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      Here’s a quick guide to key terms:

      Reactors

      MSR - Molten Salt Reactor: Uses liquid fluoride salts for cooling and fuel, safer and more efficient than traditional reactors.

      LFTR - Liquid Fluoride Thorium Reactor: A type of MSR that uses thorium, offering abundant energy and less waste.

      SMR - Small Modular Reactor: Compact reactors that can be factory-built and transported easily, ideal for remote locations.

      Desalination:

      RO - Reverse Osmosis: A common method that removes salt from seawater using a semi-permeable membrane.

      MED - Multi-Effect Distillation: Uses multiple evaporation and condensation stages.

      MSF - Multi-Stage Flash: Employs flash evaporation chambers for desalination.

      Nuclear fuel cycles:

      U-235 - Uranium-235: A natural isotope used in reactors, known for high energy but produces long-lived waste.

      Pu-239 - Plutonium-239: A man-made isotope used in breeder reactors that can create more fuel than it consumes.

      Th-232 - Thorium-232: A naturally abundant isotope used in thorium reactors, transforming into U-233 (Uranium-233) for energy.

      Organizations:

      IAEA - International Atomic Energy Agency: Promotes safe nuclear energy use worldwide.

      TEA - Thorium Energy Alliance: Advocates for thorium nuclear technology.

      IDA - International Desalination Association: Promotes desalination innovation and water reuse.

      NIA - Nuclear Innovation Alliance: Focuses on advancing nuclear technology development.

      
        
        A full glossary of acronyms is available at the end of the book and online at https://inov8r.com.

      

      

    

  


  
    
      
        
        "We are now examining in the United States today the mixed economic-technical question of whether very large scale nuclear reactors can produce unexpected savings in the simultaneous desalination of water and the generation of electricity.

        We will have before this decade is out or sooner a tremendous nuclear reactor which makes electricity and at the same time gets fresh water from salt water at a very competitive price.

        What a difference this can make to the United States. And indeed, not only the US but all around the globe where there are so many deserts on the ocean's edge."

        - President John F. Kennedy, June 21, 1961

        Speech delivered for the inauguration of the Freeport Texas desalination plant. Kennedy, J. F. (1961, June 21). White House Press Office.

      

      

    

  


  
    
      
        
          
          

          
            Introduction: Why Water? Why Thorium?

          

        

      

    

    
      Author’s remarks:

      When I was eighteen, I served on a US Navy submarine. It was a self-contained world beneath the waves powered by a compact nuclear reactor. My job was auxiliary systems: the oxygen we breathed, the water we drank, and all the habitation systems for survival. We were isolated deep below the surface, yet we never worried about running out of air or water. That self-sufficiency stayed with me. If we could achieve this undersea, what could we do to solve resource problems ashore?

      Years later, while deployed on a Navy Spruance-class destroyer, I experienced a critical water shortage. Our obsolete flash distillation system was supposed to turn seawater into drinkable water but failed us. Its temperamental salinity sensors dumped perfectly good water back into the ocean, mistaking it for contamination. Our ship went without a reliable source of fresh water for two long weeks. Rationing became our reality. Showers were banned, laundry was postponed, and our morale tanked.

      Relief came when a newer destroyer pulled alongside and replenished our fresh water through a hose connection. As the other ship's crew ribbed us, splashing in a kiddie pool on their flight deck and staging mock showers with soap bars, our Executive Officer lashed out at us for not being able to produce the volumes of water that they could. What, then, was their water distillation advantage? Reverse osmosis (RO). Their system forced seawater through membranes to filter out the salt, delivering pure water nearly as fast as they could pump it.

      That day, I saw firsthand the life-saving potential of water tech. If reverse osmosis could save a ship, what other benefits could it have for water shortages worldwide? However, I also understood the limit; RO systems need a lot of energy. And that energy usually comes from fossil fuels. Today's systems burn carbon to get water, trading one crisis for another. If large-scale ocean desalination plants are figuratively converting diesel to water, that is not affordable or sustainable in the long run. Renewables like solar and wind help but are intermittent and often insufficient for large-scale desalination.

      So, what if we paired the efficiency of RO with a clean, abundant energy source? What if we could unlock the oceans for coastal cities, drought-stricken farms, and growing populations without accelerating climate change?

      That's when I found thorium.
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            The Promise of Thorium

          

        

      

    

    
      A Different Nuclear Path

      Thorium isn't new. Scientists have known about it for over a century, and it’s been studied seriously since the Cold War.1 But it never stepped into the spotlight. Uranium-powered reactors took over, largely because they supported both electricity and weapons development.2 Thorium, on the other hand, offered something quieter: safer, cleaner energy with little potential for weaponization.3

      In particular, thorium works well when used in molten salt reactors (MSRs).4 Instead of solid fuel rods, these reactors dissolve thorium in a liquid fluoride salt that circulates through the system with the consistency of a hot salty liquid.

      This design has several major advantages:

      
        
          	
        No high pressure: Unlike water-cooled reactors, MSRs don't operate under extreme pressure, reducing risks and plant size by up to 80%.
      

      

      

      In MSRs, thorium fuel is dissolved in a stable fluoride salt that circulates at atmospheric pressure, eliminating the thick-walled vessels and massive containments that dominate light-water plants. 5

      
        
          	
        Passive safety: If temperatures rise beyond design limits, a frozen “salt plug” in a drain line at the base of the reactor melts, the liquid fuel falls into a shielded tank, and the chain reaction stop without pumps or operator action.6
      

      	
        Waste reduction: Thorium produces far less long-lived radioactive waste compared to uranium.7
      

      	
        Proliferation resistance: Thorium's byproducts cannot be readily weaponized.8 That is one reason why it has been rejected by nations looking for both simultaneous energy and weapons capabilities because, unlike uranium and plutonium, thorium lacks a direct path for weapons use.
      

      

      

      Liquid Fluoride Molten Salt Thorium Reactor

      
        
          [image: ]
        

      

      Abundance adds further advantages. Thorium is estimated to be three to four times more common than uranium in the Earth’s crust, and it is already co-mined with rare-earth elements in India, Australia, and the American West.9 Studies from Oak Ridge and the IAEA suggest that the world’s electricity needs for a single year could be supplied by the thorium recovered from an area the size of a football field.10 A lifetime supply could fit in the palm of your hand.11

      Yet despite all this, thorium development stalled in the 1970s. The reasons were political, not technical.12 Uranium infrastructure was already in place. Cold War strategy focused on weapons-grade fuel. Thorium simply didn't fit the plan.

      But the world has changed.

      Water access, grid resilience, and climate goals are priorities today.13 The timing is right to revisit what thorium can do, especially when paired with modern challenges like desalination and agriculture.

      From Water Crisis to Desalination Revolution

      More than two billion people already live in water-stressed regions.14 By 2050, that number may exceed five billion.15 As climate change worsens droughts and floods, water security becomes central to national security, food production, and economic stability.

      Global Freshwater Stress Indicators by Region
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      Desalination can help, but only if we reduce how much energy it uses. Most desalination plants today run on fossil fuels.16 That creates a sustainability paradox: we burn fuel to make water, which accelerates the warming that causes drought in the first place.

      Pairing RO with thorium offers a practical solution.17 A molten salt reactor can deliver continuous, carbon-free energy and waste heat, making it suitable for high-throughput desalination and improving seawater preheating efficiency. One thorium-powered plant could meet a city's water needs while also supplying electricity to the grid.

      Unlike solar or wind, which fluctuate, thorium offers a steady, reliable flow of energy.18 It's also more compact and easier to scale than traditional uranium plants, especially when deployed as small modular reactors (SMRs).19 These could be built in factories, shipped to the site, and activated quickly, which would be a game-changer for coastal areas and island nations facing water shortages.

      For example, Australia has considered thorium for both energy and desalination, given its vast thorium reserves and arid interior.20 Saudi Arabia and the UAE, which rely on desalination for survival, have launched research into thorium-powered reactors as part of their long-term sustainability plans.21 And in the US, discussions are growing around integrating advanced nuclear into climate-resilient infrastructure.22

      Not a Silver Bullet, but a Strong Contender

      Let's be clear: thorium isn't a cure-all. It doesn't replace solar or wind. It complements them.

      Renewables are excellent when the sun shines and the wind blows. But desalination systems, cities, and data centers need baseline power 24/7. Grid batteries are improving, but they're material-intensive and presently so costly that getting a short-term payback or even a longer-term return on investment is challenging.23 Conventional uranium SMRs are ahead in licensing, but they still struggle with some of the traditional nuclear challenges, specifically large footprint and waste handling.

      In contrast, Thorium MSRs offer a compelling balance of highly efficient, safe, reliable energy, along with a small land footprint and low environmental impact.

      Of course, it won't be easy. Regulatory inertia, supply chain development, and public misunderstanding about nuclear safety remain real hurdles.24 But the tide is turning. And with population growth and resource depletion, the stakes for water, food, and energy have never been higher.

      The purpose of this book is to invite innovators, investors, policy leaders, and the public to consider thorium with fresh eyes. This book is filled with insightful ideas about what can be achieved, along with real-life examples of innovators who are leading the way.

      The technology isn't decades away. Prototypes exist. Licensing frameworks are forming. Momentum is building.

      Timeline of Thorium Advocacy: From Weinberg to Sorensen
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      Kirk Sorensen's Vision: TED Talk Insights

      Author’s remarks:

      My interest in thorium began with a TED Talk by Kirk Sorensen, a name that has since become synonymous with the push for liquid fluoride thorium reactors.25 Watching him speak, I was captivated by the idea that a small sphere of thorium, costing less than $150, could supply an individual's lifetime energy needs. That moment was a revelation. Sorensen's talk illuminated the vast potential of thorium, an element more abundant than uranium, found deep in the Earth's mantle and prevalent across the Rocky Mountain states. His words resonated with me, sparking a curiosity that would later guide my professional endeavors.

      The practicality of Sorensen's vision became clear when I was working as a systems engineer at an aerospace company, especially as I considered the challenges faced by military operations in conflict zones like Afghanistan. In those environments, logistical convoys, often targeted by insurgents, became the lifeline for forward operating bases, delivering crucial supplies such as fuel and water. Tragically, more than a third of US troop fatalities during these deployments were linked to these vulnerable supply lines.26 This stark reality compelled me to explore how technology could reduce such risks. I led a study on the potential of small modular thorium reactors to power forward bases, thereby reducing dependency on hazardous convoys. The idea was to leverage thorium's potential to provide a safe, stable, and independent energy source, ultimately helping to save lives.

      Meeting Kirk Sorensen was a pivotal moment. I asked to meet him for lunch in Huntsville, Alabama. I found myself face-to-face with the man who had inspired my newfound interest in thorium. I asked him about the possibility of fielding small modular mobile reactors at forward bases. Sorensen spoke candidly about the promise and potential of thorium technology and didn't shy away from acknowledging the challenges. He explained that the technology was still in development, slowed by public policy hurdles and the need for substantial investment.

      Despite these obstacles, Sorensen's enthusiasm was contagious, reaffirming my commitment to pursue this path. I recognized that solutions were years away, which was accurate since this meeting occurred in 2013. I followed up with the research arm of a defense agency, and they asked about safety, which is a natural concern for thorium molten salt reactors. Indeed, Sorensen's advocacy for thorium is rooted in its inherent safety and efficiency.27

      In his TED Talk, Kirk Sorensen highlighted thorium reactors as a cleaner, more efficient form of nuclear technology. He focused on molten salt reactors, which use liquid fluoride salts as both fuel and coolant, improving thermal efficiency and safety. Sorensen's talk sparked considerable interest among the public and scientific communities, leading to extensive discussions about the feasibility of thorium as a long-term, mainstream energy source.28

      This ongoing dialogue challenges traditional views on nuclear energy and reevaluates thorium's potential role in our energy future. By integrating thorium with renewable energy sources, countries can reduce their carbon emissions and reliance on fossil fuels. This shift also offers geopolitical advantages, allowing nations to secure their energy needs independently from volatile global markets.29

      Sorensen's TED Talk presents a strong case for thorium, but some nuclear advocates still question its short-term feasibility for a few key reasons. First, the existing nuclear industry has heavily invested in uranium-based fuel cycles, creating resistance to change. Second, thorium reactors, particularly liquid-fueled molten salt designs, face significant engineering challenges that need new regulations, materials testing, and safety validations, which all require time and funding. Lastly, there is little commercial experience with thorium, leading governments and utilities to be hesitant to adopt a technology that lacks large-scale operational proof, despite its potential benefits. These factors hinder its adoption, even as interest in thorium grows in academic and policy circles.

      Through his involvement with Flibe Energy, a leader in thorium reactor development, Sorensen is committed to advancing this technology. Flibe Energy focuses on creating liquid-fueled thorium reactors that operate without uranium enrichment, aiming for zero carbon emissions and a sustainable energy future.30 I, too, can envision a world powered by clean, abundant thorium energy and advocate for its adoption. Meeting with Sorensen reinforced my belief in thorium's potential as a game-changer.

      1.5 Flibe Energy and Molten Salt Reactors

      Flibe Energy is an inspiring example of innovation in the ever-evolving field of nuclear energy.31 Their mission is the development of thorium-based molten salt reactors. This technology promises to redefine how we produce and consume energy. Flibe Energy is not just about creating reactors; it's about creating a sustainable future where energy is abundant, clean, and safe. Their focus is on harnessing the unique properties of thorium to deliver energy solutions that are both environmentally friendly and economically viable.

      The unique features of Flibe Energy's molten salt reactors set them apart from traditional reactors. These reactors use chemically stable fluoride molten salts to operate at high temperatures, leading to greater energy efficiency. And because the reactor is unpressurized, it is smaller and lighter, making it more adaptable and could enable mobility. This opens up the possibility of using these reactors as drop-in replacements for retired coal plants, potentially revolutionizing the energy industry by providing a cleaner alternative without requiring extensive infrastructure changes.32

      Molten salt reactors' chemical reactivity and fuel efficiency are also substantial advantages. The molten salt acts as both a coolant and a solvent for nuclear fuel, allowing for continuous processing and recycling of the fuel. This means that the reactor can achieve a much higher burn-up rate, extracting more energy from each unit of fuel, and can be refueled while operating. Plus, the inherent safety features of molten salt reactors set them apart, providing a reassuring level of safety and confidence in the technology.33

      Facing the Challenges Head On

      Flibe Energy has made significant progress in advancing molten salt reactor technology. Their portfolio includes a series of pilot projects and experimental reactors, each designed to test and refine various aspects of the technology.34 These projects include building reactors, gathering data, and learning from each iteration to improve future designs. Flibe Energy leverages a wealth of scientific expertise and technological resources in partnership with leading research institutions. These collaborations have been instrumental in overcoming the technical challenges associated with developing and deploying molten salt reactors.

      Yet, despite these achievements, the path forward is not without obstacles. The development of nuclear technology is inherently complex, and molten salt reactors are no exception. Navigating the regulatory landscape is a major challenge. Nuclear technology, by its nature, requires rigorous safety standards and regulatory approval. This is a necessary safeguard, but it can also slow the pace of innovation. The challenge for Flibe, as with all innovators, is to push the boundaries of what is possible while meeting the requirements.35

      The technical complexities of reactor design and construction also present hurdles. Building a molten salt reactor is no small feat. It requires a deep understanding of nuclear physics, chemistry, engineering, and materials science. The innovators must meticulously design and construct each component to withstand the extreme conditions within the reactor. Flibe Energy ensures that their reactors are efficient but also materially sound, secure, and compliant with international standards.36

      Conclusion

      Thorium can potentially transform how we power our civilization. In the following chapters, we'll look at how thorium can help solve major global issues like providing freshwater to drought areas, improving agriculture in dry regions, supporting clean energy for defense and disaster response, and enabling a permanent human presence in space. These aren’t just theoretical ideas but are based on actual projects and emerging technologies already in progress. You'll see that thorium is not only a superior fuel but also aligns well with the future we want to create. In the next chapter, we’ll start with the problem of water scarcity.
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            Water Scarcity and Thorium-Powered Desalination

          

        

      

    

    
      Author’s remarks:

      Thinking back to when my Navy destroyer was struggling to make enough drinking water, I remember looking across the endless ocean and thinking of the Coleridge poem, “The Rime of the Ancient Mariner”, as the sailors on that wooden sail ship lamented,

      
        
        "Water, water, every where, And all the boards did shrink;

        Water, water, every where, Nor any drop to drink." 1

      

      

      It made me think, with so much water in the world, why should anyone have to go thirsty?

      Today, the pieces of a worldwide water solution are finally coming together. We now have the potential to power large-scale desalination and clean energy production, not with fossil fuels, but with thorium as a clean and efficient power source that promises to reshape the economy of energy and water resources.

      In this chapter, we examine the problem of water scarcity, how molten-salt thorium reactors, in tandem with high-efficiency reverse osmosis (RO), could cleanly and sustainably deliver the vast volumes of freshwater that growing populations and agriculture now require, and real-world case examples of how nuclear-powered desalination can make a meaningful difference.

      The Global Strain on Water Systems

      In 2023, the world experienced a relentless series of climate extremes that exposed weaknesses in our global water systems. Rivers shrank, reservoirs hovered at record lows, and glaciers continued their dramatic retreat. The year closed as the hottest ever recorded. The World Meteorological Organization reported that 3.6 billion people now experience water shortages at least one month a year. That number is expected to exceed 5 billion by 2050.2 This is no longer a distant warning. It is a crisis taking shape in real time.

      Sub-Saharan Africa has become one of the most visible regions suffering from severe water stress. Subsistence farming and rain-fed crops form the backbone of daily survival. Crops that once thrived now struggle, and inconsistent rainfall and prolonged droughts have devastating effects. The impact on health is equally severe; limited access to clean water leads to widespread waterborne illnesses, so diseases spread where clean water is scarce. Governments and organizations work tirelessly to address these challenges, yet the need often overwhelms the available resources.

      In the Middle East, water scarcity accelerates existing tensions. Border-crossing aquifers, rivers, and rainfall now influence political outcomes as much as agricultural ones. Access to dwindling water supplies has intensified existing instability. In Syria, years of prolonged drought between 2006 and 2010 devastated agriculture in the northeastern region, forcing over a million people to migrate to urban areas, a displacement that some analysts argue contributed to the social unrest preceding the civil war.3 In Yemen, a nation facing long-standing economic and infrastructure challenges, water shortages in cities like Sana'a and Taiz have led to chronic public health crises and localized conflicts over wells and aquifers, further straining governance and fueling cycles of violence.4 In contrast, water scarcity in Israel and Jordan, while severe, has become an unlikely platform for cooperation. Despite political tensions, the two nations have pursued several water-sharing agreements under the 1994 Israel-Jordan Peace Treaty. One landmark project is the Red Sea and Dead Sea Water Conveyance, a joint initiative to desalinate Red Sea water and replenish the shrinking Dead Sea, with the shared goal of addressing long-term regional water shortages. Such initiatives, while fragile, demonstrate how shared resource challenges can sometimes open channels for diplomacy where politics alone may fail.5

      The American Southwest, particularly California and Arizona, now operates under perpetual drought alert, impacting agriculture, industry, and daily life. Once a symbol of America's ability to tame nature, the Colorado River is split thinner and thinner as more people depend on a diminishing supply. Urban centers continue expanding, increasing demands on already stressed water systems. Droughts increase the risk of wildfires, accompanied by a lack of water to fight them. The result is a complex web of challenges that require innovative solutions and collaborative efforts.

      Rising Demand, Shrinking Supply: Global Pressures and the Push for Cooperative Solutions

      The combined effects of climate change and population growth compound the problem. As the weather becomes less predictable, more people demand water for drinking, crops, cities, and industry. At the same time, the world's population continues to grow, with increasing urbanization exacerbating the demand for water. Cities swell with new inhabitants, stretching infrastructure to its limits and intensifying water resource competition.6 This confluence of factors makes water availability increasingly uncertain and adds to rising tensions. The result is a tightening vise.
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