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H I G H L I G H T S

• Water from reverse osmosis/electrodialysis technologies is suitable for agriculture.
• Water from these technologies is more expensive than normal agricultural water.
• The use of desalination for agriculture may currently be justified for high value crops.
• Wider technology application is viable where fit for purpose water is limited.
• Technology development requires cost reduction and improved agricultural practices.
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The adoption of desalination for agricultural purposes in countries such as Australia has been very limited, with
only a small number of cases available to demonstrate its suitability. This can be compared to countries such as
Spainwhere the uptake has been significant. A number of suitable technologies such as reverse osmosis and elec-
trodialysis are available to provide desalinated water, but not at a cost comparable to that for water commonly
utilised for agricultural purposes. The use of blended waters, where the quality of the water is tailored to the
crop may go part way to addressing this cost differential. However, if the overall efficiency of the combined
production of water and food, as well as opportunities for better soil management is considered, then
desalination's applicability to agriculture becomes more viable. The use of state of the art technologies for the
provision of desalinated water for agriculture is most likely to be cost effective in a tightly controlled environ-
ment, using agricultural practices with the most-effective water use and crops with high productivity. Such con-
ditions are often associatedwith greenhouses and the production of high-value irrigated crops, where the cost of
water is small compared to the infrastructure investment.

Crown Copyright © 2015 Published by Elsevier B.V. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
2. Integrated water and food production: desalination and agriculture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
3. Desalination technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0

3.1. Established commercial technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
3.1.1. Reverse osmosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
3.1.2. Nanofiltration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
3.1.3. Electrodialysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
3.1.4. Ion exchange resins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0

4. Other techniques applicable to desalination for agricultural purposes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0

Desalination xxx (2015) xxx–xxx

⁎ Corresponding author at: CSIRO Manufacturing, Clayton, Australia.
E-mail address: Stewart.Burn@csiro.au (S. Burn).

DES-12457; No of Pages 15

http://dx.doi.org/10.1016/j.desal.2015.01.041
0011-9164/Crown Copyright © 2015 Published by Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Desalination

j ourna l homepage: www.e lsev ie r .com/ locate /desa l

Please cite this article as: S. Burn, et al., Desalination techniques — A review of the opportunities for desalination in agriculture, Desalination
(2015), http://dx.doi.org/10.1016/j.desal.2015.01.041

http://dx.doi.org/10.1016/j.desal.2015.01.041
mailto:Stewart.Burn@csiro.au
http://dx.doi.org/10.1016/j.desal.2015.01.041
http://www.sciencedirect.com/science/journal/00119164
www.elsevier.com/locate/desal
http://dx.doi.org/10.1016/j.desal.2015.01.041


5. Relevance of desalination technologies to agriculture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
5.1. Feedwater quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
5.2. Energy usage and costs of suitable technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
5.3. Brine disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0

6. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
7. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0

1. Introduction

Population growth, food security concerns, climate change impacts
on agriculture, freshwater resource overuse and land degradation
worldwide are forcing international scientific communities to look for
alternative approaches to our current resource management approach
for agricultural purposes. This includes all aspects associated with
water resources and their availability to support ever-growing demands
for both agricultural and potable water demands. Desalination technol-
ogiesmay provide one opportunity for generating cost-effective and po-
tentially climate-independent water resources of controlled quality for
agriculture applications.

As shown in Fig. 1, seawater desalination is the most used
solution to address water shortage especially for potable water
applications. In this respect the number of desalination plants
around the world, both planned and under construction, has in-
creased significantly in recent years, as shown in Fig. 2, especially
in Australia where they have been targeted for providing additional
sources of potable water [25]. It is estimated that about 69% of avail-
able water resources around the world are used for irrigation [110]
and as water demands increase the number of desalination plants
for irrigation for agriculture has also increased. Consequently there
is increased emphasis on enabling cost effective desalination
technologies to provide water of suitable quantity and quality for ag-
ricultural applications.

Drier countries such as Australia and Spain have a long history
with desalination technologies. In the past, the high capital and op-
erating costs of desalination and the energy required have been
major constraints to large-scale production of freshwater from
brackish waters and seawater. However, desalinated water is be-
coming more competitive for urban use because desalinating costs
are declining associated with increasing demand from population
growth and reduced security of supply from surface water and
usable groundwater and it is expected that these increases in
efficiency will flow through to the agricultural sector. However, in
spite of these developments, currently the cost of desalinated
water is still too high for the use of this resource in broad-scale irri-
gated agriculture. An exception appears to be intensive horticulture
for high-value cash crops, such as vegetables and flowers (mainly in
greenhouses) grown in coastal areas where safe disposal of brines is
easier than in inland areas [11]. For example Sundrop farms (Sun-
drop-Farms, Personal communication), uses 860,000 m3 of fresh
water yearly to irrigate 2000 m2 of greenhouses. If the costs for pro-
viding desalinated water continue to reduce, its use is expected to
become more viable because desalination for agricultural purposes
has a number of significant advantages including:

• Tailored conductivity for irrigation water
• Assured supply
• Enables agricultural products of consistent quality
• Production may be increased compared to other water sources.
• The water may attain a higher resale price due to quality and supply
assurance.

• It allows recovery of saline soils by irrigation with high quality water. Fig. 1. Total capacity installed in the world (IDA Desalination Yearbook 2013–2014).

2. Integrated water and food production: desalination and
agriculture

Desalination allows a widening in utilisation of available water re-
sources by producing freshwater from saline or brackish natural water
sources. Over the past decade conventional water production costs
have been rising in many parts of the world and costs for desalination
have been declining, consequently desalination has become more
economically attractive and competitive. Lattemann et al. [58] estimat-
ed that by 2015 the costs of freshwater treatment, wastewater reuse
and desalination are likely to be similar, at least in USA. However, cur-
rently desalinated water produced worldwide (77.4 million m3/day,
IDA, 2012) still comprises less than 1% of total worldwide water use,
with only 2% of total desalinated water production currently used for
agriculture (Fig. 3).

According toDesaldata [29]many countries are beginning to use desa-
linatedwater in agriculture, albeit at varying rates. The highest proportion
of desalinated water use in agriculture occurs in Spain, where the current
installed capacity is 1.4 million m3/day and 22% is used in agriculture for
high value crops, such as vegetables, fruits including tomatoes and
peppers, and vineyards for table grape production. In Kuwait, where the
current installed capacity is in excess of 1 million m3/day, 13% is used
for agriculture and in Saudi Arabia, the world's largest single producer
of desalinated water; only 0.5% of its desalination capacity is used for
agricultural purposes. Other countries which use desalinated water for
food production are Italy (desalination capacity 64,700 m3/day — 1.5%
for agriculture), Bahrain (620,000 m3/day — 0.4%), Qatar (0.1%), USA
(1.3%) and Israel. The wider application of desalination technologies for
agriculture is limited by its relatively higher cost, as well as by the need
for agriculture to be close to saline and brackish feedwater resources as
well as a safe and cost effective disposal option for brines. National assess-
ments of the applicability of desalination technologies to support agricul-
tural water supply are currently under way in Chile, China and Australia
[49].

The overall efficiency of the combined production of water and
food, energy use as well as an opportunity for better soil management,
should be the basis for an assessment of desalination's applicability to
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