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Solutions

Exercise: United States Crude Oil Production Rates

1. Download U.S. oil production data for the years 1900-2009 from EIA.


See attached spreadsheet

2. Import the values into a new spreadsheet. 

  a. Calculate the daily production rate (DQ/Dt) in millions of barrels per day (mbd).


See attached spreadsheet

  b. Calculate the annual production rate (DQ/Dt) in mbd.


See attached spreadsheet

3a. Calculate cumulative oil production for the United States in millions of barrels of oil (mbo) (oil produced before 1900 is taken as neglible relative to 20th and early 21st century production).  This is the amount extracted (Q) up to 2009.


See attached spreadsheet

  b. Plot U.S. cumulative oil production.
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  c. Describe in words the behavior of the plotted data.  How did oil production change with time?


Initially, production increased at an ever increasing rate (increasing slope) as more and more oil was produced (comparable to exponential growth).  After some time, however, the slope of the curve begins to shallow indicating a decreasing rate of production as more total oil is extracted.  

  d. Based on your observations, what may be a plausible model for oil production?


Logistic equation (Verhulst model, or population growth model)

  e. Write the equation for this model in terms of oil production, denoting the meanings of each of the variables and constants.


DQ/Dt = kQ - kQ2/K, where is DQ/Dt oil production rate, k is maximum production parameter, Q is amount produced, and K is the total amount of recoverable oil.

4. We will now try to fit this model to the oil data.  To do so, we need to determine the values of the constants.  One method of determining appropriate values for constants in this sort of model is to alter the model equation into an equation of a line.  The model constants can then be computed from the constants in y = mx + b, nameley th slope and intercept.

  a. Divide the model equation by Q and demonstrate that the new equation is that of a line.  


[DQ/Dt]/Q = -(k/K)Q + k is analagous to y = mx + b

  b. What do y, m, x, and b represent in terms of oil production variables and constants?   Hint: In both equations, Q is the independent variable.


'y' is [DQ/Dt]/Q, the slope is -k/K, 'x' (the independent variable) is Q, and k is the intercept.

  c. Plot the data in this new form ([DQ/Dt]/Q vs Q).  

[image: image2.jpg](dQ/dt)/Q

0.15

o
=

0.05

Q (Cumulative oil production (million barrels))

3e+05

f— T T T T
o
8
3 o
.
.
Fig —
T
S
o
.
L . _
° ° o
°:0
o Cy
o °°, L
— 3 °o°°°° —]
a0
3
®0,49%%00 o
.
.
B °°°°°°°oo°o 7]
.
.
oooo,°°°°°°°“
200040
I | I | I | I | I |
0 50000 le+05 1.5e+05 2e+05 2.5e+05




Observe that all of the data taken together do not form a line.  Following the method of Deffeyes (2006) we will analyze the nearly linear trend line that occurs since 1958.  This method was chosen because it is a straightforward way of calculating oil production constants without resorting to equivalent, but more complex methods employed by M. King Hubbert in his first predictions of oil production rates.  Before 1958, the cumulative amount of oil produced was small and as the denominator Q tends toward zero, the y-axis values of production rate/Q become quite large.

  d. Calculate the regression line for data since 1958.


Note that the R2 value is 0.985.
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  e. What are the values of the oil production constants?  Given these data only, given an estimate of the remaining accessible oil in the U.S. as of 2009.


Intercept = 0.05674 = k (units are yr-1)



Slope = -2.461e-7  = -k/K and thus K = 230,556.7 million barrels of oil.


As of 2009, 198,675 million barrels have been extracted.  This leaves 230,557 - 198,675 = 31,882 million barrels (or about 31.9 billion barrels).  Most recent estimates place the figure upwards of 80 billion barrels; this is a good point for discussion (estimates obtained from modelling historical data vs estimates obtained from field assessments).  

  f. Produce modelled cumulative oil production values (Q) from the year 1958 (t=0) using these oil production constants.


Use the solution to the logistic equation to generate these numbers as time is iterated from 0 to 51.  Remember, Qo = 59,295.71 million barrels (cumulative total at t=0, 1958).  After using the equation which solves for y = Q/K, need to multiply by K (230,556.7 mbo)  to get Q.  See spreadsheet.

  g. Re-plot U.S. cumulative oil production since 1900 and on the same graph include the modelled production since 1958.  Does the model appear to be a good fit?  It is a good fit.
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  h. Now produce modelled cumulative oil production values (Q) since the year 1900 (t=-58).  Plot these with the actual data since 1900.  Note your observations.


Use the logistic equation in exactly the same way as above.  Just start with t=-58 and iterate to t=0.
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  i. Does it appear from the these graphs that production rates have reached a maximum?  


Yes, the slope appears greatest around 1965-1970.

  j. Using "derivatives" on the modelled data, produce a curve for production rates from 1900 to 2009.  Plot these modelled production rates with actual production rates for comparison.  


See spreadsheet for calculations.
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  k. Find the year of peak production in the U.S. from the modelled data and from the actual data.


Modelled production peaked in 1977, and actual production peaked in 1970.


M. King Hubbert, using the same growth model in a more mathematically rigorous way, predicted in 1956 that U.S. oil production rates would peak in 1970 if recoverable oil was 200 billion barrels.  The slight discrepancy between our model and his stems from the fact that we essentially hindcast, deriving our model from data postdating 1958 which indicated recoverable oil in excess of the 200 billion barrels that Hubbert predicted from his model using data prior to 1958.  U.S. oil production increased dramatically in the late 1960's and early 1970's, perhaps bringing about a sooner peak than our model predicted.  

5.  Given these data and analyses, what interpretations could one make about the modelling and its relation to past data?  What about using the model to predict future oil production rates in the U.S.?  What considerations should probably be made?  What are potential factors that could cause future oil production to differ from predicted rates?

Economics: high price lowering demand and also making discovery and extraction of more difficult oil possible.  Changing social attitudes; concern for climatic and environmental impacts of extraction and use of crude oil.  Governmental oversights and production quotas for political/national security reasons.

Unconventional sources and the technology to bring them into widespread production...  The future decline of in conventional oil productio rates will likely be offset to some degree by "enhanced recovery oil," non-conventional source crude oil (e.g. oil sands and oil shales), and biofuels.  In fact, the enhanced recovery methods and non-conventional sources could yield amounts of oil that exceed total conventional oil extracted by conventional methods.  The question remains how far technology will go and, especially in the near term, how fast; it is not known if the technology will become widely available in time to offset the decline in conventional oil production rates.  

After global peak oil, Campbell and Laherrere (in Bentley, 2002) predict a decline in production rate of 2 million barrels per day per year.  If demand continues to increase at present levels, production needs to increase overall by 2 million barrels per day per year.  The possible gap of 4 million barrels per day per year would need to be filled by enhanced recovery, non-conventional sources, and biofuels, perhaps in the next few decades.

