ENVS 5820

Spring 2005

Problem Set 1:  Electricity Supply 

-Show all calculations and assumptions.

-Write legibly or type.

-Use 8.5” by 11” paper and staple multiple pages.  

-Due Monday January 24 in class.  

-Late papers suffer painful markdowns.  

Definitions and Conversions

Watts: a measure of power (not energy)


written W or sometimes We

Used to measure electric power or capacity


A typical light bulb is rated at 100 watts

Kilowatt-hours: a measure of energy


Usually used to measure energy in the form of electricity


Written kWh

1 kWh
= one thousand watt-hours

A 100-watt light bulb left on for 10 hours will use one kWh of electricity

Typical U.S. price is 7¢/kWh

Btu: a measure of energy

Stands for ‘British Thermal Units’


Sometimes measured in ‘Quads,’ where 1 Quad = 1015 Btu

k = kilo = thousand = 1000 = 103
M = mega = million = 1,000,000 = 106
G = giga = 109

T = tera = 1012
The following questions can be answered using data in the ‘Energy Information Administration/State Electricity Profiles – Colorado’ report, available in the course reader and at www.eia.doe.gov/cneaf/electricity/st_profiles/colorado.pdf

1. ‘Capacity factor’ is defined as actual electricity production divided by maximum theoretical electricity production, and is expressed as a percentage.  Using the data in tables 4 and 5, calculate 2002 capacity factors for Colorado coal, petroleum, gas, and hydroelectric power plants.  Use the ‘total electric industry’ data.  

2. Why do hydroelectric power plants have such a low capacity factor?  100 words or less.  

3. What did Colorado utilities pay per kWh output for coal, petroleum, and natural gas in 2002?  Use table 6.  Assume a heat rate of 10,200 Btu/kWh for coal and petroleum, and 9,000 Btu/kWh for natural gas.  

4. Calculate the approximate daily gross revenue from electricity sales for Colorado’s five largest utilities in 2002.  See table 3 for utility names and sales, and table 1 for utility average retail price.  

5. Calculate the approximate 2002 SO2, NOx, and CO2 emissions for Colorado coal power plants, in units of pounds per kWh output.  Use tables 5 and 7. Use the ‘total electric industry’ data.  A ‘short ton’ is 2000 pounds.  

6. Calculate the approximate NOx and CO2 emissions for Colorado natural gas power plants, in units of pounds per kWh output.  Use the data in tables 5 and 7. Use the ‘total electric industry’ data.  A ‘short ton’ is 2000 pounds.  

7. Assume a Colorado household has an average power demand of 1 kW.  If all that household’s electricity comes from coal, what are the SO2, NOx, and CO2 emissions associated with that household’s electricity use, in pounds per year?  

8. Now assume that all the household’s electricity comes from natural gas.  What are the SO2, NOx, and CO2 emissions associated with that household’s electricity use, in pounds per year?  

9. Boulder’s Valmont power plant is rated at 186 MW.  Assume it operates at a capacity factor of 80%, and uses only coal.  Calculate its approximate SO2, NOx, and CO2 emissions; in pounds per day.  Use the emission rates you calculated above.  

10. Redo problem 9, but this time assume the Valmont plant uses only natural gas.  Use the emission rates you calculated above.  
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