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SMALL-SCALE DESALINATION  
An overview of existing and emerging technology 

solutions for cost-efficient and low-energy 
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1 Context 

SDG 6: Clean water and sanitation 

Ensuring universal access to safe and affordable drinking water for all is one of the 

United Nations’ Sustainable Development Goals, a universal call to action to end 

poverty, protect the planet and ensure that all people enjoy peace and prosperity. 

Addressing this challenge is crucial to Oxfam's work, whether in humanitarian response 

or long-term development. 

 

The intrusion of saline groundwater in Asia

In Asia – particularly countries in South and 

Southeast Asia - access to drinking water is a 

major issue as it is one of the hardest-hit areas in 

the world in terms of intrusion of saline ground-

water. Water containing high concentrations of 

salts is unsuitable for human consumption. This 

situation is only expected to get worse with 

climate change. In the near future, sea level rise 

will cause further saltwater intrusion into coastal 

and groundwater resources. At the same time an 

increasing number of water control structures 

such as dams are likely to increase river salinity, 

causing an irreversible impact on people’s lives 

and livelihoods. Affected communities currently 

have two options: pay high prices for bottled water 

or risk the health effects of drinking untreated 

saline or other unsafe surface water sources. 

In Vietnam, six million people are currently 

affected in the Mekong river delta alone, where 

saline groundwater is now found 50–70km inland, 

affecting not only drinking water supplies but also 

agricultural production in the area.  

Bangladesh’s southwestern coastal areas already 

experience high levels of salinity and are projected 

to experience a median increase of 26% in salinity 

by 2050, with a 55% increase in the most affected 

areas.  

In the Philippines and Indonesia, coastal areas are 

experiencing similar increases in salinity, 

rendering aquifers unfit for drinking or irrigation 

purposes.

 

Oxfam’s challenge

The challenge is to find a cost-efficient, low-

energy desalination option. The most commonly 

used desalination systems require relatively high 

energy inputs, as well as specialized maintenance 

procedures, to function sustainably.  This often 

makes them inappropriate and unsustainable for 

water production in many low-income and off-grid 

areas in developing countries in Asia. 

Oxfam partnered with researchers from the 

University of California, Berkeley and Lawrence 

Berkeley National Laboratory to develop a ‘road 

map’ for desalination technologies.  The result was 

a research report that identifies the existing and 

emerging desalination technologies available 

(globally) and prioritizes their appropriateness, 

effectiveness and potential scalability in terms of 

their cost, efficacy of treatment, energy 

requirements and sustainability. An emphasis was 

placed upon low-energy input options powered by 

renewable energy sources and with low 

maintenance requirements.

GMB Akash/Oxfam 

Rasheda Begum collects water from the communal tap 

used by up to 25 people in the shared yard of her home. 

Chittagong, Bangladesh 
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2 Desalination 

Desalination is the process of removing salt from 

saline water sources to provide freshwater. 

 

 

Oxfam’s checklist for  

desalination SYSTEMS IN Asia 

✓ capability to provide 1–10 cubic metres (m
3
)/day 

of drinking water from brackish water sources 

with total dissolved solids (TDS) between 1,000 

and 10,000 parts per million (ppm) 

✓ low initial capital cost  

✓ low energy consumption (less than 2.5kWh/m
3
) 

✓ low maintenance cost 

✓ ability to scale/replicate within existing market 

chains. 

Thermal desalination 

Thermal desalination relies on phase change: thermal energy is used to evaporate water, leaving salt 

behind; the water vapour is then condensed to collect fresh water.  

The most common methods are multiple-effect distillation (MED), multi-stage flash distillation (MSF) and 

vapour compression distillation (VCD). They require high energy inputs (in the range of 23–27kWh/m3) and 

are best suited for seawater desalination at high volume (more than 3,000m3/day). Their high capital 

costs and high energy requirements make them unsuitable for Oxfam’s target areas. 

Another thermal method, solar still distillation 

(SSD), has the advantage of being powered directly 

by the sun with no additional energy input. It is a 

proven, low-maintenance technology, which can 

work in most environments. However, its relatively 

low output demands large systems for production 

of even nominal volumes of freshwater – this need 

for larger systems and associated land area 

(providing 3,000 people with 10L/day would require 

an area equivalent to a football field) leads to high 

capital costs. These barriers make SSD 

inappropriate for desalination of large quantities of 

water at a community level, while at the household 

level it is an investment that is not affordable for 

most of the populations Oxfam works with.  

Schematic of SSD technology 

Saline water is evaporated directly by the sun’s heat and 

condenses in a separate freshwater catchment. 

Source: adapted from Mechell and Lesikar (2014)

Membrane desalination 

Membrane desalination physically separates salt from water using differences in chemical potentials 

across a semi-permeable polymer membrane. 

Reverse osmosis (RO) is a common desalination 

technology, widely available around the world, 

which has been commercialized at household, 

community and industrial scales over the past 50 

years.  

Communities can easily find local distributors, 

replacement parts and partners willing to help 

install, operate and maintain facilities. However, 

this method requires high levels of energy inputs 

(in the range of 2.8kWh/m3) and high capital costs. 

Additionally, water recovery rates are typically in 

the range of 25–50%, making it potentially 

unsuitable for inland locations either with limited 

water supplies and/or lack of suitable waste brine 

disposal options. While energy-efficient for the 

desalination of seawater, it is often energy 

excessive for the desalination of brackish water 

with salinity levels less than 3,500ppm.

Schematic of RO technology 

An externally applied pressure pushes freshwater through a 

semi-permeable membrane and leaves behind waste brine. 

Source: adapted from Elimelech (2011) 
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Another method of membrane desalination is forward osmosis (FO). This is an emerging technology that 

promises lower energy use than RO, but as an early stage technology such promises are yet to be realized. 

Health concerns with the fresh water produced by FO currently make it unsuitable for producing water to 

be used for drinking, though ongoing research and development may make it a viable option in the future.

Charge-based desalination 

Charge-based desalination takes advantage of the fact that salt is comprised of charged ions, which can 

be separated from water simply by applying a small electric potential. Theory suggests charge-based 

separation as more energy-efficient for sources up to 5000ppm; however, in practice this salinity max will 

be considerably lower. Field studies thus far have been limited to feed waters with salinities <3,500ppm, 

but through continued R&D researchers hope to extend this practical salinity limit.

Electrodialysis (ED) and electrodialysis reversal 

(EDR) are charge-based methods which can 

provide water recovery rates of 85 – 90%. While 

mature in terms of technology, ED and EDR have 

been optimized for industrial processes and are 

not widely used to produce freshwater for drinking. 

While smaller-scale electrodialysis units have 

been developed for the production of freshwater 

for drinking, they rely on the use of expensive 

materials resulting in relatively high capital costs. 

 

Schematic of ED technology    

An externally applied voltage draws salt ions to oppositely 

charged electrodes, they are further separated using ion-

exchange membranes.  

Source: adapted from http://waterions.aceenvironment.com/edr 

Membrane capacitive deionization (mCDI), on the 

other hand, is based on inexpensive materials, 

requires minimal energy for brackish water 

treatment, low maintenance and maintains the 

high water recovery rate (85–90%). 

The current challenge for mCDI is that it is not 

widely commercialized. However, it has significant 

potential to be a disruptive technology for the 

desalination of low salinity brackish water, 

particularly due to its relatively low energy 

requirements and high water recovery.  

Companies in Asia and Europe are working towards 

widespread commercialization and local 

manufacturing options, which would bring down 

capital costs and encourage adoption.  

 

Schematic of mCDI technology  

First, an externally applied voltage attracts and adsorbs salt 

ions to produce a fresh water stream, then the applied voltage 

is reversed and the salt ions are rejected into a waste brine 

(this second stage is not shown in the figure).  

Source: adapted from Biesheuvel and van der Wal (2010)

Tessa Bunney/Oxfam 

 

Newly planted rice in the paddy fields in the southern province of Ca Mau in Vietnam's Mekong Delta. Rising sea levels, salt 

water intrusion and climate change are threatening the farming and fishing-dependent communities in the low-lying Delta. 
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3 Case studies 

Case studies highlight the fact that alternatives to widely used grid-powered RO exist for low-income 

communities. These alternatives include renewable-powered off-grid RO and emerging alternatives such 

as EDR, SSD and mCDI.

Solar-powered reverse osmosis 

 

The Barefoot College has reproducibly 

demonstrated the technical and economic 

feasibility of solar-powered RO at community 

scale. In 2006, the NGO installed the first solar-

powered RO unit in the Sambhar Salt Lake region of 

Rajasthan. Since then it has installed five more 

units, each supporting around 1,000 people.  

One of the primary challenges for these facilities 

is their high capital cost, which makes them 

unattractive to investors and has slowed the 

expansion process.  

The low water recovery rate is also not ideal, and 

the Barefoot College is exploring the possibility of 

installing more water-efficient technologies such 

as mCDI.

 

 

 

Membrane capacitive deionization

 

Country India 

Implemented by InnoDI 

Source water salinity maximum of 2,000 

ppm 

Installed Capacity 1–10m3/day 

Water Recovery Rate 80% 

Energy use ~0.8 kWh/m3 

There is growing interest in mCDI across India.  

Italian company Idropan Dell’Orto has been working 

on mCDI technology since 2004. It began by looking 

for alternatives to RO that had high water recovery 

rates and low energy consumption for brackish 

water treatment and which produced non-

deionized water. It considered both EDR and mCDI, 

but the high cost of Ti electrodes in EDR compared 

with the inexpensive carbon electrodes used in 

mCDI led it to focus on mCDI technology.  

By partnering with Indian water supply company 

AquaSphere, Idropan began bringing its Plimmer 

CDI units to India in 2012.  

There are currently 150 units in the country and the 

partners have plans to expand to markets in Nepal 

and Africa.  

In December 2016 Idropan and AquaSphere, 

together with the Indian Institute of Technology 

(IIT) Madras, set up a new joint venture company, 

InnoDI. The JV is working towards mass-

manufacturing the units locally, which would 

further reduce their cost and increase their 

availability.

 
Country India 

Implemented by The Barefoot College 

Source water salinity maximum 4,000 parts 

per million (ppm) 

Installed Capacity 3.6 m3/day 

Water Recovery Rate 50% 

Energy use not reported 

Dadi Jaswanth, / The Barefoot College 

Vijay Sampath / InnoDI 
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Solar-powered electrodialysis 

 

Country India 

Implemented by 

Global Engineering, 

Research Lab at MIT & 

Tata Projects 

Source water salinity 1,800 ppm 

Installed Capacity 500L/hour 

Water Recovery Rate not reported 

Energy use ~0.8 kWh/m3 

In 2015, researchers in the Global Engineering and 

Research (GEAR) Lab at MIT partnered with Tata 

Projects to bring community-scale solar-powered 

ED units to off-grid communities in India. They 

currently have one operational system in Chelluru, 

India and another in Gaza in the Middle East.  

Their biggest challenges in marketing ED in India 

have been finding local vendors who can supply 

the necessary components and NGOs that are 

willing to test a new technology in place of widely 

used RO. 

The team is currently looking at ways to reduce the 

amount of membrane area and to optimize 

operation of the solar power source. They predict 

that their ED facility will use 75%, 50% and 25% 

less energy than is currently used by RO facilities 

to treat brackish water sources with 1,000, 2,000 

and 3,000 ppm respectively.  

This project holds great promise as being a viable 

option for community-scale facilities in the future. 

As of 2018, though, it is still in the R&D and 

optimization stage.

 

Solar still distillation  

 

Country Bangladesh 

Implemented by Oxfam 

Source water salinity 3,000-6,000 ppm 

Installed Capacity 8-15L/day 

Water Recovery Rate 13-25% 

Energy use not reported 

In 2013 Oxfam piloted two Carocell 3000 solar stills 

in the coastal Noakhali district of Bangladesh. The 

single household-size units were installed at two 

different households.  

After extensive testing, it was shown that the 

facility could provide good-quality drinking water, 

but in insufficient quantity, producing just 8–15 

litres a day.  

Of course, it is possible to install more units to 

increase the overall output, but this would require 

extensive amounts of land and capital investment 

($450/unit) in order to produce sufficient water for 

a small community (1–10m3/day).  

The combination of low output and high capital 

cost makes SSD the most expensive commercially 

available desalination technology in terms of price 

per litre of treated water.  

Overall, the facility was deemed not to be feasible 

for the specific community due to the high per 

household cost, minimal water output and large 

land requirement.

Prof. Amos Winter / MIT 

Alistair McCaskill /The Switch Report 
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4 Recommendations

Reverse osmosis, in contexts where salinity is 

greater than 3,500 ppm and communities’ ability 

and willingness to pay can support its operation, 

is currently the technology of choice.  

 

It has been around for decades and is proven to 

work. Many manufacturers exist and units can be 

powered by photovoltaics, minimizing operational 

costs over time. The challenge is to create 

networks of small-scale RO networks to achieve 

economies of scale for ongoing operation and 

maintenance. 

RO systems have been shown to operate in a 

variety of contexts – the key elements of success 

rely not overwhelmingly on the technology itself, 

but on sufficient cost recovery systems and the 

enabling environment to support maintenance, 

waste disposal and supply of consumables. 

mCDI, while still in the early stages of 

development, is a very promising alternative in 

areas where salinity is less than 3,500 ppm, due to 

its high water recovery rates, low maintenance, 

and energy efficiency compared with RO.  

 

While market penetration is still limited, a small 

number of companies are working on 

commercialization and manufacturing efforts to 

reduce capital costs. 

With its potential as a game-changer for the 

treatment of low-salinity brackish water, mCDI is 

worth considering in areas with low levels of 

salinity (less than 3,500 ppm) and water scarcity, 

though only in contexts where partnerships can be 

developed to establish local manufacturing 

capacity and/or supply chains with private sector 

actors. 

 

5 Oxfam’s Sustainable Water & Sanitation team 

Oxfam’s Sustainable Water & Sanitation team offers technical expertise on the sustainable management 

and development of water, sanitation and hygiene services within a range of contexts from fragile to 

middle-income countries. It addresses the challenges of inequality, focusing on affordable and viable 

market development approaches, resilience management systems pre- and post-emergency and 

governance mechanisms to hold service providers to account and provide continuity of service, not only 

in times of disaster but in everyday life. 

 

 
Jola Miziniak 

Head of Sustainable Water and 

Sanitation 

Email: jmiziniak1@oxfam.org.uk

 

Louise Medland 

Sustainable Water and 

Sanitation Adviser 

Email: lmedland1@oxfam.org.uk  

 

Tom Wildman 

Lead on Sustainable Market 

Development 

Email: towildman@oxfam.org.uk 

 

 

 

For further information: 

www.water.oxfam.org.uk

mailto:jmiziniak1@oxfam.org.uk
mailto:lmedland1@oxfam.org.uk
mailto:towildman@oxfam.org.uk
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