
Renewable energy and SWRO

Seawater reverse osmosis (SWRO) will play a significant role in keeping an increasingly thirsty world hy-
drated. As mounting demand meets growing water scarcity driven by overuse and exacerbated by climate 
change, SWRO has the potential to make potable the planet’s practically inexhaustible supply of seawater. 

However, this fresh water comes at a cost: no other source of drinking water is as energy intensive as that 
derived from SWRO. When the alternative is no water, those able to pay have gladly done so, while those 
unable to pay have gone without. Until now, SWRO’s economic and environmental costs have largely been 
acceptable, especially given its steady decline in energy intensity. But SWRO’s growing use and carbon 
footprint have raised important questions about its long-term environmental sustainability. 



At the crossroads of increased dependence on SWRO and cost-competitive renewable energy

Fortunately for those who depend on SWRO for water – and for all of us who depend on a sustainable 
environment – as reliance on SWRO increases, so does the availability and affordability of renewable 
energy.

As the International Renewable Energy Agency’s (IRENA) graph shows below, all solar and wind en-
ergy costs have decreased significantly over the last decade, with the costs of solar photovoltaic and 
concentrating solar power falling most.

Graph from the International Renewable Energy Agency (IRENA)

According to IRENA, renewables are now the least expensive source of electricity. Building new 
power plants based on renewables is currently cheaper than building new coal-fired plants, and new 
renewable plants now have lower operating costs than existing coal-fired plants. As we will see be-
low, this trend will continue drive down use of fossil fuels and drive up use of renewables for power 
generation.

Renewable energy will make SWRO both more sustainable and more affordable

The steep drop in renewable energy prices has profound consequences for SWRO’s affordability. 
Since energy is by far the biggest cost driver of SWRO, more affordable energy will make SWRO 
increasingly accessible to many coastal developing countries – precisely those most impacted by the 
double punch of water scarcity and climate change. As it happens, many of these countries also have 
favorable conditions for generating solar and wind energy.

Renewable energy’s falling costs and growing use will also lower SWRO’s greenhouse gas (GHG) 
emissions. As discussed in our blog, How much energy and CO₂ can be saved by retrofitting existing 
desalination plants?, the world’s more than 22,000 desalination plants currently consume an

https://www.irena.org/newsroom/pressreleases/2021/Jun/Majority-of-New-Renewables-Undercut-Cheapest-Fossil-Fuel-on-Cost
https://www.danfoss.com/en/about-danfoss/articles/dhs/understanding-swro-s-total-cost-of-ownership/
https://www.danfoss.com/en/about-danfoss/articles/dhs/how-much-energy-and-co-can-be-saved-by-retrofitting-existing-desalination-plants/


estimated 340tWh of electricity and emit 153 metric tons of CO
2
 annually. According to our calcula-

tions, it would save a lot of money (€34.5 billion) and a lot of GHG emissions (111 metric tons) if all 
desalination plants operated as energy-efficiently as the current best in class, 2.0 kWh/m3. 

Such savings are possible but unlikely to happen any time soon. Even though retrofitting many older 
plants would indeed be good investments with attractive payback times, the CAPEX costs of replac-
ing the entire installed base of desalination plants would be prohibitive.

The global transition to renewable energy will reduce SWRO’s carbon footprint in at least two 
ways

What is more likely to happen is that new desalination plants will increasingly be high-efficiency 
SWRO plants rather than less efficient, older alternatives such as thermal distillation and earlier 
generations of SWRO technology. In tandem with renewable energy’s growing share of the world’s 
electrical power, high-efficiency SWRO will reduce desalination’s overall carbon footprint over time. 

This is the first way that renewable energy will reduce SWRO’s footprint: as more grids source more 
power from renewable sources, increasingly efficient SWRO plants that are fully reliant on the grid 
will progressively reduce their consumption of fossil fuels and produce less GHG. This process is grad-
ual but significant, and is already underway.

According to the International Energy Agency, renewables accounted for almost 28% of global 
electricity generation in Q1 2020, an increase from 26% in Q1 2019. The agency expects this trend to 
accelerate and projects that renewables’ share of global electricity generation will more than double 
by 2040 – see the chart below.
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Graph from the International Energy Agency

The second way that renewables will reduce SWRO’s carbon footprint is more direct. A growing 
number of SWRO plants are now powered in part or in total by renewable energy sources. Precise 
information on how many plants and the degree to which renewables power them is not currently 
available, but renewables are already fully powering small plants, and partially powering medium 
and large plants. This trend will also continue to grow in coming years.  

Small SWRO plants with no connection to power grids are the best example of this trend. Danfoss 
has supplied high-efficiency high-pressure pumps and ERDs to some of these, including one in the 
Aegean Sea that won an award in 2017 for its innovative off-the-grid design. Because these projects 
are small, they often fall under the radar and are difficult to track, even for those who do it profes-
sionally. However, we estimate that there might already be several hundred off-the-grid SWRO plants 
currently in operation, primarily in remote island locations and Africa. Surely, the future will bring 
more of these.

In addition to these small plants that are completely off-the-grid, many other small and medi-
um-sized plants get at least some of their power from solar photovoltaic or wind energy. Some of 
these plants use renewable energy sources because they must: their power grids are either too unre-
liable or too expensive for their owners and operators to depend on 100%; others could rely on the 
grid but turn to renewables to reduce energy costs and carbon footprint.

Finally, a growing number of large plants, not least in GCC countries, now use solar energy as part of 
their power supply. This includes the world’s largest SWRO plant, Taweelah, which will supply Abu 
Dhabi with 909,200 m3/day fresh water when fully operative by the end of 2022. The Taweelah project 
includes a 68 MW photovoltaic power plant to supplement power from the grid.
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https://www.mepmiddleeast.com/projects/acwa-power-taweelah-swro


The future of SWRO will be more renewable

Although SWRO’s environmental impact is still significant, technological advances within the SWRO 
and renewable energy industries have already resulted in important improvements. This trend will 
continue in the future, and we will also see some exciting new developments.

For example, in Greece engineers are testing wave power as a renewable energy source for SWRO. 
And in Namibia, concrete plans for a massive project are on the drawing board to use renewable 
energy to desalinate seawater to produce green hydrogen. As the world transitions to net-zero, 
such “power-to-X” projects, which convert and store renewables’ fluctuating energy in more reliable 
and retrievable forms, attest to SWRO’s potential to be not just part of the problem, but part of the 
solu-tion. 
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