
How much energy and CO2 can 
be saved by retrofitting existing 
desalination plants?
Although just one percent of worldwide water consumption currently derives from desalinated seawater, 
desalination is responsible for an outsized share of water treatment’s global energy usage.

One percent doesn’t sound like much, but more than 300 million people in 174 countries already rely on 
desalination, and even more will in the future. Forecasts point to strong growth for the global 
desalination market, with an expected CAGR of 9.5% for 2020 – 2025 and similar rates for the foreseeable 
future after that.

Until now, thirsty populations have been willing to pay the costs of desalination’s disproportionate energy 
intensity because the alternatives are worse – either going without potable water or water transfer from 
regions with abundant water to regions with too little. But as these energy and greenhouse gas (GHG) 
costs grow in step with the world population’s increasing dependence on desalination, there must be fur-
ther focus on maximizing desalination’s energy efficiency and decreasing its carbon footprint. 

Retrofitting the installed base will play a significant role in making desalination greener.

https://www.globenewswire.com/news-release/2020/01/29/1976640/0/en/Water-Desalination-Market-to-grow-at-a-CAGR-of-9-5-to-hit-32-billion-by-2025-Global-Industry-Analysis-by-Growth-Factors-Value-Chain-New-Technologies-Cost-breakdown-Investments-Oppo.html


Desalination has already come a long way in reducing energy consumption, but more is neces-
sary

As we described in our last blog, A Brief History of the Energy Intensity of Desalination, a lot has hap-
pened during the almost 100 years that desalination has taken place at scale. Nearly 22,000 desalina-
tion plants have been built worldwide, and they have become increasingly energy efficient over time. 
First-generation desalination plants using thermal distillation, some of which are still in operation 
today, require as much as 27 kWh/m3 to produce potable water. This is more than 14 times as much 
energy and related GHG emissions as the current state of the art, high-efficiency SWRO plants that 
need less than 2 kWh/m3.

Most SWRO plants installed in the last 15 years or so utilize isobaric ERDs, which reduce the plant’s 
SEC by 35% on average. However, much of the installed base continues to rely on technology that is 
far less energy-efficient than best-in-class alternatives.

The promise and challenges of retrofitting

The huge range in specific energy consumption across so many installed plants begs a simple ques-
tion: Why not retrofit plants with the least energy-efficient desalination technology with the most 
energy-efficient available? The answer comes down to cost-benefit analyses – or the lack thereof.

The benefits of retrofitting energy-inefficient desalination plants are clear: reduced OPEX and GHG 
emissions. Some of the expenses, e.g., CAPEX, are equally transparent – while other costs are not. 
Take GHG emissions and carbon pricing, for example. McKinsey estimates that 40% of the world’s 
potential to reduce GHG can be realized at a cost of less than €60 per metric ton of carbon dioxide 
equivalent. However, as long as the full costs of GHGs, for example, in the form of uniform carbon 
taxes at realistic levels, are not factored into the financial costs of energy, the incentives to choose the 
most efficient energy solutions are not significant enough for many to act on. 

Other barriers to retrofitting have to do with the reliability of energy-savings and payback time 
projections and understanding hidden and total retrofit costs. We’ll explore these and other issues 
involved with retrofitting desalination plants in later blogs. For now, we want to develop an estimate 
of how energy-efficient desalination could be if all plants operated at what we now consider to be 
maximum efficiency.

The total, worldwide potential energy and CO2 saving if existing desalination plants were retro-
fitted to become as energy-efficient as possible

To estimate the potential savings, we had to make a number of assumptions and calculations. 

First, we calculated the current energy consumption, cost, and related CO2 emissions of the installed 
base of desalination plants worldwide. These totaled 21,755 plants with a combined capacity of 128 
million m3/d.

Then, we calculated the energy consumption, cost, and related CO2 emissions of the installed base of 
desalination plants worldwide – if all plants operated with a specific energy consumption of 2.0 kWh/
m3, the current “state of the art” for high-efficiency SWRO plants. 

Assumptions:

• Electricity cost: We used €0.14/kWh for all plants, an average based on global rates. Of course, 
actual electricity costs vary considerably across the installed base, and are much higher in some 
locations.

• CO2 emissions: CO2 emissions from electricity generation depend on how the electricity was 
generated. For this estimate, we used the U.S. Energy Information Administration’s average for 
all electricity generated in the United States in 2019, 0.92 pounds (453g) per kWh.

https://www.danfoss.com/en/about-danfoss/articles/dhs/a-brief-history-of-the-energy-intensity-of-desalination/
https://www.mckinsey.com/business-functions/sustainability/our-insights/pathways-to-a-low-carbon-economy
https://www.eia.gov/tools/faqs/faq.php?id=74&t=11


As the table above shows, the potential energy, financial and GHG savings are huge.

To put these potential savings in perspective:

• 247 tWh of electricity is more than all of Spain used in 2020, 228 tWh.

• €34.5 billion would build about seven windfarms the size of Hornsea Project 1, the world’s largest, 
and provide electricity for approximately seven million homes.

• 111 metric tons of CO2 emissions is greater than Bangladesh’s 163 million people produce yearly, 
102 metric tons.

Of course, we cannot use these calculations to argue for retrofitting the entire installed base of al-
most 22,000 plants with the most energy-efficient alternative. The cost-benefit analysis and payback 
time would vary case by case. 

We do believe, however, that this exercise is helpful in framing the enormous potential of retrofits 
to improve energy efficiency, reduce operating costs, and make desalination part of the solution to 
meet climate goals – not just a part of the problem.

https://yearbook.enerdata.net/electricity/electricity-domestic-consumption-data.html
https://lido.hull.ac.uk/Industry/WindFarmSite/Hornsea_Project_1
http://www.globalcarbonatlas.org/en/CO2-emissions
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