PHYS-310 MT Schwartz Name

Energy Density:
Natural Gas 39 MJ /m’, 53.6 MJ/kg 1 BTU=10557
0Oil 48 MJ/kg 1 Therm = 10° BTU
Coal 29.3 MJ/kg
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1. You light your house with five floodlights that are each 150 W and are on for 6
hours a day. How much does this cost you in electricity annually?

2. Although it’s rarely done, coal can be gasified with heat and burned in an IGCC
(integrated Gassification Combined Cycle). Assume a 1 GW, facility that has a
Brayton Cycle efficiency of 40%, and a Rankin Cycle efficiency of 30%, with

90% grid transmission efficiency. Find the total efficiency of providing you with
electricity from coal.

3. For the problems above, what is the annual amount of CO; emitted due to your
lights if you used electricity from the IGCC?



4. The world’s average power consumption is about 17 TW. Starting with this
information, and stating ratios you know, estimate the average number of gallons
of gas a USA person uses annually. If you can’t do this, estimate this number a
different way for 3 pts.

5. I.CEs

a) To the right, please
draw the PV diagram
of the cycle that takes
place in your gasoline
car, and state the
name of this cycle.

b) Name of
cycle:

c) Could the cycle achieve the maximum thermodynamic efficiency if the engine
were perfectly frictionless? Please support your answer with a reason.

Essays:
6. Why do we need alternating current to have the grid work efficiently?



b)

d)

Nuclear :
Where does plutonium come from?

What about plutonium presents the greatest proliferation risk?

What are delay neutrons?

How do delay neutrons facilitate nuclear electricity?

What problem arises due to delay neutrons?

When we start running out of oil, how will the changes that take place affect the
availability of petroleum and environmental impact of oil extraction?



9. The Cal Energy Crisis:
a) What created the Cal energy crisis? Feel free to refer to PURPA, Deregulation,
AB 1890, Grey Davis.

b) Explain how a smart grid increases price elasticity and might have mitigated the
Crises.

10. What’s the difference between a perpetual motion machine of the 1* kind and a
perpetual motion machine of the 2" kind? For each, please draw an energy flow
diagram.



