BTE Publication Summary

A Model for Estimating Cargo Ship Costs
BTCESHIP

Occasional Paper

In many of its analyses involving shipping, the Bureau of Transport Economics
has been required to estimate costs associated with owning and operating
vessels of various types. This Paper presents a model for estimating long-run
average ship costs that was developed by the Bureau for this purpose. The
model has been developed as a computer program (BTESHIP) to enable ship
costs to be evaluated quickly and conveniently. However, to use the model
effectively it is necessary to have an understanding of the principles involved in
estimating ship costs. This Paper contains a discussion of the nature of ship
costs and their estimation, as well as a user's manual which documents the
structure and operation of the program.
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Appendix II

Input file 4 also contains the coefficients for the following
equations:

Fuel adjustment for fraction (F) of installed power used

= a4 B.F 4 Y.F
where a = 1.27074
B = -0.65283
Y = 0.39425 (I1.1)
Auxiliary fuel consumption for a bulk vessel at sea (tonnes per day)
= a4+ B.dwt + v.dwt?
where a = 1.3
B =  3.5x 10‘50
y = 17x10t (11.2)

Finally, input file 4 contains the following constants:
0.6 tonnes per day of auxiliary fuel for a non-bulk vessel
0.04574 additional auxiliary fuel consumption per reefer

3.0 tonnes per day auxiliary fuel consumption for a bulk vessel
while in port

36.246  cubic metres per teu.

Table II.8 indicates where all these coefficients and constants are
positioned in input file 4.
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TABLE II.8 POSITIONING OF DATA FOR INPUT FILE 4

Item Coefficient Lines Column
Length a 6-12 1-11
B 6-12 13-23
Beam d 6-12 25-35
B 6-12 37-47
Draught a 15-21 1-11
‘ B 15-21 13-23
Maximum main engine power a 15-21 25-35
B 15-21 37-47
Gross registered tonnage a 24-30 1-11
B 24-30 13-23
Net registered tonnage a 24-30 25-35
B 24-30 37-47
Fuel adjustment a 33 1-11
B 33 13-23
Y 33 25-35
Power requirement a 36-42 1-11
B 36-42 13-23
Y 36-42 25-35

Auxiliary fuel
Non-bulk vessel .e 45 1-11
Additional per reefer . 46 1-11
Bulk vessel, in port .. 47 1-11
Bulk vessel, at sea a 48 1-11
B 48 13-23
Y 48 25-35
Cubic metres per teu . 50 1-11

.. Not applicable.
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APPENDIX III INPUT FILE 5: HEADINGS FOR OUTPUT TABLES

Input file 5 contains column and row headings for both the summary

and extended forms of BTESHIP output. The user should not alter this

input file.

CONTAINER SHIP
ROLL-ON ROLL-OFF SHIP
GENERAL CARGO SHIP
CONTAINER-BULK SHIP
BULK SHIP

ORE CARRIER

TANKER

ALL CARGOCONT.CARGOCONT.CARGO NON-CONT.
($/TONNE) ($/NE TEU) ($/TONNE)  ($/TONNE)

VESSEL COSTS
CAPITAL
FUEL
CREW
REPAIRS & MAINT.
INSURANCE
VICTUALS & STORES
ADMINISTRATION
TOTAL VESSEL COST
CANAL CHARGES
PORT CHARGES
WHARFAGE CHARGES
STEVEDORING CHARGES
TOTAL
.. not applicable

VESSEL COSTS
CAPITAL
SHIP
CONTAINERS
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FUEL
AT SEA
AT BERTH
CREW
REPAIRS & MAINT.
SHIP
CONTAINERS
CONTAINER CLEANING
INSURANCE
VICTUALS
STORES
ADMINISTRATION -
TOTAL VESSEL COST
CANAL CHARGES
PORT CHARGES
AT PORT A
VESSEL CHARGES
TUG & LAUNCH
NATIONAL LIGHT
TOTAL AT PORT A
AT PORT B
VESSEL CHARGES
TUG & LAUNCH
NATIONAL LIGHT
TOTAL AT PORT B
TOTAL PORT CHARGES
CARGO CHARGES
PORT A : WHARFAGE

: STEVEDORING
PORT B : WHARFAGE

: STEVEDORING
TOTAL CARGO CHARGES

TOTAL
.. not applicable

CONTAINERS (TEUs)
NON-EMPTY CONTAINERS
DRY
REEFER
TOTAL
EMPTY CONTAINERS
DRY
REEFER
TOTAL
TOTAL CONTAINERS
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CARGO (TONNES)
CONTAINERISED
NON-CONTAINERISED
TOTAL PAYING CARGO

END OF FILE

Appendix III

85




APPENDIX IV STRUCTURE OF THE PROGRAM

This appendix explains the structure of BTESHIP and describes each
subroutine of the program. It is designed to enable the user to
easily reference the description of each part of the program. The
material presented in this appendix should enable the exact workings
of the program to be verified and, if necessary, enable anyone
familiar with FORTRAN to change the program to suit the needs of a
particular user.

The next section deais with the aims and methods used in designing
BTESHIP. This is followed by a description of the main program, and
then by descriptions, 1in alphabetical order, of each of the
subroutines within BTESHIP.

PROGRAM DESIGN

An important aim in the design of BTESHIP was to enable any FORTRAN
programmer to easily understand the workings of the program. To
achieve this, structured programming techniques were employed wherever
possible. These incliude:

Use of subroutines. Each routine performs one specific task.
This 1limits the 1length and compliexity of each routine.
Complicated tasks are then performed by a series of these simple
routines.

The routines are split up into process routines and utility
routines. A process routine relates to a specific aspect of the
program, and is accessed by & clearly defined route from the main
program. A utility routine performs a simple task, and may be
called from anywhere in the program. An example of a utility
routine is subroutine SPREAD which calculates an annual payment
over the analysis period equivalent to a given sum at a given
time.

Limited use of unrestricted transfers of control. This does not
mean that the 'GOTO' statement is not used within the program, but
rather that it 1is mainly restricted to implementing loop or
iteration structures, where these are not provided for in FORTRAN.
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To help the programmer read BTESHIP, the following techniques were
also used:

. insertion of comments, especially to indicate the task performed
by each subroutine;

. use of blank comment 1ines to separate blocks of associated text;

indenting of text to indicate program structure (for example,
loops, conditionals);

. naming of variables and routines to indicate the purpose of the
varjable or routine as much as possible;

explicit declaration of each variable used within each routine, at
the start of each routine;

maintenance of a'dictionary of variables, and their purposes;
grouping of 'FORMAT' statements at the end of each routine;
logical numbering of statement labels; and

exclusion of numerical values from the program by reading them
from the input files, unless defined by a 'PARAMETER' statement.

Appendix VI contains the dictionary of variables used within BTESHIP.
Details about the operation of BTESHIP are contained in Chapter 4.

MAIN PROGRAM

The execution of BTESHIP starts and stops in the main program. Other
routines can only be executed when called by the main program or when
called by a routine subsequently being executed. Figure IV.1 uses a
Nassi-Shneiderman flowchart to show the structure of the main program
and the subroutines called (see Appendix V for a detailed explanation
of Nassi-Shneiderman flowcharts). ‘ '

BTESHIP begins by reading four of the input data files.l Each input
file is read by a separate subroutine. These. subroutines convert the
data items to appropriate units and currencies where necessary, check
for inconsistencies in the input data, and set default values.

The program then repeats the route and cost calculations for each ship
being costed.. Up to four ships can be costed in a single run of
BTE$HIP; The route calculations involve the estimation of any ship

1. Input file 5 contains the headings for the output tables and is
read from subroutine QUTPUT.
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read input file 1 (INPUT1)

read input file 2 (INPUT2)

read input file 3 (INPUT3)

read input file 4 (INPUT4)

FOR each ship being costed

calculate any ship physical
characteristics not entered (SHIPGC)

calculate route times, cargo loading,
and fuel consumptions (SCHEDULE)

calculate total costs for the voyage
(COSTS)

calculate costs per cargo unit for
the voyage (DISTRIBUTE)

output all calculated costs, route times,
cargo loadings, fuel consumptions and ship
characteristics (OUTPUT)

stop

Figure IV.1 Flowchart for BTESHIP

characteristics not input by the user, and the calculation of ship
speed, cargo load, route times and fuel consumption. These
calculations are performed by subroutines SHIPGC and SCHEDULE. The
costing routines calculate and sum each of the component costs for a
single-leg voyage, and then distribute these costs across each cargo
unit. Subroutines COSTS and DISTRIBUTE perform these tasks.

Finally, after all of the route and cost calculations are performed,
the costs for each ship are output by subroutine OUTPUT.
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SUBROUTINES

Each of the subroutines in BTESHIP is described below in alphabetical
order. Flowcharts are used to aid description of some of these
routines.

Subroutine ADMIN

ADMIN calculates the vessel administration cost for the voyage. It is
called from subroutine COSTS, and does not call any other routines.

If administration cost is entered as a fraction of vessel costs (which
includes administration costs), then the administration cost for the
voyage is obtained by multiplying this fraction by the sum of capital,
repairs and maintenance, insurance, crew and victuals and stores
costs. This is then divided by one minus the input fraction, so that
administration cost 1is the required proportion of vessel costs
including administration costs = (but excluding fuel). If
administration cost is input as a daily cost, the administration cost
for the voyage is obtained by mu1t1p1y1ng the daily cost by the number
of days for the voyage.

Subroutine CANAL

CANAL is called from subroutine COSTS if canal charges are to be
jncluded in total costs. The .option to exclude canal charges is
contained in input file 2, which also contains costs for traversing
canals should this option be exercised.

Input file 1 contains an indication of which canals, if any, are
traversed during the voyage. Subroutine CANAL determines the canal
charges for the voyage by simply adding the charges for each canal
traversed.

Subroutine CARGO1

CARGO1 is called from subroutine SCHEDULE when loading input option 1
is used. Loading option 1 requires the user to specify the amount of
carryover cargo at port A (that is, the amount of cargo remaining on
board from the previous single-leg voyage), the amount of cargo 1oaded
at port A and the amount of cargo unloaded at port B.

CARGO1 calculates the amount of each type of cargo on board the vessel
during the voyage and the amount of cargo remaining on board at port B
(that is, the carryover at port B). The cargo quantities for the
voyage are obtained by summing the values for cargo remaining onboard
at port A, and for cargo loaded at port A. The quantities of cargo
remaining on board at port B are obtained by subtracting the values
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for cargo unloaded at port B from the calculated voyage load. The
total cargo load is subsequently compared with the maximum allowable
load by subroutine MAXSTOP. No routines are called from CARGO1.

Subroutine CARGO2

CARGO2 is called from subroutine SCHEDULE when loading input opticn 2
is used. Loading option 2 requires the user to specify the amount of
cargo on board for the voyage as a percentage of the cargo capacity of
the vessel. The user is also required to specify the amount of cargo
loaded at port A and unloaded at port B as a percentage of all cargo
on board.

CARGO2 converts these percentages into a total 1load, then into
container loadings (in teus) and non-containerised Tloadings (in
tonnes) and checks, if possible, that the total cargo load does not
exceed the maximum aliowable cargo 1load for the vessel. If the
allowable 1load 1is exceeded, CARGOZ2 reduces the total 1load to the
maximum aliowable. Finally, CARGO2 uses the percentages of the
various cargo types entered by the user to calculate the actual
loadings of each cargo type on board. The following paragraphs
describe this process in more detail. The structure of CARGOZ is
shown in Figure IV.Z2.

To calculate the total load, the percentage of total cargo capacity
utilised is muitiplied by the total cargo capacity. The former is
entered in input file 3 as a percentage by either weight or volume.
Total cargo volume capacity is read from input file 1. Total cargo
weight capacity is calculated by subroutine MAXIMUM, using deadweight
and an upper estimate of the cargo load.

The non-containerised load is obtained by simply multiplying the
percentage of cargo which is non-containerised by the total load. The
containerised load is then the remainder of the load. If these inputs
were expressed as a percentage of weight, and containerised cargo is
carried, then the amount of containerised cargo is converted from
tonnes to teus using the weight of cargo per teu, also from input file
3. Conversely, if volumes are used and non-containerised cargo is
carried, the density of non-containerised cargo is required. If a
required density is not entered, a message will be output and program
execution stopped.

Where cargo densities have been entered for the cargoes being carried,
these are used to caiculate the total volume or total weight of the
cargo, whichever was not previously used in obtaining the total %oad.
This can then be checked against the total capacity of the vessel. If
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is tota1 load expressed as a per cent of capac1ty

by weight?

YES NO
 estimate total load - calculate total load in cubic
‘ ‘ o - metres

calculate maximum cargo divide load into containerised

weight (MAXIMUM) {teus) and non-containerised

(tonnes)

calculate total load-in tonnes
can cargo weight be calculated?

divide load into containerised | YES ‘ NO
(teus) and non- conta1ner1sed
(tonnes)
calculate
‘ ‘ max imum
if cargo volume can be’ cargo weight
calculated ensure load does: (MAXIMUM)
not exceed volume capacity of )
ship
ensure load
~ does not
" exceed maximum

weight

calcu]ate numbers of each cargo type from total Toad and input
percentages ‘

return to SCHEDULE

Figure IV.2 Flowchart for subroutine CARGO2

the pfeviously calculated load exceeds this capacity, then the load is
reduced to equal that limiting capacjty.

The cargo load and the input perCentages of each cafgo type are then
used to calculate the amount of each cargo type in the:

. carryover cargo at port A

. cargo loaded at port A

. cargo on board
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cargo unloaded at port B

carryover cargo at port B.

It is assumed that dry and reefer containers each include the same
proportion of empty containers and that these proportions are the same
for- cargo loaded, cargc on board and cargo unloaded. It is also
assumed that all transhipped containers are non-empty.

Subroutine CARGO3

CARGO3 is called from subroutine SCHEDULE when loading input option 3
is used. Loading option 3 requires the user to specify the yearly
cargo loadings at port A, the yearly cargo on board and the yearly
cargo unloaded at port B. The user also inputs the number of times
per year that the voyage is made.

The amounts of each cargo type loaded, on board and unloaded for the
voyage are calculated by dividing the input yearly loadings by the
annual number of times that the voyage is made. The amounts of cargo
remaining on board at each port are calculated by subtracting the
cargo loaded or unloaded from the amount of cargo on board during the
voyage. The total cargo load is later compared with the maximum
allowable l1oad by subroutine MAXSTOP. No routines are called from
CARGO3.

Subroutine CHGCOST

BTESHIP has been structured to enable several vessel parameters to be
varied during the analysis period. For example, the user may wish to
assume that the ship will be fitted with new engines five years into
the analysis period and that fuel costs will therefore alter from that
point 1in time. Function CHGCOST calculates an equivalent constant
annual cost for the entire analysis period that reflects such changes
in cost. The parameter value changes are included in input file 1,
and described in detail in Chapter 5.

CHGCOST first calculates the time period for which costs are affected
by the change. This is done using the time of the change, the age of
the ship at the start of the analysis period, ship life, whether the
change affects only the existing ship or not, and the length of the
analysis period. These values are also contained in input file 1.

The stream of annual cost increments (or reductions) 1is then
discounted to an equivalent amount at the introduction of the change.
The relations used for discounting and annualising costs are discussed
in Chapter 2. Subroutine SPREAD is called to discount this total
change in cost to an equivalent sum at the start of the analysis
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period, and then to annualise it to produce a constant annual cost
over the entire analysis period.

Subroutine COSTS

COSTS is called from the MAIN program to calculate total costs for the
voyage. Figure IV.3 shows the components of total cost and the
routines which calculate each component. Canal charges, port charges
and stevedoring charges are only calculated if the user specifies
their inclusion (using the options contained in input file 2). If any
ship prices are not entered, then subroutine SHIPRICE is called.
Subroutine COSTS calculates stores costs by converting the input
yearly cost to a dajly cost, and then to a cost for the voyage.

Subroutine CREWCST

CREWCST is called from subroutine COSTS to calculate crew costs for
the voyage. The annual crew cost is the annual cost per berth (from
input file 2) multiplied by the number of berths on the ship (from
input fi]e‘l). The annual cost is converted into a cost for the
voyage by dividing by‘the number of ship working days per year and
multiplying by the number of -days for the voyage.

If the user has specified that the crewing level will decrease during
the analysis period (from input file 1), then CREWCST multiplies the
decrease (or in fact negative increase) in crewing positions by the
annual crew cost per berth. This decrease in annual crew cost will
only be experienced in the years after the change occurs. Hence,
subroutine CHGCOST is called to calculate an equivalent annual cost
that 1is. constant over the entire analysis period. CREWCST then
subtracts this decrease in cost from the previously calculated annual
crew cost.

Subroutine CTRCAP

CTRCAP is called from subroutine COSTS to calculate container capital
costs for the voyage. The costs calculated are the average cost over
the analysis period of owning the stock of containers plus the cost of
replacing a proportion of the containers each year (see Chapter 2).
The average cost of a container is calculated from the proportions of
dry and reefer containers in the vessel and their respective prices.2

2. Implicit in the calculation of container capital cost for the
voyage is the assumption that the proportions of dry and reefer
cargo on this voyage are indicative of the proportions of dry and
reefer containers that would be owned or leased for this ship by
the shipping company.
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Total ship cost

|
l l l l

Vessel costs . Canal charges Port charges . Stevedoring
(CANAL) charges (STEV)

. Port vessel charges

(PORTVESS)
[ ' ‘ | . Wharfage charges
(PORTCARG)
Capital costs . Insurance costs (SHIPINS) . Tug and launch costs
- . Crew costs (CREWCST) (TUGLNCH)
Repair and maintenance . Victuals cost (VICTLS) . National 1light and pollution
costs . Stores costs (COSTS) dues (NATLT)

. Fuel costs (FUEL)
. Administration costs (ADMIN)
. Ship capital
(SHIPCOST)
. Container capital
(CTRCAP)

. Ship repair and maintenance (SHIPREP)
. Container repair and maintenance (CTRREP)
. Container cleaning (CTRCLEAN)

Notes 1. The names of the subroutines in which items are calculated are shown in brackets.
2. Items which are underlined are totals calculated by subroutine COSTS.

Figure IV.3 Components of total ship cost
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The total number of containers owned or leased by the shipping company
for the ship is determined by multiplying the teu capacity of the ship
by the container slot ratio (from input file 1).

It is assumed that worn out containers are replaced at a constant
rate. The annual cost of replacing worn out containers is based on
the average cost of a container, its average scrap value and its
average life.

The cost of owning the stock of containers is set equal to the value
of the total stock at the start of the analysis period less the
discounted value of the container stock at the end of the analysis
period. This difference is then converted into an annuity. The value
of the total stock of containers (at both the start and the end of the
analysis period) is set equal to half of the net replacement value
plus the total salvage value of the containers. This is consistent
with a- sfraight line depreciation in value over the 1life of a
container. The net replacement value is the average cost of a new
container less the average scrap value, multiplied by the number of
containers in the stock.

The annual cost of replacing worn out containers plus the annuity
associated with the stock of containers itself equals the total annual
capital cost associated with containers. This total annual cost is
converted into a cost for the voyage using the number of ship working
days per year and the number of days for the voyage.

Subroutine CTRCLEAN

CTRCLEAN is called from subroutine COSTS to calculate container
cleaning costs for the voyage. It is assumed that containers are only
cleaned before they are filled, hence empty containers, containers
transhipped in port A and containers remaining on board from the
previous single leg voyage do not incur cleaning costs. Cleaning
costs per container are contained in input file 2.

Subroutine CTRREP

CTRREP 1is called from subroutine COSTS to calculate container repdir
and maintenance costs for the voyage. These costs may be input as an
annual cost per container or a total annual cost.

Annual costs are converted to daily costs using the number of ship
working days per year, and subsequently to voyage costs using the
number of days for the voyage. No routines are called from this
subroutine.
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Subroutine DISTRIBUTE

DISTRIBUTE is called from the MAIN program to calculate costs per
revenue cargo unit for the voyage. Figure IV.4 shows the structure of
DISTRIBUTE. The cost categories are those previously calculated by
subroutine COSTS. Costs that can be allocated to containerised cargo
are container capital, auxiliary fuel <costs to «chill reefer
containers, container repairs and maintenance, container <cleaning,
container stevedoring charges and any port charges relating directly
to containers. Costs incurred directly as a result of shipping empty
containers (that is stevedoring and wharfage) are also distributed
over the containerised cargo.

Charges that can be allocated to non-containerised cargo are
stevedoring charges and any port charges relating directly to non-
containerised cargo. A1l other costs are distributed over both
containerised and non-containerised cargo by proportioning an equal
cost to each unit of cargo weight. When only one cargo type is
present the costs per unit of cargo can be determined by simply
dividing each cost category by the amount of cargo. Weight of
containerised cargo can only be calculated if the weight of cargo per
teu is entered in input file 3.

Subroutine EXCHANGE

EXCHANGE is a utility routine cailed from various points in subroutine
INPUT2. It ensures that input costs are converted, if necessary, to
the required currency for the output. Options for input costs are:

1=3%A
2 = Us$
3 =% Port A
4 =% Port B

The output currency options are contained in input file 2, and are
coded:

1 =3A

2 = US$

INPUT2 will have read the exchange rates used for converting
currencies. Where necessary, EXCHANGE converts a cost to the correct
currency for output.

Subroutine FUEL

FUEL is called from subroutine COSTS to calculate fuel costs for the
voyage. This is calculated from the fuel consumption for both the
main and auxiliary engines, calculated in subroutine FUELWT, and the
price of fuel for each of these engines. Figure IV.5 shows the

structure of FUEL.
97




Occasional Paper 83

is the ship carrying cargo, and can its total weight be

calculated?
LT{Es\\\m

FOR each cost category

cost per tonne of all cargo
" = total cost / total cargo weight

is the ship carrying containerised cargo?

YES

NO

is non-containerised cargo also carried, and
can the weight of containerised cargo be calculated?

YES ‘ NO

FOR each cost category FOR each cost category
allocate costs per cost per non-empty
tonne for containerised teu = total cost
cargo and for non- ‘ / number of non-
containerised cargo empty teus

FOR each cost category

cost per non-empty teu
= cost per tonne for
contianerised -cargo *
average weight of cargo
per teu

return to MAIN program

Fi
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calculate normal fuel costs for voyage

is there a change in fuel consumption?

YES NG

calculate annual
increase in fuel costs

calculate constant
equivalent yearly
change (CHGCOST)

convert to a change
per voyage and add to
normal fuel cost

return to COSTS

Figure IV.5 Flowchart for subroutine FUEL

The user may specify a fractional change in the fuel consumption rate
during the analysis period (see input file 1j}. This 1is used to
calcuiate the change in fuel costs per voyage. The difference in cost
per voyage is converted to an annual total on the basis of the number
of days for each voyage and the annual number of ship working days.

This change in annual fuel cost will only be experienced in the years
after the change occurs. Hence, subroutine CHGCOST is calied to
calculate an equivalent annual cost difference that is constant over
the entire analysis period. This is converted, in turn, to the cost
change for each voyage.

An estimate of the amount of total auxiliary fuel costs which is
attributable to reefer containers is also calculated. This enables
the distribution of fuel costs between cargo types (in subroutine
DISTRIBUTE) if both containerised and non-containerised cargoes are
carried.

Subroutine FUELWT
FUELWT calculates the weight of main engine and auxiliary engine fuel
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consumed during the voyage, both at sea and in port. Inputs to this
subroutine include route times, required engine power, maximum engine
power and fuel consumption rates.

If a deadweight correction value is not entered, FUELWT may be called
from subroutine MAXIMUM to estimate fuel consumption, in order to
determine the maximum allowable cargo weight. In this case, route
times and required power are set at estimated maximums before FUELWT
is called.

FUELWT is called from SCHEDULE to determine actual fuel consumptions,
once routg times and power requirements are known.

Figure IV.6 shows the structure of FUELWT. The adjustment of main
engine fuel consumption for the percentage of installed power used is
performed using an equation based on data in Motor Ship (1985). The
coefficients for this equation are contained in input file 4, and
describedﬁin Chapter 5. The ‘auxiliary engine fuel input options are
as follows:

already included in main engine fuel, or equal to zero
entered in tonnes per day

péwer requirements and consumption per kilowatt hour entered
to be estimated in program

2w N =
nm n u

Under option 4 auxiliary engine fuel consumption is estimated using
equations derived from Lloyd's Register of Shipping (1984a) and BTE
(1982). Auxiliary fuel requirements to chill reefer containers are
also calculated, if required, from equations derived from BTE (1982).
The coefficients for all these equations are contained in input file
4, and discussed in Chapter 5.

Subroutines INPUT1, INPUT2, INPUT3 and INPUT4

The input subroutines are called from the MAIN program to read each
input file. Chapter 5 describes the input files in detail. Appendix
I contains the input skeletons for the first three input files. It
also briefly describes the format specifications, and the conventions
used within the skeleton files. Appendix II discusses the information
in input file 4 which consists of the coefficients for any regression
relations used in the program.

The input subroutines also convért the data items to appropriate units
and currencies where necessary, check for inconsistencies in the data
and set default values. These tasks are performed as soon as
practicable after the data items are read.
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IV

units for main engine

fuel consumption ?

Tonnes per day g/kW hr
main engine consumption main engine consumption
= tonnes per day * days = g/kW hr * power
at sea requirements * days at
sea * hours per day
adjust main engine consumption
for the per cent of installed
power used
auxiliary engine input option = ?

1 2 3 4
auxiliary engine | calculate calculate calculate
consumption = 0 | auxiliary fuel auxiliary fuel auxiliary fuel

consumption consumption consumption
from daily from consumption | from equations
auxiliary fuel per kW hr,

consumption required

and voyage auxiliary power

times and voyage times

do auxiliary power requirements include an

allowance for reefer containers?
YES NO

add auxiliary fuel
consumption for reefers
containers

return to SCHEDULE or MAXIMUM

Figure IV.6 Flowchart for subroutine FUELWT

Subroutine MAXIMUM

MAXIMUM is called from CARGO2 to calculate the cargo weight capacity
for the ship. CARGO2 is only called when the percentage loading
option 1is chosen. Figqure 1IV.7 1illustrates the structure of the
subroutine.
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was a deadweight correction value
input?
YES NO

estimate route times for
maximum fuel consumption
(TIMEEST)

estimate fuel consumption
if maximum engine power
used at sea (FUELWT)

cargo weight capacity cargo weight capacity
= deadweight * o deadweight - weight of
(1 - correction value) fuel :

return to CARGO2

Figure IV.7 Flowchart for‘subroutine MAXIMUM

If a deadweight correction value is entered in input file 1, then the
cargo weight capacity is calculated as:

cargo weight capacity = ship deadweight * (1 - correction value)

If a deadweight correction value is not entered, the cargo weight
capacity is calculated using:

cargo weight capacity = ship deadweight - weight of fuel.

In this latter case, the allowance for weight of fuel is calculated by
subroutine FUELWT, which uses estimates of route times and power
requirements. Upper 1imits for these items are calculated s0 as not
to underestimate the weight of fuel. Subroutine TIMEEST estimates
route times. Power regquirements are set to the maximum engine power.
Actual fuel consumptions are calculated later in the program once the
actual cargo load is set.

Subroutine MAXSTOP

MAXSTOP 1is called from subroutine SCHEDULE to stop execution of
BTESHIP if the actual ship load exceeds the maximum allowable load.
Figure IV.8 illustrates the structure of the subroutine. MAXSTOP is
only called if loading input options 1 or 3 are used. If loading
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—
can cargo volume be calculated?
YES NO
calculate cargo volume and
maximum volume
is cargo volume over maximum?
NO

output message
stop can cargo weight be calculated?

YES ' NO

calculate cargo weight
and maximum weight

is cargo weight over

max imum?
YES NO
output
message
stop return to SCHEDULE

Figure IV.8 Flowchart for subroutine MAXSTOP

input option 2 is used, then subroutine CARGO2 will have calculated a
cargo load that does not exceed the maximum allowable load.

When non-containerised cargo is carried, the cargo volume can only be
calculated if the density for that cargo was entered. Similarly, when
containerised cargo is carried, the cargo weight can only be
calculated if the weight of cargo per container was entered.

Maximum cargo volume is read from input file 1. Maximum cargo weight
is calculated from ship deadweight, using the deadweight correction
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value if it was entered in input file 1. Otherwise this is calculated
by subtracting the weight of fuel consumed.

Subroutine NATLT

NATLT may be called from subroutine COSTS to calculate the amount of
national 1ight dues attributable to the single-legq voyage being
costed. National 1light dues are part of port costs, which are only
calculated if the user desires, as indicated in input file 2.

National 1ight dues are paid in the form of a charge on the vessel
which covers a fixed period of time, say 6 months. Thus, if a vessel
makes several port calls 'in the one country within the specified time
period, only a portion of the charge will be attributable to any one
port call.

The numbers of port calls that the vesse1 will make in the country of
port A and in the country of port B during the specified time period
are read from input file 2. The national 1ight dues for a particular
port call are therefore estimated by multiplying the charge per ship
tonnage by the tonnage and dividing by the appropriate number of port
calls. In order to ensure that the estimates of national 1ight dues
for each 1leg of a multi-leg voyage can be summed, the charge
attributable to one port call is then multiplied by the fraction of
port dues that can be attributed to this Teg of the vessel's total
voyage.

Subroutine OGUTPUT

All output, except for error messages, is written by subroutine
QUTPUT. It is called once from the MAIN program after all the cost
calculations -have been performed. OUTPUT reads the stubs for the
output tables from input file 5. No calculations are performed by
subroutine OUTPUT. Chapter 6 describes the output files in detail.

Subroutine PORTCARG

PORTCARG may be called from subroutine COSTS to calculate port cargo
charges (wharfage), for one port at a time. Port charges are only
calculated if .the user specifies their inclusion, as indicated in
input file 2. Port charges are entered in input file 2 under a
variety of different categor1es as discussed in Chapter 5.

Port cargo charges are ca]culated by. mu]t1p1y1ng each unit cost by the
appropriate number of units.  Charges for containerised and non-
containerised cargo have been kept separate so that they can be
appropriately distributed over the cargo types in subroutine
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DISTRIBUTE. Total port cargo charges are obtained by summing the
charges for containerised and non-containerised cargo, and adding
charges for fuel loaded in port A. Detailed container loadings will
have been previously calculated by subroutine SUMUP.

Subroutine PORTTIME

PORTTIME calculates the time spent in port given a total cargo load.
Time in port excludes pilotage time. Time in port A is the sum of the
following components:

time taken to 1load containers (calculated using number of teus
loaded and their 1oading rate);

. time taken to load other cargo (calculated using weight of cargo
and its loading rate); and

time spent not stevedoring.

Unloading rates are used in a similar manner to derive the time spent
in port B. The time in both ports is then summed to obtain the total
time spent in port for the voyage.

PORTTIME is called from subroutines TIMEDIST and TIMEEST, and cails no
other routines.

Subroutine PORTVESS

PORTVESS may be called from subroutine COSTS to calculate port vessel
charges for each port. Port charges are only calculated if the user
specifies their inclusion as indicated in input file 2. Port charges
are entered in input file 2 under a variety of different categories,
as discussed in Chapter 5.

The port charges on the vessel are split into two groups: those that
are totally attributable to the single-leg voyage under consideration
and those that are only partially attributable to this leg. Charges
that are dependent on the time spent in port are totally attributable
to this leg. Charges which relate to the size of the vessel and which
are independent of the 1length of time spent in port are partly
attributable to the current leg, partly attributable to the previous
leg in the case of port A and partily attributable to the next leg in
the case of port B. The fractions of these port charges in each port
that are attributable to the current leg are contained in input file
2.

Ship characteristics such as gross or net registered tons are either
read from input file 1 or estimated previously by subroutine SHIPGC.
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Time 1in port will have been previously calculated by subroutine
PORTTIME.

Subroutine POWER

POWER is called from SCHEDULE to calculate the engine power required
to travel at a particular speed. This is achieved using regressions
of engine power against deadweight and speed for each ship type. Data
for the regressions come from Lloyd's Register of Shipping (1984b).
The coefficients for these equations are contained in input file 4,
and discussed in Chapter 5.

If the user has entered a value for maximum engine power, then POWER
can adjust the estimate of required engine power obtained from the
equations to ensure that it models the ship as closely as possible.

If the engine power required to travel at the given speed is greater
than the maximum engine power of the ship, then a warning message is
printed to the output file. No routines are called from POWER.

Subroutine SCHEDULE

SCHEDULE is called from the MAIN program to calculate route times,
cargo loadings and fuel consumptions. Figure IV.9 shows the structure
of SCHEDULE.

The actual ship load is calculated by subroutine CARGOl, CARGO2 or
CARGO3. CARGO2 requires speed in either knots or voyage time. Speed
is used in calculating the maximum allowable cargo weight for the
ship, which will determine the 1load carried when the percentage
loading option is used.

Route times are calculated by subroutine TIMEDIST, which requires data
on the amount of cargo loaded and unloaded in order to determine the
time spent stevedoring. ' If speed was input as a number of days for
the voyage, it 1is converted to knots by subroutine SPEED2 which
requires the time spent stevedoring. Average power requirements at
sea are then calculated by subroutine POWER, which requires the speed
in knots. This is then used by subroutine FUELWT to calculate fuel
consumption for the voyage.

If the voyage or yearly loading options were chosen, the load is
checked by subroutine MAXSTOP to ensure that it does not exceed the
maximum allowable weight or maximum allowable volume. If the load
does exceed the maximum, an error message will be printed and
execution of the program stops. Fuel consumption and voyage times are
required to calculate the maximum allowable weight and volume of
cargo.
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1. voyage

loading option

?

2. percentage

3. yearly

calculate ship

calculate ship

calculate ship

load from load from load from
voyage load percentage load || yearly load
(CARGO1) (CARGO2) (CARGO3)

sum quantities of each cargo type (SUMUP)

calculate route times (TIMEDIST)

If ship speed input in days for the
voyage, calculate speed in knots (SPEEDZ2)

calculate power required to steam at
set speed (POWER)

calculate fuel consumption {FUELWT)

loading option = percentage ?
YES NO

stop if ship load is
over maximum (MAXSTOP)

return to MAIN program

Figure IV.9 Flowchart for subroutine SCHEDULE

Subroutine SHIPCOST

SHIPCOST is called by subroutine COSTS to calculate ship capital costs
for the voyage. Figure IV.10 shows the structure of SHIPCOST. Ship
capital costs are calculated as a constant cost per year, equivalent
to the costs of purchasing vessels for the period, less the revenue
from resale of vessels for the period. The components used to
calculate capital costs are:

resale value of the existing vessel at the start of the period;
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scrap value of the existing vessel;
. newbuilding price of the replacement vessel; and

. resale value of the replacement vessel at the end of the analysis
period. ‘ ‘

Each capital cost is discounted to the start of the apalysis period,
and then annualised by subroutine SPREAD. Input file 2 contains the
discount rate used for this purpose. These various capital costs are
then summed to obtain a single annual cost which is converted to a
cost for the voyage by dividing by the number of ship working days per
year, and mulitiplying by the number of days for the voyage.

The user may specify a change in ship capital costs during the
analysis period. This may be entered into BTESHIP as any combination
of the following:

a dollar amount at the time of change;

an extra cost per kilowatt capacity of the ship's engine at the
time of the change; and

. a fractional increase in ship construction cost from the time of
the change.

Each time a ship is replaced during the analysis period, a check is
made to see if the construction cost of the new vessel is affected by
the change. An extra cost per kilowatt capacity of the ship's engine
refers to the engine capacity of the ship before the change, if this
is also altered at the time of change.

Subroutine SHIPGC

SHIPGC s called from the MAIN program to estimate any ship
characteristics not entered by the user. These characteristics are:

. length
beam
. draught

maximum engine power
. gross registered tonnage

. net registered tonnage.

An estimate of the ship's maximum engine power is always calculated by
SHIPGC for use in subroutine POWER. If the maximum engine power was
entered, then the estimate 1is used as an adjustment factor when
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cost = SPREAD (ship value at start of analysis period)
- SPREAD (ship value at end of analysis period)

does a change occur during the
analysis period?
YES NO

cost = cost + SPREAD
{extra ship costs)

FOR each new ship bought within the analysis period

is the ship construction cost affected by

a change?
YES NO
price = new ship price = new ship
price*(1+fract. price
increase)

cost = cost + SPREAD (newbuilding price)
- SPREAD (ship scrap value)

ship capital cost = cost / number of ship working
days per year * days for voyage

return to COSTS

Figure IV.10 Flowchart for subroutine SHIPCOST

calculating required engine power (see subroutine POWER). Each of the
other characteristics are only estimated by SHIPGC if they are not
entered by the user.

SHIPGC estimates the various ship characteristics using regressions of
data from Lloyds Register of Shipping (1984b) and BTE (1980). The
coefficients for the regression equations are contained in input file
4, and will have been read by subroutine INPUTA4.
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Subroutine SHIPINS

SHIPINS is called from subroutine COSTS to calculate ship insurance
costs for the voyage. Ship insurance will have been previously read
from input file 2 as one of the following:

an annual cost expressed as a fraction of ship replacement cost
an annual cost in dollars

a cost per day that the ship is in operation.

The insurance cost associated with the voyage is calculated from the

annual cost on a proportional basis using the number of days a ship is

in operation each year, and the voyage duration. The number of days

that the ship is in operation each year will have been read from input

. file 1, and the voyage time will have been calculated by subroutine
TIMEDIST. . ‘

If insurance costs are input as a fraction of ship replacement costs,
then an annual cost is obtained by multiplying this fraction by the
cost of a new ship.

If an annual dollar cost or a daily cost is input, a change in the
ship construction cost during the analysis period will not affect
insurance costs. However, if insurance costs are input as a fraction
of ship replacement costs, it is assumed that the replacement cost,
and hence the insurance cost, varies at the time of the change,
irrespective of whether or not the ship is actually replaced at that
time. An equivalent constant annual change 1in insurance cost is
calculated by subroutine CHGCOST, and added to the basic annual
insurance cost. This is converted to a cost for the voyage as
described above. :

Subroutine SHIPREP

SHIPREP is called from subroutine COSTS to calculate ship repair and
maintenance costs for the voyage. This will have been previously read
from input file 2 in one of the following forms:

. an annual cost expressed as a fraction of the ship newbuilding
price :

. an annual cost in doilars

a cost per day that the ship is in operation.
Each of these costs 1is converted appropriately into the costs
associated with the voyage using the duration of the voyage and the

number of operational days of the ship per annum. The number of days
that the ship is in operation each year will have been read from input
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file 1, and the voyage time will have been calculated by subroutine
TIMEDIST.

The user may specify a change in ship repair and maintenance cost
during the apalysis period. If a change 1is specified, then an
equivalent constant annual change in repair and maintenance cost is
calculated by subroutine CHGCOST. This is then converted to a cost
for the voyage in the same way an input annual cost is converted. The
ship repair and maintenance cost will be unaffected if the user
specifies a change to the ship construction cost during the analysis
period. This will be the case even if repairs and maintenance have
been entered as a fraction of ship newbuilding price.

Subroutine SHIPRICE

SHIPRICE is called from subroutine COSTS if any ship capital cests for
the ship size being considered have not been entered by the user. If
two costs should be identical, and one of these is entered by the user
(and the other is not), then the cost not entered is set equal to the
entered cost, Cases where two costs should be identical are:

new ship cost, and cost at the start of the analysis period if the
ship is new at the start of the analysis period; and

ship scrap value, and value at the end of the analysis period if
the end of the analysis period corresponds to the end of the life
of the ship.

Any other ship prices that are not entered will retain a zero value.

Subroutines SPEED1 and SPEED2

SPEED1 is called from subroutine SCHEDULE to convert speed in Froude
number to speed in knots.3 This requires the ship length, force of
gravity at sea level, and a conversion factor from metres per second
to knots per hour. The ship length will have been read from input
file 1 or estimated by subroutine SHIPGC. The force of gravity and
the conversion factor are constants set in the MAIN program.

SPEED2 calculates speed in knots using route times, sea distance and
the bad weather factor. It is called from subroutine SCHEDULE if
speed was entered as a number of days for the voyage. Route times
will have been previously calculated by subroutine TIMEDIST. The sea
distance and bad weather factor are contained in input file 1.

3. It is not expected that this form of speed specification would
normally be used.
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Subroutine SPREAD

SPREAD is a utility routine called from subroutine CHGCOST and
subroutine SHIPCOST. It calculates a constant annual cost for the
entire ‘analysis period, equivalent to a given value at a given time.
This is done by discounting the given value to an equivalent amount at
the start of the analysis period, and then calculating an equivalent
annual cost over the whole analysis period. The relations used for
discounting and annualising costs are discussed in Chapter 2. The
Tength ‘of the analysis period will have been read from input file 1,
and the discount rate will have been read from input file 2. A real
discount rate is used and all costs are expressed in constant dollars.

Subroutine STEV

STEV is called from subroutine COSTS to calculate stevedoring charges
for the voydge, if the user has specified their inclusion in total
costs. The option to exclude steyedoring charges 1is contained in
input file 2 which also contains the relevant information on these
charges when required.

The charges include charges to load each cargo type in port A, charges
to unload each cargo type in port B and charges to lecad fuel. The
number of units of each cargo type will have been calculated by
subroutine . SCHEDULE. Charges for containerised and non-containerised
cargo are added into the total stevedoring charge, but are also
retained separately for use in subroutine DISTRIBUTE.

Fuel weights for the voyage will have been calculated by subroutine
FUELWT. Voyage time will have been calculated by subroutine TIMEDIST.
Subroutine SUMUP

SUMUP is called from SCHEDULE to sum the quantities of various cargo
typés. The following quantities (in teus) of containerised cargo are
summed: : :

. total container load
. reefer container load
. empty container load

non-empty container 1load.

Also calculated for each por£~are:
. cargo quantities loaded or unloaded

. cargo quantities remaining on board.
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These cargo quantities are calculated 1in number of teus of
containerised cargo, tonnes of containerised cargo, tonnes of non-
containerised cargo and tonnes of all cargo.

Subroutine TIMEDIST

TIMEDIST is called from subroutine SCHEDULE to calculate route times
when the ship load is known. Figure IV.1l shows the structure of
TIMEDIST. Route times are:

time in port
time at sea

voyage time.

Time in port is obtained from subroutine PORTTIME, which requires the
ship load to calculate stevedoring times. If the voyage time was
entered in input file 1, then the time at sea is set to the voyage
time less the time in port. Otherwise, the speed in knots wiil be
known and is used to calculate time at sea from the sea distance and
bad weather factor. Time spent in canals and pilotage time are also
included in time at sea. These will have been read by subroutine
INPUT1. Voyage time is the sum of time in port and time at sea.

calculate time in port (PORTTIME)

was speed input as a number of
days for the voyage?

YES NO
time at sea = time at sea = sea

voyage time - distance /(speed *
time in port bad weather factor)

+ time in canals
+ pilotage time

total voyage time =
time in port + time
at sea

return to SCHEDULE

Figure IV.11 Flowchart for subroutine TIMEDIST
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Subroutine TIMEEST

TIMEEST is called from MAXIMUM if a deadweight correction value is not
entered in input file 1. MAXIMUM is called to estimate the maximum
allowable cargo load for the ship when the percentage loading option
is chosen. TIMEEST estimates route times to be used in calculating an
upper limit for the weight of fuel consumed. Figure IV.12 shows the
structure of TIMEEST.

If the speed was entered as a number of days for the voyage, then time
in port is minimised by assuming that no time is spent stevedoring (it
is assumed that more fuel is consumed at sea than in port). The time
at sea is then the voyage time less the time in port.

If, however, the voyage time is unknown the speed in knots will be
known. This is then used to calculate time at sea, together with the
sea distance and bad weather factor from input file 1. The time spent
in canals and pilotage time is also added to time at sea.

Data on the ship cargo load will have been read from input file 3, and
estimates of the actual voyage load calculated in subroutine CARGOZ.
This voyage Toad is transferred to subroutine PORTTIME. This may
result in an estimate of time in port that exceeds the time actually
in port. This is because the cargo load obtained from CARGOZ may be
slightly greater than the allowable 1imit for the vessel.

was speed input as days for

voyage?
YES NO
time in port = days time at sea = distance
at wharf not /(speed * bad weather
stevedoring factor) + time in canals

+ pilotage time

time at sea = voyage calculate time in port for
time - time in port . present toad (PORTTIME)

return to MAXIMUM

Figure IV.12 Flowchart for subroutine TIMEEST
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Subroutine TUGLNCH

TUGLNCH is called from subroutine COSTS to calculate tug and 1launch
charges if port charges are to be included in the total cost. The
option to exclude port charges is contained in input file 2.

Tug and Taunch charges and the number of tugs and launches required in
each port are also read from input file 2. The charge per tug or
launch may be input as either a charge per movement or a charge per
movement per ship ton. Tug and launch charges are only calculated for
departure from port A and entry to port B. The ship tonnage may be
either the nrt or the grt, as indicated in input file 2. These
tonnages will have either been read from input file 1 or estimated in
subroutine SHIPGC.

Subroutine VICTLS

VICTLS 1is called from subroutine COSTS to calculate the cost of
victuals for the voyage. This is entered in input file 2 as an
expenditure per person per day. The total daily expenditure is
calculated using the crew size, and this in turn is converted to total
victuals cost for the voyage. The crew size comes from input file I,
and the voyage time will have been calculated by subroutine TIMEDIST.

The user may specify a change in the crew size during the analysis
period. If this is the case, the change 1in annual victuals cost is
calculated. Subroutine CHGCOST calculates a constant annual change in
cost over the analysis period. The change in victuals cost for a
voyage is calculated using voyage time and the number of days that the
ship is in operation each year.
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APPENDIX V DESCRIPTION OF NASSI-SHNEIDERMAN CHARTS

Nassi-Shneiderman charts are a graphical representation of an
algorithm. The charts shown in Appendix IV are based on concepts
presented in Nassi and Shneiderman (1973). They are a combination of
what are called process symbols and control structures.

Process symbols are boxes containing descriptions of processes such as
assignment, input and output, procedure and function calls and
returns. Any process symbol may also represent a complete
Nassi-Shneiderman chart; or a null action. In this Paper, if a
process is carried out by a procedure or function call, then the name
of the procedure or function will appear in brackets. If a separate
chart is presented for that procedure or function, then the process
symbol will appear in Appendix IV with double lines at its sides.

There are three basic control structures:
. sequences
selection
iteration.
More powerful structures may be used, although they are not necessary.
The structures used in this Paper are described below.

Sequences

A sequence is a set of process symbols, each above the next. The
symbol at the top is executed first, and the symbol at the bottom is
executed last. See Figure V.1.

Selections

A selection is a conditional expression which indicates possible
outcomes and process symbols to be performed depending on the outcome
of the test. See Figures V.2 and V.3 for examples.
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process 1

process 2

Source Adapted from Nassi and Shneiderman (1973).

Figure V.1 An example of sequence in a flowchart

YES

true ?

is condition
NO

set. of
processes A

set of

processes B

Source Adapted from Nassi and Shneiderman (1973).

Figure V.2 An example of simple selection in a flowchart

does condition equal?

A

set of

set of

processes A processes B

set of

processes C

Source Adapted from Nassi and Shneiderman (1973).

Figure V.3 An example of three-way selection in a flowchart
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Iteration

An iteration is a set of processes that can be repeated. A test is
made, either before or after execution of the set of processes, to
determine if a further execution of the processes will occur. Hence,
if the test 1is above the set of processes, they may or may not be
executed at aill.

Figure V.4 is a flow chart for a FOR loop. This type of iteration
executes a set of processes once for each item in a 1ist of items.

FOR each item

set of processes A

Source Adapted from Nassi and Shneiderman (1973).

Figure V.4 An example of a FOR loop
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APPENDIX VI DICTIONARY OF VARIABLES USED IN BTESHIP

The following 1ist describes the major variables used in program
BTESHIP. Each variable name is accompanied by its variable type and a
description of its use in the program. The following characters are
used to denote variabie type:

- character variable
- integer variable
- real variable.

A = O

The system used to describe variables relating to vessel cargo
loadings is explained at the end of the list of variable names.

ADMDAY (X) R Administration cost per day for ship X.
ADMFRAC R Ship administration cost as a fraction of ship
cost excluding fuel.

AGEINTRO 1 Age of ship at time of change.

AGEND I Age of ship at end of analysis period.

ALLCARG(X,Y) R Cost item X for all cargo on ship Y ($/tonne).

ANNINC R Equivalent annual cost when an increase in an
annual cost occurs due to a change.

AUXBP R Auxiliary fuel consumption for bulk ships in
port from input file 4 (tonnes/day).

AUXBSA R Auxiliary fuel consumption for bulk ships at
sea from input file 4: coefficient a.

AUXBSB R Auxiliary fuel consumption for bulk ships at
sea from input file 4: coefficient B.

AUXBSC R Auxiliary fuel consumption for bulk ships at
sea from input file 4: coefficient Y.

AUXNB R Base auxiliary fuel consumption for non-bulk
ships from input file 4 (tonnes/day).

AUXOPT I Auxiliary fuel input option.

AUXPDAY (X) R Auxiliary fuel consumption for ship X in port
from input fite 1 (tonnes/day).

AUXPKW(X) R Auxiliary fuel consumption for ship X in port
from input file 1 (grams/kilowatt hour).

AUXPORT R Auxiliary fuel consumption in port (tonnes).
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AUXPPOW(X)
AUXPRICE
AUXREEF
AUXSDAY (X)

AUXSEA
AUXSKW(X)

AUXSPOW(X)
AUXTOT (X)
AVPRICE
AVSCRAP
BEAM(X)
BLKCARG (X)
BLKSTEV (X)
BLKTON(X;Y)
BLKVERPC
BLKWPERC
BLR(X,Y)
BTPERC (X)
BULK (X)
BULKPERC
BWFACTOR
CANALOPT
CANCH(X)
CANTIME

CANTYPE(X)
CARGPERC

CARGVOL (X)

122
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Auxiliary power requirements for ship X in
port from input file 1 (kilowatts).

Auxiliary engine fuel price.

Additional auxiliary fuel consumption per
reefer for containerised or part containerised
ships from input file 4 (tonnes/day).
Auxiliary fuel consumption for ship X at sea
from input file 1 (tonnes/day).

Auxiliary fuel consumption at sea (tonnes).
Auxitiary fuel consumption for ship X at sea
from input file 1 (grams/kilowatt hour).
Auxiliary power requirements for ship X at sea
from input file 1 (kilowatts).

Auxiliary engine fuel consumption for ship X
(tonnes for voyage).

Average price of a new container.

Average scrap value of a container.

Beam of ship X (metres).

Wharfage charge for non-containerised cargo in
port X.

Stevedoring charge for non-containerised cargo
in port X.

Cost -item X for non-containerised cargo on
ship Y ($/tonne).

Per cent of cargo by volume which is non-
containerised.

Per cent of cargo by weight which is non-
containerised.

Loading or unloading . rate for
non-containerised cargo in port Y for ship X.
Percentage of non-containerised cargo which is
transhipped in port X.

Tonnes of non-containerised cargo on board
ship X during the voyage.

Percentage of cargo by volume which 1is non-
containerised cargo.

Bad weather factor.

Option to include or exclude canal charges.
Charge to traverse canal X.

.Time spent in canals during voyage (days).

Name indicator for the Xth canal.

Total 1loading of cargo and containers for
voyage when ship loading option = 2 (per cent
of capacity).

Volume of cargo on ship X, excluding empty



CARGWT (X)
CLR(X,Y)

CMTCON
CMTTOT
COLUMNS
CONCARG (X)

CONCLEAN
CONSTEV(X)

CONT(X)
CONTAINER
CONTEU(X,Y)

CONTLIFE
CONTON(X, Y)

CONTHWT (X)

COST
CRER
CREW(X)
CREWCOST
CREWDEC
CSR
CTPERC(X)

CUROPT
CURRENCY
CURROPT (X)
DISCR(X)
DRAFT (X)
DRYFRAC

DRYPRICE
DRYRES
DWT (X)
DWTCOR
EDC(X)
EFFECT
EMPT(X)
EMPTPERC

~ = X 0

~ X

=

A O e X O = O = 0

O 0~ X0 0 0 0 X

Appendix VI

containers (cubic metres).

Weight of cargo on ship X, excluding weight of
containers (tonnes).

Loading or unloading rate for containerised
cargo in port Y for ship X.

Container maintenance cost per teu.

Annual container maintenance cost for ship.
Number of cost columns in output table 1.
Wharfage charge for containerised cargo in
port X.

Cost to clean a container in port A.
Stevedoring charge for containerised cargo in
port X.

Total number of containers on ship X (teus).
Volume of a container (cubic metres per teu).
Cost item X for containerised cargo on ship Y
($/non-empty teu).

Average 1ife of a container (years).

Cost item X for containerised cargo on ship Y
($/tonne).

Weight of containerised cargo on ship X
{tonnes).

Temporary variable.

Exchange rate: $crew payments per $A.

Crewing Tevel for ship X.

Annual crew costs per berth.

Decrease in ship crewing level after change.
Container slot ratio.

Percentage of containers which are transhipped
in port X.

Input currency option.

Output currency option.

Input currency option for port X.

Run description, part X.

Draught of ship X (metres).

Fraction of all containers which are dry
containers.

Price of a new dry container.

Scrap value of a dry container.

Deadweight of ship X (tonnes).

Deadweight correction value.

Number of empty, dry containers on ship X.
Option indicating the effect of a change.
Number of empty containers on ship X.
Percentage of containers which are empty.
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EMPTVOL (X)

EQUIV
ERC(X)
ESTHPR
EXCOL
FCONDEC

FDC(X)
FNAME
FRC(X)

FREQ

FROUDE
FTMETRE
FUEL
FUELTOT (X)

FULL(X)
GRAVITY
GRT (X)
GTONNE
HEAD(X,Y)

HLINE
HPOW(X)

HRDAY
INCPORT

INCSEA

INSDAY (X)
INSFRAC

INSYR(X)
INTEREST
INTRO
KNOTS
LDBULK (X, Y)
LDCON(X, Y)
LDEMPT (X, Y)
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Volume of empty containers on ship X (cubic
metres).

Output from subroutine SPREAD.

Number of empty, reefer containers on ship X.
Estimate of maximum engine power (kilowatts).
Equivalent to COLUMNS less one.

Decrease ‘in fuel consumption after change

(grams/kilowatt hour).

Number of non-empty, dry containers on ship X.
Name for an input or output file.

Number of non-empty, reefer containers on ship
X

Number of times that this voyage is made each
year., ‘

Froude -number from input file 1.

Feet per metre.

Fuel cost for voyage.

Total fuel consumption for ship X (tonnes for

‘voyage).

Number of non-empty containers on ship X.
Force of gravity at sea level (m/s%).

Gross registered tonnage for ship X.

Grams per tonne.

Line Y of headings for column X+1 of output
page 1.

Width of table body on output page 1.

Average required engine power for ship X at
sea (kilowatts).

Hours per day.

Annual increase in fuel costs in port when a
change occurs.

Annual increase in fuel costs at sea when a
change occurs.

Insurance cost per day ship X is in operation.
Ship 1insurance cost as a fraction of ship
replacement cost.

Insurance cost per year for ship X.

Annual real interest rate.

"Time until introduction of change (years).

.(metres/second)/(knots/hour).

Total non-containerised cargo loaded/unloaded
in port Y for ship X for voyage.

Total containers loaded or unloaded in port Y
for ship X for voyage.

Number of empty containers loaded or unloaded



LDFDAL(X,Y)
LDFRAL(X,Y)
LDFULL(X,Y)
LDTALL(X,Y)
LDTON(X, Y)
LDTOT(X,Y)
LDTTON(X,Y)
LDTTOT(X,Y)

LENGTH(X)
LFDV(X)

LFRV(X)

LNCH(X)
LNCHT (X)

LOAD
LOADOPT

LOADPERC (X)
MAINDAY (X)

MAINKW(X)

MAINPRICE
MAINSEA(X)

MAINTINC
MAXPERC

MAXPOW (X)
MAXVOL (X)

MAXWT (X)
NA

el

A

o
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Appendix VI

in port Y for ship X for voyage.

Number of 1laden dry containers 1loaded or
unloaded in port Y for ship X for voyage.
Number of 1laden reefer containers 1loaded or
unloaded in port Y for ship X for voyage.
Number of laden containers loaded or unloaded
in port Y for ship X for voyage.

Number of laden containers transhipped in port
Y for ship X for voyage.

Weight of containerised cargo loaded or
unloaded in port Y for ship X for voyage.
Weight of all cargo i1oaded or unloaded in port
Y for ship X for voyage.

Weight of containerised cargo transhipped in
port Y for ship X for voyage.

Weight of all cargo transhipped in port Y for
ship X for voyage.

Length of ship X (metres).

Number of 1laden dry containers loaded or
unloaded in port X for voyage.

Number of 1laden reefer containers loaded or
unloaded in port X for voyage.

Launch charge in port X per movement.

Launch charge in port X per ship ton per
movement.

Number of containers cleaned for voyage.

Ship loading input option.

Per cent of cargo and containers on board
during voyage which is loaded or unloaded in
port X.

Main engine fuel consumption at sea
(tonnes/day).

Main engine fuel consumption (grams/kilowatt
hour). .

Main engine fuel price ($/tonne).

Main engine fuel consumption for ship X
(tonnes for voyage).

Fractional increase in ship repair and
maintenance costs after change.

Maximum allowable 1loading of all cargo and
containers (per cent of capacity).

Maximum engine power for ship X (kilowatts).
Volume 1imit for ship X (cubic metres).

Weight 1imit for ship X (tonnes).

Eight character string used in output tables
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NAME (X)

NATLTCH(X)
NEWPRICE
NOSTEV (X)
NRT (X)
NUMLN (X)
NUMPORT (X)

NUMSIZE

NUMTUG (X)
OPER

OPTION

OUTOPT
P1ER
P2ER
PERIOD
PILOT(X)
PORT

PORTBLK(X)

PORTBM(X)
PORTCH(X)
PORTCONT (X)
PORTCST
PORTDAY (X)
PORTDGRT (X)

PORTDNRT (X)
PORTDRF (X)

PORTEMPT (X)
PORTFRAC (X)

PORTFUEL

PORTGRT (X)
PORTLEN(X)
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to indicate 'not applicable’.

For use in output tables to indicate Ship A,
B, C or D.

National .1ight charge per ship ton in port X.
New ship price.

Time not stevedoring in port X (days).

Net registered tonnage for ship X (tonnes).
Number of launches required in port X.

Number of port calls in port X's country
during time covered by one national 1light
charge.

Number of similar ships to be costed in one

run.
Number of tugs required in port X.
Vessel cost for voyage, excluding

administration costs.

Indicates whether default file name is to be
used. ‘

Option for extended or summary output formats.
Exchange rate: $port 1 per $A.

Exchange rate: $port 2 per $A.

Years in the analysis period.

Pilotage time for port X (days).

Indicates whether port A or port B 1is being
costed ‘

Wharfage charge per tonne of non-containerised
cargo in port X.

. Charge in port X pér metre of ship beam.

Fixed charge for port X.

Wharfage charge per dry container in port X.
Total fuel cost in port.

Port charge per day in port X.

~ Port charge per day per gross registered ton

in port X.

Port charge per day per net registered ton in
port X.

Charge in port X per metre of ship draught.
Wharfage charge per empty container in port X.
Fraction of partially attributable port
charges to be attributed to the current voyage

in port X. ‘
Wharfage charge per tonne of fuel loaded in
port A. ‘

Charge in port X per gross registered ton.
Charge in port X per metre of ship length.



PORTNRT (X)
PORTOPT
PORTRAN(X)
PORTREEF (X)
POWPERC

REEFFRAC
REEFOPT

REEFPCH
REEFPERC
REEFPORT
REEFPRICE
REEFRES
REEFSCH
REEFSEA
REEFTOT
REGADJ (X)

REGBEM(X, Y)
REGDRF (X, Y)
REGGRT (X, Y)

REGLEN(X,Y)
REGMPW(X,Y)

REGNRT (X, Y)
REGRPW(X,Y)
REMCAP (X)
REMCON(X,Y)
REMEMPT (X, Y)
REMFULL (X, Y)

REMTON(X,Y)

—
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Appendix VI

Charge in port X per net registered ton.
Option to include or exclude port charges.
Wharfage charge per transhipped container in
port X.

Wharfage charge per reefer container in port
X.

Fraction of ship's maximum engine power
utilised at sea.

Fraction of all containers which are reefers.
Indicates if auxiliary power requirements
include an aliowance for reefer containers.
Total auxiliary fuel cost for reefers in port.
Percentage of containers which are reefers.
Total auxiliary fuel consumption for reefers
in port (tonnes).

Price of a new reefer container.

Scrap value of a reefer container.

Total auxiliary fuel cost for reefers at sea.
Total auxiliary fuel consumption for reefers
at sea (tonnes).

Number of reefer containers on board ship.
Coefficient X for fuel adjustment as a
function of the fraction of 1installed power
utilised.

Coefficient X for beam of ship type V.
Coefficient X for draught of ship type Y.
Coefficient X for gross registered tonnage of
ship type Y.

Coefficient X for length of ship type Y.
Coefficient X for maximum engine power of ship
type Y.

Coefficient X for net registered tonnage of
ship type Y.

Coefficient X for power requirements of ship

type Y.

Cargo capacity other than container capacity
for ship X.

Number of containers remaining on board ship X
in port Y.

Number of empty containers remaining on board
ship X in port Y.

Number of laden containers remaining on board
ship X in port V.

Weight of containerised cargo remaining on
board ship X in port VY.
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REMTOT (X, Y)
SEACOST
SEADIST
SHEXKW

SHEXTRA
SHIPAGE

SHIPLIFE
SHIPTYPE
SHPINC

SHPRICE(X,Y)
SHWD

SIZENUM
SMALL
SMTDAY (X)
SMTFRAC
SMTYR(X)
SNUM
SPACE
SPEED(X)
SPEEDOPT
SPRICE(X)
STEVBLK(X)
STEVEMPT (X)
STEVFD(X)
STEVFR(X)

STEVFUEL
STEVOPT

STEVP1

STEVYP2
STEVTRAN(X)
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Weight of all cargo remaining on board ship X

“in port Y.

Total at sea fuel cost.

Sea distance for voyage (nautical miles).
Extra ship cost per kilowatt capacity of the
ship's engine at time of change ($/kilowatt).
Extra ship cost at time of change ($).

Age of ship at the start of the analysis
period. ‘

Expected ship 1ife (years).

Ship type option.

Fractional increase in ship construction cost

-after change..

Price of ship Y at age indicated by X.

Number of days for which the ship is in
operation each year.

Counter for similar ships.

A positive number close to zero.

Ship repair ‘and maintenance cost per day ship
X is in operation.

Ship repair and maintenance cost as a fraction
of annual capital cost.

Repair and maintenance cost per year for ship
X. ‘

Counter for similar ships.

Width of table on output page 1.

Average speed for ship X at sea (knots).

Ship speed input option. ‘
Indicates whether all values for ship X were
entered in input file 2.

Charge to Toad or unload non-containerised
cargo in port X ($/tonne).

Charge to load or unload an empty container in
port X.

Charge to load or unload a dry container in
port X.

Charge to load or unload a reefer container in
port X.

Charge to load fuel in port A ($/tonne).
Option to include or exclude stevedoring
charges. : :

Stevedoring charges in port A for voyage.
Stevedoring charges in port B for voyage.
Charge ' to load or wunload a transhipped

-container in port X.



STOCK
STOCKO

STOCKP

STOCKVAL
STOREXP
STUB(X)
STUB2(X)
STYPE(X)
TCAN(X)
TEU(X)
TONLT(X)

TONTUG (X)

TOTAL(X,Y)
TOTVOL (X)

TOTVPERC
TOTWPERC
TOTWT (X)

TPORT (X)
TPORTA(X)
TPORTB(X)
TPORTEST
TPORTT(X)
TSEA

TSTEAM(X)

TSTEAMEST
TUGCH(X)
TUGCHT (X)

UNIT(X,Y)
USER
VICTUAL
VOGT (X)
VOGTEST
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Appendix VI

Total number of containers required for ship.
Value of container stock at the start of the
analysis period, annualised over the entire
analysis period.

Value of container stock at the end of the
analysis period, annualised over the entire
analysis period.

Value of stock of containers.

Annual ship stores expenditure.

Cost item descriptions for output page 1.
Cargo type descriptions for output page 2.
Ship type descriptor for output files.

Time to traverse the Xth canal (days).
Container capacity of ship X {teus).

Option of tonnage measurement for national
1ight charges in port X.

Option of tonnage measurement for tug and
launch charges in port X.

Cost item X for voyage on ship Y (§).

Volume of cargo and empty containers on ship X
(cubic metres).

Total cargo capacity utilised (per cent by
volume).

Total cargo capacity utilised (per cent by
weight).

Weight of cargo and containers on ship X
(tonnes).

Time spent in port X (days).

Time spent in port A by ship X (days).

Time spent in port B by ship X (days).
Estimate of total time spent in port (days).
Total time spent in port by ship X (days).
Time at sea, excluding time in canals and
pitotage (days).

Time at sea, including time in canals and
pilotage for ship X (days).

Estimate of time steaming (days).

Tug charge per ship ton in port X.

Tug charge per ship ton per movement in port
X.

Column X of cost item Y for output page 1.
Exchange rate: US$ per $A.

Victuals expenditure ($/person/day).

Voyage time for ship X (days).

Estimate of voyage time (days).
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WTACON(X)
WTBULK
WTCON

WTEMCON

R

Weight of containers on ship X, excluding
cargo (tonnes).

Average density of non-containerised cargo
(tonnes/cubic metre).

Average weight of cargo per non-empty teu
(tonnes).

Weight of an empty container (tonnes).

The following system is used to name variables containing details of

cargo loadings.

Variables are of the form 'abcd', where:

a = LD for cargo loaded or unloaded
ONBD for cargo on board during voyage
REM for cargo remaining on board the vessel

b = E for empty containers
F for laden containers, non-transhipped
T for laden containers, transhipped

c = D for dry containers
R for reefer containers
BK for bulk cargo ('b' is ignored in this case)

d = V for voyage
Y for year.

Hence, LDEDV (X,Y) is the number of empty dry containers 1loaded or
unioaded in port Y for ship X for one voyage.
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ABBREVIATIONS

$A

BTE

cC
con-bulk
DoT
dwt
ESCAP
grt
IBM PC
150

kW

1dt
nrt
reefer
ro-ro
teu
Us$

Australian dollars

Bureau of Transport Economics

Concurrent Computer

container-bulk

Federal Department of Transport

deadweight tonnes

Economic and Social Commission for Asia and the Pacific
gross registered tons

International Business Machines Personal Computer
International Standards Organisation

kiTowatt

1ight displacement tons

net registered tons

refrigerated container

roll-on roll-off

twenty-foot equivalent unit

United States dollars
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