Reality Math

Dot Sulock, University of North Carolina at Asheville
Geothermal Electricity I
prerequisite:   Measuring Electricity 

Purpose:  Understand sufficiency,  affordability, and base-load quality of geothermal electricity.

Geothermal electricity is produced when water, turned to steam by the heat of the earth’s core, runs turbines that produce electricity.  The steam is then condensed and re-

injected into the earth to produce more steam and electricity.
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http://www.seas.upenn.edu/~electric/greenenergy2.htm

1.  150,000 MW of Near Term Geothermal Electricity.  So What?

In February 2007, the Geothermal Energy Association announced that the near term geothermal electricity potential of the Western U.S. is 150,000 MW. 

http://www.facilitiesnet.com/energyprocurement/article/New-Report-Significant-Reserve-of-Untapped-Geothermal-Energy-Exists--6224
Is 150,000 MW a lot of electricity or a little electricity?  

US households use electricity at the rate of about 1 kW on the average, all of the time.  Sometimes they need more and sometimes less, but a steady 1 kW per household is a standard average figure for US households.   1000 kilowatts (kW)  = 1 megawatt (MW) 
1. Estimate US residential electrical usage. 


(a) Estimate the population of the US.


(b) Estimate the number of households in the US using the Census 



Bureau’s figure of 2.6 people in the average household 


 (c) How many kW will be required to supply all these households in total 


on average?


(d)  How many MW will be required to supply all these households?


(e)  150,000 MW would supply what percent of US residential electricity 


need?


2.  MW to kWh


How many kWh could 150,000 MW of Geothermal potential provide annually?


Remember that kWh are very different from kW.  Kilowatts is a rate, a measure of the flow of electricity.   Kilowatt-hours are units of electricity that are bought and sold and counted.  

kW x hours = kWh


The World Factbook of the US Central Intelligence Agency (CIA) informs us that in 2007 US electrical consumption was 3.89 trillion kWh. https://www.cia.gov/library/publications/the-world-factbook/geos/us.html

2.  
(a) In problem 1 (c) you estimated the electrical demand of all US 



households. Now, use that number to estimate US household 



electrical consumption in kWh/year. 



(b) In the US, annual household electrical consumption is about what 


percent of annual total electrical consumption?

(c) 150,000 MW of geothermal electricity could provide how many kWh 


of electricity annually? 


 (d) 150,000 MW geothermal would provide what percent of total US 


electrical consumption in 2007?


3.   Cost of Geothermal vs Cost of Nuclear Power

Czech Republic: CEZ to Build First Geothermal Plant   
“CEZ AS is central Europe’s biggest power company, according to Bloomberg.com, and is in planning stages to build its first geothermal energy plant, possibly beginning later this year. It will cost about 1 billion koruna and produce less than 10 MW of power, the article said. The power will go to the city of Liberec.”  
Geothermal Energy Association Weekly Update February 10, 2009
3.  Visit http://www.slovensko.com/koruna/ and use the currency conversion 
software to convert 1 billion CZK koruna into US dollars.  Be sure you use CZK
koruna.

A 1000 MW nuclear power plant costs about $10 billion to construct.  Let’s compare the construction costs for the Czech Republic’s first geothermal energy plant to the construction costs of a new nuclear power plant. 


4.  
(a)  Determine construction costs in $/ MW for the nuclear power plant.


(b)  Determine the construction cost in $/MW of the Czech geothermal 


plant assuming that it can produce 10 MW? 



(c)  If the geothermal plant produces 10 MW, will its construction cost per 

MW be more or less than a nuclear power plant?



(d) If less than 10 MW are produced by the geothermal plant, will the 


construction cost per MW be higher or lower than your answer to (b)?


 4.  Ethiopia:  Trial Site Producing Geothermal Energy
“A trial site in Tendaho, Ethiopia is producing 7.3 MW of geothermal energy according to nazret.com.  Other sites in the country have also been identified, with a potential of 1000 MW combined production potential, Yiheyes Amdeberhan from the Geological Survey department of the Ministry of Mines and Energy told press.”

Geothermal Energy Association (GEA) Weekly Update January 26,2009

According to the World Fact Book of the US Central Intelligence Agency, Ethiopia has a population of about 83 million and consumed 2.91 billion kWh of electricity in 2006 and the United States has a population of 303 million and consumed 3.89 trillion kWh of electricity in 2007. 

https://www.cia.gov/library/publications/the-world-factbook/geos/en.html
5.  
(a)  1000 MW geothermal could provide how many times the electricity 


used by Ethiopia in 2006? 
 
(b) How many MW of generating ability would be needed to produce 


2.91 billion kWh in a year for Ethiopia? 

6.
(a)  Determine Ethiopian per capita electrical consumption in 2006.

(b)  Determine US per capita electrical consumption in 2007.


(c)  US per capita electrical consumption was how many times Ethiopian


per capita electrical consumption?


(d)  Ethiopian electrical consumption was what percent of US electrical 


consumption?


(e)  Is your answer to (d) more or less than 1%?


5.  Geothermal Worldwide

“Geothermal energy supplies more than 10,000 MW to 24 countries worldwide and now produces enough electricity to meet the needs of 60 million people.  The Philippines, which generates 23 percent of its electricity from geothermal energy, is the world’s second biggest producer behind the U.S.  … According to the International Geothermal Association (IGA) in IGA News 72 (April–June 2008), total global geothermal capacity is expected to rise to 11 GW by 2010.”   1000 MW = 1 GW

 http://www.geo-energy.org/aboutGE/currentUse.asp

7.  
(a)  In the US, 10,000 MW would supply how many households with 
electricity?  



(b)  If each US household had 2.6 people,  10,000 MW would provide for  
how many people? 



(c) In the world, 10,000 MW meets the needs of how many people?
8.   Reflect.  We in the US each use about how many times as much electricity as the average person on the planet?  How will that fact change during your lifetime?  Why?
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