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SELECTICON OF FUELS FOR SHIPS

ABSTRACT C£.6J STAFFERTON

Beginning with the problem of selecting fuels for ships, a
decision analysis model is developed. The overall model presented in
this paper enables a decision maker to begin with a broad, i1l defined
problem and to finish with solutions as accurate as the information which
is available for use in the study. In the first part the decision maker
identifies alternative solutions and selects attributes against whiech to
evaluate the alternatives. On the basis of available informztion and with
the aid of the subjective decision making model, the decision maker can
refine the list of alternatives originally identified, to a short list of
superior alternatives. In the second part the decision meker formulates
simple linear relationships between the alternatives. The relationships
reflect policy goals and the alternatives are decision variables. By
proposing different scenarios in which the decisionmaker expects to be
operating, then solving the goal programming problem for each scenario,
the decision maker can generate information on which to act, or on which
to develop policy for the future.

Both the forced subjective decision making method and the goal
programming method are powerful decision making tools. Their advantages
are that both methods facilitate the subdivision of complex problems into
simple components which are more easily analysed. The subjective decision
making method is simple enough to be used manually, although the SUBDEC
package (14) is recommended, because it saves both time and effort, parti-
cularly in checking for degeneracy of logic in the decision making process.
_ The goal programming method can be solved graphically for problems, which
have two decision variables. Where more than two decision variables exist
the modified simplex algorithm is needed (15). Although this can be used
manually it is recommended that code be written so that the algoriihm and
post optimality analysis can be done on a computer.

Both methods, however, have a distinct disadvantage. Neither
model will produce accurate, perfect and absolute sclutions unless accurate,
complete and perfect information is used in_them.



THE PROBLEM

The general problem considered in this paper is the concern of
shipowners and operators over the rapidly increasing fuel prices and long~
term forecasts of shortfalls in commercially available conventional marine
fuels. The reascns for the problem are now history. In the northern winter
of 1973-74 a radical increase in oil prices began successive rounds of price
rises. Those rises had a marked effect on the prices of marine diesel oil
and marine fuel oil. In addition, and partly as a result of increased prices,
oil refining technigues have been improved so that more of the higher grade
distillates and less lower grade and residual fuels are produced.

TOWARDS A SOLUTION USING DECISION ANALYSIS MODELS

Various solutions to the problems of increasing prices and
diminishing supply of conventional fuel have been suggested in the literzture.
As an aid to the shipowner or operator a decision analysis model has been
developed to facilitate analysis of the alternative solutions with regard to
selected attributes. Using this model a shipowner may determine, on the
basis of information available to him, which of the alternatives is superior
and what the composition of a2 new fleet should be. The decision analysis
model is divided into two (2) disttinct sections. The first,facilitates
selection of superior alternztives. The second enables the shipowner to
determine the optimal mix of a fleet which is composed of the superior
alternatives.

For the purposes of this study a Panamax type bulk carrier with
a speed of 15 knois has been selected to run a coal trade between Australiz
and Japan. This is in response to the growing world demand for coal and
the predicted increase in demand for bulk tonnage (1). 4 quantity of 10
million tonnes is to be transported to Japan annually. This represents
about 20% of the total predicted coal exports from Australia to Japan (2).

TABLE 1 Principal Particulars of the Basis Ship

Type Panamax Bulk Carriér
Length 213.00 m
Breadth 32.24 m
Depth 18.00 m
: Summer draught 12,60 m
Total displacement 73, 130 tonne
Cargo deadweight 56, 896 tonne
Service speed 15 knots

ALTERNATIVE SOLUTIONS TO BE ASSESSED

Twelve (12) alternative solutions to the problem of fuelling
ships in the future were found from a literature survey (3). Those twelve (12)
alternatives described in general terms are:

1. Diesel = conventional fuels
- marine fuel oil (bunker C) and marine diesel oil.



2. Diesel - poor residuzl fuels

- conventional fuels of inferior quality e.g. high density;
sulphur, water and heavy metals in high concentration (4

3, Diesel - water emulsified fuels
- conventional fuels with up to 15% emulsified water content.

4. Diesel - synthetic fuels
- liguid fuels produced from coal, oil shale or tar sands.

5. Diesel - coal~=0il slurries. '
- conventional fuels with concentrations of 10% to 15% of coal
particles of less than 20 microns particle size.

6. Coal =- spreader—stokér boilers
- coal firing of a water wall builer where coal is distributed,
according to size, across a travelling grate (5).

7. Coal -~ fluidized bed combustor;
coal of up to 2.5 cm size combusted in a bed of 98% or 9%
“inert material (ash or stone) which is fluidized by forced
draught. Main boiler tubes are immersed in the bed.

8. Gas Turbines
- includes boih aero-drived and heavy duty marine gas turbines.

9. Nuclear Propulsion
- small shipboard nuclear reactors similar to those on N.S.SAVANNAH,
N.S. OTTO EHAHN or N.S. MUTSU (6).

10. Wind -~ said assisted motor;
~ conventioanl type of motor vessel assisted by a simple sail
configuration, such as the SHIN AITOKU MARU (7).
11. Wind - motor assisted sail
- a fully rigged ship with some form of auxiliary engines for
manoeuvring in post, in confined seaways and for emergencies.

12, Wind - wind turbines
-~ vessel using vertical axis wind turbines and either mechanical,
hydraulic or electrical transmission of power to the propeller.

ATTRIBUTES TO CONS IDER

The alternatives are compared and evaluated against a group of
selected attributes. Those attributes reflect the areas which the ship-
owner is concerned with, will significantly effect or be effected by the
final solution. The attributes selected for this model are:
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1. Current state of technology - this reflecis on the technology
available to the shipowner.

2. Technological outlook for the near future -
an assessment with regard to research and development
projects.

3. Government Policy - -

= this allows a particular national or political preference to
be accounted for in decision making (Government Policies can
seriously effect the viability of a project (8)).

4. Industry's Attitude

- Unproven technology may attract undue prejudice, because
of the historical background of an industry.

5. Environmental impaci% - shipboard

- The effect of an alternative on the immediate shipboard
environment - the living and working environment of the
crewv. (This is included in response to constant demands
for better living and working conditions.

6. Environmental impact - shoreside

- The more distant effects of a shipbozrd system, from
vollution in the vicinity of the vessel to the effects of
industrial development in the hinterland to support changing
fuel demands. (Assessment with regard to this attribute
should recognize the complexity of the inter-relationships
of industrial systems). ' .

7. Technological-Sophistication -highly developed technology
requires highly skilled operation and service personnel; both

" are expensive commodities, whereas simpler, more robust
technology can be operated and maintained by men of lesser
training.

Assessment of a Shipowner's Utility for Alternative Solutions Using Forced
Subjective Decision Making.

Having determined the alternatives and the attributes against
vhich they are to be assessed, the shipowner is in a position to begin
analysing his subjective preference for each alternative fuel system.
First the attributes should be ordered according to the influence, which
the shipowner perceives they will have on current practice. This is done
by comparing each attribute with a2ll the others; a value of 1 is assigned
to the attribute, which is considered more influential and 0 is assigned
to the less influential. (All decisions should be recorded with reasons
for each decision. If new information becomes available adequate records
will facilitate re-evaluating of the decision analysis).

‘The decisions for weighting of the attributes are set out in
Table 2.
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TaBLE 2 weighting of Attiributes

LTI BUTE DECISION NUMBrR

10000500.01000¢01500o0200
1. Current state of
technology. 000111
Z. ‘recnniological outlook 1 0
3. Government policy : 1 1 1Y 11
L. Industry's sttitude 1
5. Environmental impact- ’
shipboard. o 0 0 0 01
6. knvironmental impact-
shoreside. 0 0 0 0 i 1
7. Technological sopnistication. 0 0 0 0 00
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&8s perfect informetion is not zlways available, inadequate or
insufficient intormation makes the assessment of utility of one attribute
over another Gifficult. Therefore it is possible to assign equal values,
ie ¢ to each item, as in decision & of YTable 2. Because this efiectively
makes two items equal for this set of decisions, ail other decisions
mzde with respect tc those items must be consistent; i.e. if £ = C and
2> BthenC >B (9).

The same procedure is fo.lowed in assigning pretferences to the
alternatives for zll attributes until a series of tables are assembled.
‘'hese tables summarize the shipowners subjective aecisions for each alternative
solution with respect to the selected attriputes. 4s an example, the
decisions with respect 0 attribute 1, the'Current siate of technology" are give
in Table 3.

7o evaluate the utility sttached to each attribute (rj) or
alternative (rij), the assignments are surmed and normzlizea (Rij) for
ezch atirioute:

#ij =rij = ri min .. kquation 1
Ti max = ri min : !

minimum value ¢f r ror tnat attribute.
maximum veiue oi r for tnat attribuie.

where: ri min
ri max

L

hormalized values tali between O and 1. ‘rhis technigue is
particularly useful wren gqualitative information is introduced to the
analysis; for example a ccmparison oif fuels couid be made with 'cost per
kilogoule as an atiribute.

To determine ihe merit junction (the compounded utiiity values)
the value attached to each alternative is multiplied oy ine value attached
to0 each attribute. Iror each alternative the products sre summea:

) ¢1
2. Rij P =K squation 2
j=1

where: Kij = normzlized utility ratings
ri utility or avtributes
M) = merit function 1or zliernatives.
n number of alternatives

L}
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table 4 shows the normalized utility ratings {(#ij) the utility
of attributes (rj) and the merit Jjunction ior alternatives (MJ) wiih the rank
each alternative, according ol the magnitude of mMj. ‘wne shipowner now nas a
rational ordering ot his prelerence for each alternative fuel systvem,
ihe relative utility of one zlternative over another can be:secen clearly
wnen ezlternatives asre arranged according to their rclative preference in
the merit function. rigure 1 indicates the distribution of utility
or the relative preference ifor alternatives. C(learly the two variants
on conventional diesel engines are niost preterred, tollowed Dy 2 coaliired
boiler,

HOW HELIABLE 18 GHE ASSESSMENT?

By definition this analysis is subjective and is based upon
imperfect information. ‘lherefore, no absolute solutions can be generatad.,
ihe superior aliernatives, as aetermined by ihe shipowner, are those
within some arbitary vand width of the highest ranking zlternative. In this
case a vand wiath o1 2U» is used. ‘the sensitivity of tne merit function
10 changes in utility for each of uvhe superior alternatives is calculated
to determine the eltect ol cnangea utility values on tne reiative
utility of the superior elternatives,

¥

sach utility rating (Rij) is assessed i1or its intluence on the
merit function. ior a change of 'C' percent in the utility rating, the
expression for the new merit function is:

1+

M = M3 L Rij P C kquation 3
where: E = percentage change in utility rating
M) = modified merit function,

ror example, improved technigues tor burning poor residual tuels
may warrant a reassessment ol utility. & 20x change in utility ror aiternativ
2 (Diesel - poor residual 1ueis) with respect to attrioute 1 (Current bState
oi lechnology) would result in a Z.6j% change in utiiity. 4abl 5a indicates
the relative intluence wnich each attribute has on ihe choice of an alternatiwv

TaBLE S5A Change in mMerit Function for a 20x Lnange in Utility

ALAERNALIVE AIIRIBUYE % CoilGE IN Mj FOR C = 20p

2 3.07
4412
5438
4.60
057
2.25
0,00

~NOU BN

Table 5b indicztes the relative intiuence ot the attributes on the choice
o an zlternative when the utility is varied.

3 ABLE 5B
ALTERNAYTIVE APTRIBUTE Y% CRANGE IN Mj ¥OR C = 20%
1 : 5.0

2418

2.1
4017

- 05N



0.0______;__Z. Diesel ~ poor residual fuels.
(.1 T___A. Diesel - synthetic fuels.
gg. €. Cogl - spreader-stoker boiler.
10.0m———
7=V W N Ciecsel - conventional fuels.
20.0_
283.T___Z. Ciesel - water-emulsified fuels.

-

388 .1 7. Coalt— fiuidizec bed boiler.

a2.3 +—1°C- Wind - sail as;is*ed motor.

50 . 00—
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, £¢. Czs furbines
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70.0 ,
2e l4—m12. vwind - wind turbines.
\
80.0 _
‘ 94. 64— 7 ¢ .uclear. propulsion.
90 . Oem———-
100.0
_Fuove U te1ztive preferences for alternatives.

rzercentage difference from the highest?
rzrking alternative.)
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Of the twelve alternative solutions initially gefined tne shipowner
now has a group of four superior alternatives which may be turther
investigated. ‘I'he superior aliernatives fall into two basic categories
- diesel powered ships and ccal fired ships.

11 & new tleet is not to be composed entirely of conventially
bowerec vessels, or entirely of vessels with some new system a & rational
metnod must be used to aetermine the composiiion oif a new fleet.

DerEA NING dhie CUnPOSLITION UF A NeW rLEET USIRG GUAL ErUGRAMMING

fiaving, in tne owners estimation, determined tne superior tuel
Syslems we mMOVe On 10 1inc tne composiltion O: & new Ileet. XOr simplicity,
&nc a2s aiesel engines are being aeveloped 1o burn aitierent types of lueld,
only two Types ol tuel, only two types oi snip are considerea. <he coal
fired snip is considered as one type ana the aiesel powerea snip as
anotner. :

4 rnumber oi goals are set, eacnh representing a critical componeut
01 the ennuel casn I'iow 15 ihe operation o1 2 comnerciad vessel (10).
The goals (Yabie b) are ranked i1fi order oI thelr cORtribulion 10 revenue, LhLED
operaiing cosis. ‘he aesired pode o1 achievement ol eacn o2l is also
inaicated.

‘vARLE 6 Goals and their Moaes oif Achievement

GT ¢+ Quantity of cargo carried Linimize unoeracnhievement
G¢ 3 tCapital cost ol the tieet millimlze Overachlevement
G ¢ ruel cost of tne tleet ninimiz+ overachievement
(4 3+ voyape time minimize overacuievement
Gb ¢ rort time mininize overacnievenert
Gb ¢ mMmzintenance costs MmN 1mlz€e overachievement

i'ne problem can be 1ormuiated in tne i1ollowing manner:

Find X = (& %) o “
where = number ol diesei powered motor sShips.
= nurber or coal rired steam ships.

so0 ag to minimize

a = {P, (ntpr), P2 (?;-rfa )y Ps (Ff*f_’b)} rquation 4

where P, (n, + p, ) is a good set which aims to minimize underachieveme
ol the guaniity ol cargo {n,) and minimize overacnievement
of the capitai cost (p,) — P, inaicates inat this goal set has
nignestv priority. :

P,(p; + p,) is the goal set which aims to minimize the
overachievement of fuel cost and of voyage time.

P, (ps + P, ) is the gozl set which sims to minimize
‘overachievemeni of port time (p.) and maintensnce costs (P,

'ne prooiem formulation, eguatvion 4, is subject to the following
goal constraints,

1aBLE T

G1 : wusntity of cargo carried: 691,086.4 X1 + ©/9,148.6 x2 = 1U,000,000.0

G¢ & Capital cost of the flieet: 18.5 x1 + 2ol X2 = 290.6

G5 3 ruel cost of the fleets 297,550 x1 + B9,140 -x2 = 2,811,874

G4 s voyage time : 24.8 xV + 24.8 X2 = 326.6

G5 : rort time , 1442 x1 + €¢e5 X2 = 205.5

Go6 : Maintenance Cosis: . 1.00x1 + =le15%x2 = © CLUU
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Priorities, P1, ¥2, P3 are determined by the shipowner. &li
coeificients and goal values are calculiated according to currently available
informetion (11). Dlata ifor goal G2 : Capital cost of the tleet is based
on information about shipbuilding cosis tor the tirst nalf of 1980 (12),
ana assumes that 2 new buiiding price for coal iired vessels is approximately
2U% higher than for a diesel powered vessel.

This jormulation allows & set of equations, each of ai:ferent units,
10 be used itc find the optimal number of each type of vessel in tne new
fleet. %he rroblem can be solved numericaliy or graphically. A graphical
method of solution is shown here. (4 numerical approsch is shown in
reference 13).

Begining witn the ordinate ana abscissa, each representing a vessel
type (Figure z) constraints are acded to the graph (Figures 5 &« 4). By
observing the desired mode of achievement of each goal it is possible to
{ind & feasible design space. 1f the desired solution can be expressed in
real numbers, the optimal soluticn will be found at the vertex of this space.
This solution satisfies the greaiest number oi goals, accoriing 1o the
priorities assigned to those gozaicz. 4 real solution to this problem is
X, = T.25, X,= 7.35 (Figure 5 i5owever, in this case an integer solution is
required. 4 set oi integer solutions will be tound within the feasible
design space; the most desireable integer solution is that one ciosest to the
real solution. In tnis case the solution is x1 = 10 and x2 = 5; that is 10
diesel powered vessels and % coal fired vessels (Figure 6).

Given tne simplicity of this method it is possible to change ship
characteristics, values of input aats and priorities o1 goals to
investigate other varianis. For example Table8 gives the solution Ifor
a fleet of coal fired ships with a speed of 15 knots and diesel powered
gnips with e speed of 14 knots. Yhe sclution is 2 coal fired ships and
14 ciesel powered ships. Wwith changed tuel prices and the priorivy for fuel
cost and capital cost reversed there is a dramatic cnange in tleet
composition. £ fleet éeveloped under such constraints consists of & coal
iirea ships and 7 diesel powered ships. " -

STIDMARY

By using a forced subjective decision msking technigue iv is
possible to break a complete problem down into components which can be
researched and evaluated., 4s information available to the decision
maker iz seldom perfect the results of a subjective decision analysis
reflect two important eftects in decision making:

1. decisons are always based on some subjective or intuitive
conception of what is appropriate in a given circumsiance.

2. solutions are dependent upon tne subjective influence of
the decision maker in analysing tne iniormation which is aveilzblej such
irtormstion may not always be adeguate 10 determine the best poseible
soiution.

where no single solution is required some method o1l determining
the composition oi a ileet must be aevised. Goal programming allows
determination of the fleet mix withoui resort to exnaustive and expensive
economic analyses and comparisons. by setting some basic linear
relztionsnips as goal constraints ana by determining tine goais, mode ot achieve
ment and priority of those goals it is possible to 1ina optimal solutions.

both parts‘of this decisgion analysis mouel allow a complex problem wn
is infiluenced by and which influences 2 wide range of areas to ve soived using
a systematic approach.
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X2
a0¢ Figore 4 The problem cstated in graphical
terms.
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wWhilst opeing systewatic, the method is not inilexible and allows
modifications to be made as information and attitudes cnange.,
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