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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 potosynthesiss stored in plants and animals, forming fossil fuels over long
periods of time, a.k.a. Afossilized sunshinelo

2. differentially heatingt he eart hdos at mos ph ewregl carrerds, anccweahers |,

3. thermally heating various storage media (e.g., rock, sand, wat&i))

The sunds energy al so increases dstngesewhan¢ha sueis
highest in the sky (local noon) and weakest at sunrise and $uasetell as throughout the year depending
on the day of the year and oneds | atitude.



Quizzes -- Energy

u
u IZ 8 quizzes: Physics | Energy | Geography | Spain | Math | History | Arts | Letters
50 questions of increasing difficulty. Can you get to level 57

1/5 [J Random questions?

0/0 Select a choice: +1 for a correct answer, -1 for a wrong answer. The
Level 1 |correct answer appears here.

How far away is the sun?

100 km

10,000 km

1.5 million km

150 million km
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Quizzes -- Energy

8 quizzes: Physics | Energy | Geography | Spain | Math | History | Arts | Letters
50 questions of increasing difficulty. Can you get to level 57

[J Random questions?

0/0 Select a choice: +1 for a correct answer, -1 for a wrong answer. The

Level 1 |correct answer appears here.
How much of the sunodés r ac er
reaches the earth?

@& 1 thousandth

@ 1 millionth

@ 1 billionth

@ 1 2bilionth
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~ 380 x 10* watts

(in all directions) ~ 1/2 billionth
of solar energy 1,370 watts per

(directed toward earth) square metre

©

~ 170 petawatts

P=fRT) =PI R T*(StefanBoltzmann)

Figure 4.4 The Truth About Energy



IQearth =
6,400 km

%
1 AU = 150 million km

M K H OAtfA2YGK 2F (GKS

makes It to earth
Figure 4.2 The Truth About Energy



Quizzes -- Energy

u
q u IZ 8 quizzes: Physics | Energy | Geography | Spain | Math | History | Arts | Letters

50 questions of increasing difficulty. Can you get to level 57

3/5 [J Random questions?

0/0 Select a choice: +1 for a correct answer, -1 for a wrong answer. The
Level 1 |correct answer appears here.

How | ong does it take f ot S rays
earth?

8.3 seconds

8.3 minutes

8.3 hours

8.3 days
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Figure 4.1 The Truth About Energy



minimum angle 9@ (L + 23.4)to maximum angle 9Q (L- 23.4Y

winter max summer summer
solstice solstice
(~December 21) (~June 21)

= .\\7\)\ /v,:

max winter

Gijon 43.31 / Dublin 53.35 Figure 4.7 The Truth About Energy



Insolation

summer

panel output = :
area under curve Solar output during the day from a fixed
rooftop PV panel in summer and winter
| :local
summer/winter winter i noon

ratio = 10.6

. Solar output (kWh/riYday during the
] year from 3 fixed rooftop PV panels

>s

©

S LA

T, Denver

~—
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S| Jan Apr Jul New York

o+ QOct Figure 4.8/9 The Truth About Ener



Quizzes -- Energy

u
u IZ 8 quizzes: Physics | Energy | Geography | Spain | Math | History | Arts | Letters
50 questions of increasing difficulty. Can you get to level 57

4/ ; [J Random questions?

0/0 Select a choice: +1 for a correct answer, -1 for a wrong answer. The
Level 1 |correct answer appears here.

How t hick would the eart!l here b
if the earth was the size of a basketball?

1.9 mm

1.9cm

1.9 m

1.9 km
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Quizzes -- Energy

8 quizzes: Physics | Energy | Geography | Spain | Math | History | Arts | Letters
50 questions of increasing difficulty. Can you get to level 57

[J Random questions?

0/0 Select a choice: +1 for a correct answer, -1 for a wrong answer. The

Level 1 |correct answer appears here.
How thick would the eart!l be
if the earth was the size of a basketball?

& 09mm

& o9mm

& ocm

@ onm
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Brent crude: $118.0
r WTI crude: $106.88
A
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The story of the 20th centur
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. L Figure 2.10 The Truth About Energ
How did we get here@ Oil prices



The story of the 20th century
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Why are we doing thisRat ST 1 hATt €



The story of the 20th century
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Energy intensity

If the energy intensity
of the countries on thi
bottom leftd
essentially Asia, Africi
and South America
rise to the top right
without transitioning t
clean energy, the
atmosphere and the
climate are doomed.
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0. Introduction (quiz, scale, peak, global warming/warning)

A€ Truth About Energy (bad/good, brown/green, old/new)

2. A little history (AEnergy Do
xamples!!! 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)

Wh at can we do? RRRrrr e



THE TRUTH ABOUT

PART | (Out with the Old)
1. Wood to Coal: A Short History of the Industrial Revolution
2. Oil and Gas: Twentiefientury Prosperity

3. The Nuclear World: Atoms for Peace

PART Il (In with the New)

4. Old to New: The Sun and all its Glory

5. The Old becomes New Again: More Sustainable Energy

6. Driving the Revolution Revolution: From Volta to Tesla and Back

PART Il (Less is More)

7. Rethink, Rebuild, Rewire

www.johnkwhite.ie
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People and Place

The Truth About Enerqy,

HepN Sawer
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The Truth About EnergyThe Energy Degninoes

Escuela Oficial de Idiomas de Gijon, April 2024

Niagara Falls
1900 Buddinge
: {"&” 1919 New Jersey
:%ﬁﬁ ‘ 1939 New Jersey

1962 California,
1971

Washington

1988
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Linear versus Exponential

The Truth About Enerqy,
Escuela Oficial de Idiomas de Gijon, April 2024
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Benjamin

Franklin and
the kite

experiment

Benjamin Franklirwaited 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 upmbient electrical chargén the storm. When a storm cloud neared, a spark was produced.

The Truth About EnergyThe Energy Dominoes
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O = transmission lines

Historical power station —
dramaEdison,

the Man,

directed by

Clarence

Brown (MGM)

transformer transformers

Six, 27ton, 1001 2 G WdzY 0 2 ¢ Re& Yy | Y 2 dueled 8lgcBiddowied omas EdsoBieal Street Station
transmitting 100 volts oflirect-current electricityunderground to 400 lights in a orsgjuaremile area of Lower
al YKIFIGGlryQa CANBGO 5Aa0NRAO0O 002dzyRSR o0& 2Fff {ONBSGZ

The Truth About EnergyThe Energy Dominoes


http://www.johnkwhite.ie/e21/E21NS1940CB1.html
http://www.johnkwhite.ie/e21/E21NS1940CB1.html
http://www.johnkwhite.ie/e21/E21NS1940CB1.html
http://www.johnkwhite.ie/e21/E21NS1940CB1.html
http://www.johnkwhite.ie/e21/E21NS1940CB1.html
http://www.johnkwhite.ie/e21/E21NS1940CB1.html
http://www.johnkwhite.ie/e21/E21NS1940CB1.html

dynamo §1oov

Historical A
dramaEdison,
the Man, dynamo (oc) 100 v
directed by

Y
Clarence

Brown (MGM)

Six, 27ton, 1001 2 G WdzY 0 2 ¢ Re& Yy | Y 2 dueled 8lgcBiddowied omas EdsoBieal Street Station
transmitting 100 volts oflirect-current electricityunderground to 400 lights in a orsgjuaremile area of Lower
al YKIFIGGlryQa CANBGO 5Aa0NRAO0O 002dzyRSR o0& 2Fff {ONBSGZ
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Niagara Falls, Ontar
._;”";'T 3 M

1900:Niagara Falls
Westlnghouse Nikola
¢SAafl X 9RAA

A Canada and the US signed a
treaty to keep the beauty of
Niagara Falls intact.

A The international pact limits the
amount of diverted water for
power production, stipulating
that at least100,000 cubic feet i 5
of water per seconanust flow TN T ——
over the Falls from 8 a.m. to 10 ~ L. . :
p.m. each day during the tourist
season.

....

A Otherwise, the flow can be N
reduced to half that. W Tt Adam Back
hydropower station

The Truth About EnergyThe Energy Dominoes
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Niagara Falls, Ontar

1900:Niagara Falls
Westinghouse, Nikola
¢tSaflr X 9RAAZY

-

TVA (1924), Hoover Dam (1935),
Grand Coulee Dam (1942)

Aswan (1960), GERD (2022),

WEYSa . Fé& ombprT

"l(llll"‘!:_;’-";-‘f-'_:-.'::;"“lllyll TR
- Nl iy

1111

Three Gorges Dam (2012)
X

Oscar Wilde (1882)

==Sir Adam Beck
hydropower station
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1939+New Jersey (Bell Lal | v v Vi

Cp-n Junctlon transistor, PV, 6 7 8
alraSttAlSaz CI N|O
) 3 L A Nitrogen |Oxygen
Ard .Sttt ¢StSLIK2YyS 3 16
Holmdel, New Jersey,
electrochemistRussell Ohl AI S
discovered a large voltage in a piece Aluminum Sulphur
of commercialgrade silicon during
his radar research on signal 30 31 33 34
detectors after a current flowed
under flashlight illumination. Z'Z n G@ a AAS § e
A The signal was varied, but Walter ol i et comum
AY Y SINbe adzNNJ e
was the first time that anybody had Cd I n S n S b Te
SESYSYUlFNE YFOGSNRAr « we
A Thed R 2 LISnRunhctidrdwas born. Group IlI, IV, V elements

The Truth About EnergyThe Energy Dominoes



1939+ New Jersey (Bell Labs

G p-n junction transistor, PV,
al 0StfttAGSaAazT ¢

semiconductor materials (silicgn,
germanium)

solid-state diode, transistor
PV solar cell

satellites ExplorerVanguard
Telstak X0

IC (chip), LED, diode laser, CCD

solar panels

11 llll

14 Silicon (2 8 4)

The Truth About EnergyThe Energy Dominoes



1962:New Jersey (Bell Labs)
G transistor,PV satellites,
¢Staul NE X

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

A 1954 PV solar batterythin, silicon
doped wafer converts light into
St SOUNROAGE G ¢z S
favorably with the efficiency of steam A
YR 3dlaz2ztAyS SydAaAySa

A MmdcHY | ¢Bbt@dgenemsatld
watts from 3,600 modules.

PV solar battery
The Truth About EnergyThe Energy Dominoes



1962:New Jersey (Bell Labs)
¢ transistor, PV, satellites,
TelstaEk X

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

A 1954:PV solar batterythin, silicon
doped wafer converts light into A
St SOUNAROAGE O ¢ STF
favorably with the efficiency of steam A
YR 3JlaztAyS SyaAaAySac
A 1962y | ¢ 9 ¢ eBtargedecated
14 watts from 3,600 modules

The Truth About EnergyThe Energy Dominoes


https://www.youtube.com/watch?v=WPDvsLSnUGc
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1962+New Jersey (Bell E

Labs); transistor, PV, 0 .

atiSttradsSaz § Iy

A 1954: A silicon pnpansistorwas e s
difficult to mass produce until the e R R S e s EEeY
crystal was doped by diffusion (high 5 ’» N > amwm

2
e )
a

concentration dopants addedtothe % £ | | & L,
2 Pt : SR T W e b | _ Hame
e BT S R

molten silicon during crystal growth). = oo e s xs¥e8 _
A 1954:PV solar batterythin, silicon ¥ BN **'f'
doped wafer converts light into
St SOUNMNOAUe | u ¢z S =) OR-TNOY & B 2
favorably with the efficiency of steam = A s oo
FYR 3raztAysS Sy 3 AN e L
A MdcHY | ¢EltOgenerattld \ e
watts from 3,600 modules.

T

]
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1962+New Jersey (Bell ey
Labsy;, transistor, PV, X ] BN NG
alaSttAGSaz ¢St adlNE X

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

A 1954:PV solar batterythin, silicon
doped wafer converts light into
St SOUNROAGE O ¢z S 2
favorably with the efficiency of steam ] '!,!I
YR 3l az2tAyS SyaiaySacé ;

A MmdcHY | ¢Bbt@dgenemsatld
watts from 3,600 modules.

_|.|

ﬂw“;]::hl
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Other Dominoes?

1500 Leonardo da Vinci designs rotating turret windmill

1666 Isaac Newton splits white light into component colours

1830 George Stephenstorthumberlandrain service (Liverpoa Manchester)
1864 Nikolaus Otto designs ast#oke ICE run on piped coal gas

1865 James Clerk Maxwell 4 EM equations

1884 Charles Parsons designs rotating st@amered turbine at Holborn

1887 James Blyth builds first electriegggnerating wind turbine

1900 Max Planck quantum theory (E = hf)

1905 Albert EinsteiAnnus MirabiliE = m¢), photonsA electrons

1932 James Chadwick discovers the neutron

1945 Alamogordo/Hiroshima/Nagasakiuranium trace, arms race

1957 Soviet Union launch&putnikvia ballistiemissile carrier rocket

1960 OPEC is created after talks between Venezuela and Saudifrabishocks
1960 Rachel Cars@&ilent Sprindy EPAA Earth Day

1976 Sharp makes the first solar calculator

1984 Chernobyl reactor meltdowly end of USSR

2008 Tesla Roadster launched with chained Panasors&Q&4ion 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 EnergyThe Energy Dominoes



Some Spanish examples

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/

Some Irish examples

—(alway
-—\/alencia
Dublin

Wind speed (m/s)
o o
| Q
&
>

0 6 1I2 1I8 24
Time of day (h)

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 7 worse 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
RSYIFYR fFad &SIFN F2f¢
nuclear plants, which met 20.8 percent

El PaisJanuary 15, 2014

Renewables: wind
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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 Economypril 30, 2020

Renewables: wind




El ingenioso hidalgo don Quijote de la Mancha

G5Sa0AYye TJdzZARSEA 2dzNJ F2NlidzySa Y2NB Fl @2dz2Nyofé GKI
my friend, and see those thirty or so wild giants, with whom | 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

Ad G2YRSNFdz t & dzaS¥FdzZ G2 D2R G2 KI @S adzOK |y SgA
G2 KFEdG FAFydakKé a1SR {IyOK2 tlFyll o

G¢KS 2ySa @2dz Oy 4SS 20SNJ OKSNBZI¢ FYasgSNBR KAA

YIaGSNE a96A0GK (GKS KdzZ3S I N)az az2vysS 2F gKAOK | NFB
GSNE ySINIe Gg2 €SI 3IdzSa 2y 3oe

yKEG &2dz a

Gb2¢g f2212 €2dz2NJ AN OS¢ alAR {IYy
g A a

OK
2OSNJ 0KSNBE | NBy Qand@dtat yvias o dzi Y
seems to be arms are just their sails, that go
F NRPdzy R AY (KS GAYR YR GdzNYy GKS YAtfadzysSoé

f—hQ,
Q

f

;U<

GhogAa2dzaf ézé NBLIX ASR 52y vdzA22(Ss aé2dz R2y Ui y?2
YdzOK | 62dzi F ROSY (dzNB & dé

@ aAddzSt RS /SNOIyaSa {F I JSRNJ
Renewables: wind



