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Suburban House 1 Coal Power Plant

rom the wood fires of pre-

history to the fossil fuels of
modernity, human beings have
been obsessed with burning
things.

In fact, they've become so good
at it that they have now burnt
the equivalent of all plant life
currently on Earth, a colossal
450 billion metric tons of
carbon!'?,

But what if the age of fire could
come to an end?

What if humanity could harness
the energy of the planet and
turn the Earth itself into a
colossal power plant?

Could Earth be a
colossal power plant?

Please note that this resource follows American English spelling conventions
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A secret source or
almost unlimited enersy

t might sound like science
fiction, but beneath Earth’s
surface lies a secret source of

almost unlimited energy that
has the potential to power the
world for millennia—
geothermal energy.

Long before humans started
burning fossil fuels, the Earth
itself provided ancient
civilizations with heat.

In fact, ancient peoples
thought geothermal springs
were sacred




he ancient Romans even

built complexes around
them'®%7! so that they could do
the one thing humans love more
than burning things—»bathing in
hot, steamy waters, a pastime
that Roman writer and bathing
enthusiast Pliny the Elder en-
joyed*# whilst writing the
world’s first encyclopedia®'®’.

EVACUATION

But the heat of the Earth can
also be destructive, as Pliny
later discovered when he and
the city of Pompeii were buried
by ash and toxic gas in the vol-
canic eruption of Vesuvius in
79 AD“HZ'B].

Earth2050.com
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t wasn't until 1904, when the innovative Italian Prince Piero Ginori
Conti discovered that if you drill a really, really deep hole, you can
access Earth's heat and use it to generate electricity."* >/

FLYWHEEL

But where does all that energy come
from?

- And how exactly do machines like
Conti’s contraption work?

=

%

You can use Earth's heat
to generate electricity
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Earth might look hospitable
from the outside, but its cool
and lush exterior is like an
eggshell, little more than a thin
and brittle crust that sits on top
of thick layers of molten and
semi-molten rock.

The deeper you go, the hotter it
gets—and at over 5,000°C"""%,
the Earth's core is as hot as the

surface of the Sun'#2°!,

Just as well that it's nearly : n
3,000 kilometers down'"”<", or

those steamy Roman baths

might have been considerably

more scalding! MANTLE

CRUST

(not to scale)



Some of this heat is leftover
energy from the fiery formation
of the Earth 4.5 billion years
ago, and the rest comes from
the decay of radioactive ele-
ments in the rock itself?2?],

Together, they generate so
much energy that the heat that
flows to the surface could the-
oretically supply humans for
millions of years to come!?#2°/,

So, how can humans unlock the
planet’s potential?

POTASSIUM

URANIUM

THORIUM
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There are
three main

approaches Lsso@®i: & WEETRET
tounlock — .. - o
Earth’s heat - 1. Traditional

- Geothermal
¥ .

2. Enhanced
Geothermal



GEOTHERMAL ENERGY

The traditional way requires
a natural source of super-
heated underground water and
steam, which you can find in
abundance in Iceland.

Because Iceland sits at the
junction between two diverg-
ing tectonic plates and is
essentially a giant collection of
volcanoes, it has a plentiful
supply of both steam and
superheated water just below
the surface.

By drilling down to access it,
this steam can be used to
drive turbines and generate
electricity.

If the reservoir is managed sus-
tainably by returning the water
to the ground once it's cooled,
this process can be maintained
for centuries!?®?%.,

Some of this geothermally
heated water can also be car-
ried through pipes to directly
heat homes, greenhouses, and
even swimming pools, allowing
the humans who live there to
bathe year round.

In fact, Iceland has so much
geothermal energy that it now
supplies a whopping 70% of its
primary energy needs!*°=",

7 li_@ y NORTH
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But what if you are not lucky
enough to live near a volcano
with superheated reservoirs of
water beneath your feet?

That's where option 2 comes in.
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2. Enhanced Geothermal

Even in areas without nat- same way as a traditional
urally occurring steam'#23334, system.

water can be injected into the
hot rock below to create an
artificial reservoir of
superheated water, known as
an enhanced geothermal
system®>¢%71 'which can then
produce energy in much the

Enhanced geothermal reser-
voirs could also address the
biggest challenge of wind and
solar power.

Water can be injected
into the hot rock to
create an enhanced

% e geothermal system
\; ‘Y ) 5 .-v-. = >

10



GEOTHERMAL ENERGY ° ° - Earth2050.com

uman energy demand fol-
lows a pattern: rising in the
morning as people get up to
have their toast, falling as they
leave for work, and rising again
when they return to watch TV
and switch on the lights.

00:00 06:00 12:00 18:00

And because the
availability of wind
energy is a bit random,
even when combined
they often rall short of
what’s required.

On the other hand, the flow
of energy from an enhanced
N geothermal reservoir can be
iy adjusted through the day,
DEMAND which means there's always

GEOTHERMAL electricity when humans
ENERGY need it.

06:00 12:00

It's a truly winning combination'****—so what's the catch?
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Both traditional and
enhanced geothermal
systems require drilling through
hundreds (and sometimes
thousands) of meters of rock—
and, as anyone familiar with
rock will know, it's famously
quite hard, which makes drilling
a bit of a challenge.

x| | TR

Future advances in technolo-
gies like millimeter waves,
which vaporize rock with a
high-energy beam!***°!, could
one day allow humans to drill so
deep“®’ that geothermal heat
could be accessed almost
anywhere on Earth.

But what if there was a cheaper, easier way of using geothermal heat?
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hat's where the third option
comes in: Ground Source
Heat Pumps!

Unlike traditional and enhanced
geothermal systems, these can
be installed at much shallower
depths. These use the heat of
the ground to warm a spe-
cialized fluid to more modest
temperatures, amplify its
temperature through a heat ex-
change system, transfer that
heat to water, and circulate it
through pi,oes to warm people’s
homes!“#2],

It might sound far-fetched but,
when heat is amplified in this
way, the subtle warmth be-
neath just a few meters of
Earth is more than enough to
heat water for a nice, steamy
bath.

And it does so much more ef-
ficiently than traditional boilers!
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Can geothermal power really help humans
kick their addiction to burning things?

Yes!

With the right investment,
tax incentives, research and
technologies, humans might
finally unlock the planet’s full
potential and access this
underground energy
everywhere—from volcanic
springs to suburban
gardens—creating a fire-
free future with plenty of
hot, steamy baths for all.
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More Ways to Save the Earth

Earth 2050 has identified 42 solutions to get the planet to net zero carbon by the year 2050

The Secret Energy Source in Every Atom

Few topics split the room like nuclear energy.

We explain how fission makes electricity without burning fuel,
why steady output can help alongside renewables, and what his-
tory tells us about accidents and waste.

WRONG o o| We also look at costs and timelines, long-term waste
' — = storage, and where newer designs like SMRs could

o Y. i<l ' show up next, from nuclear-powered container ships
: Sl ."f/ O] to data centers.

youtu.be/R8UGarcy7CY

Hydropower - The Sleeping Giant of Clean Energy

Can water power entire cities? v b AR

Hydropower has been around for millenia, and today comes in
three forms: reservoir dams, run-of-river, and pumped-storage.

We show how each works, and how pumped-storage 2 E]
pairs with wind and solar to act like a giant water bat-
tery, and how better planning and design reduce im-
pacts on people and ecosystems. [w] 4

youtu.be/hck5urV5DWM

Is Vertical Farming the Future of Food?

Growing food upward, not outward, saving space and water, and
keeping food local.

We show how crops grow without soil using hydroponics and
AR TR 5 aeroponics. They're lit by LEDs and guided by automation. We
DOES IT 2 ER i look at where urban sites could shine. Then we outline today's
7 SRR limits; energy, crop choice, skills and high costs, and
[=]s4m] the pathways that could help, like using renewables
¥ and waste heat. Big harvest, small footprint, great

=] choice for space exploration!
Tk

ACTUALL

youtu.be/kITR8FhkPIY

VISIT OUR WEBSITE EARTH2050.COM

e
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President, The Geological Society. Department of Earth Sciences
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Dr. Andrea Paulillo
Dept of Chemical Engineering
University College London

FURTHER VIDEOS (NON-AFFILIATED)

Geothermal Energy — Overview (Traditional)

Renewable Energy 101: How Does Geothermal Energy Work? | Green Mountain Energy
GCSE Physics - Geothermal Power | Cognito

Energy 101: Geothermal Energy | U.S. Department of Energy

Geothermal enerqgy is renewable and powerful. Why is most of it untapped? | DW Planet A
Why don't we all just use Geothermal Energy? | Just Have a Think

Batteries are dirty. Geothermal power can help | Vox

This Overlooked Energy Source Could Supply 50% Of Electricity | CNBC

Could Earth's Heat Solve Our Energy Problems? | Real Engineering

Enhanced Geothermal

Enhanced Geothermal Could Revolutionize Clean Energy | Distilled
This Groundbreaking Clean Energy Source Could Power America | TDC
Geothermal Energy in Utah [FULL EPISODE: Utah's Power Pivot E4] | PBS Utah

Geothermal (Ground Source) Heat Pumps

Energy 101: Geothermal Heat Pumps | U.S. Department of Energy
Is Geothermal Heating and Cooling Worth the Cost? Heat Pumps Explained | Undecided with Matt Ferrell

Millimeter Wave Drilling and Beyond

Geothermal Energy is Changing | Real Engineering

Millimeter Wave Drilling | The Future of Clean Energy | Quaise Energy

An El Dorado of Clean Energy: Millimeter Wave Geothermal Drilling with Quaise Energy | ARPA-E
New DRILLING Machine Unlocks Unlimited ENERGY!? | Motor Explorer

How Deep Could We Dig for Infinite Geothermal Energy? | Interesting Engineering

This Fusion Tech is Solving the Geothermal Energy Problem | Dr Ben Miles

e —



https://www.youtube.com/watch?v=j7q653ffQO4
https://www.youtube.com/watch?v=OPI-2B29btU
https://www.youtube.com/watch?v=mCRDf7QxjDk
https://www.youtube.com/watch?v=c7dy0hUZ9xI
https://www.youtube.com/watch?v=-Ss_wHCS1Aw
https://www.youtube.com/watch?v=HnsKfdnKZVk
https://www.youtube.com/watch?v=g0sHVsC1cF4
https://www.youtube.com/watch?v=vZLo0-lwK1k
https://www.youtube.com/watch?v=zazGS3Sxty4
https://www.youtube.com/watch?v=jxICYjBEsvo
https://www.youtube.com/watch?v=OZM7Cwzc8rs
https://www.youtube.com/watch?v=y_ZGBhy48YI
https://www.youtube.com/watch?v=PI45yUhUWgk
https://www.youtube.com/watch?v=b_EoZzE7KJ0
https://www.youtube.com/watch?v=dF8J9OUuaSQ
https://www.youtube.com/watch?v=2rVKDi1H0Z0
https://www.youtube.com/watch?v=_x82guNerYk
https://www.youtube.com/watch?v=zc51xDAuPYk
https://www.youtube.com/watch?v=psyCWvavYt0
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FURTHER READING

Summary Information

Geothermal Basics | Department of Energy

Geothermal Energy Information and Facts | National Geographic

Geothermal Energy | National Geographic Education

Geothermal heat pump | Description, Mechanism, Design, Advantages, Disadvantages, & Facts | Britannica

History

The Geothermal City: History | MIT

Geothermal Energy throughout the Ages - Electricity & Alternative Energy | Alberta's Energy Heritage
Larderello, Italy celebrates 120 years of geothermal electricity generation | Think GeoEnergy

The First National Exposition of History of Science 1929 | Piero Ginori Conti | Museo Galileo

How It Works

Why is the earth's core so hot? And how do scientists measure its temperature? | Scientific American

Overview (Traditional)

An Overview of Geothermal Resources | ThinkGeoEnergy

Geothermal Energy: An Overview | Wright-Ingraham Institute

Iceland, a world leader in clean energy, supports Africa's push for geothermal power | UNEP
Iceland is closing the circle on geothermal | Energy Monitor

Enhanced Geothermal

Enhanced Geothermal Systems | Department of Energy
Enhanced Geothermal System (EGS) Fact Sheet | US Department of Energy
Geothermal Technologies Program: Enhanced Geothermal Systems | NREL

Ground Source Heat Pumps

Geothermal Heat Pumps | Department of Energy
Clean Energy 101: Geothermal Heat Pumps | RMI
Ground source heat pumps: costs, savings and benefits | Energy Saving Trust

Millimeter Wave Drilling

Geothermal Energy with Millimeter Wave or Direct Energy Drilling | Geoengineering Global
High-power millimetre wave drilling for geothermal energy | Environmental Science
Quaise Energy achieves drilling milestone with millimetre wave technology | Energy Global(see Quaise

Energy)
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https://www.energy.gov/eere/geothermal/geothermal-basics
https://www.nationalgeographic.com/environment/article/geothermal-energy
https://education.nationalgeographic.org/resource/geothermal-energy/
https://www.britannica.com/technology/geothermal-heat-pump
https://web.mit.edu/nature/archive/student_projects/2009/bjorn627/TheGeothermalCity/History.html
http://www.history.alberta.ca/energyheritage/energy/alternative-energy/geothermal-energy/geothermal-energy-throughout-the-ages.aspx
https://www.thinkgeoenergy.com/larderello-italy-celebrates-120-years-of-geothermal-electricity-generation/
https://exhibits.museogalileo.it/esposizione1929/eesp.php?c%5B%5D=80017
https://www.scientificamerican.com/article/why-is-the-earths-core-so/
https://www.thinkgeoenergy.com/geothermal/an-overview-of-geothermal-resources/
https://wright-ingraham.org/geothermal-energy-an-overview/
https://www.unep.org/news-and-stories/story/iceland-world-leader-clean-energy-supports-africas-push-geothermal-power
https://www.energymonitor.ai/policy/iceland-is-closing-the-circle-on-geothermal/
https://www.energy.gov/eere/geothermal/enhanced-geothermal-systems
https://www.energy.gov/sites/default/files/2016/05/f31/EGS%20Fact%20Sheet%20May%202016.pdf
https://www.nrel.gov/docs/fy04osti/36317.pdf
https://www.energy.gov/energysaver/geothermal-heat-pumps
https://rmi.org/clean-energy-101-geothermal-heat-pumps/
https://energysavingtrust.org.uk/advice/ground-source-heat-pumps/
https://geoengineering.global/geothermal-energy/
https://environmentalsciencepro.com/f/high-power-millimetre-wave-drilling-for-geothermal-energy
https://www.energyglobal.com/other-renewables/24072025/quaise-energy-achieves-drilling-milestone-with-millimetre-wave-technology/
https://www.quaise.energy/
https://www.quaise.energy/
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*REFERENCE NOTES

[1] reports 1718 Gt CO, which is equivalent to 468.54 Gt carbon.
[12,13] Bonus Material — Pliny the Elder, bathing in his last moments (see animation):

[12] Pliny the Elder observed a large, ominous cloud emerge from the top of Mount Vesuvius. Upon deciding
something wasn't right, he chose not to escape and save himself, but instead launch a fleet of warships to
help others along the coast, and set off with them. Upon receiving a note from his friend Rectina calling for
help, the journey quickly became clear as that of a rescue mission. Pliny reached Rectina in his home 5km from
Pompeii, and was advised by his helmsman to retreat — instead, Pliny refused, and carried onwards to help his
other friend, Pomponianus, in Stabiae. It was here that both men tried to relax, have dinner, bathe, and see out
the danger overnight. But during the night, ash and pumice began to rain down, tremors shook their
foundations and the flow of lava swallowed distant houses and was fast approaching the house. Conditions
worsened, and dangers rose both inside and out. By morning, they made the decision to evacuate and head
for the beach — sadly to be overcome in their flight by the rising heat, flames, and suffocating fumes.
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[13] clarifies that there was no single event that resulted in catastrophe, but multitudinal cumulative disasters,
and time for citizens of Pompeii to attempt escape while hot ash and pumice rained down before the
pyroclastic surge claimed the lives of most citizens. This reinforces the conclusion that Pliny the Elder had
time to bathe and relax before an evacuation effort was made.

[43-56] Energy Demand Chart:

The chart shown is a simplified representation of daily changes in energy demand and the issues of renewable
intermittency based on [43-56], visualised through 4 main parameters:

- Demand for energy typically varies throughout the day as people go about their daily routines. Consumption of
electricity tends to peak in the morning and evening when people get up or get home from work — switching on
lights, televisions, cooking appliances etc. — and typically levels off or decreases during the middle of the day
when people are at work, on the move, or outside. Predictably, demand is lowest at night when people are
asleep.

- (Specific demand patterns vary throughout the literature; several sources were consulted and simplified for the
purposes of this graph.)

+ Solar Power — Supply of power from solar generation peaks during the middle of the day when sunlight is at its
maximum and decreases into the evening as the sun sets. This familiar pattern shows discrepancy with people’s
consumption of electricity, creating shortfalls in supply when demand is at its greatest: Even as the sun rises
and supply increases, it is not sufficient to overcome the morning peak in demand. On-the-other-hand, there is
a surplus of power during the middle of the day when the sun is at its highest, but demand is relatively low.

- Wind Power — Supply of power from wind generation is relatively variable and erratic by nature. There is no
consistent, predictable pattern to wind in the short term (hourly) like that of sunlight (though some sources
quote a tendency for wind to peak during the afternoon). But like solar, wind power can create surpluses at
some points of the day and fail to meet demand at others. Entire days of stillness could pass where wind is
insufficient for demand, or relentlessly windy days provide a continuous surplus of power. Ultimately, on its
own, wind power is an unreliable source of energy. Even with wind and solar combined, they can often fail to
provide sufficient power during periods of peak demand, and especially on cloudy, windless days.

« Complementary power — Other sources of energy can be utilised to compensate for the intermittent shortfalls
of power associated with wind and solar and help supply meet demand. Energy supplied from sources like
hydropower, biofuels, and enhanced geothermal can be adjusted throughout the day, providing additional
energy when needed or reducing overgeneration and wasted surpluses across off-peak periods. This allows
demands to be met consistently at all times of day by using a consortium of energy sources. Using a renewable
source (as opposed to fossil fuels) as the adjustable, complementary supply helps in meeting demands without
creating further unnecessary carbon emissions.

Load-tracking vs Base-load power:

Enhanced geothermal power is a key example of an energy source that can be flexibly and dynamically adjusted to
follow real-time changes in demand created by intermittencies and human consumption patterns, and is known as a
‘load-tracking’ supply. Other energy sources, such as fossil fuel or nuclear power plants, are traditionally known as
‘base-load’ power supplies #. This means they can provide continuous, reliable power to meet our most basic-level
energy demands; however, unlike enhanced geothermal, they are not easily adjustable, and output cannot be quickly
ramped up or down to keep up with demand. Additional power plants, known as ‘peak-load’, are integrated into the
grid network to provide additional power during periods of peak demand. But even peak-load power stations take
time to be switched on and off, creating inefficiency, overproduction and waste.

The Duck Curve Bis a slight variation of our graph and a widely recognised graphic illustrating the difference
between demand and supply from solar(/wind) and the resulting load on our electrical grid system —i.e. it shows the
net demand remaining after already accounting for that met by solar(/wind) power, thereby combining those
parameters into a single curve. It highlights that while wind and solar can help towards meeting energy requirements,
they cannot (currently) replace baseload entirely. By not fulfilling 100% of demand at all times, they can place
additional strain on the grid by necessitating rapid and more frequent adjustments of traditional, slow ramping base-
load plants to compensate (or at least, not without resulting in redundancies and a great inefficient waste of power).
For example, as solar production wanes in the evening just as electricity demand peaks, utility companies operating
base-load power plants must quickly ramp up production in solar's stead. This not only creates operational stress, but
these plants are only economical when running constantly — switching them on and off throughout the day makes
them economically unviable.
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Solutions to this issue aim to flatten the belly of the duck’ (and thus reduce the extent base-load plants must be
ramped up or down), and include:

 Improve base-load operations to adjust output more flexibly

« Adjust our behaviour of energy consumption so its more consistent throughout the day
- Redirect surplus power to alternative applications

« Incorporate grid-scale energy storage

« Switch to other, more flexible ‘load-tracking’ sources like enhanced geothermal or hydroelectric
power

Additional References:

A Base Load and Peak Load: understanding both concepts

B The Solar Power Duck Curve Explained
See also: Ten Years of Analyzing the Duck Chart: How an NREL Discovery in 2008 Is Helping Enable More Solar on
the Grid Today | NREL
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