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1. Previous Book Conclusions
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In our first book in the energy series, the bigger picture, the probable future of energy, we discussed how historically speaking energy enables and indicates the wealth and quality of life in a society, nation, state, Empire, or civilization. It is the one element that no major civilization survives the loss of for very long. This conclusion is backed by many examples throughout history. 

Here are some of the conclusions we drew from a previous book. The world currently uses about 120,000 billion kilowatt hours per year 85% of which is fossil fuels such as oil, gas, and coal. Oil is the dominant primary fuel making up 33% of the total and essentially is the fuel that runs our global civilizations. 

And electricity, by contrast, is a secondary fuel or energy carrier, it only exists due to primary fuels and systems. By 2100, the world will probably have eight to 12 billion people and will require four times the amount of energy. That's four times the average American who uses 60,000 kilowatt hours per year, and four times more than average African who uses 17,000 kilowatt hours per year. Determined by using many different scientific assessment methods. 

Oil, mainly due to yearly consumption rates and energy return on investment is likely to be effectively expired and too expensive to extract by midcentury. This will trigger a global energy crisis, which is likely to have a greater impact on civilization that climate change. 

We cannot know exactly when this will happen. But it will happen. Whether it starts mid-century or later, it is like death and taxes assure that we therefore require solutions to this coming energy crisis.
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2. The Terrestrial Solutions

Terrestrial Electrical Utility Markets. Early studies, including one by NASA and the Department of Energy (DOE) in the late 1970s, focused overwhelmingly on serving the terrestrial power grid. This remains an important objective as demand for electricity continues to grow worldwide, although serving the other two categories of users may become technically and economically feasible much sooner. In the terrestrial power grid, SPS would compete with a variety of entrenched and relatively inexpensive energy sources, including fossil fuels and renewables. In populated areas, traditional sources can deliver power to consumers at a price of a fraction of a dollar per kilowatt. Some experts we spoke with believe SPS eventually can achieve a competitive price point, but the timeframe may be measured in decades. When that time comes, SPS may be capable of supplying the power grid with renewable energy that is not limited by day/night cycles or weather.

Specialized and High-Demand Terrestrial Applications. Some types of terrestrial users have special needs that incur much higher costs. Nowhere is the cost of electricity higher than in forward-deployed military bases, because it is measured in human lives and combat effectiveness as well as dollars. These bases are powered by generators that require liquid fuels to be trucked through potentially hostile territory, and fuel convoys have been frequent targets of attack. For example, estimates for the cost of fuel deliveries in Operation Iraqi Freedom in the mid-2000s ranged from $15 to hundreds of dollars per gallon. What’s more, those estimates didn’t include the cost of casualties. As of November 2007, “Approximately 80 convoys traveled continuously between Kuwait and Iraq destinations, all protected by uniformed forces. This degrades combat capability, resulting in real costs, even if not attributed to the supplies themselves.” A 2009 study documented increasing dependence on fossil fuels in wartime, and its contribution to ever-higher casualty rates. The study highlighted the link between improvised explosive devices (IEDs) from insurgent groups, which caused nearly two-thirds of coalition deaths in Iraq and Afghanistan, and fuel transportation activities.

Apart from the military, there are many current and prospective electricity users that could benefit from beamed power from space. Isolated communities could end dependence on fuel-consuming generators. On-demand power beaming from orbit could replace or augment intermittent ground-based renewables. Heavy power users of the future could reduce or eliminate their dependence on the grid or dedicated power generation capabilities by leasing satellite beams. Such users may include large industrial facilities, electric rail systems serving regional or national routes, and power-hungry desalination plants that have been increasing in number and capacity worldwide.

Whatever the timing of this crisis, we looked at three major solutions, which we considered the most viable options. The first one is the electric renewable energy economy, then the plutonium and synthetic fuel economy and lastly, the hydrogen economy. We also looked at fusion power is a viable option but notice that it is not fully developed yet more about fusion later. 

We also noted that these grand solutions might be inadequate in terms of their net energy to maintain civilization over the next 300 years. Although all these energy economies will no doubt have a huge impact on the future, we'll still need to consider the one big problem humans face. Pause the video here and answer this question. 

What is the one big problem humanity faces in the future? Okay, so you have your answer. Some of you may have written down climate change, which of book the synthetic fuel economy doesn't really solve very well. Others, we guess, wrote down nonrenewable resources. Both of these are good answers. 

However, how many of you wrote down population growth? If you did, give yourself a big fat tick. The real inconvenient truth isn't just manmade climate change, but rather than any growth in human numbers, however, small is still exponential growth. That means it is doubling over a period. When we project that forward, it has a huge impact on the energy demand necessary to sustain future generations. 

Exploration times of non-renewable resources are largely unaffected by new fines, but massively affected by small changes in consumption rates. If we consume less, the resource lasts a lot longer. If more it gets used up quicker, even at 2% per year, humans will exhaust oil by mid-century. It doesn't matter if they find a bit more to frack here or there. That's a drop in the ocean compared to the impact of higher consumption rates.
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3. Solutions continued
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That means we need a solution in addition to the above that takes a very long-term view on the way humans might develop in the future. A solution that is so long term that energy return on investment is simply no longer applicable. Net Energy won't matter because it is a forever solution so that the initial expenditure is repaid many times over. 

It will be self-sustaining as it develops, and technology that has no limitations of day and night that isn't dependent on weather that has no deployment limitations that can supply energy to anywhere on the planet as and when required. A technology that one day might help us cleanly power the earth without damaging your ecosystem or using up land that is needed for food or wildlife, and technology that can even be used to make fertilizers and synthetic fuel. 

Above all, it must already be known to physics in its entirety. What is this marvelous technology? Let's play a guessing game. Here are a few choices. One fusion power on the moon to space based solar power three wind power, high altitude airships, which one do you think it is? Pause the video and take a guess now. Hopefully, we've given you a few clues to solve this mini mystery.
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4. Space Based Solar Power
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Space-to-Space Power Beaming Applications. Satellites and facilities in cislunar space may be the first customers of beamed power as it becomes available. On-board solar arrays have powered spacecraft ranging in size from a couple of kilograms to the approximately 400,000-kilogram International Space Station, which produces over 100 kilowatts of power. The cost of that power is high, and the systems to produce it are a substantial portion of the mass of the spacecraft. Projections for the growth of cislunar activity point to commensurate growth in demand for power, and some installations could require power levels in the multi-megawatt range, far higher than any power system deployed in space thus far. SPS systems could become one possible solution to address that demand.

Wireless power transmission could serve the needs of NASA, other national space agencies, and companies that are currently investigating lunar mining, especially the harvesting of ice deposits at the lunar south pole. The energy-intensive work of extraction and processing could be powered by SPS systems in lunar polar orbit. Alternatively, the sun-drenched peaks above near-polar craters could host solar collectors that beam power into the permanent darkness below, allowing easy redirection of the power to where it is needed.

According to a 2011 study by the International Academy of Aeronautics, “There are no fundamental technical barriers that would prevent the realization of large-scale SPS platforms during the coming decades.” SPS technology maturation and adoption will depend upon investments in research and development, prototyping, and flight demonstrations. Concurrently, supportive development policies and favorable economics for durable applications will be needed to bring the concept to fruition.

Collection of solar power in space and transmission of power across distances are both demonstrated technologies. The technical questions that need to be answered have to do with whether the system can be scaled up sufficiently and whether transmission across the long distances of cislunar space and through Earth’s atmosphere is safe and practical.

Skeptics of SPS systems have pointed to a litany of challenges that cast doubt on technical and economic feasibility. At the top of that list is the cost of access to orbit because the mass of an SPS system is likely to be very large, requiring many launches. Other challenges include the cost of space-rated components, the amount of extra-vehicular activity required for assembly, the ongoing operations and maintenance costs, and mitigation of environmental effects.

Over the years, researchers in the United States and abroad have proposed many architectural designs that attempt to address these challenges.22 Early research in the 1970s focused on power beaming concepts involving large, monolithic transmitter and receiver structures. The 1990s saw a move toward structures that were at least partially modular, still using a common backbone. More recently, the focus has been on completely modular structures that reduce costs and increase flexibility.23 Along the way, technical advances inside and outside the space industry have worked in favor of the feasibility of these design concepts:

	Launch opportunities are becoming more available and less costly

	Solar cell efficiency has improved dramatically since SPS studies began

	Mass production of modular spacecraft components, accompanied by interface and interoperability standards, is becoming a reality

	Very large commercial space projects (e.g., constellations of thousands of satellites), requiring multibillion-dollar investments from multiple sources, are now considered achievable

	The use of robotics for assembly and operations has become a credible substitute for space-walking astronauts

	Harvesting of lunar materials is being considered seriously, opening the possibility that not all of the mass of SPS components needs to be lifted from Earth.


A commitment to SPS development should not be judged in isolation from
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