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Nuclear Power 
Nuclear power plants can require very large amounts of water, but the amount depends 
enormously on the cooling method. 

The key distinction is: 

• Water withdrawal = water taken from a source (river, lake, ocean)  
• Water consumption = water permanently lost, mostly through evaporation  

A plant may withdraw huge amounts while consuming much less. 

Why nuclear plants need so much cooling 
A nuclear reactor is basically a giant steam power plant. 

The reactor generates heat, which: 

1. Boils water into steam  
2. Spins turbines  
3. Produces electricity  

But most of the heat does not become electricity. 

Typical thermal efficiency: 

𝜂𝜂 ≈ 33% 

That means roughly: 

• 1/3 becomes electricity  
• 2/3 becomes waste heat  

That waste heat must be removed continuously. 

 

Water use by cooling type 
1. Once-through cooling (very high withdrawal) 
Water is: 
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• Pulled from a river, lake, or ocean  
• Run through condensers  
• Returned warmer to the source  

Typical values 

Metric Approximate Amount 
Withdrawal 20,000–60,000 gallons/MWh 
Consumption 100–400 gallons/MWh 

Pros 

• Very energy efficient  
• Lower operating cost  

Cons 

• Massive water withdrawals  
• Thermal pollution  
• Ecological impacts on aquatic life  

Older plants often used this approach. 

 

2. Cooling towers (lower withdrawal, higher 
consumption) 
Most modern plants use recirculating cooling towers. 

Water is reused repeatedly, but some evaporates. 

Typical values 

Metric Approximate Amount 
Withdrawal 500–1,100 gallons/MWh 
Consumption 400–800 gallons/MWh 

Pros 

• Much less withdrawal  
• Lower environmental discharge impacts  
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Cons 

• Significant evaporative water loss  

This is the most common modern approach. 

 

3. Dry cooling (very low water use) 
Uses air-cooled condensers instead of evaporative towers. 

Typical values 

Metric Approximate Amount 
Withdrawal Near zero 
Consumption Near zero 

Cons 

• Expensive  
• Lower efficiency  
• Reduced output during hot weather  
• Huge cooling structures required  

Dry cooling is uncommon for large nuclear plants because of the efficiency penalty. 

 

Scale example 
A large 1 GW nuclear plant with cooling towers may consume roughly: 

400,000–800,000 gallons/day 

Some plants consume considerably more depending on climate and cooling design. 

Once-through plants may withdraw billions of gallons per day, although most is returned. 
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Comparison with other power sources 
Approximate operational water consumption: 

Energy Source Water Consumption 
Nuclear (tower cooled) High 
Coal High 
Natural gas combined cycle Moderate 
Solar PV Very low 
Wind Very low 
Hydropower Complex/varies enormously 

Thermal power plants in general need cooling because they rely on steam cycles. 

 

Why this matters for AI and data centers 
As AI electricity demand rises, many people propose expanding: 

• Nuclear power  
• Small modular reactors (SMRs)  

to support data centers. 

But there’s a catch: 

If AI campuses also use evaporative cooling towers, then both: 

• the power generation  
• and the data center cooling  

may consume substantial water simultaneously. 

That creates a compounded infrastructure challenge in drought-prone regions. 

 

Emerging solutions 
Advanced reactor designs 
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Some newer reactors aim for: 

• Higher thermal efficiency  
• Lower cooling demand  
• Air cooling compatibility  

 

Co-location with water resources 
Many nuclear plants are built near: 

• Oceans  
• Large rivers  
• Lakes  

to secure cooling capacity. 

 

Hybrid dry/wet cooling 
Uses dry cooling most of the year and water cooling during hot periods. 

 

Waste heat reuse 
Some future concepts propose: 

• District heating  
• Industrial heat reuse  
• Coupling with desalination  

to improve overall efficiency. 

 

Important nuance 
People sometimes assume “nuclear is carbon-free, therefore resource-light.” 

Operational carbon emissions are indeed low, but: 
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• Large conventional nuclear plants are often very water-intensive  
• Especially compared with wind and solar  

The cooling method matters more than the reactor itself when discussing water use. 
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