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A desalination research agenda fit for the 21st century 
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H I G H L I G H T S  

• Research focused on desalination technology is necessary but insufficient. 
• More research on the economic and social impacts of desalination is needed. 
• Desalination research needs to embrace open science principles.  
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A B S T R A C T   

Desalination is expanding exponentially across the world. Yet, there is little research on the economic, institu
tional, and social dimensions of desalination, as well as on policy-relevant lessons for managing the risks and 
opportunities from this technology, especially in low- and middle-income countries. This perspective article 
proposes a broad research agenda anchored in five key themes – energy and materials, institutions and regu
lations, social dynamics and perception, strategic planning, and financial sustainability – and grounded in the 
principles of open science to help steer the sustainable and equitable roll-out of desalination globally.   

1. A new era of desalination? 

Desalination is expanding exponentially across the world. Once a 
water technology for the energy rich and water-stressed Gulf Coopera
tion Countries (GCC), desalination has now gone – for want of a better 
word – mainstream. Across the world, countries such as Chile, China, 
Egypt, India, Mexico, Morocco, and Senegal, are investing in desalina
tion to meet water demands and reduce urban water shortages. Ac
cording to the International Desalination and Reuse Association (IDRA), 
the body that promotes desalination worldwide and that celebrated its 
50th anniversary in 2023, the total global contracted desalination ca
pacity is at least 109.2 million cubic meters per day [1] (around 4 % of 
global domestic water use [2]). Since 2010, the global installed capacity 
has grown at an average of 7 % per year [3]. Growing interest and in
vestment in desalination respond to the growing demands for water, 
increasing awareness among policymakers and investors of the growing 
risk of ‘day zero’ events – when a city runs out of water - and preference 
to invest in supply-side solutions to reduce water shortages. The dra
matic declines in the energy required to drive desalination over the past 
fifty years have also played a major role in this expansion. 

This exponential growth in desalination investments has been 
accompanied by a spur of related innovations and research. Patenting 

activity in desalination technologies quadrupled from 1990 to 2010 [4], 
and the number of academic publications has also increased from less 
than a 1000 in 1990 to more than 18,000 in 2020 [5]. Despite this 
growth in desalination technology development and application, there is 
little research examining the economic, institutional, and social di
mensions of desalination and providing guidance for policy on man
aging the risks and opportunities from this technology, especially in low- 
and middle-income countries. The number of publications addressing 
the social and political dimensions of desalination and its economics 
aspects beyond energy consumption is increasing; however, it is still 
very low (about ten times less) compared to technology-focused 
research [5]. This Perspective article puts forward a broad research 
agenda anchored in five key themes and grounded in the principles of 
open science to help steer the sustainable and equitable roll-out of 
desalination around the world.. 

2. Research focused on technology is necessary but insufficient 

Most desalination research to date has focused on technology, such 
as advances in membrane-based processes and new applications of 
nanomaterials to improve energy efficiency. This research is driving 
efficiency improvements in desalination and might further contribute to 
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bringing down operational costs; however, energy consumption only 
accounts for about one quarter to one half of the costs of desalination, 
with other costs related to environmental permitting, capital, and other 
operating costs (e.g., membrane replacement) [6]. Hence, if desalination 
is to play a significant role in augmenting and diversifying the world’s 
water supplies, factors other than technological improvements are likely 
to affect its uptake and further expansion, requiring a broad research 
agenda to support 21st century water policy. This research agenda 
would complement ongoing industry-led and practitioner-oriented ef
forts – such as the ones spearheaded by IDRA - to collect data, convene 
stakeholders, and promote best-practices, and would also include other 
non-conventional water supply sources, notably wastewater. A 
comprehensive research agenda on desalination would cover at least 
five dimensions (Fig. 1). 

2.1. Energy and materials nexus 

Most desalination research to date has focused on the minimization 
of energy consumption, mostly through development of new materials 
for membranes. However, systematic reviews considering all three 
desalination mechanisms (pressure, thermal and electro-driven) show 
that technological innovation through novel materials will not deliver 
expected energy efficiency gains [7]. This confirms insights from the 
material science community suggesting that technological advances 
alone do not deliver resource-use efficiency [8]. 

This reality has important consequences for the membrane research 
community, which has benefitted from a large emphasis on membrane 
technology development, and for research funders, who have tended to 
support initiatives that promise to break free of desalination’s energy 
requirements through novel technologies alone. If we really want to 
support the sustainable roll out of desalination, we need to go beyond 
the emphasis on material development and focus on rigorous analysis of 
the scalability, manufacturability, and deployment challenges of desa
lination solutions. 

Through a broader focus on technology deployment and scalability, 
researchers will also drive a shift in the political and corporate rhetoric 
and in the research funding landscape around material and energy 
technologies for desalination. Rather than waiting for the next, and 
perhaps unrealizable, technological breakthrough in materials 
manufacturing, desalination researchers should focus on (and funders 

should support) research aimed at answering questions such as: which 
treatment technologies can succeed at speed and scale? What factors 
influence the system-level and life-cycle performance of desalination 
technologies? And how do costs of treatment vary and what are 
appropriate targets for cost reduction? Techno-economic approaches 
that couple process modelling and economic analysis [9,10] and life- 
cycle assessment frameworks incorporating both manufacturing- and 
use-phase environmental impacts [11] can help to effectively address 
these questions. 

If desalination researchers focused less on membrane development 
and more on system-level questions, the community could also better 
assist decision-makers in understanding how desalination fits within the 
strategic challenge of delivering water services and clean energy under 
climate change. The clean energy boom will likely make desalination 
even more widespread, including to produce green hydrogen [12]. 
However, water is a local problem, and the extent to which renewable 
energy desalination for green hydrogen will become viable with respect 
to the local availability of clean energy and other natural resources re
mains unclear. Furthermore, system-level questions surrounding the 
energy and material implications of decentralized water service delivery 
models supported by desalination (i.e., small-scale plants for remote 
communities; desalination plants for mining) still need to be explored (i. 
e., trade-offs between technology choice and chemical usage). 

A refocused research agenda on energy and materials would also pay 
more attention to the nexus of desalination with rare earth elements and 
minerals. Important dimensions include mineral recovery from brine 
[13], and the environmental impacts of desalination membranes and 
infrastructure [14], including opportunities for circularity. For example, 
applications of material flow accounting and scenario analysis could 
help understand any risks from material or energy bottlenecks in the 
large-scale deployment of desalination or any opportunities to reduce 
desalination’s energy and material footprint throughout its life cycle. 

2.2. Institutions and regulations 

Research on the governance of desalination, and particularly on 
institutional and regulatory models appropriate for low- and middle- 
income countries, is lacking. In most countries around the world, 
desalinated water is not formally included in water rights and water 
governance arrangements. As seen in Saudi Arabia and Israel, the 

Fig. 1. A desalination research agenda for the 21st century.  
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expansion of desalination often leads to the creation of large-scale water 
infrastructure to transfer water around the country in a way that is de
tached from traditional water allocation regimes based on river basins. 
In some contexts, this extensive water transfer infrastructure might alter 
water allocation dynamics and priorities of use, at nested scales from the 
local to the transboundary, and might also shift the centre of gravity in 
water governance towards centralized institutional models. In other 
contexts, desalination infrastructure might enable a shift towards more 
decentralized models of water service delivery and governance [15]. 

In addition, existing water institutions – such as urban water utilities 
or river basin authorities that already struggle to keep pace with rapid 
technological and global change – typically do not have the capacity and 
know-how to manage desalination. These institutions rarely have: (i) 
established standards on desalinated water production, including water 
quality (e.g., boron concentrations) and management of desalination by- 
products such as brine [16]; (ii) capacity and standardized procedures to 
negotiate desalination projects with international technology providers 
and contractors; (iii) information sharing protocols with entities regu
lating related sectors such as coastal management, land zoning and 
environmental permitting. 

The relevance of this point is demonstrated by the fact that one of the 
main drivers of Saudi Arabia’s recent overhaul of its institutional model 
for water service delivery was the need to make it more suitable for the 
further scaling-up of desalination infrastructure [17]. Desalination ini
tiatives typically involve many players (technology providers, operators, 
and financial partners), each covering a different aspect of the desali
nation value chain. Engaging with this vast array of actors can be 
potentially challenging for governments and utilities, especially in low- 
income settings, calling for researchers to help policymakers identify the 
most suitable institutional models in each context. 

Alongside research on institutional models to support the roll-out of 
desalination, research should explore and compare the performance of 
alternative approaches for regulating desalination and related aspects of 
water service delivery. This ranges from environmental regulation, for 
which comparative analyses exist and identify room for improvements 
in several countries [18], to drinking water safety, energy and net-zero 
requirements, and economic regulation (i.e., tariff setting). Even in the 
high-income and high institutional capacity context of the GCC, the 
potential for regulation to enhance the sustainability of desalination, 
and notably brine management, remains underexplored [19]. 

2.3. Social dynamics and perception 

Research on the social dynamics and perception of desalination is 
growing [20]; however, several policy-relevant questions remain 
unanswered. These include: (i) how does desalination affect water de
mand and supply-demand cycles? (ii) how can the poor and vulnerable 
benefit from desalination? and (iii) what factors influence social 
perception of desalination? These three questions are unpacked below. 

The expansion of desalination might have the counterintuitive effect 
of enabling higher water demands, thus offsetting any initial benefits of 
desalination in reducing water shortages. This effect, known to econo
mists as the paradox of supply and to engineers as the supply-demand 
cycle, arises when new water supply infrastructure is built without 
demand-side interventions to signal the cost of production and pumping 
– not just energy-related but also material and environmental –to water 
users. This gives users a false sense of abundance, enabling greater de
mands than initially projected and thus offsetting the benefits of the new 
infrastructure [21]. This effect is at play in the hyper-arid GCC countries, 
where large investments in desalination are accompanied by some of the 
highest levels of per capita water consumption in the world [22]. Poli
cymakers should pay attention to this perverse outcome that might 
affect the long-term sustainability of desalination, and research should 
provide recommendations on opportunities to avoid it. 

Social scientists also suggest that the benefits of desalination usually 
accrue to economically and socially better off water users who can afford 

to pay for desalinated water [23]. It is important to identify ways to 
extend the benefits of desalination to disadvantaged communities, 
including in remote rural areas where brackish groundwater might be 
available. Political ecologists have identified the risks of overlooking 
these dynamics, and they have rightly called for more research on the 
equity dimensions of desalination [24]. 

Research also needs to better understand and predict public 
perception of desalination. Reviews of the socio-political factors 
impacting the adoption of desalination identify public perception as 
crucial in determining the success or failure of desalination projects 
[16]. Project developers are aware of the risk that public opposition 
poses to infrastructure projects. Despite this awareness, there is still very 
limited research addressing this issue [25]. Lack of research around 
perception undermines efforts to transparently identify and communi
cate the environmental impacts of desalination projects. Despite the 
availability of mitigation measures and the accepted view among 
desalination experts that the environmental impacts of desalination on 
marine ecosystems can be managed [26], public perception around the 
environmental impacts of desalination is still largely negative. For 
example, environmental damage was among the key aspects cited by 
stakeholders opposing the Huntington Beach desalination plant in 
Southern California, with the project not receiving approval and being 
abandoned in 2022 [27]. 

A focus on public perception raises fundamental questions for 
desalination research which are still largely unanswered. For example: 
what are predictors of local support or opposition to desalination pro
jects? Does public attitude towards desalination change over time and 
depending on the location of the facility? What are the preferences and 
choices of communities when it comes to alternative options to achieve 
water supply resilience? What are effective and transparent communi
cation strategies to increase public understanding of desalination, 
including of its environmental impacts? 

Answering questions on public perception requires pursuing at least 
two avenues of research. The first one requires more development and 
application of non-market valuation studies to elicit user preferences for 
desalination. While there is a vast literature using non-market valuation 
to study household preferences and willingness to pay for improved 
drinking water services and also for protection of coastal resources, only 
a handful of studies focus on desalination [28–30]. The application of 
these methods helps understand the social feasibility of adopting desa
lination and can also inform the design of potential pricing mechanisms. 

The second one requires scaling-up the use of social science methods 
and frameworks that can be applied to understanding societal technol
ogy choices, such as cultural theory [31,32] and risk perception theory 
[33]. Local perceptions of water scarcity, concerns around environ
mental impacts, and preferences for alternative water supply options are 
influenced by several factors (e.g., concern around privatization of 
water supplies; preference for ‘natural’ water), and do not typically 
respond to rational engineering and economic arguments alone. 

Perceptions can prevent the public from realizing the full potential of 
desalination. For example, technologies that remove salt can also 
remove other contaminants, meaning that water agencies might end-up 
deploying desalination to comply with increasingly stringent drinking 
water quality standards even when source waters are not saline but 
heavily contaminated surface or groundwater. A small but growing 
number of publications in the field of desalination shows the potential 
for social science approaches to shed light on local perceptions, and the 
social and psychological variables that influence them [34–36]. For 
example, application of risk perception theory to case studies in Mexico 
and Chile shows that, despite desalination investments, consumers still 
tend to prefer bottled water because of distrust in public water supplies 
[37]. 

2.4. Strategic planning 

Like all large-scale water infrastructure, desalination investments are 
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poised to be affected by mega-project risks, such as underestimated 
costs, long-term uncertainty in demands, and undervalued social and 
environmental impacts. Reviews of existing desalination infrastructure 
costing methodologies highlight the lack of harmonized and transparent 
approaches for mitigating these risks, with most policymakers relying on 
black box type tools that do not provide enough details on the sensi
tivities of plant design and costs – and therefore convenience of desali
nation vis-à-vis other supply sources – to a range of uncertainties [38]. 

Researchers should provide investment planning frameworks for 
objective assessments of the rationale for deploying desalination and to 
explore optimal placement and characteristics of desalination infra
structure, considering alternative configurations, impacts on the envi
ronment and robustness to uncertainty. Advances in strategic planning 
grounded in decision-making under deep uncertainty can help decision- 
makers transparently explore how the economic case for desalination 
changes under multiple climate, environmental management, social and 
cost scenarios, and identify strategies that reduce project risks [39]. 
Adoption of these frameworks would reduce the risk of idle plants and 
would also enable evidence-based discussions with the public regarding 
the need for desalination and options to manage its environmental im
pacts. It would also help decision-makers consider alternative ap
proaches for delivery of desalinated water, which might include 
decentralized solutions phased over multiple construction stages [40]. 
In jurisdictions where water planning regulations already require stra
tegic planning to justify desalination projects, such as California, re
searchers could examine project documents, economic analyses, and 
environmental impact reports to compare methodologies and identify 
opportunities to improve and standardize planning methodologies for 
individual desalination projects as well as national desalination 
strategies. 

2.5. Financial sustainability 

Policymakers should also be concerned about the impact of desali
nation investments on the overall financial sustainability of the water 
sector. This is particularly the case in low- and middle-income countries, 
where water service providers rarely achieve cost recovery and where 
the water tariff increases required to cover the costs of desalination 
might face backlash and might affect the poor more than the rich. In 
Jordan, where desalination is a major component of the country’s water 
strategy, water tariffs increases often result in public backlash [41]. In 
Egypt, the World Bank estimates that operational expenditures in 
desalination increased operating costs for the state-owned water and 
wastewater company by 25 % [42]. Hence, research is urgently needed 
to advise policymakers on the financial impacts of desalination, and on 
approaches to sustainably finance this technology through equitable 
tariffs, budget transfers and international aid. 

Under this area, research is needed to identify sustainable and 
equitable financing models for desalination. Research questions include: 
what are sustainable approaches for tariff setting and fiscal planning for 
large-scale desalination plants? And for decentralized systems? What are 
available financing models and what are lessons learned in their appli
cation? Given that the public sector is typically heavily involved in the 
planning and financing of desalination projects [43], research on 
financing could help reduce the impact of desalination on public 
budgeting, for example by identifying efficient procurement mecha
nisms, finance structuring, and risk allocation models. Research on the 
financial aspects of desalination can help identify financing strategies 
that reduce the burden of desalination infrastructure on already growing 
public debt, especially in the Global South. 

3. Desalination research needs to embrace open science 
principles 

To expand desalination research in the areas above, particular 
attention needs to be paid to open data. At present, most data on 

desalination (and also wastewater reuse) infrastructure globally is pro
vided through proprietary databases and software built with confiden
tial methodologies. While this type of advanced services is clearly 
beneficial to the water industry and needs to continue, the research 
community needs to step up its game to create open-access databases to 
help policymakers and the public navigate information on desalination. 
This would include data on institutional and regulatory approaches, 
desalination plant characteristics (e.g., technology type, costs, installed 
vs utilized capacity, and water quality), results from environmental 
impact assessments, and social aspects (e.g., population served, social 
dynamics), among others. The Open Membrane Database [44] demon
strates the benefits that open-access data gives to desalination re
searchers and practitioners, and this open science approach should be 
adopted to increase access to other aspects of desalination research 
beyond membranes. 

As with most technologies, many advances in desalination, including 
reverse osmosis, have their roots in publicly funded research and 
development programs [45], such as the ongoing National Alliance for 
Water Innovation (NAWI), funded by the United States Department of 
Energy [46]. As research funders across the world scale-up their support 
to desalination, they also need to promote the uptake of open science 
principles. This will ensure that the public benefits of this technology are 
optimized and fairly distributed and will also incentivize the private 
sector to join discussions about sustainably deploying desalination and 
promoting open desalination science. 
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