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Solution to First Midterm Exam
1.
(32 points)
A flexible fuel vehicle, which receives special credits in complying with fuel economy standards, can run on any mixture of ethanol (C2H5OH) and gasoline in the range of zero to 85% by volume ethanol.  The elemental composition of gasoline can be approximated by the fuel formula C8H16. The density and heating value of gasoline are 6.152 lbm/gallon and 0.125 MMBtu/gallon; the density and heating value of ethanol are 6.586 lbm/gallon and 0.076 MMBtu/gallon.
a)
Determine the stoichiometric ( = 1) air/fuel ratio for (i) gasoline and (ii) a gasoline-ethanol mixture with 85% by volume ethanol.
For gasoline, CxHy with x = 8 and y = 16, the stoichiometric oxygen requirement for one mole of fuel, A, is x + y/4 = 8 + 16/4 = 12.  The weight of one mole of fuel M= 8*12.0107 + 16*1.00794 = 112.21.  From the formula for the air/fuel ratio we find that, for gasoline, the stoichiometric ( = 1) air/fuel ratio is
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The weight fractions of elements in the mixture can be found as follows, using carbon (subscript C) as an example.  Here m represents mass, V represents volume fraction, and  is the density.  The subscripts G and E represent the components gasoline and ethanol.  
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We define the mass of each component in the mixture as the product of the density times the volume fraction so that the total mass for one gallon of the mixture is given by the equation 
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.  This gives
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The mass fractions of ethanol and gasoline in the mixture are then found as follows.


[image: image5.wmf]1415

.

0

521

.

6

15

.

0

152

.

6

8585

.

0

521

.

6

85

.

0

586

.

6

=

=

=

=

mix

gallon

lb

mix

gallon

G

gallon

G

gallon

G

lb

m

m

mix

gallon

lb

mix

gallon

E

gallon

E

gallon

E

lb

m

m

m

m

mix

G

m

m

mix

E


The mass fractions of the elements in each individual compound are found below.
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We can now find the weight fraction of each element in the mixture.  We start with the sample equation for Carbon shown above.
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As a check, the sum of the elemental mass fractions equals one.  We can then divide the mass percentages by the atomic weights to get the numbers for the fuel formula: CxHyOW.  (For this fuel formula, with no sulfur or nitrogen, v = z = 0.)
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We can now compute the stoichiometric oxygen requirement, the effective molecular weight of the fuel (to confirm that the value is 100, the sum of the weight fractions), and the stoichiometric air/fuel ratio for this fuel formula, C4.718H13.41O1.864.
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b)
Determine the stoichiometric ( = 1) heating value of the fuel-air mixture (Btu per unit mass of air plus fuel) for (i) gasoline and (ii) a gasoline-ethanol mixture with 85% by volume ethanol.
The heating value of gasoline on a mass basis is (0.125 MMBtu/gallon)/( 6.152 lbm/gallon) = 20,319 Btu/lbm.(gasoline).  If we mix one pound of gasoline with the 14.8 pounds of air, the total mixture weight is 15.8 lbm/lbm gasoline.  Thus the heating value per unit mass of the mixture is (20,319 Btu/lbm.gasoline)/(15.8 lbm/lbm gasoline) = 1,287 Btu/lbm air plus fuel.
The heating value of the 85% by volume mixture of ethanol and gasoline is found as follows
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The air/fuel ratio for the 85% ethanol/gasoline mixture was 9.87; thus there are 10.87 pounds of air plus fuel per pound of the fuel mixture.  This gives the overall heating value as (12,782)/10.87 = 1176 Btu/lbm air plus fuel.
c)
Determine amount of CO2 emitted per unit heat input for (i) gasoline and (ii) a gasoline-ethanol mixture with 85% by volume ethanol.
From the simplified analysis on slide 20 of the February 3 lecture the amount of CO2 emitted per unit heat input is given by the following equation on the notes page.
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For pure gasoline with 84.12 %C by weight and Qfuel = 20.319 Btu/lbm = 0.020319 MMBtu/lbm, the CO2 production is
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For the mixture with 85% ethanol by volume, with 56.67 %C by weight and Qfuel = 12,782 Btu/lbm = 0.012782 MMBtu/lbm, the CO2 production is


[image: image20.wmf]=

=

=

Fuel

lb

C

lb

lb

MMBtu

C

lb

CO

lb

C

wt

lb

MMBtu

Q

m

m

m

m

m

m

m

fuel

CO

100

67

.

56

012792

.

0

6642

.

3

100

%

012792

.

0

6642

.

3

2

2


[image: image21.wmf]MMBtu

CO

lb

m

2

162


We see that the actual combustion produces slightly more CO2 per unit heat input for the ethanol-gasoline mixture.  However, the uptake of CO2 provides some compensation for this somewhat greater CO2 production.
2.
(32 points)
A story in the February 20, 2009 issue of the Los Angeles Times discusses the new Lexus RX450h – a hybrid version of the RX450 Lexus crossover vehicle.  The hybrid version costs $7,000 more than the conventional RX450 and has a fuel economy of 28 miles per gallon as compared to 21 miles per gallon for the conventional RX450.  Assume that either car is to be driven 15,000 miles per year for a period of 6 years.

a)
Determine the gasoline cost that would make the hybrid less expensive if the inflation rate for gasoline is 3% and the owner seeks an effective interest rate of 5% on the $7,000 incremental cost to purchase the hybrid.
Here we have to compare the initial cost to the annual savings by using an appropriate interest formula.  First, we can compute the amount of gasoline saved.

Driving 15000 miles per year at 21 miles per gallon requires (15,000 mi/yr) / (21 mi/gal) = 714.3 gallons per year.  At 28 mi/gal, the we would need (15,000 mi/yr) / (28 mi/gal) = 535.7 gallons per year.  Thus the fuel savings is 714.3 gqal/yr – 535.7 gal/yr = 178.6 gal/yr.

To determine the break-even price of gasoline, we need to annualize the initial $7,000 incremental cost.  This can be found from equation 5-5 which gives the annualized cost, A, of an initial investment, P, with an interest rate, i, over a time period T.
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In this case we want to use i as the interest rate that includes inflation so that the annual interest rate i = 5% + 3% = 8% = 0.08 /yr.  The other data given in the problem are T = 6 years, and P = $7,000.  The annualized cost of this initial investment is
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Thus the effective cost of the 178.6 gal/yr of gasoline that we save is ($1469/yr) / (178.6 gal/yr) = $8.23/gal.

b)
How would your answer change if the vehicle were driven 30,000 miles per year for 4 years while the inflation rate for gasoline was 10%?
We use the same approach, only with an effective interest rate i = 5% + 10% = 15% = 0.15/yr.  In this case the annualized cost of the initial $7000 incremental cost is found to be
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So the annualized cost increases with the higher interest rate and shorter time.  However, the increased mileage doubles the savings from 178.6 gal/yr to 357.1 gal/yr.  Thus the effective cost of the gasoline that we save as ($2327/yr) / (357.1 gal/yr) = $6.52/gal.

The text below uses an alternative calculation approach that computes the ratio of levelized cost to carrying costs in terms of the initial annual cost savings, A0.  Either the approach outlined above or the one used below would give a correct answer to the problem as sated.

We can use equation 5-15 in the text which gives the ratio of the levelized annual expenses, AL, to the annual capital carrying charge, I0, in terms of the initial cost per year, A0, and the initial investment cost, I0 as follows.  Note, the equation given in the text is incorrect.  From equation 5-14 we can get a correct version of equation 5-15, shown below.
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In this equation, x is the interest rate and y is the inflation rate.  As noted on page 222 of the text x can represent the “real” interest rate, x0, if we use “constant dollars” in our analysis.  If we use current dollars (which we have implicitly done above), then x = x0 + y.  That is x is the “nominal interest rate that we have used above.  For the nominal interest rate, x = x0 + y, the term x – y = (x0 + y) – y = x0, which is 5% or 0.05/yr in this problem.  For this interest rate and the time period of 6 years in part a, we have the following result.
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For the savings to balance the annualized initial cost we want R = 1 so that the initial annual cost is found as follows.
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At this initial annualized cost, the break even price of the 178.6 gal/yr of gasoline that we save is ($1350/yr) / (178.6 gal/yr) = $7.56/galat the time that the vehicle is purchased.  Thus the use of the levelized cost analysis makes a slight difference in the effective gasoline cost for break even.  In part b, we have the same calculation with T = 4 years and the same value of x0 = 5%.
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Here the annualized initial cost is higher because of the shorter time period.  However, the increased mileage driven in this case provides a gasoline savings of 357.1 gal/yr, which gives the effective cost of the gasoline that we save as ($1931/yr) / (357.1 gal/yr) = $5.41/gal.at the time the vehicle is purchased.
3.
(36 points)
The news article on the next page, which is copied from the April 20, 2007 issue of Science, describes an approach used to forecast the peak of world oil production.  (a) Give your impressions about the accuracy of the article; (b) based on what you have studied about oil resources, state whether or not you agree with the article and what your opinion is about a peak in world oil; (c) If the work described by article is correct and the future oil production is somewhere between the low resource and medium resource curves in the figure, what are the implications for traditional oil uses.  Note that the EIA forecasts world oil demand at 43.07x109 bbl/year in 2030 (reference case) with a range from 36.1x109 bbl/yr (low economic growth case) to 47.8x109 bbl/yr (high economic growth case).
As usual with questions like there is no “correct” answer.  Good answers will address specific points in the article such as (1) how the estimates were formed (2) the comparison of the “level of effort” for specific production scenarios with previous industry efforts, and (3) the USGS specialist’s quote about the uncertainty in the peak.  The scenario values in 2030 shown in the figure are all close to 35.1x109 bbl/yr, which is below the low economic growth case in the EIA forecast.  If these scenarios are accurate, there will have to be significant reductions in oil use to avoid low economic growth.
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OIL RESOURCES

The Looming Qil Crisis Could Arrive Uncomfortably Soon

‘The world’s production of oil will peak,
everyone agrees. Sometime in the coming
decades, the amazing machinery of oil pro-
duction that doubled world oil output every
decade for a century will sputter. Output
will stop rising, even as demand continues
to grow. The question is when.

Forecasts of peak oil production have
ranged from Thanksgiving weekend 2005 to
somewhere beyond 2050. But a the annual
meeting of the American Association of
Petroleum Geologists (AAPG) in Long
Beach, California, early this month, the lat-
est answer emerged: World oil production
could stop growing as early as 2020—too
soon to avoid a crisis—or it could hold off
unil 2040. “The peak in world oil produc-
tion is not imminent,” oil information ana-
lyst Richard Nehring of Nehring A ssociates
in Colorado Springs, Colorado, said at the
‘meeting, but it is “nevertheless foresecable.”

Predictions of the timing of peak oil have
been all over the map (Science, 18 November
2005, p. 1106). So-called peakists favor gaug-
ing future production by judging how much
oil Earth sill holds and how much has already
been produced. They come up with a peak in
the next few years, certainly before 2020. At
the other extreme, major oil companies draw.
on in-house expertise about how much oil
remains and how fast it will be produced.
‘They seeno end torising production as far out
asthey look, usually nof beyond 2030

Nehring took a different tack, in two
ways. First, he conducted an informal survey
of experts by organizing a meeting, a presti-
gious Hedberg Conference, under the aus-
pices of AAPG last November and inviting

75 experts from 19 countries to consider the
world oil resources. There he pressed them
for their best estimates of everything from
how much oil might be lef to discover to how
‘much might be wrung from existing oil fields
and how much might come from unconven-
tional sources such as Canadian tar sands.
From the meeting’s discussions, Nehring
came up with low, medium, and high esti-
‘mates of all the oillikely ever to be produced.
But as he said at the meeting, the ultimate
resource is not the only constraint. Politics

Three Oil Peak Scen

i &

Annual Oit Production (billons of barrels)
G 8

o.

With High Resources

created three scenarios with successively
higher peaks beginning in 2020, 2030, and
2040. He then compared the amount of
effort it would take to achieve cach scenario
with the world oil industry’s past perform-
ance. “The only scenario we're quite sure of
is the low one” producing a 2020 peak, he
says. Conference participants were confi-
dent that at least the low estimate of ultimate
oil resource is actually out there, he says.
And the world oil industry has managed to
add the needed production capacity as fast
22020 peak would require.

Holding the peak off until
2040, however, would require
both a high—and much less
certain—total oil resource
and adding more production
cach year than ever before,
despite having already pro-
duced the world’s most easily
extractable oil. “We can’t
behave now like we're going
to have the high scenario,”
Nehring concludes.

Nehring is getting some

20052010 7020 2030 2010 2050

Sooner or later. The less oi eft to be pumped from the ground, the
eartier world production reaches a peak. In a new analysis, only the

eartiest, low-resource peak looks reliable.

and social unrest can limit how fast those
resources can be exploited, as is happening
today in Venezuela, Iraq, and Nigeria. And
technological challenges, as in the still-
icebound Arctic, can slow extraction as well
So for his second innovation, Nehring

To0 2070

Tow  attention but not many con-
verts. “Richard did a good
service in holding this Hedberg
Conference,” says oil assess-
‘ment specialist Donald Gautier
of the US. Geological Survey
inMenlo Park, California. But there’s somuch
uncertainty, Gautier says, from when Arctic
ice might melt out of the way to when needed
new technology can be develaped, that pre-
dicting the peak may not be worthwhile. A
decadeorso could tell.  ~RICHARD A. KERR
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