	Physics 101
	Thinking about the petroleum supply


	Names:


	Petroleum is the oily black stuff that comes out of oil wells.  It is also called "crude oil" or simply "oil".  Because it comes from the ground and it is quite different from vegetable oil, geologists prefer to call it "petroleum" which literally means "rock oil".  Oil companies find petroleum deposits, drill wells and extract the petroleum from the ground, and then refine it into a wide array of materials, from tar to gasoline, from special chemicals to jet fuel.

Humans used very small amounts of petroleum centuries ago but it became more important around 1860 when kerosene replaced whale oil for lamps, and more so in about 1900 when automobiles started to become common.  The use of petroleum has of course expanded vastly in the last century. 
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We often take petroleum for granted, but we rely on it heavily.  This activity asks you to think about how the petroleum supply is changing over time.

1. Plastics and synthetic fibers are made from petroleum.  Metals are mined and transported by diesel machines. Wood is transported on logging trucks.  Can you think of any objects that you have with you right now that are not made at least partly from petroleum, or for which petroleum did not play a key role in their manufacture or transportation? If so, what are they?

	


Part 1: Introduction to petroleum data

Systematic records of petroleum discoveries and production that are readily available go back to about 1930.  You will be looking at this data and analyzing it.  Most of the data you will be using was freely available from the US Department of Energy's Energy Information Agency website.

Open the file Oil Data.xls.  You will be working with this spreadsheet. The two columns of numbers are the amounts of petroleum discovered each year from 1930 to 2007, and the petroleum pumped out of the ground from 1930 to 2009.  The units are "Gby" which stand for "billion barrels per year".  

2. In 1950, the world population was 2.5 billion.  How much petroleum was discovered that year?  If the petroleum found in 1950 was distributed equally, how much petroleum would each person on Earth have gotten?
	


You may want to look at the graph of petroleum discoveries which is located a little farther down and to the right in the spreadsheet. The discovery graph has big bumps in it. We are only interested in the average total amounts of petroleum found, not the "bumpiness".

3. What was the overall pattern of petroleum discoveries from 1930 to 1965? Was it increasing or decreasing?  What would the graph look like if the bumps and dips were smoothed out?
	


4. Suggest some possible reasons why more and more petroleum was found from 1930 until 1965.
	


5. What was the overall pattern in petroleum discoveries from 1965 to 2007? Was it increasing or decreasing?  Suggest a possible reason for this pattern.
	


6. Try to reconcile your answers to question 4 (reasons for the increases in discoveries) with the fact that discoveries were generally decreasing from 1965 to 2007.

	


Column C in the spreadsheet shows the amounts of petroleum pumped out of the ground every year since 1930. 

Once petroleum is brought to the surface, it generally is used in a short time. Comparatively very little of it is stored above ground.  The best way to store petroleum is to leave it in the oil field until you need it.  For this activity, we will assume that the amount of petroleum pumped each year is equal to the amount used each year.

7. Describe the pattern of petroleum use from 1930 to 1970.

	


8. How did petroleum use from 1930 to 1970 compare to petroleum discoveries in those years? Which was greater?

	


9. When did annual petroleum use come closest to annual discoveries?
	


10. Consider the situation in 2007.  Compare the amount of petroleum found with the amount of petroleum used that year. About how much more did we use than we found that year?  This is the "discovery shortfall".   Also, how are we able to use more petroleum than we find each year?

	2007 discovery shortfall:    


11. You can make a very rough estimate of future petroleum availability.  Go back to 1982.  Use a blank cell (in column D or E) to calculate how much total petroleum had been discovered from the beginning until 1982.  (Hint: The "sum" function in excel is handy for this.  If you don't know how to use it, ask)!

	


12. Now calculate how much total petroleum had been pumped (and used) up to 1982. Then use your two numbers to calculate how much found petroleum remained in the ground in 1982. Put both results here.

	


13. In question 10 you calculated the 2007 discovery shortfall, which seems to be happening every year. In question 12 you calculated how much petroleum that has been found is not yet pumped out.  Use these two numbers to estimate the number of years until the remaining discovered petroleum is used up.

	


Next you will estimate future petroleum availability more carefully.

Part 2 - Guessing at future petroleum discoveries

Since natural petroleum takes many millions of years to be created and accumulate in reservoirs, the total amount of petroleum in the Earth will not be increasing anytime in the near future.  Petroleum is a non-renewable resource that we currently are pumping and using.  It is altogether possible that humans will eventually use up most of the world's petroleum.

The problem with trying to estimate the future of petroleum is that we don't know how much remains to be found, and we also don't know how much will be used each year until it runs out.  (Biofuels are a somewhat separate issue which we need to deal with later - for now, the question is simply how to estimate the availability of petroleum).

To get some perspective on petroleum discoveries, take another look at the discovery graph and consider the state of technology in 1960 - when the greatest discoveries were made - versus current technology.  Also consider the price of petroleum in 1960 - about 15 dollars per barrel (in 2007 dollars), versus recent prices.

12. Can we be confident that improvements in technology or increases in price will lead to substantial long term increases in petroleum discoveries?

	


You may be thinking about regulations and restrictions on exploration. The data on this spreadsheet is for the entire world, most of which is not encumbered by the environmental regulations we have in the US. 

13. Is it likely that relaxing regulations would lead to substantial long term increases in petroleum discoveries?

	


Use the above considerations, plus the existing pattern of petroleum discoveries, to make reasonable guesses for future petroleum discoveries from 2008 to 2070.  You can either type numbers in the blank cells in column B or use some kind of calculation in each cell.  Look at the graph when you are done and decide whether you can justify your projections based on the pattern you see from 1930 to 2007.  Adjust your projections until they look reasonable on the graph.  

Note: You do not need to add bumps to your guesses.

14. Describe the method you used to make your projections:

	


At the top of column B is a cell in yellow (cell B2).  This is a total of found petroleum - which is humanity's entire supply - including the discoveries you guessed for the future. Write this number here:

	Estimated total usable petroleum endowment found up to 2070:   


Part 3: Estimating future petroleum consumption

Predicting petroleum consumption in the future is also very uncertain.  We don't know how possible changes in driving habits, technology, or the condition of the economy may affect future petroleum use.  But the graph since 1980 shows a moderate but fairly consistent increase.  As a first attempt at filling in the cells in column C beyond 2009, just try to continue the pattern that has been going on since about 1980.  Calculate or type in numbers that will roughly extend the same rising pattern. 

Do you think this is a realistic estimate of future petroleum use?   Explain.

	


The number in the yellow cell at the top of column C is the total petroleum consumed from 1930 to 2070.  The spreadsheet just adds up all the cells in the column, so cell C2 itself doesn't have any limits.  But are there any real-world limits on the actual total petroleum consumption? Explain.

	


Cell F7 is an estimate of how much petroleum had been found and was still in the ground in 1930.  The rest of the cells in column F calculate the amount of found petroleum remaining in the ground each year. Look at the formulas in cells F8, F9, and F10 and explain how they do this.  

	


What does it mean if numbers in column F are negative?

	


Looking in column F, and according to your projection of increasing consumption, when would humans  be unable to produce enough petroleum to meet demand?  How many years is this from now?

	


Part 4 - Problems with the growth assumption:

Some people think that petroleum consumption will not continue to increase.  They say this expectation is unrealistic. They point to a number of influences:

· The low-hanging fruit effect: The oil fields that were easy to get to have already been pumped out.  The remaining oil fields are mostly in dangerous or remote locations, or they are very deep, or the oil is of low quality.  It will be increasingly difficult to pump and refine petroleum at the same rates as today.

· Market economics: If less oil is for sale, the price will rise, and consumption will decrease. (Petroleum consumption did decrease in 2009).

· Social changes: People may decide to reduce their petroleum use, or new laws may restrict petroleum consumption.

Suppose that you wanted to plan the world's petroleum consumption so that the remaining excess petroleum was not used up until the year 2070.  Suggest how you would have to adjust the numbers in column C from 2011 to 2070 to make this possible.

	


Your task is to do that.  Pick numbers to put in column C that result in column F changing from positive to negative around 2070.  If you have to reduce petroleum use, don't make people mad by cutting it right away.  Give them some time to adjust. 

When you are satisfied with your numbers in column C, copy the graph from the spreadsheet and paste it here:

	


Problems with the non-growth scenario:

Our financial system requires a growing economy or it gets into serious trouble.  (Perhaps you have heard news announcers talking about "the growth economy" or an economic downturn in which economic growth was less than usual).  For an economy to grow, it must use more resources and produce more goods.  For the past 60 years or longer, petroleum was a major fuel for growing the economy. Mining, manufacturing, farming, and transportation all rely heavily on petroleum.  

Based on your petroleum projections - from part 3 or part 4 - can petroleum continue to support a growing economy in the future?

	


What things haven't been considered up to this point that may be important issues in the future? You might want to mention things that may have positive influences on the economy and things that have negative influences on it.

	


Summarizing questions:

1. Does the pattern of discoveries of petroleum allow us to assume that "business as usual" (the growing world economy as it is currently structured) can be supported by petroleum in the future like it was in the past?

2. What future changes can we expect with a fair amount of certainty?

3. Besides petroleum discovery and production, what other issues do we need to consider to have a good picture of the fuel situation in the future?

4. Based on petroleum considerations alone, what do you think the world might be like in twenty years?  In forty years?

Petroleum projections
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