If Energy Becomes Free in the
Future, How Will That Affect
Our Lives?
Technology is making the cost of many things trend towards
zero. Things we used to have to pay a lot for are now cheap or
even free—think about how much it costs to buy a computer,
make long-distance calls, take pictures, watch movies, listen
to music, or even travel to another state or country. Down the
road even more of our day-to-day needs will join this
list—including, possibly, electricity.

That’s great, right? Because, free stuff! Who doesn’t love
free stuff?

The energy case, though, is more complex.

The cost of burning coal can only go so low, but the cost of
harvesting energy from the sun just keeps dropping. October
2017 saw bids for a Saudi Arabian solar plant as low as 1.79
cents per kilowatt hour, breaking the previous record in Abu
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Just when we think prices can’t go any lower, they do—and
perhaps the most amazing part about the continual price
decline is that it’s in spite of, not thanks to, batteries.
Cheap, efficient batteries are still the biggest bottleneck
for renewables, but once we figure them out, the sky—or, in
this case, the floor?—is truly the limit. It’s also only a
matter of time until transparent solar cells become a reality
and turn every outdoor glass surface into a small-scale power
plant.

So what would a world of free energy for all look like?
Electricity would become ubiquitous in the many parts of the
world where that’s not yet the case. In other places, electric
bills would disappear—but that would be the least of it.
Manufacturing costs would plummet, as would transportation
costs, as would, well, pretty much all costs.

The money we’d save on energy could be put to use on social
programs, maybe even spawning a universal basic income that
would help bring about more just and equitable societies. If
everything cost less, we wouldn’t need to work as much to earn
as much money, freeing up our time to pursue creative
endeavors or other personal passions.

There’s a flip side to every coin, though, and the old adage
about the best things in life being free unfortunately doesn’t
necessarily hold true in this case. Let’s look at what’s

happened when we’ve made other resources free or cheap.

In the US we made food cheap and abundant by learning how to
process it and manufacture it at scale—and now we’re fatter
and sicker than we’ve ever been. We figured out how to produce
plastic bottles and bags for pennies, and now the oceans are
choked with our abundantly cheap, non-biodegradable garbage.

The Jevons Paradox holds that as technological progress
increases the efficiency of a product or resource, the rate of
consumption of that resource rises because of increasing
demand, effectively canceling out any savings in efficiency.
That’s right—humanity appears to be, at our core, a species
that takes, and free electricity would be no exception.

Middle Eastern countries, where electricity prices are the
cheapest in the world, present a telling example. Excessive
use of energy is commonplace, and there’s no incentive to rein
in use. Ideally, energy use per capita should be reflected in
GDP per capita, but countries like Kuwait, Bahrain, and Saudi
Arabia all have an imbalance in this metric, using much more
energy than is needed to achieve their GDPs.

As energy becomes cheaper in other parts of the world, people
will use more of it, and the first victim will be the planet.
Even though the energy will be renewable, that doesn’t mean
there won’t be environmental costs; there could be
repercussions we haven’t even imagined yet, just as whoever
invented plastic probably never envisioned it poisoning marine
life.

So as energy gets cheaper and ultimately moves toward being

free, how do we handle its abundance wisely? Government
regulation will play a role, as will market forces, despite
the absence of economic impetus. As with any new technological
development, we may have a phase of adjustment where we go too
far, catch ourselves, and swing back the other way.

Free, clean energy will undeniably bring many benefits with
it. But we can’t afford to forget that there’s usually a price
to pay, too—it’s just not always obvious from the outset.
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Over seven decades ago in 1941, Isaac Asimov wrote a short
story, “Reason” (PDF), in which energy captured from the sun
was transmitted via microwave beams to nearby planets from a
space station. Flash forward to today, scientists are looking
to make that very science fiction dream a reality for Earth.
There has been tremendous research on space-based solar power
(SBSP) or space solar power (SSP) since the mid 20th century.
Here is a great timeline of the various international studies
and projects related to SBSP.
With SBSP, we could solve our energy and greenhouse gas
emission problems with little environmental impact. Professor
Sergio Pellegrino of CalTech recently said an SBSP system
would receive eight times more energy than Earth does. With
SBSP’s continuous massive energy output capability and the
fact that our sun is slated to exist for another 10 billion
years, we can safely assume we will not run out of this energy
source anytime soon.
One of NASA’s most extensive studies ever devised, the
Satellite Power System Concept Development and Evaluation
Program (PDF) was specifically on SBSP and cost over $50
million, taking place from 1976 to 1980. Another fundamental
study NASA funded to re-evaluate and understand the
feasibility of SBSP was the Space Solar Power Exploratory
Research and Technology (PDF) program. An enormous amount of
solid research was accomplished in the study, but the general
conclusion was that:

Large-scale SSP is a very complex integrated system of
systems that requires numerous significant advances in
current technology and capabilities… A technology roadmap has
been developed that lays out potential paths for achieving
all needed advances – albeit over several decades…
— John C. Mankins, 7 September 2000
With all that being said, let’s dive in to better understand
this exponential technology and its viability.

So What Exactly Is Space-Based Solar
Power?
Space-based solar power is the concept of capturing solar
energy in outer space and transferring it directly to Earth or
other nearby planets.
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In simple terms, we would put some mechanism in outer space to
capture the sun’s energy almost continuously and transmit that
energy to Earth. This would happen day or night, rain or
shine. Once we have received the energy on Earth at a rectenna
(a special antenna for receiving energy), we can then easily
distribute the power through our normal methods. Easy enough.
There are many ideas related to the SBSP mechanism
configuration and architecture we could utilize. Location of
the SBSP system, satellite architecture, energy collection,
and energy transmission are a few basic areas to look at when

understanding the different SBSP systems. Given the number of
proposed concepts, we will only look at a few of the more
notable options.

Location, Location, Location
Where exactly will we put this SBSP system? Geosynchronous
orbit (GEO), mid Earth orbit (MEO), and low Earth orbit (LEO)
are a few of the proposed choices. The most promising is
utilizing GEO due to the simplistic geometry and alignment of
the antenna to rectenna, scalability, and nearly constant
power transmission. The main problem with GEO is the large
amount of radiation exposure. General space hazards like
micrometeors or solar flares also pose a threat.

Satellite Architecture
From creating lunar factories with mass drivers or mining
asteroids to fabricate these self-assembling SBSP satellites,
creating autonomous space-based factories is still rather
challenging. Designs built in space utilizing local and free
materials (e.g. lunar materials) to build these SBSP systems
allow for different concepts compared to those that can be
much more complex to construct on Earth.
One interesting setup we are currently ahem, building on
Earth, is a modular roll out solar array being developed by
Caltech and Northrop Grumman. The researchers discuss their
functional prototype in the video below.
Another interesting concept is from private company Solaren.
They plan to experiment in the future with building a 250 MW
SBSP solar array plant in GEO. They even struck a deal with
PG&E, California’s biggest energy utility company, in 2009 to
provide space solar power (PDF). Solaren also maintains
multiple patents and will definitely be an interesting player
in this field to watch for new developments.

Even NASA’s SPS-ALPHA via Arbitrarily Large Phased Array
concept (developed in 2012) has been getting some recent
attention from John C. Mankins, one of the top SBSP experts in
the world.
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Energy Collection
The two basic concepts related to energy collection are
utilizing photovoltaics (solar panels) or solar thermal. One
concept of solar thermal essentially captures solar energy by
using mirrors to concentrate light and heat up a liquid. This
in turn spins a turbine to generate electricity (e.g. by
generating steam). This concept allows for a potential weight
advantage over solar panels, as it could reduce overall mass
per watt. The majority of concepts, however, look to utilize
ultra lightweight and highly efficient photovoltaics in their
prototypes.

Energy Transmission
Microwave power transmission is the typical choice in SBSP
designs due to general efficiency, but utilizing laser power
beaming is another highly regarded option due to lower weight
and cost. However, there is the first initial thought of
potential misuse wherein one could turn either choice into a
space weapon (e.g. a death ray). Safety protocols can easily
deter this unlikely threat given the technology being
utilized. Designs incorporate microwave transmission power
levels to be within OSHA’s required workplace exposure limits.
There would be no worry of microwaving cities and all the
living beings within it. A simple handshake between antenna
and rectenna would disable the transmission if it came off
course.
Now that we have a better understanding of what SBSP is, let’s
delve into its biggest limitation.

SBSP Cost
There is always a catch. Some general safety issues were noted
above, but the main impediment is related to the cost in
sending all the materials required for the SBSP.
Current cost estimates to send roughly 1 kg of payload into
space vary from $9,000 – $43,000 depending on the rocket and
spacecraft utilized.
If we look at sending up solar panels alone, the low end of
the spectrum for launch costs of an ultra-lightweight 4 MW
SBSP system is 4,000 metric tons (per Wikipedia). However,
Energy.gov estimates a SBSP to be more likely in the 80,000
metric ton range.
Low cost: 4,000 metric tons (4M kg) x $9,000 launch cost per
kg = $36,000,000,000
High cost: 80,000 metric tons (80M kg) x $43,000 launch cost

per kg = 3.44×1012 or $3,440,000,000,000
While these numbers are not totally accurate to state-of-theart systems and are simply an estimate, we are still looking
at a very rough low cost of $36 billion up to a slightly more
expensive cost of $3.4 trillion. Utilizing a lunar or asteroid
factory suddenly seems within budget.
NASA’s SERT study results show that space solar power is
“economically viable” if recurring launch costs range from
$100 – $200 per kg of payload. While prices continue to fall
thanks in part to SpaceX’s reusable rockets, there is still a
long way to go. Nonetheless, this trend will follow Ray
Kurzweil’s Law of Accelerating Returns and the prices of these
launches will continue to come down, from billions to millions
to thousands and, finally, into the hundred-dollar range.
Needless to say, it is not the tech that is the problem, it is
the cost.

The Future of Solar Energy
SBSP’s ability to provide clean, reliable power for the planet
24/7 at a cheaper cost than any other energy source is real.
It will take decades of investment, building, testing, and
successful implementation before the system can begin to
recoup its initial costs.
Isaac Arthur explores this concept in this incredibly
informative video, and looks beyond the next decade of where
this exponential technology can take us.
Nonetheless, one key component to moving SBSP forward as the
de facto energy source is the right political climate,
including leaders to drive this innovation. Bruce Dorminey
from Forbes sums up this general sentiment to any future world
leaders by stating:
If President Trump were to champion space-based solar energy

as a means of delivering unlimited, renewable electricity
from Earth orbit, it’s arguable that his administration could
leave the US and the world at large with a revolutionary new
source of energy.

Where Do We Go from Here?
Politics aside, if we get SBSP (or nuclear fusion)
successfully running in the next decade, some of these sci-fi
concepts could become reality:
Space elevators and space towers
Orbital rings – utilizes space elevators to create a
ring around the earth as a space station for cheap
movement of cargo and space exploration
Dyson spheres – a gigantic shell-like megastructure that
encloses an entire star, capturing all its energy output
Matrioshka brains – a layered Dyson sphere setup built
to turn stars into massive computers by utilizing all
the stars’ energy output
Ringworlds – artificially-created colossal planets that
utilize an entire star
You get the point…
While there are still many unknown factors related to SBSP and
its implementation in the coming years, one thing is certain:
political implications in the energy sphere will be critical
for SBSP to expand beyond the concept phase and into a new
type of reliable renewable energy. Ushering this new phase of
energy into the world would change society in profound ways.
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