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0. The Sun and All its Glory

Sufficient to sustain life, directly as sunlight and through chemical and physical processes:

1. solar energy trapped by photosynthesisis stored in plants and animals, forming fossil fuels over long 

periods of time, a.k.a. ñfossilized sunshineò in peat, coal, oil, and natural gas (as well as plant biomass)

2. differentially heating the earthôs atmosphere and oceans, giving rise to wind, currents, and weather

3. thermally heating various storage media (e.g., rock, sand, water, earth)

4. converting photons to electrons in a modern photovoltaic (PV) solar cell

The sunôs energy also increases and decreases during the day as the earth rotates ïstrongest when the sun is 

highest in the sky (local noon) and weakest at sunrise and sunset ïas well as throughout the year depending 

on the day of the year and oneôs latitude.



Teaser 
quiz
1/5

How far away is the sun?

100 km

10,000 km

1.5 million km

150 million km

http://www.johnkwhite.ie/Quizzes_Energy.html


Teaser 
quiz
2/5

How much of the sunôs radiated power

reaches the earth?

1 thousandth

1 millionth

1 billionth

1 2 billionth

http://www.johnkwhite.ie/Quizzes_Energy.html


P= f(R,T) = PҐ пˉR2 T̀4 (Stefan-Boltzmann)   

Figure 4.4   The Truth About Energy



м κ н ōƛƭƭƛƻƴǘƘ ƻŦ ǘƘŜ ǎǳƴΩǎ ŜƴŜǊƎȅ
makes it to earth

Figure 4.2   The Truth About Energy
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quiz
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How long does it take for the sunôs rays to reach

earth?

8.3 seconds

8.3 minutes

8.3 hours

8.3 days

http://www.johnkwhite.ie/Quizzes_Energy.html


Figure 4.1   The Truth About Energy



minimum angle 90 ς(L + 23.4)° to maximum angle 90 ς(L - 23.4)°

Figure 4.7   The Truth About EnergyGijón 43.31̄ /Dublin 53.35̄
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How thick would the earthôs atmosphere be

if the earth was the size of a basketball?

1.9 mm

1.9 cm

1.9 m

1.9 km

http://www.johnkwhite.ie/Quizzes_Energy.html


Teaser 
quiz
5/5

How thick would the earthôs crust be

if the earth was the size of a basketball?

0.9 mm

9 mm

9 cm

9 m

http://www.johnkwhite.ie/Quizzes_Energy.html


The story of the 20th century

How did we get here? ςOil prices
Figure 2.10  The Truth About Energy

2026
> $140?



The story of the 20th century

Why are we doing this? ςάtŜŀƪ hƛƭέ
Figure 2.17  The Truth About Energy



The story of the 20th century

Nothing lasts forever ςάtŜŀƪ hƛƭέ

Figure 30 ςRelative magnitudes of possible fossil-fuel and nuclear-
energy consumption seen in time perspective of minus to plus 5000 years.

Hubbert, M. K., ñNuclear energy and the fossil fuels,ò American Petroleum Institute, San Antonio, Texas, March 1956



Energy intensity

If the energy intensity 

of the countries on the 

bottom left ð

essentially Asia, Africa, 

and South America ð

rise to the top right 

without transitioning to 

clean energy, the 

atmosphere and the 

climate are doomed.

wŜŘǳŎŜκwŜǳǎŜκwŜŎȅŎƭŜκΧ
Figure 2.12  The Truth About Energy



Global warming / 
Global warning

50 gigatons GHG (76% CO2)

CH4 80 times GWP of CO2

wŜŘǳŎŜκwŜǳǎŜκwŜŎȅŎƭŜκΧ
climate change versus  habit change



0. Introduction (quiz, scale, peak, global warming/warning)

1. The Truth About Energy (bad/good, brown/green, old/new)

2. A little history (ñEnergy Dominoesò)

3. Examples!!! from the bottom up (E21NS)

Spain, Ireland, the world

4. How much? from the top down (data, data, data)

Cost ($/MWh), green grid, real-time grids (Spain, Ireland)

5. Myths

6. What can we do? RRRrrr é
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PART I (Out with the Old) 

1. Wood to Coal: A Short History of the Industrial Revolution
2. Oil and Gas: Twentieth-Century Prosperity
3. The Nuclear World: Atoms for Peace

PART II (In with the New) 

4. Old to New: The Sun and all its Glory
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7. Rethink, Rebuild, Rewire
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Fossil Fuels versus Electricity 
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The Truth About Energy ςThe Energy Dominoes

People and Place
The Truth About Energy,

Escuela Oficial de Idiomas de Gijón, April 2024 

http://www.johnkwhite.ie/downloads/JKWTalkTheTruthAboutEnergyEscueladeIdiomasGijonApril9.pdf
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The Truth About Energy ςThe Energy Dominoes

Linear versus Exponential
The Truth About Energy,

Escuela Oficial de Idiomas de Gijón, April 2024 

http://www.johnkwhite.ie/downloads/JKWTalkTheTruthAboutEnergyEscueladeIdiomasGijonApril9.pdf


1752

Benjamin Franklinwaited for ideal stormy conditions to demonstrate the electrical nature of lightning. He used a silk 
kite, hemp and silk string, metal house key, and a Leyden jar to store electrical charge. The kite was not struck by 
lightning, but picked up ambient electrical charge in the storm. When a storm cloud neared, a spark was produced.

Benjamin 
Franklin and 
the kite 
experiment

The Truth About Energy ςThe Energy Dominoes

https://www.fi.edu/benjamin-franklin/kite-key-experiment
https://www.fi.edu/benjamin-franklin/kite-key-experiment
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https://www.fi.edu/benjamin-franklin/kite-key-experiment


1882

Historical 
drama Edison, 
the Man, 
directed by 
Clarence 
Brown (MGM)

The Truth About Energy ςThe Energy Dominoes

Six, 27-ton, 100-ƪ² άWǳƳōƻέ ŘȅƴŀƳƻǎ ƎŜƴŜǊŀǘŜŘ ǘƘŜ Ŏƻŀƭ-fueled electric power, Thomas EdisonΩǎ Pearl Street Station 
transmitting 100 volts of direct-current electricity underground to 400 lights in a one-square-mile area of Lower 
aŀƴƘŀǘǘŀƴΩǎ CƛǊǎǘ 5ƛǎǘǊƛŎǘ όōƻǳƴŘŜŘ ōȅ ²ŀƭƭ {ǘǊŜŜǘΣ bŀǎǎŀǳ {ǘǊŜŜǘΣ {ǇǊǳŎŜ {ǘǊŜŜǘΣ ŀƴŘ CŜǊǊȅ {ǘǊŜŜǘύΦ 

http://www.johnkwhite.ie/e21/E21NS1940CB1.html
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ÅCanada and the US signed a 
treaty to keep the beauty of 
Niagara Falls intact.

ÅThe international pact limits the 
amount of diverted water for 
power production, stipulating 
that at least 100,000 cubic feet 
of water per second must flow 
over the Falls from 8 a.m. to 10 
p.m. each day during the tourist 
season.

ÅOtherwise, the flow can be 
reduced to half that.

1900:Niagara Falls ς
Westinghouse, Nikola 
¢ŜǎƭŀΣ 9ŘƛǎƻƴΣ !ƭŎƻŀΣ Χ

Niagara Falls, Ontario

The Truth About Energy ςThe Energy Dominoes

Sir Adam Beck 
hydropower station



1900:Niagara Falls ς
Westinghouse, Nikola 
¢ŜǎƭŀΣ 9ŘƛǎƻƴΣ !ƭŎƻŀΣ Χ

TVA (1924), Hoover Dam (1935), 

Grand Coulee Dam (1942)

Aswan (1960), GERD (2022),

WŀƳŜǎ .ŀȅ όмфтмΣ мфупΣ Χύ

Three Gorges Dam (2012)

Χ

Oscar Wilde (1882)

Sir Adam Beck 
hydropower station

Niagara Falls, Ontario

The Truth About Energy ςThe Energy Dominoes



Å!ǘ .Ŝƭƭ ¢ŜƭŜǇƘƻƴŜΩǎ ǊŀŘƛƻ ƭŀō ƛƴ 
Holmdel, New Jersey, 
electrochemist Russell Ohl 
discovered a large voltage in a piece 
of commercial-grade silicon during 
his radar research on signal 
detectors after a current flowed 
under flashlight illumination.

ÅThe signal was varied, but Walter 
.ǊŀǘǘŀƛƴΣ ǿƻǊƪƛƴƎ ŀǘ .ŜƭƭΩǎ Ƴŀƛƴ ƭŀōǎ 
ƛƴ ƴŜŀǊōȅ aǳǊǊŀȅ IƛƭƭΣ ƴƻǘŜŘΣ άǘƘƛǎ 
was the first time that anybody had 
ever found a photovoltaic effectin 
ŜƭŜƳŜƴǘŀǊȅ ƳŀǘŜǊƛŀƭΦέ

ÅThe άŘƻǇŜŘέ Ǉ-n junctionwas born. Group III, IV, V elements

The Truth About Energy ςThe Energy Dominoes

1939+:New Jersey (Bell Labs) 
ςp-n junction, transistor, PV, 
ǎŀǘŜƭƭƛǘŜǎΣ ¢ŜƭǎǘŀǊΣ Χ



semiconductor materials (silicon, 
germanium)

solid-state diode, transistor

PV solar cell

satellites (Explorer, Vanguard, 
TelstarΣ Χύ

IC (chip), LED, diode laser, CCD 

solar panels 14 Silicon (2 8 4)

The Truth About Energy ςThe Energy Dominoes

1939+:New Jersey (Bell Labs) 
ςp-n junction, transistor, PV, 
ǎŀǘŜƭƭƛǘŜǎΣ ¢ŜƭǎǘŀǊΣ Χ



Å 1954: A silicon pnp transistorwas 
difficult to mass produce until the 
crystal was doped by diffusion (high-
concentration dopants added to the 
molten silicon during crystal growth).

Å 1954: PV solar battery: thin, silicon-
doped wafer converts light into 
ŜƭŜŎǘǊƛŎƛǘȅ ŀǘ с҈ ŜŦŦƛŎƛŜƴŎȅ όάŎƻƳǇŀǊŜǎ 
favorably with the efficiency of steam 
ŀƴŘ ƎŀǎƻƭƛƴŜ ŜƴƎƛƴŜǎέύΦ

Å мфснΥ !¢ϧ¢Ωǎ мфсн Telstargenerated 14 
watts from 3,600 modules.

PV solar battery

1962:New Jersey (Bell Labs) 
ςtransistor, PV, satellites, 
¢ŜƭǎǘŀǊΣ Χ

The Truth About Energy ςThe Energy Dominoes



Å 1954: A silicon pnp transistorwas 
difficult to mass produce until the 
crystal was doped by diffusion (high-
concentration dopants added to the 
molten silicon during crystal growth).

Å 1954: PV solar battery: thin, silicon-
doped wafer converts light into 
ŜƭŜŎǘǊƛŎƛǘȅ ŀǘ с҈ ŜŦŦƛŎƛŜƴŎȅ όάŎƻƳǇŀǊŜǎ 
favorably with the efficiency of steam 
ŀƴŘ ƎŀǎƻƭƛƴŜ ŜƴƎƛƴŜǎέύΦ

Å 1962Υ !¢ϧ¢Ωǎ мфсн Telstargenerated 
14 watts from 3,600 modules.

Telstar

The Truth About Energy ςThe Energy Dominoes

1962:New Jersey (Bell Labs) 
ςtransistor, PV, satellites, 
TelstarΣ Χ

https://www.youtube.com/watch?v=WPDvsLSnUGc


Å 1954: A silicon pnp transistorwas 
difficult to mass produce until the 
crystal was doped by diffusion (high-
concentration dopants added to the 
molten silicon during crystal growth).

Å 1954: PV solar battery: thin, silicon-
doped wafer converts light into 
ŜƭŜŎǘǊƛŎƛǘȅ ŀǘ с҈ ŜŦŦƛŎƛŜƴŎȅ όάŎƻƳǇŀǊŜǎ 
favorably with the efficiency of steam 
ŀƴŘ ƎŀǎƻƭƛƴŜ ŜƴƎƛƴŜǎέύΦ

Å мфснΥ !¢ϧ¢Ωǎ мфсн Telstargenerated 14 
watts from 3,600 modules.

International Space StationThe Truth About Energy ςThe Energy Dominoes

1962+:New Jersey (Bell 
Labs) ςtransistor, PV, 
ǎŀǘŜƭƭƛǘŜǎΣ ¢ŜƭǎǘŀǊΣ Χ



200-W rooftop PV solar panels

Å 1954: A silicon pnp transistorwas 
difficult to mass produce until the 
crystal was doped by diffusion (high-
concentration dopants added to the 
molten silicon during crystal growth).

Å 1954: PV solar battery: thin, silicon-
doped wafer converts light into 
ŜƭŜŎǘǊƛŎƛǘȅ ŀǘ с҈ ŜŦŦƛŎƛŜƴŎȅ όάŎƻƳǇŀǊŜǎ 
favorably with the efficiency of steam 
ŀƴŘ ƎŀǎƻƭƛƴŜ ŜƴƎƛƴŜǎέύΦ

Å мфснΥ !¢ϧ¢Ωǎ мфсн Telstargenerated 14 
watts from 3,600 modules.

The Truth About Energy ςThe Energy Dominoes

1962+:New Jersey (Bell 
Labs) ςtransistor, PV, 
ǎŀǘŜƭƭƛǘŜǎΣ ¢ŜƭǎǘŀǊΣ Χ



Other Dominoes?
1500  Leonardo da Vinci designs rotating turret windmill
1666  Isaac Newton splits white light into component colours
1830  George Stephenson Northumberlandtrain service (Liverpool ςManchester)
1864  Nikolaus Otto designs a 4-stroke ICE run on piped-in coal gas
1865 James Clerk Maxwell 4 EM equations
1884  Charles Parsons designs rotating steam-powered turbine at Holborn
1887  James Blyth builds first electricity-generating wind turbine
1900  Max Planck quantum theory (E = hf)
1905  Albert Einstein Annus Mirabilis (E = mc2), photons Ą electrons
1932  James Chadwick discovers the neutron
1945  Alamogordo/Hiroshima/Nagasaki Ą uranium trace, arms race
1957  Soviet Union launches Sputnikvia ballistic-missile carrier rocket
1960  OPEC is created after talks between Venezuela and Saudi Arabia Ą oil shocks
1960  Rachel Carson Silent Spring Ą EPA Ą Earth Day
1976  Sharp makes the first solar calculator
1984  Chernobyl reactor meltdown Ą end of USSR
2008  Tesla Roadster launched with chained Panasonic 18-650 Li-ion batteries
2020  Bhadla Solar Park in Rajasthan, India, generates 2 GW
2022  US Congress passes the Inflation Reduction Act ($369 billion/10 years)

The Truth About Energy ςThe Energy Dominoes



a) b)

c)                                                                                   d)

Some Spanish examples
Waves crashing into a pier

Description automatically generated

a) El Hierro 100% 

renewable from 5 

2.2-MW WTs and 2 

PSH pools (700 m) 

b) Mutriku wave 

energy plant (OWC) 

(300 kW)

c) Seville 

pantograph

d) La Mancha 

windmills

https://www.renewable-technology.com/projects/mutriku-wave-energy-plant/


a) b)

c)                                                                                   d)

Some Irish examples
a) Turlough Hill 

pumped storage 

hydro (292 MW/70 s, 

285 m, 75% round 

trip)

b) Turf was a grid 

fuel from the 1930s 

to 2023 ïworse than 

coal (and biomass!)

c) Sample wind 

speeds at 3 locations

d) 2020: wind (44%) 

> gas (42%), 

700,000 homes



Spainbreezes into record books as 
wind power becomes main source 

of energy - 2014!

Sector covered 20.9 percent of total 
ŘŜƳŀƴŘ ƭŀǎǘ ȅŜŀǊ ŦƻƭƭƻǿŜŘ ōȅ ŎƻǳƴǘǊȅΩǎ 
nuclear plants, which met 20.8 percent

El País, January 15, 2014

Renewables: wind

https://english.elpais.com/elpais/2014/01/15/inenglish/1389798670_862500.html
https://english.elpais.com/elpais/2014/01/15/inenglish/1389798670_862500.html


Wind energy overtakes gas to be 
leading source of electricity in 
Ireland- 2020!

Wind (44%) produced more electricity in 
Ireland than gas (42%) for the first time, 
powering over 700,000 homes 

Renew Economy, April 30, 2020

Renewables: wind



El ingenioso hidalgo don Quijote de la Mancha

ά5Ŝǎǘƛƴȅ ƎǳƛŘŜǎ ƻǳǊ ŦƻǊǘǳƴŜǎ ƳƻǊŜ ŦŀǾƻǳǊŀōƭȅ ǘƘŀƴ ǿŜ ŎƻǳƭŘ ƘŀǾŜ ŜȄǇŜŎǘŜŘΦ [ƻƻƪ ǘƘŜǊŜΣ {ŀƴŎƘƻ tŀƴȊŀΣ 
my friend, and see those thirty or so wild giants, with whom I intend to do battle and kill each and all of 
them, so with their stolen booty we can begin to enrich ourselves. This is noble, righteous warfare, for it 
ƛǎ ǿƻƴŘŜǊŦǳƭƭȅ ǳǎŜŦǳƭ ǘƻ DƻŘ ǘƻ ƘŀǾŜ ǎǳŎƘ ŀƴ ŜǾƛƭ ǊŀŎŜ ǿƛǇŜŘ ŦǊƻƳ ǘƘŜ ŦŀŎŜ ƻŦ ǘƘŜ ŜŀǊǘƘΦέ

ά²Ƙŀǘ ƎƛŀƴǘǎΚέ ŀǎƪŜŘ {ŀƴŎƘƻ tŀƴȊŀΦ

ά¢ƘŜ ƻƴŜǎ ȅƻǳ Ŏŀƴ ǎŜŜ ƻǾŜǊ ǘƘŜǊŜΣέ ŀƴǎǿŜǊŜŘ Ƙƛǎ 
ƳŀǎǘŜǊΣ άǿƛǘƘ ǘƘŜ ƘǳƎŜ ŀǊƳǎΣ ǎƻƳŜ ƻŦ ǿƘƛŎƘ ŀǊŜ 
ǾŜǊȅ ƴŜŀǊƭȅ ǘǿƻ ƭŜŀƎǳŜǎ ƭƻƴƎΦέ

άbƻǿ ƭƻƻƪΣ ȅƻǳǊ ƎǊŀŎŜΣέ ǎŀƛŘ {ŀƴŎƘƻΣ άǿƘŀǘ ȅƻǳ ǎŜŜ 
ƻǾŜǊ ǘƘŜǊŜ ŀǊŜƴΩǘ ƎƛŀƴǘǎΣ ōǳǘ ǿƛƴŘƳƛƭƭǎ, and what 
seems to be arms are just their sails, that go 
ŀǊƻǳƴŘ ƛƴ ǘƘŜ ǿƛƴŘ ŀƴŘ ǘǳǊƴ ǘƘŜ ƳƛƭƭǎǘƻƴŜΦέ

άhōǾƛƻǳǎƭȅΣέ ǊŜǇƭƛŜŘ 5ƻƴ vǳƛƧƻǘŜΣ άȅƻǳ Řƻƴϥǘ ƪƴƻǿ 
ƳǳŎƘ ŀōƻǳǘ ŀŘǾŜƴǘǳǊŜǎΦέ

φ aƛƎǳŜƭ ŘŜ /ŜǊǾŀƴǘŜǎ {ŀŀǾŜŘǊŀ

Renewables: wind


