
Lecture 9: Wednesday, February 20, 2008

HW#2 is due in class TODAY.
Remember also that our first hour exam is next Wednesday in class.
We will spend Monday’s lecture on exam review.

The class web site
http://www.physics.rutgers.edu/~karin/140
includes required reading (articles and weblinks) and useful
course information (including the homeworks)

Homeworks #1 and #2 will be handed back in class on Monday.



I will show two videos.



Geothermal energy

Heat from VERY deep in the earth
Crust has a thickness of 30 to 90 km
Top of the mantle is about 1000 C

Source: radioactive decay

•Heating systems: directly use hot water from springs and
reservoirs near surface

•Electricity generation: requires very high-temperature heat
or steam

•Geothermal heat pumps: use stable ground or water temperatures
near the surface to control building temperatures





Geothermal energy in Iceland
Icelanders are world leaders in the use of geothermal energy for 

domestic and industrial purposes. About 87% of the population enjoy 
central heating by geothermal energy at a price that is generally less 
than half of the comparable cost of oil or electric heating, thus 
contributing to making Iceland one of the cleanest environments in 
Europe. Geothermal steam has been used directly for a number of 
industrial processing applications in Iceland for decades now, and has 
also been developed for electricity generation on a small but growing 
scale. In 2003 the total installed geothermal electric power was 200 
MW and the production around 1,420 GWh.





MIT-led panel backs 'heat mining' as key U.S. energy source
January 22, 2007

A comprehensive new MIT-led study of the potential for geothermal energy 
within the United States has found that mining the huge amounts of heat that 
reside as stored thermal energy in the Earth's hard rock crust could supply a 
substantial portion of the electricity the United States will need in the future, 
probably at competitive prices and with minimal environmental impact.
An 18-member panel led by MIT prepared the 400-plus page study, titled "The 
Future of Geothermal Energy" (PDF, 14.1 MB). Sponsored by the U.S. Department 
of Energy, it is the first study in some 30 years to take a new look at 
geothermal, an energy resource that has been largely ignored. 
The goal of the study was to assess the feasibility, potential environmental 
impacts and economic viability of using enhanced geothermal system (EGS) 
technology to greatly increase the fraction of the U.S. geothermal resource that 
could be recovered commercially.
Although geothermal energy is produced commercially today and the United 
States is the world's biggest producer, existing U.S. plants have focused on the 
high-grade geothermal systems primarily located in isolated regions of the 
west. This new study takes a more ambitious look at this resource and evaluates 
its potential for much larger-scale deployment.



443 reactors in 31 countries 
generate 6.5% of total world 
energy demand

Many new plants planned 
around the world: 
India (19), China (63), US 
(20?)

N. Lewis: “to produce 10 TW 
of
power woud require 
construction
of 10,000 new 1 GW nuclear 
power plants over the next 
50 years, that is one every 
other day.”







U.S. electricity generation 2005 
from www.eia.doe.gov
Nuclear: 781,986 thousand megawatthours produced
from a capacity of 100,000 MW



104 plants
96,980 MW
Oyster Creek 619 MWe
Three Mile Island 802 MWe



• Chain reaction
• Enrichment of ratio of U-235 to U-238 (3%) 

(this takes about 10% of energy produced)



Basic design: light water reactors
(boiling water reactors and pressurized water reactors)
Reaction is controlled by neutron absorption of water and control rods



Heavy water reactors (hydrogen in water is replaced by deuterium)
Unenriched uranium can be used.

Breeder reactors: fast neutrons from fission convert U-238 to Pu-239
More of the energy of the natural uranium is extracted

Difference between power plant and bomb: 90%+ pure U-235 or Pu-239
A power plant will NEVER blow up like a bomb!
Production of pure Pu-239: the problem with reprocessing and 
breeder reactors



• Mining of uranium, distribution of reserves 
(Australia: about 30%)

• Spent fuel: reprocessing (chemical), high-
level waste, low-level waste



• Accidents? Three Mile Island 1979, 
Chernobyl 1986 (interest in passive vs
active safety systems)

• Misuse of radioactive material 



Fusion

Energy production in the Sun comes from a sequence
of nuclear reactions, with the net result

4 H -> 2 He + energy

No radioactive byproducts!

Fusion on earth?

“Fusion power is twenty years away, and it has been
for the last fifty years”



France Will Get Fusion Reactor to Seek a Future Energy Source 

The model of the site of the International Thermonculear Experimental Reactor (ITER) 
that is to be built at Cadarache in southern France. 
(NY Times, June 2005)

Federal budget train wreck for FY 2008: “the spending bill also eliminated the 
United States’ planned contribution of $160 million to ITER, a test fusion reactor 
that is intended to lead to commercial energy production by emulating the 
process that powers the Sun.” (from NYTimes, December 22, 2007)


