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The commitment undertaken by G20 countries to lower their carbon emissions levels makes renewable energy-powered water
desalination especially valuable, given that almost half the global water desalination capacity is installed in these countries. Recent
installations have shown that Reverse Osmosis (RO) operated by Solar PV is extremely suitable for green desalination. G20 countries
should adopt Photovoltaic Reverse Osmosis (PVRO) with water storage for cost-effective and low-carbon water desalination. They
should include PVRO projects within the structured financing available for renewable energy projects. The G20 countries with the
largest desalination and renewable energy capacities may sign a Cooperative Framework Agreement to establish a global cooperation
platform.

Challenge
This policy brief promotes renewable energy-powered water desalination with PVRO technology as a mechanism for creating an integrated
and sustainable solution for both clean water production and energy storage. It presents the key technology, implementation, and
replication-related interventions required to enable a costeffective low-carbon framework to manage emissions with water desalination. It
aims to enable the G20 countries to realize higher levels of renewable energy integration in the energy mix and to realize major aspects of a
circular economy.

G20 countries contribute to about 48% of the total water desalination capacity in the world with about 52,264.5 mm3/day. The minimum
energy required to produce this amount of fresh water using best large-scale commercial technology available today is 209,057.9 MWh/day,
which will result in about 93,030.8 tons/day of CO2 emissions. The G20 can reduce total emissions by 209,057 tons/day after committing to
PVRO. This can lead to an emission reduction of 428,000 tons/day globally, if other countries also learn from the experience of the G20
countries. If the G20 countries switch to water storage in place of the currently expensive energy storage mechanism as per the proposed
framework, it will result in huge cost reductions (approx. 722,817 mn$) in desalination projects (See Appendix [I] for analysis and
assumptions).

Clean energy can power global recovery from COVID-19, especially because the pandemic hit the world’s poorest regions and the elderly
(with respiratory and cardiovascular diseases and diabetes, and in countries with high levels of pollution) the hardest, and also affected the

most vulnerable and fragile communities by adding unprecedented health and economic burdens to the existing poverty and climate crises.
Thus, a comprehensive and collaborative response is necessary. Clean energy lies at the root of such collaborations, as it can provide
affordable solutions in line with climate targets and can help mitigate the effects of the pandemic on people’s livelihoods and local
economies (Alers 2020; Wooders and Gerasimchuk 2020).

Recent installations have confirmed that RO operated by PV power is highly suitable for green desalination. However, the costs of
desalination projects have increased dramatically because of the additional components of PV and energy storage. The integration of
renewable energy sources in the energy mix has increased the complexity of power grid management because of the variability and
intermittent nature of these energy sources. Energy storage solutions such as batteries offer either short-term storage options that are
insufficient or long-term ones that are significantly expensive, both economically and environmentally. The sustainability of driving RO
desalination units with renewable energy sources faces technical challenges that can be resolved with collaboration among the G20
countries. These challenges include PV technology reliance on rare earth elements that are available only in a few countries, high capital
cost of energy storage, membrane fouling issues, low efficiency of pretreatment processes, and the lack of policies for the efficient
management and monitoring of the by-products of desalination (brine) (see Appendix [II] for a detailed discussion on technical challenges).
The capital cost of traditional installations of PVRO constitutes the main challenge. This policy brief provides the G20 with an attractive
solution to overcome these challenges so that renewable desalination can cost less and be made available widely, while also being
environmentally benign.

Proposal
Proposal 1
The G20 should include PVRO technology as an innovative solution to complement previous efforts on Grid Integration for Variable
Renewables (GIVAR) implemented by the International Energy Agency (IEA) and the International Renewable Energy Agency (IRENA). This
option can provide a broader range of countries with low-cost and eco-friendly solutions for the production of fresh water while
simultaneously increasing the integration of renewable energy sources into the power grid. This controls the unfavorable variability of
renewable energy sources, and achieves large reductions in cost and carbon emissions.

This proposal describes how renewable desalination with sufficient storage capacities ensures efficient generation, storage, and
management of water desalination, and addresses multiple energy and climate change challenges. The technology uses photovoltaic solar
panels as the renewable energy source to power RO desalination plants. Thus, the proposed technology is PVRO.

RO desalination plants with appropriate technologies can implement a two-way link in which the plant can import electricity only when
necessary. It will export energy when there is excess. It will also act as a storage device and export electricity to the grid during a power
shortage. Water distribution systems will have storage capacity for the same reasons. The operating storage is usually two hours of an
average day flow that is, operating storage = (average day demand/24 hours) x 2 hours. Aquifer storage and recovery (ASR) systems located
strategically near water facilities can house billions of cubic meters of desalinated water for strategic long-term storage (Missimer, Sinha, and
Ghaffour 2012). With appropriate smart controls, the RO desalination plants in this framework can act as power generators from multiple
sources (PV and power grid) based on the supply and demand scheduled for a period. These plants will also act as virtual batteries for the
power grid and are capable of delivering the required power for a time period. Excess power from renewable sources can be directed to the
power grid whenever power generation is expensive and can be switched back when the level of stored water needs to be addressed (AlNory and El-Beltagy 2014; Al-Nory and Brodsky 2014).

The RO plant is coupled with the grid and the PV sources are used as fuel substitutes in case of interruptions to grid supply (Tzen and Richard
2003). The PV source is also coupled with the grid to supply power directly when power demand is high. Electricity consumption levels for
typical desalination operations using RO with energy recovery are 3–4 kWh/m3 for feed water salinity of 25,000ppm (Al-Nory and Graves
2003; AlNory and Graves 2013).

The proposed framework can be extended to fulfill the goal of securing energy vectors from renewable energy sources by using solar power
to produce hydrogen from water. It can contribute to the economic development of the country in question without causing additional
environmental strains. An integrated hydrogen production system from water using PV solar connected to a board electrolyzer will maximize
performance. The objective is to obtain at least 10% solar to hydrogen efficiency overall, in order to provide hydrogen from pure water to
chemical and transport industries at the low competitive international price of $3/kg and No GHG emission (Jia et al. 2016; Esposito 2017;
Kosturiak et al. 2019) (Figure 1).

The increased integration of renewable energy sources into the power grid can control unfavorable variability in renewable energy sources
and reduce cost and emissions (Al-Nory and El-Beltagy 2014)—some of the many advantages that can be realized from implementing this
framework.

Proposal 2
The G20 should institutionalize and incentivize PVRO desalination plants under the G20 framework, as part of its collaborative efforts to
support the implementation of the G20 Toolkit of Voluntary Options on Renewable Energy Deployment, and within the available resources
including renewable energy technology cost analysis, renewable energy investment risk mitigation mechanisms and structured financing
options, and the renewable energy map.

Among the G20 countries, at least eight have measurable water desalination capacities (see Appendix [I]). PVRO projects incur large capital
and minimal operational costs because they include PV modules and RO desalination installations. The framework in proposal #1 achieves
large cost and emission reductions (see Appendix [I] for a detailed financial analysis).

When renewable energy became available, governmental support was oriented toward investigating alternatives to fossil fuel power. The aim
was to look at economically viable options based on whether renewable sources can produce electricity cheaper than fossil fuels. Other
measures defining economic viability, such as environment and carbon emissions avoidance, were not heavily investigated at a site-level.
Although some projects have looked at these measures (Trieb 2002; Kouta et al. 2016; Garmana and Mutasserb 2008; Ghorbani, Mehrpooya,
and Ghasemzadeh 2018) using modeling tools and estimated data, none of them, to the best of the authors’ knowledge, have looked at real
projects and evaluated real data.

We can draw lessons from the Solar Seawater Reverse Osmosis Desalination project (Solar SWRO) located outside the urban boundary and

We can draw lessons from the Solar Seawater Reverse Osmosis Desalination project (Solar SWRO) located outside the urban boundary and
close to Al Khafji with a capacity of 30,000 m3/day. The project meets the needs of 100,000 residents of Al Khafji in Saudi Arabia (see Figure
2 in Appendix [III]).

This project has been initiated by King Abdulaziz City for Science and Technology (KACST) and is the first large-scale plant in the world to be
operated by solar energy. Solar SWRO was commissioned in April 2019 and has been operating since then. This plant is the only source of
fresh water for inhabitants at the location. This project is located within a unique environment with complex factors, including high salinity,
presence of oils and grease, sea shallowness, seasonal red tides, and jellyfish. A photovoltaic-powered seawater reverse osmosis
desalination system is integrated into the current medium voltage bars of a common future 13.8kV /134kV power substation built by the
Saudi Electricity Company (see Figure 3 in Appendix [III]).

This integration will result in a net-zero emission balance, meaning that the total energy produced by the project shall be equal to or higher
than the energy requirements of the Khafji Solar SWRO plant in a 25-year period, which is estimated to be 86,000 MWh/year. This project is
unique in the region as it applies advanced nanotechnologies in photovoltaic and RO membrane systems. This technology will limit the cost
of energy production to 8.8 Saudi Halalas (0.025 $ per kilowatt-hour) and fully couple solar generation with the grid.

Drawing from the experience of the Khafji Solar SWRO project, we highlight a few key implications for policymakers to consider while
establishing similar projects in order to achieve higher success in attracting investments for such projects:

PVRO projects incur large capital costs and minimal operational costs because they include two installations, namely PV modules and
an RO desalination unit (see Appendix [I] for a detailed financial analysis). Investors should use existing renewable energy investment risk
mitigation mechanisms and structured financing options for renewable energy projects in the country, in order to finance PVRO
projects. This will offer an incentive to invest in renewable desalination projects.
Early projects should be established as Public-Private-Partnerships (PPP) and Power Purchase Agreements (PPAs) should be provided.
This offers assurance to project investors to sell products through pre-established agreements.
It is necessary to support private sector projects with fair energy exchange rates with a power grid either at the same consumption rate
or at higher rates with a minimal ratio. This is needed to utilize the renewable energy capacity and to encourage higher capacity
installation, which will, in turn, lead to meeting the national renewable energy targets.
The incentives may include a reduced rate of energy consumption from the grid for desalination plants collaborating in this framework.
Desalination plants may be motivated by the reduced rate of energy consumption or a more flexible pricing scheme that creates a
market interface between power production and the desalination plant. In the interface, instead of a fixed power demand or
commitment that the desalination plant has to provide, the amount can be variable.
Proposal 3
G20 governments should provide a platform for global cooperation with respect to renewable desalination replication models; these can be
voluntary contributions to support capacity building and technology transfer among G20 countries and to other countries on a bilateral and
multilateral basis, with assistance from relevant international organizations. These models should include policies and strategies to plan and
implement extensive projects, investments, other forms of commercial endeavors, and cooperation in the creation of a shared knowledge
base to document case studies, lessons learned, and experience dealing with uncertainties. The G20 countries with the largest desalination
and renewable energy capacities may sign a Cooperative Framework Agreement to establish the global cooperation platform. G20 countries
have the largest market size and investments in renewable energy sources and sustainable development technologies. As established in the
2017 G20 Hamburg summit, the impact of these countries’ policies and practices may have positive spillover effects on the rest of the world.

One method to overcome scaling up and replication challenges is to create a market system with incentives such as those proposed by
Zhang et al. (2009) toward investigating opportunities and challenges for the development of renewable energy policy in China. Although
the law for renewable energy had been passed in the country, it had only been partially successful in achieving sustainable growth. The
authors recommend several policy interventions to accelerate the development of the renewable energy sector including clarifying the
process management to ensure that policies are fully implemented, and structuring a market investment and financing system that allows
entrepreneurs to receive bank loans.

Another study has also concluded that scaling up renewable energy with desalination requires several governmental incentives such as tax
breaks and low-interest loans (Goosen, Mahmoudi, and Ghaffour 2014). These incentives are essential in supporting the commercialization

breaks and low-interest loans (Goosen, Mahmoudi, and Ghaffour 2014). These incentives are essential in supporting the commercialization
of technology and in ensuring effective replication. Additional policy measures such as tradable energy certificates and other broad-based
policies are necessary to encourage technological innovation, which can help compete with fossil fuels.

It is also vital to gradually phase out subsidies for fossil fuel and to tax fossil fuel production in order to lower the extent of environmental
damage. Studies have showed that coupling PVRO is a well-developed technology that can expand in the future, much like mobile phones
and other technologies that only require a few years to become commercially available. Similar to smart phones, the cost of such systems is
expected to drop in the future with continuous improvements and mass production (Hans-Josef 2012).

Among G20 countries, at least eight have measurable water desalination capacities. Ensuring government support may include signing a
Cooperative Framework Agreement among these eight countries. The aim of such actionable cooperative agreements is to strategize the
planning and processing of replication among these eight G20 countries and to overcome the challenges that accompany PVRO as identified
earlier in this document.

The expected high penetration of PVRO will culminate in an integrated distribution system among the eight G20 countries. These countries
may sign Cooperative Framework Agreements to devise strategies to deal with emergency support procedures when they encounter high
uncertainties related to the interruption of PVRO; plan extensive projects, investments, and other forms of commercial endeavors; and
cooperate through research and development for overcoming the above identified challenges (Abdmouleh, Alammari, and Gastli 2015; Gao
et al. 2020). The technology, case studies, and lessons learned should be made available to other countries.

Key Recommendations

The G20 should include PVRO technology as an innovative solution to complement previous efforts on GIVAR by IEA and IRENA. This
option can provide a wider range of countries with low-cost and eco-friendly solutions for the production of fresh water while
simultaneously increasing the integration of renewable energy sources into the power grid, thus controlling the unfavorable variability of
renewable energy sources, and achieving large reductions in cost and carbon emissions.
The G20 should institutionalize and incentivize PVRO desalination plants under the G20 framework, as part of its collaborative efforts to
support the implementation of the G20 Toolkit of Voluntary Options on Renewable Energy Deployment, and within the available
resources including renewable energy technology cost analysis, renewable energy investment risk mitigation mechanisms and
structured financing options, and the renewable energy map.
G20 governments should provide a global cooperation platform for renewable desalination replication models as voluntary
contributions to support capacity building and technology transfer both among themselves and to other countries on bilateral and
multilateral bases, with assistance from relevant international organizations. These models should include strategies to plan extensive
projects, investments, other forms of commercial endeavors, and cooperation for the creation of a shared knowledge base that will
document case studies, lessons learned, and experience dealing with uncertainties. The G20 countries with the largest desalination and
renewable energy capacities may sign a Cooperative Framework Agreement to initiate a global cooperation platform.

Disclaimer
This policy brief was developed and written by the authors and has undergone a peer review process. The views and opinions expressed in
this policy brief are those of the authors and do not necessarily reflect the official policy or position of the authors’ organizations or the T20
Secretariat.
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