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RICHARD RHODES GIVES A SERIOUS 
EXPLORATION OF THE HISTORY OF ENERGY



RICHARD’S FOREWORD

Climate change looms over civilization with doomsday menace 
as did fear of nuclear annihilation in the long years 
of the cold war.

Our debate so far has hardly touched on the rich human history 
behind today’s energy challenge. 

Richard states: “I wrote Energy partly to fill that void, 
and to enliven the debate and clarify choices.”



JAMES WATT (1736 – 1819)

�Watt, while working as an instrument maker at 
the University of Glasgow, vastly improved 
Thomas Newcomen’s steam engine of 1712.. 

�By 1776 Watt had solved the problem of 
energy waste from repeated cooling and 
reheating the cylinder by introducing a 
separate condenser, which radically 
improved the power, efficiency and cost-
effectiveness of steam engines. 

�Eventually he adapted his engine to produce 
rotary motion, greatly broadening its use 
beyond pumping water.



EARLIEST TYPES OF POWER

�This British steam engine in 1812 
used a geared drive wheel that 
engaged a rack rail paralleling 
one side of the track, since 
there was concern about 
traction while hauling heavy 
loads of coal over hills in winter. 



LIGHT SOURCES

� So-called Rushlights were made 
from soft rushes that had been 
dipped in bacon fat. The stem pith 
is a cylinder of hollow tubes, which 
hold the fuel. Each light lasted a 
half-hour. It was  cheaper than a 
candle (800 for 3 shillings would 
last a year) for lighting at dusk in 
the dairy and kitchen.



SPERM WHALES WERE HUNTED FOR THEIR OIL 

Their oil was appreciated 
for light and lubrication. 

American whalers were 
dominant first (1830), but 
Norwegian whalers were 
even more aggressive in 
1950’s and 1960’s.



THE SEARCH FOR BURNING FLUIDS

� Burning fluids included naphtha and 
benzene (from coal) and camphene 
(from turpentine pine resin).

� Longleaf pines were “boxed”, shown à
each year for up to 7 years until cut for 
wood.

� Commonest burning fluid for settlers’ 
lamps in 1840 was a mixture of grain 
alcohol and “camphene”.



HISTORY OF KEROSENE FOR LAMPS

� Abraham  Gesner was a Canadian 
physician and geological entrepreneur, 
interested in Trinidad’s Pitch Lake.

� In 1838 he was appointed provincial 
geologist for New Brunswick, and con-
centrated on finding a good lighting fuel.

� He used pitch from Trinidad as feedstock 
for 2000 experiments, from which he 
eventually refined, from crude coal oil, a 
product he patented as KEROSENE. It 
burned 6 times brighter than sperm oil, 
and was 6 times cheaper.



DISCOVERY OF PETROLEUM AND ITS USES

� In 1854, Benjamin Silliman Jr., à a Yale 
chemistry professor, was hired to evaluate 
the illuminating qualities of oils with 
different boiling points. He separated 
them by fractional distillation of crude 
rock oil that was discovered in a creek in 
NW Pennsylvania. 

� In1859, Edwin Drake struck oil by drilling 60 
ft down in nearby Titusville, and 
proceeded to develop a market for it, in 
competition with Kerosene and whale oil.



THE TRAGEDY OF THE COMMONS

� Ida Tarbell documented the tragedy 
of the commons back in 1904.         à
(The History of the Standard Oil 
company).

�Garrett Hardin, in 1968, wrote: “Each 
user (of a resource held in common by 
a community) is motivated to use as 
much of the resource as possible 
without regard for its depletion or 
despoiling.”



BENJAMIN FRANKLIN & HIS LEYDEN JAR

�Look past Franklin’s right 
knee for the Leyden jar 
(from Leyden Holland, in 
1745) an adapted glass 
tube designed for storing 
static electricity, as done  
from his kite key in 1752. 

�Franklin received the 
Copley Medal from the 
Royal Society of London in 
1753.



ALESSANDRO VOLTA’S “PILE”

�An Italian physics professor who 
discovered methane, Volta 
needed a source of electricity for 
studying frog leg contraction.

�So he stacked dissimilar metals 
(Cu, Ag, Sn, Zi) separated by 
saltwater-saturated pieces of 
cardboard, and voila, an 
electrochemical generator of 
continuous electrical current.



HUMPHRY DAVY & CARBON-ARC LIGHTING 

�As batteries were improved, 
using metal plates slotted into 
wooden boxes of dilute acid, 
Humphry Davy linked 2,000 of 
them to demonstrate intense 
blue-white brilliance of an 
electric carbon arc.

�This became important for 
street and retail lighting.



HANS OERSTED’S ELECTROMAGNETIC FIELD

� In 1813 the Danish physicist, Hans 
Oersted, wondered if there was a 
connection between electricity and 
magnetism.

�By 1820 he demonstrated to his class 
that an electric current could deflect a 
compass needle. 

�During his subsequent 60 experiments, 
he discovered the circular form of the 
magnetic field  lines around the 
powered wire.



MICHAEL FARADAY’S “INDUCED CURRENT”

�Faraday, as Davy’s secretary, 
worked for 2 decades to  discover 
how the motion of magnets could 
be converted into electricity (1833).

�But the public seemed unprepared, 
so inventors developed Morse’s 
telegraph (1837), Bell’s telephone 
(1876), Edison’s phonograph (1877) 
and electric light (1879).





“A VAST CADENCE OF WATER” (HENNEPIN)

�Falling water is the oldest source 
of industrial power other than 
muscle. 

� In 1679 Louis Hennepin described 
Niagara Falls as a vast “cadence 
of water”. Though other waterfalls 
exceed its 170 feet, none flows so 
reliably from season to season.



A.C. FOR LONG-DISTANCE TRANSMISSION

�Everyone knows about the War of the 
Electric Currents (1887 – 1896) between 
Westinghouse and Edison, and Nicola Tesla’s 
invention of the AC motor.

�Edison developed his DC system for lighting, 
and only incidentally for power.

�But Niagara offered the opposite challenge, 
transmitting energy mostly for power.

�William Stanley Jr., an enthusiastic inventor, 
“electrified” the town of Barrington MA, and 
eventually convinced Westinghouse in 1886.



POWER FROM NIAGARA FALLS BY ELECTRICITY

� The original plan was to cut a 14-ft diameter 
tunnel for 5 miles through hard limestone for 
water to drive 238 waterwheels of 500 HP each.

� Edward Dean Adams recognized this as a 
backward plan with old technologies, so he 
turned the project around to make electricity 
after consultation with Henry Morton, Edison 
and Swiss experts in 1889.

� The Niagara Falls plant (NY) is named after him,
and his organizational skills and generosity were 
recognized in TIME magazine in 1929 à



NIAGARA FALLS PENSTOCK

� Edward Dean Adams, an engineer & banker, 
became Niagara’s historian as he gathered experts 
in 1889 to plan for the transmission of large amounts 
of power, not only to Buffalo, but to New York and 
Chicago as well.

� Because of the distances involved, AC won out 
over the objections of Lord Kelvin and Edison.

� The power plant, built upriver from the falls, used 
water diverted and dropped 140 feet down an 
array of 10 vertical penstocks that turned turbines 
to generate 5,000 horsepower.

� Power began in 1895, first to a nearby aluminum 
plant, and by 1905, Niagara produced 10% of U.S. 
electric power.



SIR ADAM BECK PIONEERED HYDRO
IN ONTARIO



HENRY FORD’S FIRST AUTOMOBILE, 
A 500-POUND QUADRICYCLE

� Powered by ethanol in a 3-gallon tank, 
this 4-cycle, 4-HP, 2-cylinder engine 
under the bench-seat, drove by chain 
Ford’s horseless vehicle up to 20 mph.

� At the time (!896) there were 300 cars 
on the roads of USA, mostly powered 
by steam engines or electric motors.

� Of the 4,192 cars made in USA by 1900, 
most were steamers and electrics; only 
936 were ICE-powered.

� By 1914 the ICE swept the field, 500-to-1.



EVOLUTION OF ENGINES & FUELS

� As engines developed more power and higher 
compression, they also developed a “ping” or 
knock, which became serious by 1913.

� In 1916 this problem engaged the attention of 
a creative engineer, named Charles Kettering.

� Kettering, who had already developed the 
electric starter for Cadillac in 1911, took 5 
years to discover (in 1921) that tetraethyl lead 
was 50 X more effective than other products 
that were also tested as an anti-knock agent.

� We are still looking for ways to remove the last 
traces of lead from aviation fuel to this day.



TOXICITY OF TETRA-ETHYL LEAD (TEL)

�TEL was rapidly accepted by the 
transportation industry, especially 
after its use in the 1923 Indianapolis 
500, with cars running at 91 mph.

�By 1936, 90% of US gas was leaded, 
and by 1963, 98% was leaded.

�But TEL toxicity included low BP, low 
temp, sleeplessness, weight loss, 
nausea, tremor and delirium.

�Lead was removed in 1973, because 
it fouled new catalytic converters.



HOW SAUDI ARABIA GOT STARTED

�Saudi Arabia became a kingdom in 1932. 3X > 
Texas, pop 2.5M, mostly poor people.

�1935: Their 1st well went 2,200 ft, but only gas.
�1936: 2nd well went better with acid added, 

but without storage capacity, it was capped.
�1938: 7th well to 4725 ft, produced 4K bb/day.
�1939: King Saud + 2,000 turned the pipe valve.



“BIG INCH” PIPELINE ARC- WELDED 
AND BURIED FROM TX - NY IN 1942

THESE 24” PIPES CARRIED OIL DURING WWII, AND 
LATER, METHANE.



ATOMIC TRANSMUTATION IN THE 1930’S

�By the early 1930’s there was feverish interest in 
learning how atomic nuclei were held together.

�When Enrico Fermi bombarded U with neutrons in 
1934, claiming to have produced other transuranic 
elements, Ida Noddack à correctly suggested that 
Fermi might have broken the atom into large 
fragments, implying fission. But nobody took her 
seriously until Lise Meitner (next slide) came along..



LISE MIETNER & OTTO HAHN 
WERE THE TRUE DISCOVERERS OF ATOMIC FISSION 

�Lise Meitner, a Jewish chemistry 
professor, working in Otto 
Hahn’s lab in Nazi Germany, 
was forced to flee to Sweden 
in 1938, just as she realized that 
the unthinkable idea of fission 
was a reality. A fission product, 
barium, was about half the 
mass of uranium….!



MEITNER’S LEGACY: ELEMENT 109

�Science makes people reach selflessly for 
truth and objectivity; it teaches people 
to accept reality, with wonder and 
admiration, not to mention the deep 
awe and joy that the natural order of 
things brings to the true scientist.



FERMI MADE FISSION WORK IN A REACTOR 

�Enrico Fermi came to USA in 1938, when 
fascist policies in Italy affected his Jewish 
wife. He led the team that designed and 
built the Chicago Pile-1, which went 
“critical” on 12/2/42, demonstrating the first, 
human-created, self-sustaining nuclear 
chain-reaction.

�He worked on the Manhattan project during 
WWII, but he did NOT discover fission; he 
made it happen with non-enriched Uranium 
by slowing neutrons in a graphite matrix until 
they found some U-235 atoms to split.



MOTHER NATURE FISSIONED 235U NATURALLY



PROSPECTUS ON “NUCLEONICS”  

�This secret, 67-page report was written 
by Fermi and his colleagues in 1944.

� It reviews the prewar and wartime 
history of “nucleonics”, and under-
estimated the amount of extractable 
U in the world, assuming that Pu 
would be harvested and not left  in 
situ to be fissioned, so even Thorium 
was considered as an alternative fuel 
back then.



HYMAN RICKOVER CHOSE WATER

�A relentlessly efficient engineering officer in the 
US Navy before and after WWII, Rickover was 
sent to Oak Ridge in 1946 to learn about atomic 
energy and nuclear power.

�His decision to moderate reactors of submarines 
and large-ships with water instead of liquid 
sodium was significant, especially when similar 
technology was used for land-based reactors.

� The Atomic Energy Act (1946) made atomic 
energy in all its manifestations a monopoly of 
the US government.



OBNINSK (1954) SPURRED USA AHEAD

� The Soviets startled the world in 1954 by 
announcing their nuclear reactor in 
Obninsk, 60 mi. SW of Moscow à

� It made 30 MW (thermal), 6 MWe , for 48 
years without any incidents.

�Shocked Eisenhower directed Rickover to 
have a US reactor at full power by ’57.

�Changing fuel from metallic U to its oxide 
changed the technology, but reduced 
the risk of nuclear “proliferation”.



SHIPPINGPORT WAS BUILT IN 2.5 YEARS

� Fabricated by Westinghouse and 
coordinated with Pittsburgh’s 
Duquesne Light, AEC and the 
Navy, it generated 60 MWe for 25 
yrs.

� The third, final core was a thorium
breeder, which operated 1977 to 
1982. With thorium dioxide pellets 
and uranium-233 oxide, there was 
1.4% more fissile material left inside 
when it was decommissioned.



PUSHING ATOMIC MASSES HIGHER 

�Glenn Seaborg studied the arrangement 
of the actinide series in the periodic table 
of the elements.

�He wanted to see how big an atom 
could become by bombarding it with 
neutrons, discovering in the process, 10 
elements, including plutonium, and 100 
isotopes, including 1-131.

�He was professor (UC-Berkley) and 
president of the AEC from 1951-1961.



THE DARK AGE TO COME

� Rachel Carson Jimmy Carter Alvin Weinberg



ALVIN WEINBERG’S RISE AND FALL

� Thorium’s technology was proven to work in the 1960s by Nobelist Eugene 
Wigner and his protégé, Alvin Weinberg. In 1955, Weinberg took charge 
of the Oak Ridge National Laboratory (ORNL) and began a personal 
campaign to realize the benefits of thorium. Under his leadership, molten 
salt reactors demonstrated key technologies needed to bring thorium 
energy generation to reality. 

� At the time, however, politics and industry momentum were already firmly 
committed to solid-uranium-fueled, water-cooled reactors. Weinberg 
grew at odds with the U.S. Atomic Energy Commission (AEC) over his 
concerns about these solid-fueled reactors, and despite his 20,000 hours 
of successful molten salt reactor operation, the AEC removed Alvin 
Weinberg as head of ORNL and canceled his project.



MULLER HAD A CHECKERED CAREER

�Herman Muller (1890 – 1967) was an early student 
of Mendelian genetics, and eugenics. 

�After completing his PhD with Julian Huxley, he 
studied the effects of ionizing radiation on fruit 
flies (drosophila). He was the first person to show 
that irradiating fruit flies increased their  mutation 
rate, for which he received the Nobel Prize (‘46).

�James Watson noted that he was defensive 
about his reputation, perhaps due to earlier 
scientific conflicts.



THE LINEAR-NO-THRESHOLD (LNT) MODEL

�Muller's opinions on the effect of radiation 
on mutagenesis, however, had been 
criticized by some scientists. UW’s James 
Crow called Muller’s view “alarmist” and 
wrote that it created an irrational public 
fear of low-level radiation.

� Muller’s opinion was not supported by 
UNSCEAR or by other research (Caspari). 
Some say that Muller misled the public by 
ignoring conflicting results, and the LNT 
led to excessive costs.



ALL ABOARD WITH RENEWABLES

� James Blyth, Scotland, in 1887 Charles F. Brush, Ohio, in 1888
� 33 feet, vertical shaft 60 feet, horizontal shaft



SOLAR (PHOTOVOLTAIC) POWER

� Solar electricity was developed by Bell Labs in 
NJ in the 1950’s, Early silicon cells operated at 
6% efficiency, 11% by 1955, and 22% today.

� Launched in 1958, the VANGUARD 1 satellite 
is a 6” diameter, 3.2 lb aluminum sphere, 
containing a 5 mW transmitter powered by 6 
solar cells mounted on its body, which 
functioned for nearly 7 years. In a highly 
eccentric elliptical orbit, it may continue to 
orbit for another 200 years.

� PV success on land is hampered by 
intermittency, low power density, and lack of 
plans for recycling the materials after a 
functional life of ~25 years.



INSTALLED CAPACITY =/= E GENERATED 
(SEE PAGE 331.)

Electricity Source Capacity Factor Number of days/year

Nuclear 92% 336

Hydro 38% 138

Wind 35% 127

Solar PV 27% 99

Fossils ~50% 168



TWO BIG ISSUES WITH RENEWABLE ENERGY

�1) Can we scale it up? The great challenge of 
the 21st century will be limiting global warming 
while simultaneously providing energy for more 
people who want to have more.

�2) The next challenge to solve W/S intermittency 
is to store the energy for use days or months later. 
In 2016, USA had only 225 GW of grid battery 
storage. We’re asked to believe it will improve.



NUCLEAR ENERGY HAS BEEN SLOWED 
BY FEAR, ESPECIALLY POST-CHERNOBYL

�The accident at Chernobyl (1986) was 
the worst nuclear accident in world 
history. (See the cavity below right.)

�This type of reactor will never be built 
again. Note huge cover added later.à

�Learning from this mistake has been 
instructive but very costly, especially by 
enhancing public fear of nuclear energy 
to irrational levels.



A REALITY CHECK IN MICROSIEVERTS



U.S.A. TESTED 193 WEAPONS, 1946 - 1958

�On March 1, 1954, USA tested a special 
hydrogen bomb, called “Shrimp”.

� It exploded with 3X the force expected, (5 
megatons) vaporizing a crater 250 ft deep X 
1 mile wide on the ocean floor.

�A Japanese fishing boat, the Lucky Dragon, 
was not so lucky; 23 crew were sickened, 
and K. Aikichi died in Sept. The AEC denied 
responsibility, but USA later paid megabucks.



REDUCING COST & WASTE ISSUES

�Rational consideration of cost will eventually include 
durability and capacity factors, which make nuclear 
energy cheaper than coal or natural gas. Asia already 
understands this, and they are doubling their reactors.

�Similarly, green “evangelists” will realize that energy 
storage shows little sign of taking us through > 20 
minutes of calm darkness. 

�Come hear about “WASTE” in 2 weeks.



ALL HANDS ON DECK TO RESCUE PLANET EARTH !



WE MUST FULLY APPRECIATE “STEM” 
TO ALLEVIATE HUMAN SUFFERING

�Elaine Scarry (1985): The naturally existing external 
world…is wholly ignorant of the “hurtability” of human 
beings. ... It indifferently manifests itself in the thunderbolt 
and hailstorm, rabid bat, smallpox microbe and ice 
crystal.

�Richard Rhodes (2018): So shoes protect the feet, a chair 
relieves the body of gravity’s ceaseless burden, a 
windmill or nuclear power plant generates electricity to 
warm or cool and light the way.




