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Module 1: Insights for Policymakers 

Learning Objectives 
By the end of this section, you will be able to: 

• Identify the primary drivers and barriers for renewable-powered desalination deployment. 

• Evaluate the appropriate desalination technology based on regional renewable energy 

potential. 

• Identify the strategic benefits of mapping water needs against available renewable resources. 

Executive Summary: Global water demand is rising as freshwater becomes scarce due to climate change. 

While desalination can bridge this gap, its high energy intensity requires a shift from fossil fuels to 

renewable energy—such as solar and wind—to ensure long-term economic and environmental 

sustainability. 

Global Water Demand and Scarcity 
Freshwater sources are becoming increasingly scarce due to the impacts of climate change and rising 

demand for natural resources. This scarcity is particularly acute in semi-arid, coastal, and island regions. 

• Augmentation: Desalination of seawater and brackish water is used to meet the growing 

demand for fresh water. 

• Energy Intensity: Desalination is a highly energy-intensive process. 

• Sustainability Gap: Historically, plants have relied on fossil fuels, which are prone to price 

volatility and logistical supply issues in remote areas. 

The Role of Renewable Energy 
While the majority of current desalination relies on conventional energy, the market is shifting. 

• Current Status: Only 1% of the world's total desalinated water is currently produced using 

renewable energy. 

• Economic Viability: Renewable technologies are becoming mainstream as technology prices 

continue to decline. 

• Market Potential: Energy-importing countries like India and China, as well as small islands, 

represent large potential markets for renewable-powered systems. 

Technology Selection and Regional Application 
Policy decisions regarding technology must be based on locally available renewable resources. 
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Desalination Categories 

• Thermal Desalination: Uses heat to vaporize fresh water. 

• Membrane Desalination (Reverse Osmosis): Uses high-pressure electrically-powered pumps to 

separate fresh water using a membrane. 

Regional Resource Mapping  

The selection of technology should be paired with the most abundant local resource: 

• Arid Regions (e.g., MENA): Solar energy is the primary solution. Concentrating solar power (CSP) 

provides heat for thermal desalination, while solar photovoltaics (PV) and CSP provide electricity 

for membrane systems. 

• Coastal and Island Communities: Wind energy is a high-interest resource for powering 

membrane desalination projects. 

      Design Tip: Renewable energy generation should be viewed as a valuable economic investment that 

reduces external social, environmental, and operational costs over the long term. 

Economic Outlook 

Desalination remains costly, but several factors are expected to improve its feasibility: 

• Declining Costs: Decreasing costs in renewable technology deployment are expected to bring 

down the overall cost of water production. 

• Remote Infrastructure: Renewable desalination is of particular interest to islands and remote 

regions with poor existing infrastructure for freshwater and electricity distribution. 

• Strategic Planning: Mapping water needs alongside renewable sources is a vital tool for 

planning new systems. 

    Safety Constraint: Policymakers must take evolving market opportunities and long-term impacts 

into consideration when planning capacity, infrastructure, and sustainable water supply needs. 
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Checkpoint Quiz 

1. What percentage of current global desalinated water is produced using renewable energy?  

a) 10%  

b) 25%  

c) 1%  

d) 5% 

Answer: (c). Current data indicates that only 1% of total desalinated water is based on renewable 

energy sources. 

2. Which technology is specifically recommended for coastal and island communities with high wind 

potential?  

a) Thermal desalination via solar heat  

b) Membrane desalination via wind energy  

c) Multi-stage flash via geothermal heat  

d) Solar stills 

Answer: (b). Wind energy is identified as a key interest for membrane projects in coastal and island 

areas.  

3. Why is fossil fuel-based desalination considered unsustainable for remote island communities?  

a) It requires too much land area  

b) It is vulnerable to volatile market prices and logistical supply problems  

c) It cannot process brackish water  

d) It produces too much fresh water 

Answer: (b). Fossil fuel sources are vulnerable to market volatility and logistical issues in remote 

locations. 
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Module 2: Highlights 

Learning Objectives 
By the end of this section, you will be able to: 

• Identify the global status of water desalination and its significance in water-scarce regions. 

• Evaluate the primary desalination technologies and their respective market shares. 

• Calculate the energy intensity and cost-effectiveness of conventional vs. renewable desalination 

processes. 

Executive Summary: Global desalination capacity is expanding at a projected rate of 9% annually to 

address increasing water scarcity. While currently dominated by fossil-fuel-powered Reverse Osmosis 

(60%) and Multi-Stage Flash (26.8%) technologies, the declining cost of renewable energy makes 

"renewable desalination" an increasingly viable and sustainable alternative, particularly for remote or 

island communities. 

Process and Technology Status 
This brief focuses on renewable desalination, which utilizes renewable energy sources to power water 

purification processes. Global water withdrawals total approximately 4,000 billion m3 per year. In 

regions like the Middle East and Northern Africa (MENA), desalination has become the critical source for 

both drinking water and agriculture. 

• Global Production: Current production is about 65.2 million m3 per day (24 billion m3 per year), 

which fulfills 0.6% of the global water supply. 

• Regional Dominance: The MENA region represents 38% of global capacity, with Saudi Arabia 

being the largest producer. 

• Technology Market Share: 

o Reverse Osmosis (RO): 60% of global capacity. 

o Multi-Stage Flash (MSF): 26.8% of global capacity. 

• Scale: Large plants can reach capacities of 800,000 m3 per day or more. 

• Renewable Suited Technologies: Suited options include solar thermal, solar photovoltaics (PV), 

wind, and geothermal energy. 

o Solar Thermal/CSP: Produces high heat suitable for thermal desalination. 

o PV and Wind: Typically combined with membrane units like RO or electrodialysis. 

      Design Tip: Combining power generation and water desalination can serve as a cost-effective 

electricity storage option when generation exceeds demand. 
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Performance and Costs 
Desalination requires significant energy inputs, and the total cost of water is largely determined by 

these energy expenses. 

Energy Consumption Metrics 
• Multi-Stage Flash (MSF): 

o Thermal energy: 80.6 kWh/m3 (290 MJ/kg). 

o Electricity: 2.5 to 3.5 kWh/m3. 

• Reverse Osmosis (RO): 

o Electricity: 3.5 to 5.0 kWh/m3. 

       Calculation Note: Global desalination production currently consumes at least 75.2 TWh per year, 

equaling roughly 0.4% of global electricity consumption. 

Economic Viability 
• Market Prices: Typically between USD 1/m3 and USD 2/m3. 

• Cost Trends: Large-scale plant costs have decreased to as low as USD 0.5/m3. 

• Renewable Competitiveness: While renewable desalination generally has higher costs than 

fossil-fuel systems, it is already competitive in remote regions where energy transmission and 

distribution costs are prohibitive. 

Potential and Barriers 
The desalination market is projected to grow by 9% per year (2010–2016) with a cumulative investment 

of USD 88 billion. 

• MENA Growth: Water demand is expected to rise to 13.3 billion m3 by 2030, while 

groundwater resources decrease. 

• Capacity Projections: MENA capacity is expected to reach nearly 110 million m3/day by 2030, 

with 70% concentrated in Saudi Arabia, UAE, Kuwait, Algeria, and Libya. 

• Energy Impact: Electricity demand for desalination in the MENA region is expected to triple 

from 2007 levels to 122 TWh by 2030. 

• Asian Markets: China and India are high-potential markets due to growing populations and 

acute water shortages. 

    Safety Constraint: The desalination waste, known as brine (high salt-content water), must be 

disposed of or recycled sustainably to avoid negative impacts on marine ecosystems. 
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