
Evaluating desalination's sustainability under the 

ecosystems approach (three lessons)

Centre for Environmental Policy
Environmental Quality Research 

Professor Nick Voulvoulis
Professor of Environmental Technology 



• Imperial College London embodies and delivers world class 
scholarship, education and research in science, engineering medicine 
and business, with particular regard to their application in industry, 
commerce and healthcare.

Introduction

• The Centre for Environmental Policy at Imperial provides a unique 
research interface between science and technology and the economic 
and policy context in which it is developed and applied.

• The Environmental Quality Research Group focuses on the integrated 
scientific study of the environment with emphasis on waste, water  
and wastewater management. Complemented by the development and 
application of tools in sustainability analysis, multi-criteria optimisation 
and lifecycle assessment.



Background:  ECOSYSTEM SERVICES

• Conventional economics undervalue the benefits 
provided by environmental processes and often 
treat environmental impacts as externalities.

• These typically go unaccounted for in business 
and policy decisions and in market prices, or 
when recognized at all, they are perceived as free 
goods, like clean air and water. 

• This is partly because we lack the right set of 
measures and accounts to judge the full 
consequences of our actions.  

• Ecosystem services - “the benefits we obtain 
from ecosystems”, offer a way to account for the 
value of nature in our decision making.
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Redefining water security   under the Ecossystems Approach

• The general objective is to make certain that adequate supplies of water of 
good quality are maintained for the entire population of this planet, while 
preserving the hydrological, biological and chemical functions of ecosystems...” 

(Chapter 18, Agenda 21, 1992)



Water, Energy and Food Challenges

• In the face of climate change 

threatening to cause major 

alterations to hydrological 

cycles,  environmental and 

resources challenges today 

prove more complex than ever 

to address. 



• Increasingly being considered as a new water supply source

• Desalination can be an appropriate and sufficient 

technological solution for arid regions

• Reliable supply of water  

• Potential to produce high-quality water

Desalination



• Desalination is substantially more expensive than most other water supply and demand 
management options, and future costs may actually increase rather than decrease.

• It is an energy-intensive process, and is more sensitive to changes in energy prices than 
other sources of water.

• Desalination has significant environmental impacts just like any other major industrial 
process.

Drawbacks of Desalination

THE MORE 
WASTEWATER 
PRODUCED

THE MORE 
WATER USED

THE MORE 
WATER 

AVAILABLE 

It has not made the case in support of desalination strong that:
Many of the desalination plants have been overly expensive, poorly designed, or inaccurately promoted.



Aquifer exploitation

• In semi-arid or water scarce regions, aquifers have played a vital role in meeting 
water demand, not only in terms of quality and quantity, but also space and time.

• Aquifers have been a natural solution to water scarcity in semi-arid areas but 
limited and restricted by average annual recharge problems and the difficulties 
involved in their management.

• Intensive exploitation of aquifers can give rise to over-exploitation problems.



Aquifer overexploitation

• When persistent negative results of aquifer development are felt or 
perceived, such as a continuous water-level drawdown, progressive 
water-quality deterioration, increase of abstraction cost, or ecological 
damage. 

• Aquifer overexploitation can lower the level of the freshwater table:

• Wetlands or wet ecosystems are damaged and, in some 
circumstances, leading to desertification. 

• Reducing the pressure exerted by the freshwater column and allowing 
the denser saltwater to move inland laterally - saltwater intrusion.



First lesson:

• Economic analysis of desalination would benefit from whole life all 
inclusive costs of alternatives (i.e. ecological costs of over-abstraction)  
leading to more informed decision making

• Maybe all water abstractions from nature should be costed by 
capturing externality costs, with cost of desalination as minimum for 
such estimations. 

• The value of the water used as the cost of desalination.
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Desalination 

in the circular economy

WATER REUSE

Second lesson:
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desalination

conservation

desalination’

Quantity and 

Quality issues 
Pollution and other 

consequences

Water Supply Sanitation

Increase of environmental regulations that require effluent quality

delivered by advanced wastewater systems that remove EDCs 

and other organic micropollutants.

Physical availability becomes a problem of access. It 

addresses demand. Produces high quality water. Technology 

improvements. Energy costs less important.

The traditional “linear” water cycle
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Desalination Technologies For Water Reuse

Taking into account that:

- Quality of raw water often worse than effluent discharge
- Cost of wastewater treatment is as high as for drinking water

It makes sense to close the loop 
and use “desalination” once



An example: Berlin (Germany)

• Groundwater supplies 100% of the potable water, which is not chlorinated  

• Annual precipitation of around 571mm/year,not sufficient to replenish 
aquifers

*half owned by a Veolia Water/RWE consortium

Berliner Wasserbetriebe* is the region's water and 
wastewater provider, treats the 248,000 m3 of wastewater 
and uses it to recharge surface water lakes, which 
artificially recharge aquifers through artificial infiltration 
ponds and bank filtration by means of natural lakes. 

The groundwater is then abstracted to supply 3.4 million people in Berlin with 
drinking water without chlorination.



Comparing Berlin to London

“Rainy London” is something of an urban myth



Britain's first desalination plant

• Constructed between 2008 and 2010 by Acciona Agua

• At a cost of £270 million

• Has a capacity of producing up to 150 million litres of 
water a day, enough for one million people in London 

• A legal challenge to reverse its planning permission on sustainability grounds was made by 
Ken Livingstone in 2005 and withdrawn by Boris Johnson in 2008.

• The plant was viewed as a costly, environmentally destructive, vanity project for Thames 
Water that would simply entrench wasteful water use when investments were urgently 
needed for upgrading a crumbling piped‐water network across the city. 

Thames Water (Beckton) Desalination Plant

However, in a remarkable turnaround, the plant is now viewed within the 
industry as a tremendous success, receiving numerous awards.



A tale of normative industrial ecology

• While using about twice as much energy                     
as a conventional water treatment plant, it 
runs on recycled fat and oil from London 
restaurants and households. 

• An energy start‐up— CHiP —has located 
adjacent to the site, and sells energy
generated from the fat that would otherwise 
have caused costly blockages (or ‘fatbergs’) 
of London’s sewers to Thames Water. 

• Commercial revenue is also generated by 
providing high quality water to industry.

Beckton Desalination Plant & 
CHiP (Combined Heat and intelligent Power)

Furthermore, a 64m-tall, 2.3MW turbine with a 70m-diameter 
rotor turns wind into electricity, giving it capacity to power more 

than a 1,000 homes (8% of the energy needs of the plant).



And ecological modernisation

Third Lesson:  this is a classic tale of normative industrial ecology and ecological 

modernization, in which barriers become solutions and the challenges of sustainability are 
met with forward‐thinking innovations combining profit making with green technologies. 

• Commercial revenue is also 
generated by providing high quality 
water to industry.Putting aside the fundamental question of 

whether London ever needed a £270 million 
desalination plant in the first place

Located within London's largest wastewater treatment 
site (one of the largest in Europe), treating wastewater 
from over 3.5 million customers, and in need of 
expansion, there is speculation as to whether or not the 
desalination plant will eventually purify treated 
wastewater to the level at which it could circulate within 
the potable water network. 





Paradigm shifts – Desalination opportunities 

• Increasing synergies between water, energy and food – their nexus as the 
currency of the future

• Water regimes – from utilization and prevention of pollution to IRBM & 
holistic ecosystem approach

• Environmental regimes – from linear thinking with pollution control & 
conservation to sustainable management and the circular economy

• Recognition of the ecosystem as a legitimate “water user” - and decision 
making transitioning from cost benefit analysis to industrial ecology



Thank you
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