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PREFACE

This Note documents work carried out under Rand's research pro-
gram on energy policy funded by the U.S. Department of Energy with
Walter Baer as principal investigator. Its purpose is to clarify the
conditions under which methanol would be able to compete economically
with gasoline as a motor fuel, taking into account the increased dis-
tribution costs occasioned by methanol's low heat of combustion.

The results presented here should be of interest to those con-
cerned about the nation's future sources of motor fuel, and with the

evaluation of alternative policies relating to fuel supplies.
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SUMMARY

With some relatively minor modifications to fuel systems and
engines, methanol can be used satisfactorily as a replacement for
gasoline in conventional automobiles. A major drawback associated
with its use as a motor fuel is its low heat of combustion, about
one-half that of gasoline, which adds considerably to the cost of
its distribution and transportation, hence to its selling price at
the gas pump. To compete with gasoline, the price of methancl at
the plant, in dollars per million Btu, would have to be substanti-
ally below the plant price of gasoline. This note defines the plant
price conditions under which methanol could compete with gasoline.
At certain combinations of plant prices for the two fuels, a pre-
ferred strategy would be to use methanol as an intermediate chemi-
cal and convert it into gasoline before distribution rather than to

use it directly as an automotive fuel.
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L. INTRODUCTION

Methanol, otherwise known as methyl alcohol or wood alcohol, is
frequently suggested as an alternative fuel for automobiles. The
proponents of methanol point out that practically any kind of car-
bonaceous material, such as coal, or renewable organic matter, such
as municipal solid wastes, can be used to make synthesis gas (carbon
monoxide and hydrogen) which is then readily convertible into methanol
using currently available commercial processes. Thus methanol pro-
vides an alternative to continued reliance on petroleum-derived fuels
for automobiles. On the other hand, liquid hydrocarbons, specifically
gasoline, can also be produced from coal and other carbonaceous ma-
terials, so the significant question is this: under what economic
conditions would methanol be preferred to gasoline as a motor fuel?
This note evaluates the influence of distribution costs on the price
of methanol and defines on a price basis the conditions under which
methanol could compete with gasoline.

There is little doubt concerning the technical feasibility of
using methanol as a motor fuel since it has been used for years to
fuel racing cars and boats. TIts preferred status as a racing fuel
is chiefly for safety reasons. It is less likely to catch fire in
the event of an accidental crash or collision. Auto racers also
claim it keeps the engine running cooler than with gasoline and pro-
vides better performance (more horsepower from the engine) at high
speeds. The higher octane number of methanol, compared with un-
leaded gasoline, permits higher compression ratios, e.g., 14:1 for
methanol versus 8:1 for typical engines designed to burn unleaded
gasoline.

As far as toxicity and handling properties are concerned, meth-
anol is about on a par with gasoline. When burned, methanol produces
less carbon monoxide and less oxides of nitrogen than gasoline (and,
of course, no hydrocarbon vapors), but it does produce aldehydes and

methanol vapors which gasoline does not. Because of its lower vapor



pressure and higher heat of vaporization compared with gasoline,
methanol causes difficulty with cold starting in conventional gas-
oline engines. This may be solved in various ways: e.g., by the
addition of manifold heat, by fuel injection, through special carbure-
tion, or use of a blended-in or separate special starting fuel. Me-
thanol causes corrosion of certain metals and deterioration of some
plastics and elastomers. Consequently, in a methanol fuel system,

all materials it comes in contact with must be methanol resistant.
However, the above characteristics are not dominant consideratiomns.
They can be handled by available techniques. The principal physical
property that separates gasoline and methanol is heat of combustion.
Methanol may be looked upon as being already partially oxidized since
it contains 50 percent by weight of oxygen; consequently its heat of
combustion, on either a volumetric or a weight basis, is less than
one-half that of gasoline (see Table 1). As a result, methanol trans-
portation and distribution costs are roughly twice those of gasoline
because about twice as much material must be transported, stored and
distributed to deliver equal quantities of fuel energy.

Unlike gasoline, methanol is miscible with water in all propor-
tions. Consequently it requires special handling during transporta-
tion and storage to prevent it from being inadvertently diluted with
water before it is pumped into the motorist's fuel tank. Methanol
containing minor concentrations of water would still be usable as a
motor fuel; however, after an engine had been adjusted to run well
on a given fuel composition, whether it were anhydrous methanol or
methanol containing a specified percentage of water, it would not
continue to perform properly if the concentration of water were in-
creased so as to produce an appreciable change in the fuel's combus-
tion characteristics. At essentially every step from oil well to the
automobile fuel tank, when petroleum products are stored, they float
on a layer of water that settles to the bottom of the tank. This is
a result of the prevalence of water in the environment, as rain, con-
densation of humidity in closed tanks, and wash-down during house-
keeping operations. Contact with water is usually harmless in the

case of gasoline because the two materials have only slight solubility



in one another, but with methanol, to avoid gross dilution with water,
the operation of the distribution system would have to be modified.

In the following section, which analyzes the impact of distribu-
tion costs on retail automotive fuel prices, the focus is on straight
fuel methanol rather than upon blends of methanol and gasoline or
blends of methanol and water. The subject of blends will be dis-

cussed in a later section.

Table 1

COMPARISON OF PROPERTIES OF METHANOL AND GASOLINE

Methanol Gasoline

Heat of combustion (lower heating value)

Btu per gallon 57,024 124,950a

Btu per pound 8,640 20,1532
Density, pounds per gallon 6.6 6.2
Specific gravity at 20°C 0.79 0.74
Specific heat, cal/g°C 0.60 0.53
Boiling point, °F 149 -

10% off, °F - 167

90% off, °F - 350
Stoichiometric air-fuel ratio 6.5 14.6
Vapor pressure, psi at 100°F 4.6 8-12
Heat of vaporization, Btu/1b 474 150
Solubility for water . Infinite 0.02 ppm
Octane number

Research (RON) 106 86~93

Motor (MON) 92 77-84

Monthly Energy Review, Department of Energy

%

Fuel-grade methanol is not likely to be pure but may contain a
few percent of water and some of the higher alcohols. These would
tend to improve rather than detract from its performance as a fuel.
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II. RELATIONSHIP BETWEEN METHANOL AND GASOLINE PRICES"

As indicated above, higher distribution costs will impose a
penalty on methanol relative to gasoline. In addition, there is a
weight penalty associated with methanol after it has been pumped
into the motorist's fuel tank. Because of its lower heat content
more than twice as much weight of methanol is needed to propel an
automobile a given distance. For example, a fuel tank designed to
give an automobile a cruise range of 250 mi would have to have a
capacity of 28.2 gal (186 1b) of methanol, in comparison with a gas-
oline tank with a capacity of 12.5 gal (78 1b) (assuming 20 mi per
gallon when burning gasoline) to travel the same distance. For a
given driving cycle, as a close approximation, fuel "mileage' or
fuel economy is inversely proportional to vehicle weight. Because
of the increased weight of the tank itself (plus thc weight of asso-
ciated piping, tank supports, etc.) and the weight of its contents
relative to its gasoline-driven counterpart, an average methanol-
fueled vehicle would lose 2 to 4 percent in fuel economy (on the
basis of miles per million Btu).

If we assume that methanol is otherwise equal to gasoline in
its acceptability as a motor fuel, then the two fuels may be com~
pared on the criterion of their price at the service station in dol-
lars per million Btu ($/MMBtu) where, for equal desirability, the
price of methanol should be 2 to 4 percent lower than that of gaso-
line to offset the penalty in fuel economy. In other words, it would
be a matter of indifference to the motorist whether he possessed a
methanol-burning car or a gasoline-burning car (other things being

equal) if the retail fuel price relationship were, symbolically:

M = KGS on)

%
This analysis assumes the fuels are taxed the same in terms of

$/MMBtu.



where Ms = methanol price at service station, $/MMBtu
GS = gasoline price at service station, $/MMBtu
K = weight penalty factor (K = 0.96 to 0.98)
K = ratio of mi/MMBtu for methanol to mi/MMBtu

for gasoline

The motor fuel producing industry has at least three options

relative to straight methanol fuel versus gasoline:

1. To produce gasoline from petroleum (or from coal or shale
0il) and distribute as gasoline.

2. To make methanol (from municipal solid wastes, agricultural
wastes, coal, or other raw materials) and distribute as
methanol.

3. To make methanol, convert it into gasoline by chemical

processing, and distribute as gasoline.

The delivered costs (pump price, ex-taxes) of these three op-

tions may be represented symbolically as:
1. Delivered cost of gasoline (GS) = cost of gasoline at
refinery gate (Gp) + gasoline distribution cost (Gd),
all in dollars per million Btu.

G =6+ G (2)

2. Delivered cost of methanol (MS) = cost of methanol at

the plant (Mp) + methanol distribution cost (Md).

Ms = Mp + Md (3)



3. Delivered cost of gasoline (GS) = cost of methanol at the
plant (Mp) X Btus of methanol required to make one Btu of
gasoline product (F) + cost of conversion (C) + gasoline
distribution cost (Gd).

GS=FMP+C+Gd (4)
By combining equations (1) through (4) the graphical plot of

plant price of methanol (Mp) versus plant price of gasoline (Gp) can
be divided into three regions: Region A in which gasoline derived
from petroleum (or other raw material) is the preferred fuel at the
service station on the basis of retail price; Region B in which gas-
oline derived from methanol is the preferred fuel; Region C in which
methanol is the preferred fuel at the service station (see Fig. 1).

Line 1, separating Region A from Region B, has the equation

Mp = (Gp - C)/F (5)

Line 2, separating Region A from Region C, has the equation
Mp = K(Gp + Gd) - My (6)
Line 3, separating Region B from Region C, has the equation

MI') = [M, - R(C + Gd)]/(KF - 1) (7)

d
The symbol Mé denotes the plant price of methanol above which it is
preferable to market methanol directly and below which it is prefer-

able to covert the methanol to gasoline.
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ITI. NUMERICAL TLLUSTRATION

An illustration of the use of these relationships is shown in
Fig. 1 in which the following values are assigned to the pertinent

= $0.94/MMBtu; M, = JGd where J = 1.9;

parameters: K = 0.97; G 4

d
C = $0.47/MMBtu; F = 1.10.

An explanation of these assignments 1s given below.

K, the weight penalty factor associated with carrying methanol
in the automobile fuel tank instead of gasoline, is assigned a
value of 0.97 as representative of a 2500-1b car with a cruise range
of 250 miles.

Gd’
$0.94/MMBtu on the basis of figures published by the DOE

cost of distributing gasoline, is assigned a value of
(D for
regular gasoline in October 1978. This includes 2.8 cents per gal-
lon for distribution of gasoline to the service station and 8.9 cents
a gallon service station mark-up relative to a refinery gate price
(Gp) of 46 cents a gallon (19799%).

J, factor for converting cost of distributing gasoline (Gd) to
cost of distributing methanol fuel (Md) is assigned a value of 1.9
based on Exxon's figures(z) which show the estimated future marketing
and distribution cost of methanol would be 1.9 times that of gasoline
for equal Btus delivered. The pipeline transportation cost of meth-
anol relative to petroleum liquids is given as 1.86 in the U.S. Energy
OMtZOOk(B) (13 cents per MMBtu per 1000 mi versus 7 cents for petro-
leum liquids in 1973 dollars). Relative marketing and distribution
costs evidently do not scale directly with the ratio of heats of
combustion. Additionally, methanol plants may not be located in the
same areas as petroleum refineries, hence distribution distances and
costs could be somewhat different than with gasoline.

C and F, cost of converting methanol to gasoline. According to

the Mobil 0il Company,(a)

methanol can be converted into a mixture
of hydrocarbons having volatilities almost entirely in the gasoline

boiling range. The yield of gasoline is given as about 90 percent;
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the remaining products consist of other useful hydrocarbons (low-
boiling or gaseous). The Mobil 0i1 Company estimates the cost of

conversion, in 1976 dollars per gallon of gasoline, at
$0.05 + 2.4 x (cost of methanol in $/gal).
In terms of 1979 dollars per MMBtu of gasoline, this is
$0.47 + 1.1 x (cost of methanol in $/MMBtu).
Hence C = $0.47/MMBtu  and F = 1.1.

The diagram of Fig. 1 depends on the specific values selected
for the above parameters, but very strongly on the values assigned
to J and K. As shown in Fig. 2, the plant price of methanol cor-
responding to line 3 on Fig. 1 (Mé) is very sensitive to both param-
eters at low values of K.

In view of the fact that practically all the methanol on the
market today is derived from natural gas, it is to be expected that
methanol prices would tend to rise along with the prices of natural
gas and other fossil fuels. If large quantities of methanol are
produced in the future from nompetroleum sources, organic waste
materials, for example, it is possible that the price of methanol
at the plant could come down relative to that of gasoline.(s)

It should be pointed out, with reference to the K-factor, above,
that some researchers have hypothesized that methanol could be made
superior to gasoline in fuel economy (higher miles per MMBtu) and
ease of pollution control, if the internal combustion engine were
redesigned to take advantage of the special characteristics of meth-
anol.(6) TIf this occurred, the factor, K, might be greater than 1.0
rather than smaller; in this case straight methanol would become a
more attractive fuel at the retail station. This has not yet been

demonstrated, however.
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IV. BLENDS OF METHANOL AND GASOLINE

The foregoing discussion deals only with straight methanol fuel
compared with conventional gasoline. However, the question of blends
is sure to arise since numerous proposals have been made to use meth-
anol as a gasoline extender by marketing blends of methanol and gaso-
line. The maximum amount of methanol that can be blended with gaso-
line depends on the temperature, the amount of water in the methanol,
and the type of gasoline. With anhydrous methanol, blends containing
up to about 15 to 20 percent methanol in gasoline are apparently
stable at ordinary environmental temperatures. Attempts to add more
methanol than this result in the formation of two layers, methanol
at the bottom, the gasoline blend at the top. This would greatly
increase the problem of fuel handling. Adding water to a blend or
dropping its temperature can also cause it to separate into two im~
miscible layers.

If a case can be made for straight methanol, then blends of
methanol and gasoline would be of intermediate value, but straight
methanol would be more desirable. If a case cannot be made for
straight methanol, then one could probably not be made for blends.

In this connection it is interesting to note that an unleaded blend
of 10 percent ethanol and 90 percent gasoline is now being marketed
as a premium fuel in Nebraska and neighboring states under the trade
name Gasohol, despite the fact that ethanol is even more expensive
than methanol in terms of dollars per million Btu. The price pic-
ture is distorted because the federal government has given Gasohol

a 4 cents/gal exemption from the automobile fuel tax and there are
corresponding tax exemptions at the state level. Without tax exemp-
tions Gasohol would not be able to compete with straight gasoline.
It has been reported that the production of ethanol consumes more
energy than is contained in the finished product, at least under

(7)

current production methods.
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V. BLENDS OF METHANOT. AND WATER

The presence of water in methanol can yield advantages in in-
ternal engine cooling and reducing exhaust emissions of NOx and alde-
hydes. With a blend consisting of 10 percent water and 90 percent
methanol, NOx emissions are reduced 60 percent (relative to pure
methanol) and aldehyde emissions are reduced by a factor of two,
without affecting emissions of unburnt methanol and carbon monoxide.
However, use of a methanol-water blend rather than straight methanol
places an even greater weight penalty on the automobile if it is to
achieve a given cruise range. To go 250 mi, a 2500~1b automobile
would have to have a fuel tank capacity of 31.6 gal (212 1b) of a
10 percent blend versus 28.2 gal (186 1b) of straight methanol and
12.5 gal (78 1b) of gasoline. This would reduce the car's fuel
economy, relative to its gasoline-fueled counterpart by almost 4 per-

cent (K—factor equals 0.963).
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VI. CONCLUSIONS

With the prices of gasoline at the refinery gate and methanol
at the plant as they appear in the present market, methanol cannot
compete with gasoline as an automotive fuel. The price of methanol
would have to drop considerably relative to that of gasoline, or the
price of gasoline would have to rise considerably relative to that
of methanol, before methanol fuel would become an attractive alter-
native to gasoline. Under certain combinations of plant prices for
methanol and gasoline, a preferred strategy would be to use methanol
as an intermediate chemical and convert it into gasoline rather than

to use it directly as an automotive fuel.
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