro shade cloth structures require high initial capital investment. The cost per ML water 
saved will be influenced by the amount of time the storage holds water. For example, for 
storages only holding water during the six month period from October to March the unit cost 
($/ML) given above for NetPro would typically increase by 145%.  
 
Gross margins per ML of water used for crop production can range from $100/ML to over 
$1000/ML. Saving water by reducing evaporation therefore seems a viable option in most 
instances. 
 
 


