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ABSTRACT

Vessel performance-measuring equipment is coming on the market that includes
various combinations of fuel flow meters, vessel speed sensors, and clock and
microprocessor. The use of such eguipment to control river towing operations is
explored, mainly through financial performance estimates based on samples of

the information from such fuel monitors.

The factors on which commercial per-

formance depends are enumerated first. Some are measured by a fuel monitor but
financial and environmental factors are equally important. Commercial objec-
tives for a towing operation are formulated next for two different conditions.
Least added cost per mile is shown to be the appropriate operating objective
when the company is underemployed (i.e., has idle equipment). When all assets
are working, on the other hand, operating speeds should not exceed those that
maximize the time rate of earning nct income. Examples arc given of pursuing
these different objectives in the operations of a tanker and of sample river
tows. Results are incidentally shown to be sensitive to current speed, acutely

so when freight 1s being moved upstream.

The equipment to be discussed has various other
names. "Vessel management system"” is popular, and
one sees advertisements for a "fuel log," an "inte-
grated marine system," and others.

The system typically includes fuel meters for the
main engines, a means of measuring vessel progress,
a display, and supporting microprocessor with clock.
Besides processing and displaying its sensors' out-
puts, it is usually programmed to compute and dis-
play a variety of functions that it measures, such
as gallons of fuel burned per mile of progress,
vessel speed, and time rate of fuel consumption.

Some of these systems measure ground speed,
whereas others measure water speed. It will be shown
that they would be better for the purpose suggested
here if they measured both. None of them measures
water depth, but reasons will be given why they all
should.

THE OPPORTUNITY: CONTROLLING LINE-HAUL OPERATIONS

The question naturally arises, What does one do with
this system? It looks like a reasonable way of turn-
ing the computer revolution against the energy
shortage, but how can it be used for this purpose?
It may be nice to know how many gallons of fuel
one's tow burns per mile, but how can this knowledge
be turned to advantage?

One use of a fuel monitor system is to put line-
haul towing operations under better control, with
the objective of improving the commercial perfor-
mance of the towing company. During the underway
portions of a towing operation, towboat speed and
power can be chosen freely most of the time. Why not
choose them so as to improve company profitability?

During a given trip, a towboat cannot, of course,
deliver more than its maximum horsepower (and usu-
ally not even that much). But even this constraint
can sometimes be lifted by assigning another tow-
boat for the next trip. Why not assign towboats so
as to improve company profitability?

Let us now consider how a fuel monitor system can
be used to achieve these objectives.

FACTORS ON WHICH COMMERCIAL RESULTS DEPEND

As far as speed and power choice are concerned, the
factors that affect commercial performance can be
reduced to only a few. The first, and purely finan-
cial, factor is the costs that run at a constant
time rate, in dollars per hour for instance, regard-
less of what the boat and barges may be doing. Crew
costs are one major item that must be pald in cash,
and other such cash expenses are maintenance and
repair, insurance, and overhead. The other major
item of this type, which may or may not include a
cash component, is the cost of the capital tied up
in the boat and barges, which are depreciated.

Figure 1 (1) shows how these "fixed" costs behave
as towing speed changes. The cost per mile of paying
$100/hr is plotted as a function of ground speed.
The higher the speed, the lower becomes the cost per
mile. This is why, in the halcyon days before 1973,
the best way to run a towing operation was as fast
as possible.

The trouble now is that going faster runs fuel
consumption up to the point where its cost becomes
troublesome. Figure 2, based on a trial by Dravo
Corporation of a l5-barge Ohio River type tow, shows
how shaft horsepower varies with speed and water
depth. Horsepower is roughly proportional to the
time rate at which the towboat burns money, in the
form of fuel.

Both speed and water depth have strong effects on
propulsion power. High speed is a well-known fuel
burner, but shallow water is much more of a drag
than most people believe. A tow three barges wide at
9 ft draft begins to "feel" the bottom in water
about 67 ft deep; so it is in effectively shallow
water most of the time. Fuel cost can be doubled by
shallow water alone. A full report on this effect
has been given by Schlichting (2).

This 1is important, because one use of fuel
monitor systems is to accumulate tow performance
information for future cost-estimating purposes. If
water depth is not measured, recorded, and corrected
for, the performance records may show so much
random-looking scatter as not to be useful.
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FIGURE 2 Shaft horsepower

versus water speed for a 15-
barge tow.

Curves like those in Figure 2 also depend on the
size and makeup of the tow, a large subject to which
there is not room to do justice here. It should,
however, be noted in passing that the effects of tow
size and arrangement are reflected in the measure-
ments of fuel monitor systems, and learning more
about them is a motive for using the systems.

Another major influence on commercial performance
is the current. Curves like those of Figure 2 can be
converted to cost per hour versus speed. Then, by
correcting for the effect of current, they can be
converted to cost per mile versus speed. In this
form, a curve of fuel cost versus speed can be added
directly to one of fixed cost versus speed, as in
Figure 1, to produce a U-shaped curve of total cost
per mile versus speed, like those in Figure 3 (1),
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FIGURE 3 Tow cost per mile in 4-mph current.

which shows both total cost per mile and fuel cost
per mile. The fuel-only curves include fuel burned
while the boat is standing still as well as pro-
pulsion fuel.

The cost per ground mile is of interest, because
the tow is paid for moving over ground. A lot of
variation is evident in Figure 3. The effect of
speed is shown directly. The effect of current can
be inferred from the fact that the cost of moving
the tow upstream is more than three times the cost
of moving it downstream, with current at 4 mph in
both cases. The effect of water depth is not shown.

Last, but certainly not 1least, revenues affect
commercial performance of a towing operation. Now a
list can be made of the factors that affect a choice
of towing speed and power, with the object of im-
proving commercial performance, as follows:

* Revenues ($ for a round trip),

* Operating or fixed costs ($/hr),

* Tow size and arrangement,

¢ Current (mph),

* Water depth (ft),

* Curve of fuel rate (gal/hr) versus water
speed (mph) (result of tow size and arrangement,
water depth, and, to a minor extent, choice of tow-
boat) ,

* Price of fuel ($/gal), taxes included.

Our list contains seven items, of which three are
available at company headquarters and four on the
boat. In order to obtain and record the latter four
for both control and planning purposes, a fuel moni-
tor and related equipment are necessary. Older means
of acquiring such data are too tedious to be prac-
tical.

THOUGHTS ON OBJECTIVES

Given the prospect of improved control of towing
operations, exactly how should it be exercised? It
was suggested earlier that it be with the object of
improving commercial performance. This is socially
acceptable but still too vague for practical use.

Two more concrete examples were also given; the
least-fuel-per-mile speed of a tow was shown to be
somewhat 1lower than the least-total-cost-per-mile
speed. These objectives are clear enough for daily
use, but is either of them, as a rule, desirable?
The bad feature of the least-fuel alternative is
shown in Figure 3; it runs total costs up substan-
tially and unnecessarily.

Reflections on the problem have produced the
following two criteria for an objective:

1. It should be computable for an individual
boat, because it is at the towboat that towing oper-
ations are controlled, and

2. At the same time, it must promote the pros-
perity, not of the controlled boat, but of the com-
pany that owns it.

No single objective that meets these requirements
has been discovered, but the combined use of two
criteria appears to do so. At this writing, it ap-
pears that operations should be conducted at speeds
determined by the principle of least added cost, but
speeds should not exceed those that maximize profit-
ability. [Derivations and discussions are presented
elsewhere (3).]

Maximizing profitability sounds 1like a good
thing. Why not do it all the time? The answer is
that it can be done only when there is plenty of
work waiting to be done, more than the company's
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fleet can possibly do. That is not true all the
time; it has not been true recently.

As long as a company has idle capacity, tied-up
towboats for instance, the principle of least added
cost will give better results. To make it easy to
explain, et ws <considsr @ towing Somwpany that is
all ready to operate but has no work to do. It has
no income, but it still has expenses: overhead,
mortgage payments on boats and barges perhaps, ex-
penses of keeping them laid up.

Now suppose that work appears and a towboat is
put into service to do it. Doing the work entails
additional expenses, mainly for crews and for fuel,
all cash expenses. The principle of least added cost
states that the company will be as well off as pos-
sible if these added costs of doing the work are
minimized. Also, the work is worth doing as long as
the revenues it brings exceed the added costs of
doing it. One way of minimizing the added costs is
to select towing speeds so that the sum of crew,
fuel, and minor cash costs is as low as possible. A
suitable monitor system will facilitate this process.

The best boat to start operating with is the one
whose added costa are lecast, preocumably the ncwest
and most efficient one suitable for the trade. As
business increases to take up the first boat's time,
its speed can be increased until its added costs
reach the minimum possible to the next-best boat,
which is the next to be reactivated, and so forth.

This process can continue until all towboats are
occupied full time at their most profitable speeds,
above which it does not pay to run them. To raise
capacity further, more towboats must be found at
reasonable rates, or higher freight rates must be
obtained, to justify speed increases for all the
boats.

Finding the most profitable speed is essentially
a matter of mathematical programming with a pro
forma calculation that responds to towing speed
changes., Curves of fuel rate versus speed are neces-
sary, such as those that can be obtained from a fuel
monitor system. The calculation deducts from the
revenues of a round trip the costs of capital, crew,
fuel, and so on, and then divides net income by the
length of time occupied by the trip to obtain net
profit per hour averaged over the trip. To maximize
the profit per hour, diligent search is made to find
the best set of speeds, one for each leg of the trip

(3).

RESULTS OF PURSUING DIFFERENT OBJECTIVES

In Table 1, the results of using these two objec-
tives, least added cost and maximum earning rate,
are compared with full-power operation. The com-
parison applies to a 50,000 deadweight ton tanker on
a 2,000-mile round trip, but the resulting speed-
power pattern is quite similar to that of a river
tow, except for the omission of the effects of the
current (3).

Speeds for loaded and ballast legs have been
chosen s0 as to optimize the quantities in the
boxes. Minimum cash cost per voyage is not much
different from least added cost per voyage. Charging
interest on cargo value to the ship is a custom of
0il companies, which increases the speed on the
loaded leg by nearly 2 knots in one instance.

Even the maximum-earning~rate (most profitable)
speeds are below full power. The least-cash-cost
speeds and powers are lower still. The lowest power
called for is only 36 percent of full power, and
that is in the absence of current. The effect of a
current would have been to increase the optimum
power for going against it and to decrease the opti~
mum power for going with it; thus widening the al-
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TABLE 1 Financial Results of Pursuing Different Objectives

Objective Interest Speed, Knots Net Cash
on Cargo (Fuel Rate, bbl/hr) Earnings Cost,
Value hour $/voyage
Charged? Loaded Ballast
Full Power no 16 17.6 64.02 102,048
(no optimiz- (15.20) (15.20)
ing) or
Least Time yes 16 17.6 74 112,636
(15.20) (15.20)
Maximum no 14.8 16.2 69.12 97,633
Earning Rate (11.91) (11.91)
(Upper Speed
Limits) ves 15.5 15.7 5.82 | 109,212
(13.87)  (10.74)
Minimum no 11.3 12.5 31.91 91,959
Cash Cost (5.%0) (5.40)
per Voyage
(Lower Speed yes 13.2 12. 5 -16.40 105,745
Limits) (8.53) (5.40)

Fuel rate, bbl/hr 5.40 8.53 10.74 11.91 13.87 15.20
Fuel Rate, % of full power 36 56 71 78 91 100

ready wide range of propulsion power called for by
normal operations.

There being about 8,400 hr in an operating year,
the speed reduction from full power to most profit-
able speeds would be worth not quite $443,000/year
for this example.

A noteworthy feature of these results is that in
the absence of current and when no charge is made
for interest on the cargo's value, the best fuel
rate turns out to be the same for both legs of the
voyage. The ship should go faster in ballast, but
should burn fuel at the same rate as when loaded.

To see the effects of currents, let us look at
some river tow results. Figure 4 (4) is a plot of
net profitability before taxes versus current for
four different speed-power policies, three of which
are practical in some sense and one of which is
ideal. The left side of the figure pertains to mov-
ing loaded barges upstream and empties down, whereas
the right, more profitable half is for moving loads
downstream and empties up.
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FIGURE 4 Profitability of a one-way
move versus current for several speed-
power policies.

Whatever the speed-control policy, profitability
is seen to be quite sensitive to current. A current
increase of only a few miles per hour can plunge
profits from hundreds of thousands of dollars per
year to below zero. The best current is not zero,
but a weak current that favors the loaded leg. In
the calculations that produced this figure, no
credit was taken for smart piloting. Instead, cur-
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rent was assumed to be just as strong when the ship
was upbound as when it was going down,

As to speed policies, the lowest curve (worst
performance) (marked dash-dot-dot) is for using full
power all the time. Full power is assumed to be
4,000 hp with loaded tow, but only 3,000 hp with
empty tow, restrained by the engine governor. On a
downstream move only, this can be improved by as
much as $30,000/year by using least-cash-cost powers
downstream and full power upstream. (Least-cash-cost
powers upbound are greater than full power.)

A greater improvement could be made (from the
dash-dot to the solid curve) if the towboat were
modified so as to be able to develop its full 4,000
hp with an empty tow, which is what it has upbound.
The final improvement (from the solid to the dashed
curve) is what could be achieved by a towboat that
had all the power required, paying for fuel but not
for bigger engines, and was run always at the tow's
most profitable speeds.

The freight rate, net of voyage costs other than
fuel, for Figure 4 is about 6.7 mils/ton-mile. To
get the rate that would be paid by the average cus-
tomer, one would have to add the costs of fleeting,
tug services, and so on.

The fuel rates and approximate horsepower that
produced Figure 4 are shown in Figure 5 (4) for a
tow loaded downstream, empty up only. Note that
greater power is called for when the tow is empty
than when it is loaded, because when empty, it is
going upstream.
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FIGURE 5 Fuel rates that
produce the profitabilities
shown in Figure 4 versus
current when tow loaded
downstream, empty upstream
only.

Most towboats are set up to deliver Jjust the
opposite--full power with a heavy tow and less power
with a light one. That makes them commercially suit-
able for moving cargo upstream and commercially
unsuitable for moving it downstream, which many of
them nevertheless do. Here is yet another area where
there is room for improvement.

SUMMARY OF POSSIBILITIES
As the foregoing examples show,
1. It is possible to improve towing operations

by better control alone, without any change in the
basic equipment;

2. The fuel monitor both makes the necessary
measurements and provides feedback for control of
operations; and

3. Understanding and analysis of the operating
company's situation indicate how to use the fuel
monitor's output to the company's advantage.

As to company situations, a few examples, in-
tended as illustrations, are all there is room for
here. The number of possible operating and financial
circumstances is large, and they change continu-
ously. Full coverage is unfeasible, Everyone must
therefore continually analyze his own situation. One
who does so can make fuel monitors serve him very
well.

The examples have treated mostly control of tow-
ing speed, the payoff for which can be estimated.
There are also other applications for which the
improvement is less easy to quantify, though it may
be larger. It is possible to imagine a not-too-dis-
tant future in which collection and organization of
towing performance data will have made great im-
provements in

1. Prediction of schedules
etc.) and

2, Prediction of cost of operations.

operating (ETAs,

The latter would appear to be especially important
in these days of marginal freight rates. In one of
the examples, for instance, the profitability of an
upstream move fell from a rate of more than
$300,000/year to less than zero as current increased
from zero to only 3 mph. The current of the Ohio
River does this every year. Why should the freight
rates not change also? It might be safe to offer
cheaper transportation if costs were under better
control and operations were more thoroughly under-
stood.

The possibility of better control is offered by
fuel monitors. Better control leads in turn, and by
many paths, to better performance. Fuel monitors can
enable those who control towing operations to see
what they are doing and thereby to improve.
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