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FOREWORD

This Working Paper was compiled as part of the Bureau’s
ongoing research examining greenhouse gas emissions from
Australian transport, the initial output of which was BTCE
Working Paper 1 Greenhouse Gas Emissions 1in Australian
Transport. The current study on the fuel efficiency of ships
and aircraft was initiated by a request from the Australian
Bureau of Agricultural and Rescurce Economics (ABARE) for
information to assist in projecting energy usage in various
sectors of the Australian econcmy.

The paper was prepared by Neil Kelso, under the general
direction of Beryl Cuthbertson, and while Michael Cronin was
Research Manager.

Leo Dobes
Research Manager
Maritime and Environment Branch

Bureau of Transport and Communications Economics
Canberra
November 1992
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ABSTRACT

This working paper examines past trends in the fuel efficiency
of ships and aircraft, and looks at technical developments and
economic factors which could yield further improvements. The
period to 2005 has received attention because of the
Australian Government’s 1990 decision to adopt the Toronto
target, as an interim planning measure. This target involved
a reduction in emissions of greenhouse gases not controclled by
the Montreal Protocol to 20 per cent below 1988 levels, by
2005.

A simple spreadsheet model 1is used to estimate future fuel
usage by the Australian fleets of ships and aircraft, in both
domestic and international transport. The model takes account
of the current composition and possible replacement patterns
of the Australian fleets, the likely rates of improvement in
fuel efficiency, and forecasts of the various transport tasks.
Possible effects of economic factors bearing on fuel use are
considered. Finally the paper presents tentative estimates of
future changes in emissions of carbon dioxide from Australian
fleets of ships and aircraft, considering the predicted
improvements in fuel efficiency and some tentative projected
increases in task growth.
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SUMMARY

This paper forms part of the Bureau’s ongoing research on
greenhouse gas emissions, the 1initial results of which are
contained in BTCE Working Paper 1 Greenhouse Gas Emissions in
Australian Transport. The original impetus for the paper was
a request from the Australian Bureau of Agricultural and
Resource Economics (ABARE) for information regarding trends in
fuel consumption rates for ships and aircraft to assist in
formulating projections of Australian energy usage.

The paper considers the potential for improvements in ship and
aircraft fuel economy, and the fuel economy and total fuel
consumption of the Australian fleets through to 2005, given
projected growth ©patterns. Possible consequences for
emissions of CO, from the Australian fleets of ships and
~aircraft are indicated.

Coastal shipping is estimated to be responsible for less than
4 per cent of Australia’s emissions of greenhouse gases, and

aviation about 6 per cent. While international shipping and
aviation generate large amounts of emissions due to the
distances involved (BTCE 1991), currently, Australian

international fleets carry only a small percentage of our
international trade task and less than half our international
travel task.

SHIPPING

Over the past 20 years there has been a considerable
improvement in the fuel efficiency of shipping. An
International Energy Agency (IEA) index of the energy
intensity of world shipping from 1973 to 1984 shows a
reduction in intensity of over 35 per cent, with a high rate
of improvement in the mid-1970s and in the later part of the
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period covered. Data from the Australian National Maritime
Association show improvements in fuel efficiency for
Australian coastal ships from 1975 to 1987 of 19 per cent for
general cargo vessels, 50 per cent for bulk carriers and 29
per cent for tankers.

Recent replacements of Australian ships with more fuel
efficient (and smaller crewed) vessels have been encouraged by
‘the ' Ships 'Capital Grants scheme (1987) and the Maritime
Industry Development Committee (MIDC) scheme. By 1997 almost
all ships in the major trading fleet built before 1982 are
expected to have been replaced or have had replacements
ordered.

For the future, no great improvements in overall engine
efficiencies are foreseen for larger marine diesel engines,
but increases in propulsion system efficiency are still
possible. Higher thermal efficiencies are still theoretically
possible from turbocharging = and turbo-compounding, from
ceramic coated engine components, automated engine. monitoring
and = management systems and ‘ from technologies which will
improve part-load fuel economy, such as variable exhaust
closing and variable injection timing. Efficiency gains are
also possible from hull appendages aimed at wake vortex
smoothing and from new propeller designs. From scrutiny of
the technology and of fleet replacemént patterns, the average
efficiency of the Australian-flag fleet might be expected to
rise by 20 to 25 per cent between 1988 and 2005.

Estimates of future fuel consumption were made with the use of
a spreadsheet model which listed each ship, and its fuel
consumption per day, in the Australian coastal major trading
fleet (over 2000 deadweight tonnes), and in the Australian-
flag international fleet. It was assumed, unless more
definite information was ~available, that ships would be
replaced at age 15 years (or 1992 if this age had aready been
reached by that year), by a ship built in the year prior to
replacement. Fuel consumption of the replacement vessels was
estimated by regression equations developed from data on
existing ships.
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The model suggests that, should replacement vessels be of the
same size and operate at the same speed as the ships they
replace, the average rate of fuel consumption for the
Australian-flag international fleet could drop by about 20 per
cent between 1988 and 2005. This represents the trend rate of
improvement in the fuel consumption of existing diesel ships
of various vintages when applied to the replacement pattern of
the fleet. It is probably close to an upper bound of possible
reductions because of the improvements over the past couple of
decades, but technical considerations suggest that it is
achievable. Additional gains of about 8 percentage points
could be achieved if the each ship were replaced by a vessel
of 10 per cent larger deadweight tonnage which was operated at
a 10 per cent lower speed to achieve the same carrying

Capacity.

For the coastal major trading fleet there is an additional
factor to be considered. This is the existence of four large
coal burning ships which c¢ould be replaced by motor ships
burning a fraction of the tonnage of carbon-containing fuel.
Just over half of the improvement projected by the model 1is
from the assumed replacement of these four coal burning ships
with fuel oil-burning motor ships. The model suggests that
for the coastal major trading fleet as a whole, the average
rate of fuel consumption could fall by about 40 per cent
between 1988 and 2005. About 90 per cent of the projected
fuel efficiency improvement could be achieved by replacing
existing ships, when they fall due for replacement, with
vessels having levels of fuel efficiency already achieved by
modern diesel ships. When a ship life of 20 years was
assumed, these improvements in fleet average fuel efficiency
by 2005 were reduced somewhat.

AVIATION

The energy intensity of aviation (in terms of fuel burned per
seat-kilometre) in OECD countries declined by over 35 per cent
from 1973 to 1983, according to the IEA. One airliner
manufacturer expects the overall fuel-efficiency of the global
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jet fleet to continue to improve, with an increase of 34 per
cent from 1989 to 2005. The narrow-body segment is expected
to increase its fuel-efficiency by about 42 per cent from 1989
to 2005 as larger aircraft are introduced and chapter 2
aircraft are replaced by the quieter chapter 3 aircraft. The
latter feature high by-pass @ engines, which besides being
quieter, are typically 30 to 40 per cent more fuel efficient
than chapter 2 equivalents. These efficiency improvements may
moderate the increase 1in emissions which ‘might be expected
from the large projected increases in the numbers of aircraft.
Boeing fdresee an increase of  two-thirds in the world jet
fleet between 1988 and 2005. |

Future fuel economy gains will come from increasing aircraft
size, improved aerodynamics, reduced weight from advanced
materials and from progress in engine design, with the rate of
progress likely to be influenced by future fuel price levels.
However, because of the ‘lifespan of modern airliners,
especially wide-bodied planes, many already in service are
expected to be still operating in 2000. Every wide-bodied
plane built to date would still be structurally capable of
flying in 2000, many with still 10 years of useful life. Many
of the newer wide-bodied models, such as 767s and .ABIOs,
should still be in production, as it takes at least 10 years’
production to generate a profit.

Another spreadsheet model was developed to estimate changes in
~aircraft fleet average fuel efficiency from base year 1988.
The modelv;lists, each passenger aircraft in the Australian
domestic airline (not including commuter airlines) and
international fleets and its fuel consumption per seat-
kilometre. It was assumed for the base case, unless more
definite information was available, that each aircraft would
be replaced at age 15 years. This short economic life
reflects an assumption of increasing real fuel costs in the
future and also ongoing improvements in aircraft fuel economy.

The model indicates, for the base case, trend domestic fleet
average fuel economy improving by some 33 per cent between
1988 and 2005. If the existing size mix of aircraft in the
domestic fleet were to be maintained, then the amount of fuel
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used would grow by about 35 to 40 per cent over 1988 levels by
the year 2005, at projected traffic growth rates (FAC 1991).
When an aircraft 1life of 20 or 25 vyears 1is assumed,
improvements in fuel efficiency are reduced.

The model was also used to examine a scenario where it was
assumed that all existing aircraft in the domestic fleet were
replaced by the most fuel-efficient large and small aircraft
in the current fleet: A300-600Rs and F50s, instead of with
aircraft having efficiencies estimated by regressions on
existing aircraft of different vintages. This scenario
resulted in a 96 per cent increase 1in fleet average fuel
efficiency between 1988 and 2005. Clearly, the improvements
in fuel efficiency which would be possible if economies of
aircraft size could be achieved throughout the fleet greatly
outweigh the 1likely improvements from technical advances in
aircraft and engine design.

For the Australian international fleet, the base case
improvement in fuel efficiency was about 28 per cent.
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CEAPTER 1 INTRODUCTION

This paper explores the potential for improvements in the fuel
economy of Australia’s fleets of ships and aircraft. The work
developed from an initial requirement for data for the
.Bureau’s ongoing research on emissions of greenhouse gases
from the transport sector, and a regquest from the Australian
Bureau of Agricultural and Resource Economics (ABARE) for
information regarding trends in fuel consumption rates for
ships and aircraft to assist it in formulating its projections
of Australian energy usage.

The Bureau has reported the initial results of its research on
greenhouse gas emissions from various modes of transport, and
on ways of reducing these emissions, in BTCE Working Paper 1
Greenhouse Gas Emissions in Australian Transport.
Improvements in fuel economy of vehicles and vehicle fleets
are of major significance in considering the likelihood of
achieving either the Federal Government’s interim planning
target to reduce greenhouse gas emissions not controlled by
the Montreal Protocol to 20 per cent below 1988 levels by the
year 2005, or even the lesser demand arising from the UN Rio
Conference framework convention, which asks that developed
countries aim to return emissions to 1990 levels by 2000.

The great bulk (about 98 per cent) of Australian greenhouse
gas emissions from domestic transport is comprised of carbon
dioxide (CO,) and carbon monoxide (CO), which eventually
oxidises to CO,. For aviation and shipping the percentages are
92 and 99 per cent respectively. Much of commercial aircraft
emissions 1is generated at considerable altitudes and may be
more damaging than emissions generated at ground level. This
applies especially to oxides of nitrogen (NO,), which may have
stronger greenhouse effects when emitted from aircraft engines
than from, say, motor vehicles. The NO, leads to an increase
in tropospheric ozone, which is an active greenhouse gas at



these altitudes. The proportion of NO, in total emissions is
likely to increase with increasing engine fuel efficiency, and
the higher engine combustion temperatures this implies.

Chapter 2 describes recent trends in the fuel efficiency of
ships and likely advances in the period of interest, that is
to 2005. Chapter 3 presents the results of spreadsheet models
of the potential fuel efficiency gains to 2005 for the
Australian fleets of coastal and international ships. Chapter
4 examines recent trends and likely future developments in the
fuel efficiency of commercial airliners. Potential fleet fuel
efficiency gains to 2005 for the Australian fleets of domestic
and international aircraft are assessed in chapter 5. Chapter
6 presents the conclusions of the paper concerning fleet fuel
consumption and emissions. Appendix I shows printouts for the
ship fleet models, while appendix II shows those for the
aircraft fleets. Appendix III ©presents some tentative
estimates of the effects of fuel economy changes on emissions
of CO,, the major greenhouse gas.



CHAPTER 2 TRENDS IN THE FUEL EFFICIENCY OF SHIPS

This chapter examines past and likely future trends in the
rate of fuel consumption of ships arising from technical
developments and changes in ship size and operating speeds.

RECENT TRENDS IN SHIP FUEL EFFICIENCY

Over the past 20 years there has been a considerable
improvement in the fuel efficiency of shipping. Figure 2.1
shows a graph of an index of the energy intensity (based on
world bunker o0il demand divided by laden tonne-miles) of world
shipping from 1973 to 1984 (IEA 1987) which shows a reduction
of over 35 per cent, with a high rate of improvement in the
mid-1970s and in the later part of the period covered, after
the 0il price ‘shocks’ of 1973.

Table 2.1 shows data for the average fuel efficiency of those
vessels of the Australian-flag fleet wholly or partly engaged
in the coastal trade, presented by the Australian National
Maritime Association (ANMA) to the IAC inquiry intec coastal

shipping (IAC 1988). These data show improvements in fuel
efficiency of 19 per cent for general cargo vessels, 50 per
cent for bulk carriers and 29 per cent for tankers. ANMA

attributed these improvements in fuel economy to increasing
ship size, to lower design speeds, more energy efficient
engine technologies, improved hull designs and surface
finishes (eg. self-polishing antifouling paints).

A Department of Transport and Communications (DoTC) source
considered that the big improvements in fleet fuel efficiency
have been made, as the ships built when fuel was not such a
large cost factor have largely been replaced. Table 2.2 shows
some Australian examples of fuel efficiency gains for various
types of ships, both coastal and overseas trading vessels.



The move from steam turbines and gas turbines to diesels after
the oil pricé shocks of the 1970s gave a large fuel efficiency
increase (see table 2.3), which is unlikely to be repeated.
Figure 2.2 shows the past rate of improvement in the fuel
efficiency of 'marine diesel engines (Verhelst 1990).
Increased efficiency is claimed for new larger bore, slower
running diesel engines. The low speed diesel had 73 per cent
of the overall market on a brake horsepower (bhp)-installed
basis in 1989, and it is considered that the diesel will
remain the dominant prime mover for merchant ships in the
foreseeable future (Seatrade Business Review 1989a).

TABLE 2.1 AUSTRALIAN FLAG COASTAL FLEET FUEL EFFICIENCY 1975 fO 1987

{TONNES /DAY/000DWT)
1975 1980 1985 1987
General cargo 3.68 4.13 ©o3.22 2.97
Dry bulk ‘ ‘ 1.04 0.92 0.74 0.52
Tankers ‘ ‘ ‘ 1.23 .1.14 0.86 0.75

Source IAC (1988) - ANMA submiésion no.38, ppl8-22.

TABLE 2.2 EXAMPLES OF FUEL CONSUMPTION OF REPLACEMENT SHIPS IN THE
AUSTRALIAN-FLAG FLEET

Size Speed Fuel consumption

(DWT) oo (knots) (per day)

1981 bulk 141 000 14 60 tonnes -fuel o0il + 1.5 tonnes diesel
replaced by

1985 bulk 148 000 14 45 tonnes fuel oil + nil diesel

1968 tanker 19 000 ‘ 14 36 tonnes fuel oil

replaced by

1989 tanker 32 000 13 19 tonnes fuel oil

1974 bulk 27 000 ‘ 15 - 36 tonnes fuel oil + 2 tonnes diesel
replaced by

1984 bulk 37 000 15 25 tonnes fuel o0il + nil diesel

Source Department of Transport and Communications.
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TABLE 2.3 ‘EXAMPLES OF INCREASES IN MARINE ENGINE EFFICIENCY

(grams of fuel /

Years horsepower/hour)

Gas turbine ‘ 1950s ‘ 230-350
4 stroke medium speed diesel 1967 153-162
5 o 1988 126-129

2 stroke low speed diesel ‘ 1963 155
1968 © 155

1976 144

1979 133

1982 116

Note In 1980 there was a 20 per cent thermal efficiency gap between

diesel and steam turbines, which Harrold considers would be larger
today and unlikely to be closed.

Source Harrold (1989)

FUTURE PROGRESS IN SHIP FUEL EFFICIENCY

With the high level of thermodynamic efficiency now reached by
many engine designs, the pace of development could be said to
have slowed down (The Motor Ship 1989a).  Earlier, ‘a huge
amount of engine researCh!and dévelopment possibilities’ had
been referred to, although‘preSQmably with diminishing returns
in terms of gains in efficiency (The Motor Ship 1988b). For
larger engines, no greatzimprovements were foreseen in overall
engine efficiencies, but‘inCreésés were possible in propulsion
system efficiency. Higher thermal efficiency is theoretically
possible from turbocharging and turbo-compounding, as well as
from techhologies which will improve part-load fuel economy,
such as variable exhaust‘closihg (VEC), effective between 80
and 100 per cent continuous poWer rating, and variable
injection timing (VIT), effective between 65 and 80 per"cent
continuous power rating (Shipping World and Shipbuilder 1991).

For smaller ships, the efficiency of the latest four stroke
medium speed diesels has created an active re-engining market.
For one major manufacturer, the‘percentage of its output going
to re-enginings has risen from about 10 per cent in 1970 to
about 40 per cent in 1987-89 (The Motor Ship 1989b). As



well, the comparatively low-speed direct-coupled two stroke
diesel is becoming available for medium and small sized ships.
For a 4000 DWT ship, a specific fuel consumption advantage of
3 to 8 per cent over four stroke alternatives is claimed
(Anderson and Grone 1989).

Ceramic coating of engine components such as piston crowns,
cylinder heads and valves has been demonstrated to improve
fuel efficiency by up to 5 per cent (Corvino 1989), by
reducing heat losses and improving the efficiency of
combustion. In the 1longer term, the development of the
adiabatic (zero heat 1loss) diesel engine, utilising ceramic
components, may offer further gains.

New engine layouts, such as ‘father and son’ combinations (The
Motor Ship 1988a) offer the possibility of considerable
efficiency gains 1in vessels which have several common
operating speeds, such as cruise ships. Diesel-electric
propulsion may become more widespread, especially in vessels
with varying power requirements, such as ferries and cruise
vessels, as an alternative to geared diesel units. Fuel
savings of 3 per cent have been claimed for ferries, together
with reductions of up to 24 per cent in NOx emissions, because
of the ability to run the diesel engine at a constant speed
while optimising the power delivered (Lloyd’s Ship Manager
1992b) .

Gas turbine engines have recently been claimed (Brady 1991) to
offer cruise ships, with their high requirements for non-
propulsive power and heat, a level of fuel economy equal to or
greater than that of a modern diesel plant, when auxiliary
boiler fuel is included. Auxiliary engines are also an area
in which fuel efficiency can be improved. For example,
generating sets powered by a turbine driven by a combination
of surplus exhaust gas by-passed from the main engine’s
turbocharger, for the most part, and to a lesser extent by a
diesel engine, are claimed to offer savings of up to 50
percent in the cost of generating electricity on board ship
(Seatrade Business Review 1988a).



Industry publications are reporting efficiency gains from new
hull appendages aimed at wake vortex smoothing, from new
propelier arrangements, and from wider use of less-refined
fuels, as well as continuing gains from new engine technology,
including ceramic coatings, and more automated engine
monitoring and management systems. For example, recent
advances in engine design, hull forms and propeller layout are
claimed to deliver fuel-economy gains of 20 per cent for Very
Large Crude Carrier (VLCC) tankers over those delivered two
years previously, and some 50 per cent lower overall fuel
cdnsumptibn than earlier generations of VLCCs (Seatrade

- Business Review 1989%b).

Regarding hull appendages, the Schneekluth wake equalising
duct, fitted or retro-fitted to the stern of a vessel just
forward of the propeller, is said to give fuel savings which
repay the cost of installation in as 1little as one year
(Seatrade Business Review 1990). The designer claimed a 6 per

‘cent average increase 1in propeller efficiency. By mid 1991

some 500 vessels had been fitted with such ducts (The Motor
Ship 1991). However Patience (1990, p.110) claims that while
it is ‘generally accepted that this type of device can improve
an inferior hull’, it is ‘unlikely to prove very effective for
a properly designed hull and aft end combination’.

For propellers, features as simple as ribs on the blades of a
conventional propeller have been claimed to offer propulsive
efficiency gains of 20 to 30 per cent, by converting to useful

‘work the énergy usually lost as turbulence (Seatrade Business

Review 1989b). Contra-rotating propeller systems are claimed
to yield energy savings of up to 16 per cent (Seatrade
Business Review 1990), and wider application was then awaiting
higher bunker prices to provide more attractive payback times.
The Grim vane wheel (a free-running propeller aft of the main
propeller) is claimed to offer propulsive efficiency gains of
up to 7 per cent for VLCCs (Seatrade Business Review 1989b).

While experimentation is proceeding on other forms of
propelling ships, such as electromagnetic propulsion (The
Motor Ship 1988c) and foil propulsion aimed at harnessing the
power of ocean waves, a recent review concluded that future
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ship propulsion would be similar to today’s, utilising diesel
engines and propellers (Seatrade 1991).

Emulsified fuels, wherein water 1is mixed with fuel o0il at
concentrations of 16 per cent or so, have been claimed to give
savings of 4 per cent in fuel consumption through the
catalytic effect of the water vapour released in the cylinder,
which helps to atomise the fuel and intensify the fuel/air
mixing process. Reductions in exhaust emissions of oxides of
nitrogen of up to 30 per cent (Marintek 1991) and carbon
monoxide are claimed, together with reduced carbon deposits
and exhaust gas temperatures, which reduce maintenance. Ten
bulk carriers of a USSR shipping line had been fitted with
this system by 1989 (The Motor Ship 1989c).

Concern with the exhaust emissions of ships has led the
International Maritime Organisation to introduce restrictions
aimed at reducing NOx emissions to 70 per cent of current
levels, and emissions of oxides of sulphur (SOx) to 50 per
cent of current levels, by 2000 (Lloyd’s Ship Manager 1992b).
Actions to reduce NOx could have an adverse effect on fuel
economy (Marintek 1991). Actions to reduce SOx would inhibit
the use of some heavy fuel o0ils in diesel engines. Any move
towards better quality fuels could be expected to yield fuel
economy benefits, although Australia has generally low sulphur
crudes, and the benefits may be less than elsewhere.

Computerised engine monitoring and diagnostic systems are
being developed by engine manufacturers, which continuously
monitor the combustion process to ensure that engine settings

are always maintained at their optimum levels. These systems
could have an important contribution to make to efficient
operation (The Motor Ship 19839d). A related area is precision

voyage control. systems or adaptive autopilots, such as the
ETA-pilot, which uses an on-board microcomputer to monitor and
control voyage parameters such as speed (either a set speed or
a speed calculated to maintain schedule), the optimal
combination of revolutions and propeller pitch, and rate of
fuel consumption, for various conditions of draught and trim
(Fahlgren 1987). One ship performance monitor system yielded
a 19 percent improvement in the fuel economy of tankers in



ballast through optimising the trim of the vessels, although
the savings for other types of ships were expected to be
smaller: around 5 per cent (Seatrade Business Review 1988b).

However, while there have been recent trends towards greater

 fuel efficiency in conventional shipping, some recent and

pfojected developments could act in the opposite direction.
One example is the wave-piercing catamaran, such as the Sea
Cat Tasmania, a high speed passenger/car ferry. Another is
the SWATH (small waterplane—area twin-hull) 50 knot cargo
catamaran with hydrojet propulsion, projected for the year
2000 tnr‘Japanese‘shipbuilders. It is also conceivable that
substantial rises in the price of o0il could cause a switch
towards coal burning ships which burn much larger tonnages of
fuel, containing a much higher amount of carbon, than
comparable diesel ships.

EFFECTS OF SHIP SIZE AND OPERATING SPEED ON FUEL EFFICIENCY

Apart frbm progress in the design of hulls, engines and
propulsion systems, major determinants of the rate of fuel
consumption of conventional shipping will be the size of ships

| and operating speeds, with speeds of particular ships varying

with the state of the freight market and the cost of
substitutable inputs such as capital and bunker fuel.

Ship size

There are significant econcmies of size in the fuel
consumption of conventional shipping®. For example, an

1 ‘Evans and Marlowe (1990) give the fbllowing equation for the fuel

consumption of bulk carrier motor ships of varying size, operating at the

same speed:

Cl =C2 * (W1/wW2)°™
where Cl = fuel consumption (tonhés/day)'of bulk carrier of deadweight
tonnage Wi - ’
C2 = fuel consumption (tonnes/day) of bulk carrier of deadweight
tonnage W2
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Australian—flag'bulk carrier of over 230 000 deadweight tonnes
consumes 62 tonnes of heavy fuel o0il per day at 14 knots,
while others in the same fleet, each with less than one-tenth
the carrying capacity, consume nearly half as much fuel each
at the same speed.

Ship size could be influenced by the nature of the trade, as
well as its volume, by the capacity of ports and their
facilities, and by the scope for varying the number of
services. Lower frequency of service and the use of larger
ships could be a response to changes in the price of capital
relative to other inputs or to a preference for cheaper
freight costs over more frequent service. The purchase of
larger and more fuel efficient ships would allow new
technology to be incorporated, where the larger replacement
ship is a new ship, and yield further improvements in

efficiency.

Operating speeds

Increasing the operating speed of vessels may be a short term
response to a shortage of shipping capacity, a medium term
alternative to re-commissioning laid-up vessels, or a longer
term substitution of energy for capital, either to cope with
lags involved in building new ships or to avoid the necessity
for additional vessels. Similarly, a reduction in speed,
together with the use of more or larger ships or both, may be
a response to an increase in fuel prices.

Freight market

Changes in demand for freight may be satisfied by changing the
level of capital employed or the amount of fuel used or both.
Stopford (1988) discusses the trade-off that a shipowner
faces, in optimising a ship’s operating speed, between income
and costs: between lower (higher) income from a smaller
(larger) cargo-carrying task performed at 1lower (higher)
speeds and the lower (higher) costs from lower (higher)
operating speeds. The cost to income of reduced operating
speed will depend on the state of the freight market, with
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‘higher optimum speeds in high freight markets and short
shipping markets. Stopford notes that the VLCC fleet operated
at around 10 knots in early 1986, but when freight rates rose
in mid-year, speeds rose to about 12 knots. Especially in
times of high interest rates shippers with high value cargoes
may be willing to pay for fast transit times, and ship
operators confronted with high capital costs may find it
economic to run vessels at hlgher speeds when shlpplng markets
are short.

The extent of increased costs from increased operating speeds
will wvary with the type of ship, the type of engine and the
size of the variation from the normal operating speed’. As an
example of the way in which the rate of fuel consumption rises

2 BTE (1980) estimated regression equations for the power required to
propel various types of ships. The equations were of the form:

HP = a * (DWT)® * (V)° * e
where HP is the required horsepower, DWT the deadweight tonnage in
thousands of tonnes (a measure of carrying capacity), V is speed in knots,
a, b, and c are regression coefficients, and e is an error term. The
values for the exponent ‘c’ for the vessel speed variable in the equation
for horsepower were estimated to be:

Container ship 2.66
Ro-ro ship 2.80
Bulk carrier ‘ 1.43
Ore carrier ‘ 1.74
. Tanker - ‘ 2.10
General cargo shlp 2.17
Passenger ship 3.55

It lS evident that the exponent ‘c’ increases as the typical design speed
of the type of ship increases. For any given engine, the fuel consumption
will be directly related to the horsepower output, but the relationship
will not be linear, as the propulsion system efficiency will vary with
engine revolutions.

Stopford (1988) gives the following equation for the fuel consumption in
tonnes per day (F), at the vessel’s actual operating  speed:

F=F' * (§/8")°
where F’= fuel consumption rate at design speed
S’'= design speed
S = actual operating speed
c = exponent, about 3 for diesel engined ships,

about 2 for steam turbine engined vessels.
This equation is valid for small variations around the design speed.
However, for sizeable variations, say for slow steaming, Laurence (1984)
gives an equation of the form: |
o F=F"* (A*V -8B *v2+ c * V)

Based on Stopford's equation for minor speed variations, given that
Steaming time will vary inversely with speed, the quantity of fuel used on
a voyvage will vary approximately with the square of speed for diesel
engined ships.
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more than proportionally with an increase in operating speed,
the 230 000 DWT bulk carrier mentioned above, which consumes
62 tonnes of heavy fuel o0il per day at 14 knots, uses only 38
tonnes of fuel per day at 11 knots, a reduction of almost 40
per cent for a 22 per cent reduction in speed.

Changes in input prices

The cost of bunker fuel will also influence the speed at which
ship-owners choose to operate their vessels 1in order to
maximise their profits. Evans and Marlow (1990) derive
" equations for the optimum speed of ships in different types of
trades (charter and industrial carrier): as would be expected
the higher the price of fuel o0il, the lower the optimal
operating speed’.

Significant changes in input prices which are perceived as
being long-term or permanent, such as the o0il shocks of the
1970s, will also have laggéd effects on ship design (including
on design speed) and choice of propulsion unit for new ships,
as discussed earlier in this chapter.

Although 1liner ships operate to schedules, reduced speeds
could nevertheless be a viable option, in that reliability is

3 For vessels on voyage charter (or trip charter for the same time
period), the optimum speed, s, is given by:

2

st = (WR-D) /k (R+p) (3d+2st)

deadweight tonnage available for cargo

freight rate

total disbursements in port

total voyage distance

price of fuel ($US/tonne)

time in port

ships fuel constant (tonnes/day at design speed divided by
the cube of the design speed in knots).

where:

w
R
D
d
P
t
k

wnnwohonnu

For vessels which operate as carriers for the firm which owns them:
s’ = (CC+CR)/2pk

where: cc capital cost per day

CR = running costs per day
p = price of fuel ($US/tonne)
k = ships fuel constant
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' generally more important to shippers than transit time. One
factor militating -against this option however, is the
significant :cost of capital tied up in containers. In any
-case, Stopford (1988) notes that liner operators generally
pass forward any unexpected increases in bunker prices through
a ‘bunker adjustment factor (baf)’ added to invoices.

One of the scenarios examined in chapter 3 models the effect
on Australian coastal and international fleet average fuel
efficiencies of increasing all ships in size by 10 per cent;
another models the effect of reducing all Australian coastal
fleet ship operating speeds by 10 per cent and maintaining
capacity by increasing the size of ships by 10 per cent (a
more fuel efficient and cost-effective response than using
larger numbers of ships to maintain capacity at lower speeds).
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CHAPTER 3 AUSTRALIAN COASTAL AND INTERNATIONAL SHIPS:
POTENTIAL FLEET FUEL EFFICIENCY GAINS TO 2005

OVERVIEW

Recent Australian ship replacements with more fuel efficient
(and smaller crewed) vessels have been a result of the Ships
Capital Grants scheme (1987) and the Maritime Industry
Development Committee (MIDC) scheme. Up to 1992, the original
cut-off for the Ships Capital Grants scheme, 27 vessels had

been ordered, of which 23 are already in service. Some new
vessels (such as LNG carriers) are for new trades rather than
replacements for existing vessels. The scheme has been

extended to 1997, and a few more ships have already been
ordered. A DOTC source expected that by 1997 just about all
other ships built before 1982 in the major trading fleet
(which excludes small vessels such as landing barges, and
which in 1991 totalled 74 ships) will have been replaced or
have had replacements ordered.

As a result, about 60 to 70 per cent of the existing
Australian-flag major trading fleet would probably be replaced
by 2005, with vessels which could typically be some 15 to 25
per cent more fuel efficient if ‘today’s technology 1is
utilised. By the time many of these vessels do come to be
replaced, efficiency gains of another 10 to 15 per cent could
well be available. On this basis, and ignoring for the time
being the presence in the fleet of several coal burning ships,
the average efficiency of the motor ships in the Australian-
flag fleet could therefore rise by some 20 to 25 per cent on a
fuel consumption per thousand deadweight tonnes per 1000
nautical miles basis by 2005.
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MDDELLING:FUEL EFFICIENCY TRENDS AND FLEET FUEL CONSUMPTION

A spreadsheet model was developed which lists each ship (over
2000 DWT) of the Australian coastal and international fleets
and its actual fuel consumption per day. It has been assumed,
unless more definite information was available, that each ship
would be replaced at age 15 Years (or 1992 if this age were
reached prior to 1992), by a ship built in the year prior to
replacement. The effect of assuming a ship life of 20 years
before replacement has also been investigated.

The fuel consumption of each vreplaCement vessel has been
estimated from regression equations for particular types of
vessels derived from data for vessels in the existing
Australian—-flag fleets. A 1log-log regression was done for
each major vessel type, with the log of fuel consumption in
tonnes per day (including that for auxiliaries) regressed
against the 1logs of deadweight tonnage, year built (minus
1965) and operating speed in knots.

For each of the coastal and international fleets, a fleet
average specific fuel consumption (SFC, in tonnes of fuel oil
per 1000 deadweight tonnes per 1000 nautical miles) was then
calculated for each year up to 2005. These values were used
to calculate indices of fleet fuel efficiency. These indices
of fleet task were then applied to likely growth rates for the
respective shipping tasks, to estimate the changes in fleet
fuel consumptions in 2005. ‘

The regression equations were of the form:
1n (fuel consumption per day) = constant + a * 1n(DWT/1000)
‘ + b * 1ln(year built - 1965)

+ ¢ * ln(speed in knots)

where DWT' is deadweight tonnage, a measure of the freight
carrying capacity of a ship.
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TABLE 3.1 REGRESSION EQUATIONS FOR FUEL CONSUMPTION OF REPLACEMENT SHIPS

Ship class’ Constant a b c R

Bulk -2.21 0.40 - 0.37 1.99 0.94
(22.6) (-5.3) (11.5)

General cargo -2.95 0.44 -0.08 1.985 0.91
(3.4) {(-0.5) (2.7)

Container -1.90 0.29 -0.77 2.48 0.985
(1.02) (-4.1) (1.8)

ro-ro -5.77 0.51 -0.09 3.08 0.90
(8.0) (-0.6) (6.4)

Product tanker 1.54 0.64 -0.23 0.13 0.88
(7.8) (-3.8) (0.2)

Crude tanker -2.82 0.69 -0.61 1.96 0.87

(main engines only) (3.6) (-3.6) (2.6)

Note Numbers in brackets are t-statistics

Source BTCE estimates from regressions on data for existing Australian

ships.

Table 3.1 shows the coefficients for the variables of the
various regression equations, together with coefficients of
determination and t statistics (in brackets under the
coefficients). These equations under-estimated the actual
total fuel consumption of the existing fleets of ships by just
under 2.5 per cent.

Date built (adjusted by subtracting 1965 in order to increase
the ratio of range to mean value for computational reasons)
appeared not to be a statistically significant explanatory
variable for general cargo vessels or ro-ro ships. However,
the equations were used to estimate fuel consumption for the
replacement vessels for these types as the results appeared
reasonable considering the rate of technical progress. This
formulation of the date-built variable gave a lower rate of
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improvement in the rate of fuel consumption over time than a
suggested = alternative treatment, whereby date-built was
subtracted from 2006. While the latter gave slightly better
t-statistics for the date-built variable, scrutiny of the
projections for particular ships suggested that this treatment
may have given overly optimistic results, considering the
underlying rate of technical change. The more conservative
formulation was used to estimate the rate of fuel consumption
of replacement ships.

The model indicates that the fleet average fuel consumption
rates currently are about 4.0 tonnes of fuel per 1000
deadweight tonnes per 1000 nautical miles for the major
trading coastal fleet, or about 0.1 megajoules per DWT-
kilometre, and 1.8 tonnes of fuel per 1000 deadweight tonnes
per 1000 nautical miles for the Australian-flag international
fleet, or about 0.04 megajoules per DWT-kilometre. -

The fuel used by the coal burning and natural gas-burning
Ships in - the coastal fleet was converted to a fuel oil
equivalent on a CO, emissions equivalent basis, rather than an
energy equivalent basis, in order to be able to estimate
changes in CO, emissions from the results. This was done by
‘using energy content values from ABARE (1991) and emission
rates per unit of energy from OECD (1989 cited in BTCE 1991).
For example, 1 tonne of steaming coal contains 27.0 GJ per
tonne, compared to 44.1 GJ per tonne for low Sulphur fuel oil.
Burning coal emits 94.2 kilogrammes of CO, per GJ, while
burning 1 tonne of fuel oil' emits 78.0 kilogrammes per GJ.
Thus burning 1 tonne of coal emits (27 * 94.2)/(44.1 * 78) =
0.74 times as much CO, as burning 1 tonne of fuel oil.

The large tonnages of coal burned per day in the four coal
burning ships were reduced accordingly when expressed in
tonnes of o0il equivalent in the spreadsheets. - Had the
adjustment to o0il equivalents of natural gas and coal been
done on an energy basis, the improvements in fuel economy
stated below on an emissions basis would have to be reduced by
about 2.5 to 3.5 percentage points.
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As a base case it was assumed that replacement vessels were of
the same size and speed as the ships they replaced (the
effects of increased ship size and reduced speeds are
discussed below). The model suggests "trend" coastal fleet
average fuel consumption falling from 4.2 tonnes of fuel per
1000 DWT per 1000 nautical miles in 1988 to 2.5 in 2005, a
drop of 41 per cent on an emissions basis. However, Jjust over
half (about 21 percentage points) of this improvement is due
to the assumed replacement of the four coal burning ships with
fuel o0il burning motor ships. On an energy basis, the
improvement is about 38 per cent. For the Australian-flag
international fleet, the trend decrease was from 1.9 tonnes of
fuel per 1000 DWT per 1000 nautical miles in 1988 to 1.5 in
2005, a drop of almost 22 per cent. Allowing for the effect
of the coal burning ships, these results are consistent with
broad-brush estimates made earlier in this chapter from a
consideration of the technology.

When a ship life of 20 years was assumed, these improvements
in fuel efficiency by 2005 were reduced somewhat. For both
coastal ships and the international fleet the improvement in
fleet average fuel efficiency was about 4 percentage points
less than with a ship life of 15 years.

The "trend" values for fleet average fuel consumption rates
reflect the significant progress made over the past twenty
years or so in improving the fuel efficiency of ships. While,
as discussed in chapter 2, further improvements may be
expected, it is not clear that the rate of progress will be as
rapid as over the past twenty years. As well, some existing
vessels may be replaced with second-hand vessels rather than
new vessels. In order to estimate the effects of a complete
penetration of already achieved levels of fuel economy, a
version of the model was run with replacement vessels assumed
to have 1990 levels of fuel economy, as estimated by the
regression equations. It was also assumed that these vessels
would be of the same size and operate at the same speed as
those they replaced.

This version of the model suggests somewhat lower fleet
average improvements in fuel efficiency from 1988 levels by
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2005: for the coastal major trading fleet, about 37 per cent
(emissions basis) or 34 per cent (energy basis), and for the
international fleet, 15 per cent. This suggests that, for
coastal shipping, about 80 per cent of the fuel efficiency
improvement by 2005 in the base case is due to the replacement
of vessels (especially the four coal burning ships) with ships
having levels of fuel efficiency already achieved by modern
vessels. '~ For Australian-flag international shipping the
comparable figure is about 70 per cent.

Figure 3. 1 presents results from the spreadsheet model for
Australia’s coastal and lnternatlonal shlps The sharp drop
in average spec1f1c fuel consumptlon for the coastal fleet
between‘1997 and 1999 is due to the assumed replacement at
that time of four‘coal bﬁrning ships (each using almost 200
tonnes of coal per day) with dlesel engined vessels each using
30 to 40 tonnes of fuel oil per day.

- The model was also used to estimate the potential fuel
efficiency gains from replacing existing vessels with larger
vessels by enteriﬁg‘ a larger deadweight tonnage into the
regression equations. For replacement vessels 10 per cent
larger in deadweight tonnage, the model shows a fuel
efficiency improvement of the coastal fleet of some 3
percentage: points higher (by 2005) than if vessels. were
replaced by vessels of the same size. For the international
fleet, the model shows fleet fuel efficiency improving by
about 2 percentage points‘more (by 2005) than if ships were
~replaced by vessels of the same size. The equation of Evans
and Marlowe (1980), cited in chapter 2, would suggest a 2.4
per cent improvement in fuel economy for- a 10 per cent
increase in size.

It is by no means certain, however, that the modal task for the
coastal fléet will grow in size, facilitating the use of larger
ships. During the period 1975 to 1988, the number of tonne-
kilometres of coastal 'sea freight appears to have declined
slightly (BTCE Transport and Comnmunications Indicators
database). The future 1level of coastal shlpplng activity
‘depends not ‘only.on the size of the task, but also on the
‘number of single voyage permits 1ssued‘and the possibility of
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continuous voyage permits for foreign-owned ships, a review of
cabotage arrangements, and developments in international
shipping, particularly relating to economies of scale.

A further version of the model was run which assumed that
existing ships were'replaéed by larger, slower vessels which
performed the same shipping task. If coastal vessels were
replaced by ships 10 per cent larger in deadweight tonnage,
but also 10 per cent slower, then the model shows fleet
average fuel consumption in 2005 falling by some 8 percentage
points more than if vessels were replaced by new ships of the
same size.

Table 3.2 summarises results from the model. The improvements
(excluding effects of feplacing the coal burning ships) are
about what might have been expected from an assessment of the
technology involved (as discussed in chapter 2) and the rate
at which older ships are likely to be replacded, as discussed
at the beginning of this chapter. An underlying improvement
of about 20 per cent might be expected in motor ships, which
comprise the vast bulk of the Australian fleets.

If it is assumed that technical progress yields no further
fuel efficiency gains from 1890 levels, this 20 per cent
improvement is reduced (by about one-~fifth for the coastal
fleet, but by about one-third for the international fleet,
which at an average age of 10 years in 1991 was about 2 years
older on average than the coastal fleet at that time) to
perhaps 15 or 16 percent for motor ships. That is, embodying
the sum of the technological progress achieved over the past
two decades into new replacement vessels would yield about 70
to 80 per cent of the fuel efficiency gains projected for
diesel motor ships in the base case. Delaying the replacement
of each vessel until the age of 20 years would appear to give
a similar reduction in the size of the projected improvement
in fuel efficiency for the cocastal fleet, but would have a
smaller effect on the international fleet.

The effect of ship size alone can be gauged from the projected
increase in fleet fuel economy from replacing each ship with

a vessel 10 per cent larger: about 9 per cent for the
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TABLE 3.2 AUSTRALIAN SHIPS: PERCENTAGE REDUCTIONS IN FLEET AVERAGE TONNES
OF FUEL PER 1000 NAUTICAL MILES PER 1000DWT FROM 1988 TO 2005

Coastal*

Emissions Energy

Basis Basis International
Base case: replacement
at 15 years with vessels
of same size and speed 41 38 22
Replacement at 20 years 37 33 19
Replacement vessels with 1990
levels of fuel efficiency® 37 34 15
Replacement vessels 10 per cent
larger® 44 41 24
Replacement vessels 10 per cent
larger and 10 per cent slower” 49 na
a Much of the improvement in the coastal fleet is due to the assumed

replacement of coal burning ships with motor ships. In the base
case, the amount is 21 per cent.

b replacement at 15 years
na not available
Source BTCE estimates

international fleet and about 15 per cent (excluding the coal
burners) for the smaller-on-average coastal ships. However,
the combination of an increase in ship size and a cut in
operating speed is much more marked. Again excluding the coal
burning ships, a 10 per cent increase in ship size together
with a 10 per cent cut 1in operating speeds boosts the
projected increase in average motor ship fuel economy from
about 20 per cent to about 28 per cent between 1988 and 2005,
an increase of 40 per cent.

It should be emphasised that the above results are derived by
regression from data on existing ships, and incorporate the
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effects ‘of assumptions regarding the timing of replacements
and the size and speed of the new vessels. Past trends in
fuel consumption rates will have been influenced by past
prices for capital (ships) and fuel. It is likely that the
pattern of future relative prices for ships and fuel will
influence‘the future rate of technical progress and the rate
at which it penetrates shipping fleets. For example, if fuel
prices were to rise steeply, capital could be substituted for
fuel by ‘increasing ship numbers at reduced speeds, thus
maintaining capacity. This could result in increased average
fuel efficiency from incorporation of new technology in the
additional ships, as well as by the reduced speeds.

The improvements in fuel efficiency dicussed above have been
used to make some projections, based on very tentative
assumptions, of the implications of improvements in fuel
efficiency for CO, emissions from shipping (see appendix III).
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CHAPTER 4 TRENDS IN THE FUEL EFFICIENCY OF AIRCRAFT

This chapter examines recent progress and 1likely future
develcopments in the rate of fuel consumption of aircraft. The
future rate of improvement in fleet average fuel efficiency
will depend both on the rate of technical progress and the
rate at which new aircraft embodying improved technology
penetrate the fleet. Economic factors, especially fuel
prices, will be important influences on both these sources of
increased fuel efficency in aircraft fleets.

RECENT TRENDS IN AIRCRAFT FUEL EFFICIENCY

The improving trend in the energy intensity of aviation in
OECD countries from 1973 to 1983 is shown in figure 4.1 (IEA
1987). The overall index of energy intensity for the aircraft
fleets fell by some 40 per cent over the decade following the
0il price shocks of 1973, although with a slowing of the rate
of improvement in the later part of the period covered.

A study of world jet fuel consumption by the US Department of
the Environment concluded that increasing fuel efficiency
allowed a doubling in passenger—-miles between 1972 and 1986
with an increase of only 28 per cent in fuel used. The study
apportioned the savings to: improvements in engines and
operating procedures (19 per cent); increases in aircraft size
(24 per cent); better load factors (19 per cent); and mix
shift (38 per cent), that is, the retirement of old fuel-
inefficient aircraft and entry of new, fuel-efficient aircraft

(Avmark Aviation Economist 198%a). The rising trend in fuel
efficiency (in seat-miles per US gallon) for some examples of
airliners is shown in figure 4.2 (Sweetman 1984). These

airliners range from models of the 1940s up to the Boeing 767-
200, with a projection to 2010 and a 1200 passenger jumbo.
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FUTURE PROGRESS IN AIRCRAFT FUEL EFFICIENCY

Technical progress

Future fuel economy gains will be available from increasing
aircraft size, improved aerodynamics, reduced weight from
advanced materials, progress in engine design and, possibly,
from the use of alternative fuels. These technological
factors are discussed in more detail later in the chapter,
The wviability of use of non-conventional alternative air
transport (such as airships) is beyond the scope of this
paper.

Sweetman (1984) had considered the present airliner
configuration to be efficient, and had noted that very little
detailed study of radical configurations was being undertaken,
except in the area of engines. In 1990 no radical designs,
configurations or technology were foreseen, even among
possible, rather than probable, developments: only one all-new
design was in prospect: the Boeing 777 (Avmark Aviation
Economist 1990a).

Hensher, in a consultancy report for the BTCE (Hensher 1991),
reviewed the likely technical advances and the improvement in
seat-miles per gallon which might be expected in airliners.
Hensher considered that new commercial aircraft would offer 65
to 80 seat-miles per US gallon in the early 1990s, compared to
50 to 79 seat-miles per US gallon in 1989 (Hensher 1991).
However Hensher noted that many potential new developments are
unlikely to be on-stream until after 2000, so that a movement
to larger, technically more efficient existing aircraft types
will Dbecome the most important means of improving fuel
efficiency.

Penetration of fuel-efficient technology in the fleet

The rate of penetration of fuel-efficient technology will
depend on rate of growth of the fleet and the rate at which
old fuel-inefficient aircraft are retired.
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Sweetman (1984) noted that because of the lifespan of modern
airliners, especially wide-bodied ©planes, many of the
aeroplanes which would be operating in 2000 were already in
service in 1984. [However, these aircraft are likely to be in
the more fuel efficient segment of the existing fleet.]
Sweetman noted that every wide-bodied plane built to date
(1984) would still be structurally capable of flying in 2000,
many with still 10 years of useful 1life. Also, many of the
newer wide-bodied models, such as 767s and A310s should still
be in production, as it takes at least 10 years’ production to
show a profit (Sweetman 1984).

However, despite the long life of aircraft and long lead times
in aircraft manufacture, the expected growth of the fleet to
2005 is such that there remains considerable scope for
improving - fleet fuel efficiency through the introduction of
additional new and technically superior aircraft. Boeing in
1989 forecast that the world jet fleet would increase by two-
thirds between 1988 and 2005, with the number of new aircraft
entering service in the period exceeding the total number in
the 1988 fleet. Boeing predicted that almost half the 1988
world jet fleet would be retired in the period to 2005 (Avmark
Aviation Economist 1989b) .

While there has been a trend towards greater fuel efficiency
in conventional subsonic passenger aircraft in recent years,
some future developments could act in the opposite direction.
For example, congestion, whether involving aircraft having to
maintain holding‘ patterns before 1landing, or waiting with
engines idling on the airport taxiways, has the potential to
increase the fuel required to undertake any given level of
task. The effect is both direct, from the extra time the
" engines are running, and indirect, due to the extra fuel
burned, especially at takeoff, in carrying the additional fuel
load necessary. Regulatory change domestically or
internationally, on the other hand, may offset these factors
if it results in a more efficient utilisation of existing
aircraft capacity.  For example, the carriage of domestic
passengeré by Qantas between Australian airports is likely to
retard the growth of aircraft operating purely domestic
routes. '
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Economic factors

Oil prices

Fleet growth and retirements will be affected by future levels
of input prices. Avmark Aviation Economist (1990f) documents
six o0il shocks which occurred between 1967 and 1990: five of
these shocks were sharp increases in prices, ranging from a 32
per cent increase in the price of jet fuel in 1970 to a 274
per cent increase in 1973; a 55 per cent decrease occurred in
the first half of 1986. From 1980 to 1988, the average US
price for Jjet fuel fell from $US36.45 per barrel (about 86
cents per US gallon) to US$21.50 per barrel or about 51 cents
per US gallon (Avmark Aviation Economist 1989c). Short term
fluctuations in the spot market for 3jet fuel can be very
sharp: spot prices rose from US$0.635 per US gallon at the
start of August 1990 to US$1.394 per US gallon by the second
week 1in October 1990 Avmark Aviation Economist (1990e), as a
result of the Gulf war.

The pressure for improvements in fuel efficiency will increase
‘with the share of fuel costs in total aircraft operating
costs, modified by the ability of operators to pass on cost
increases to passengers. The ability to do so will depend on
the 1level of competition in aviation markets. It seems
unlikely that operators would be able to pass forward fully
any such fuel cost increases.

-In mid-1991, fuel, o0il and taxes comprised between 26 per cent
and 43 per cent of total aircraft operating expenses for the
widebodied aircraft, and between 20 per cent and 38 per cent
for the narrowbodied aircraft represented in Avmark Aviation
Economist (1991). Fuel tends to be a lower proportion of
total operating costs of newer aircraft both because of better
fuel efficiency and because of the higher share formed by
capital costs. For example fuel, o0il and taxes comprised 40
per cent of total costs for a 747-200, but only 34 per cent
for a 747-400 in mid 1991.
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Capital costs may also vary with the level of oil prices, as
the price of second-hand aircraft may be affected by fuel
prices. For example, in October Avmark Aviation Economist
(1990d) published a revised schedule of second-hand aircraft
prices to replace that published only two months before,
because of price changes as a result of the sharp increases in
jet fuel prices as a result of the Gulf war. The prices of
‘widebodied aircraft, and to a lesser degree those of newer
narrowbodied aircraft increased, while others, especially the
prices of older narrowbodies, decreased. For example, the
price of a Boeing 747-200B rose from US$40.0 million to
US$44.0 million: the price of a Boeing 727-100 dropped from
US$2.5 million to US$2.1 million. ‘

The commercial success of the Boeing 747 jumbo and the
cessation of production of the Concorde suggest that fuel
economy is more important than lower transit times in the mass
travel market of today. Any .  second generation supersonic
passenger aircraft, while likely to be more fuel efficient
than Concorde, would still require a trade-off of fuel
efficiency for the increased speed for traffic won from
subsonic jumbo jets'. ‘ ‘

Discussion of technological factors

Alrcraft size

It is unclear to what extent the increase in the average size
of aircraft, which Boeing estimated had contributed 24 per
cent to the increase in fuel efficiency between 1972 and 1986,
is the result of past increases in oil prices. For example,
the Boeing‘747 jumbo (capable of seating up to 500 passengers
in .a high density configuration, more usually about 400), had

4 The BTCE estimates that Concorde is about 5 times less fuel efficient
than a 747 jumbo jet, based on the Aerocost model for the 747 and Leney and
Burney (1990) for the fuel burned by Concorde on a London-New York flight.
Barrett (1991) gives figures which yield ratios of 4.5 on a seat-kilometre
basis, and 5.5 on a passenger-kilometre basis.
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its genesis prior to the first of the oil shocks mentioned
above, with the Boeing board agreeing in 1966 to development
and production. The rapid growth of the passenger market in
the early 1960s had caused US aircraft manufacturers to
consider aircraft much larger than previous models, as a way
to provide the necessary capacity. US Airforce requirements
for heavy transport aircraft were an additional stimulus to
the development of much larger passenger aircraft (Australian
Aviation 1988).

Boeing’s Commercial Airplane Group President considers that
much of the traffic now carried by 140-150 passenger aircraft
would in future be moved by bigger aircraft. He foresaw a
still-larger derivative of Boeing’s wide-bodied jets by about
the end of the century (0'/Lone 1990), for which Boeing expects
operating costs to be 25 per cent below those of the 747.
Stretched versions of the Boeing 747 carrying up to 500
passengers could be available by the mid-1990s and a double-
deck version of the 747 could be available by the turn of the
century, according to Qantas (Blackburn 1991).

Airbus Industrie recently brought forward by S years the
planning for a 650 seat competitor for the Boeing 747,
foreseeing first service use by around 2000. It is examining
several prototype Ultra High Capacity Aeroplane configurations
for up to 800 passengers. Large ‘infrastructure friendly’
aircraft with up to 1000 seats (long haul) were foreshadowed
in Avmark Aviation Economist (1990b) . The projected
McDonnell-Douglas MD12 will be initially designed as a 500
seat aircraft, with later stretched versions having a one-
class capacity of 800 to 1000.

Boeing forecast an increase in average (mean) Jet size from
181 seats in 1988 to 238 seats in 2005, with additions to the
fleet averaging 254 seats in the period to 2005. Avmark’s own
forecast was for the average seat capacity to rise to 296 in
2005, with additional aircraft averaging 409 seats (Avmark
Aviation Economist 1989Db). In any case it seems clear that
the jet fleet will undergo a considerable increase in average
seat capacity by 2005.
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Ultra-large cargo aircraft (possibly including flying boats),
which probably would be more fuel efficient than existing
cargo aircraft, could increase overall freight-related
consumption of fuel if they were able to win cargoes from
conventional shipping.: -

Aerodynamics.
[

Schmitt (1990), predicting gradual evolutionary progress in
design over the next decades, foresaw a potential for overall
aerodynamic drag reduction of over 20 per cent. Riblets,
microscopically grooved plastic film applied to the fuselage,
tail and engine casings of new or existing aircraft was then a
subject of current research.

Green et al. (1987) state that one current development aim is
to eliminate drag-inducing items such as wing fences,
vortillons and vortex generators. Schmitt (1990) alsoc noted
the role to be played by weight reduction, using composite
materials such as Arall (fibre-coated alloy) or Kevlar, and
lighter alloys such as aluminium-lithium.

However, improvements in aerodynamics may not be universal.
It has been argued (Avmark Aviation Economist 1990c) that
large ‘infrastructure friendly’ aircraft may not, for reasons
of space at airport terminals, be able to adopt the high-
aspect-ratio ' (long and narrow) wings which have been an
important factor in improving fuel efficiency of modern Jjet

airliners.

Engines

Major changes in engine design would be needed to repeat the
efficiency gains made with the initial introduction of the
high bypass ratio turbofan engine. One such, at least for
small and medium airliners, could be the prop-fan engine,
using 8 or 10 thin, sweptback blades of smaller diameter than
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a conventional fan. This type of ultra high bypass® ratio
(UHBR) engine could be either an unducted fan (UDF), with
bypass ratio of about 35:1 or, in larger engines for reasons
of noise, vibration and safety, a shrouded fan with bypass
ratios of 15:1 to 25:1 (Green et al. 1987).

UDF engines could offer 25 to 28 per cent fuel savings, while
shrouded prop-fans could offer 19-21 per cent lower fuel
consumption than conventional fan engines (Aviation Week &
Space Technology, April 13, 1987). Lynn (1987) stated that
the 100-150 passenger class would be the first main use, but
problems of gearbox design still had to be overcome for large
units. The UDF had by 1989, in an MD-80 demonstrator,
fulfilled its technical promise (Donoghue 1989). However,
Donoghue (1989) reported that a major engine producer had
decided that the market would not require this type of engine
until 1997, and had put back plans to introduce its UDF
engine. Development had been shelved pending the appearance
of a market for the engine. It would appear that some
problems of vibration and in-flight noise remain to be solved
for this engine. About 4 years would be required for the
certification of this particular engine should a market
emerge. Other engine sizes would require an additional number

of years for technical development. Woolsey (1990) referred
to the UDF engine as ‘dormant’ in Air Transport World’'s
November 1990 Large Engine Update. However, development is

continuing with the Russian Yakovlev Yak-42E-LL propfan, which
flew for the first time in 1991. When fitted to a 150 seat
airliner, a one-third reduction in fuel burn per seat-
kilometre, compared to a modern turbofan, is expected (Flight
International 1991).

Although US airline manufacturers have apparently decided not
to adopt UHBR engines (Avmark Aviation Economist September
1990), General Electric is predicting that its GE90 family of
large higher by-pass engines, with by-pass ratios of 9 to 10,

5 The bypass ratio of an engine is the ratio of the external mass of air
accelerated by the engine to the mass of air passing through the core or
combustion section of the engine. The ratio varies from zero for a
turbojet (as fitted to Concorde), through 5:1 or 6:1 for recent turbofans,
70:1 to 100:1 for turboprops, to as high as 200:1 for propeller aircraft.
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will have' a 9 per cent = improvement 1in specific fuel
~ consumption over its predecessor.

Refined versions of existing big-fan engines, with high-
efficiency compressors, wide-chord fan blades and fully
electronic controls, still offer useful improvements in fuel
consumption, and will be standard on most engines by the
1990s. Ford (1989) notes that the Rolls Royce RB211-534E4
wide chord fan engine gives specific fuel consumption (SFC)
improvements of 4 per cent at maximum cruise speed and 4.75
per cent at maximum climb, compared to its predecessor narrow
chord fan engine. [Ford noted fuel efficiency improvements
cumulating to an improvement of 16.6 per cent for the Rolls
Royce RB211-524 engine from its introduction in 1977 up to the
latest version expected to be certified in 1992.] The newer
engines also allow the relationship between the core and the
by-pass systems to be varied according to the thrust required,
slowing the fan at high thrusts, thus increasing efficiency.

Ford (1989) considered that future engine development would
probably involve ultra-high by-pass ratio (UHBR) engines,
required for still larger subsonic passenger aircraft. An
example could be the contra-fan engine developed by Rolls
Royce, which .could offer SFC some 15 per cent better than the
RB211-524G engine already in service.

Second generation supersonic business-class passenger aircraft
could feature tandem-fan or dual-cycle engines, which would
have a high by-pass turbofan for sub-sonic flight and a high-
thrust fan for supersonic use (Ford 1989).

The use of ceramics and other non-metallic materials will have
a significant impact on thermal efficiency, and hence on
specific fuel consumption, in the foreseeable future. Special
purpose composite materials, with compositions formulated in
conjunction with the design of particular engine components,
should allow higher power outputs and lower weights for given
engine sizes (Green et al. 1987).
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Alternative fuels

In the longer term, liquid hydrogen may beccme an alternative
to Jjet fuel. Price (1991) notes engine manufacturers’
estimates of a 5 to 10 per cent gain 1in specific fuel
consumption, in terms of the energy content of the fuel
burned. Price states that there appear to be no
insurmountable technical problems, although tank size, safety
and price are issues. Price (1991) gives the cost of hydrogen
produced by cheap hydroelectric power at about 4.2 times that
of jetfuel on an energy equivalent basis, or 12.7 times that
of jet fuel per unit weight.

Hydrogen has almost three times the energy content of the same
weight of aviation turbine fuel (avtur), giving a two-thirds
reduction in take-off fuel load for equal range (41 000 kg for
a Boeing 747 compared to 121 600 kg of Jjet .fuel). The
consequent higher c¢ruising altitude possible (36 000 feet
compared to 31 000 feet) reduces fuel consumption at a given
speed. Length of runway on takeoff would be reduced, as would

wing loadings (or wings could be made smaller). Price
considers that engine 1life would be 1longer, with reduced
maintenance and lower engine noise levels. However, fuel tank

capacity would need to be almost four times as large, as the
density of hydrogen in liquid form is only about one-eleventh
of that of avtur (Price 1991).

With hydrogen fuel there would be no carbon dioxide or carbon
monoxide emissions and oxides of nitrogen would be reduced,
although the amount of water vapour produced would be more
than doubled. This water vapour may, above about 9000 metres,
form ice-crystal clouds which, while allowing sunlight to pass
through, reflect heat back to the earth. The ice crystals can
also act as sites for chemical reactions which attack ozone
(Barrett 1991).

"A Canberra bomber with one engine converted for 1liquid
hydrogen fuel flew in 1956. In the former Soviet Union, a
testbed Tupolev 154 passenger aircraft, redesignated as a TU
155, has had one engine converted to operate on either liquid
methane (LNG) or liquid hydrogen, as well as on jet fuel. LNG
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has a higher specific energy than jetfuel, although only about
half the specific energy of 1liquid hydrogen (Automotive
Engineering 1991). Thus LNG could confer a portion of the
benefits of a lighter fuel load on takeoff promised by liquid
hydrogen fuel. LNG has an energy density some three times
that of liquid hydrogen, but less than that of jetfuel. About
50 per cent greater stérage volume would be required for LNG
than for jetfuel, cdmpared to four times the storage volume
required for liquid hydrogen.

Summary

The expected growth in the size of the world Jjet fleet,
together with the retirement of about half the existing
aircraft by 2005, gives considerable scope for improving fleet
fuel economy. A leading manufacturer expects the overall
fuel-efficiency of the global Jet fleet to continue to
improve, with an increase of just‘over 40 per cent from 1989
to 2009 (34 per cent to 2005). The narrow-body segment is
expected to increase its fuel-efficiency by about 55 per cent
from 1989 to 2009 (42 per cent to 2005), as older aircraft are
replaced and larger ones are  introduced (Airbus Industrie
1991).

The size of improvements in the fuel efficiency of Australia’s
fleets of = domestic and international aircraft will Dbe
influenced by the ‘age structure of these fleets and the
replacement : policies of aircraft operators, as well as by the
rate of technical progress.
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CHAPTER 5 AUSTRALIAN DOMESTIC AND INTERNATIONAL AIRCRAFT:
POTENTIAL FUEL EFFICIENCY GAINS TO 2005

OVERVIEW

In October 1989, an international agreement was reached at the
International Civil Aviation Organisation (ICAQO) to phase out
all chapter 2 (Jjet) aircraft by 2002, in favour of the quieter
chapter 3 aircraft (the chapters refer to chapters in Volume 1
of the annexe tc the ICAO agreement). Chapter 3 aircraft
(those certified since October 1977) feature high by-pass,
higher fuel efficiency engines, which besides being quieter,
are typically 30 to 40 per cent more fuel efficient than their
chapter 2 equivalents, which generally have low by-pass
engines.

However, this 30 to 40 per cent margin could not be applied
overall to the 36 per cent of the Australian aircraft fleet
which (as at 31 December 1990) was chapter 2, as some of the
aircraft are only marginally in the chapter 2 category. ., This
level of saving might only apply to some 20 to 25 per cent of
the current fleet. The Australian chapter 2 aircraft involved
were mainly 727s, F28s, a 707 and a couple of DC9s, together
with some of the early 747s, which have high by-pass engines
with good efficiency. For wide-bodied non-chapter 3 aircraft
and any non-chapter 3 aircraft with high bypass engines, the
cut-off date is 31 March 2002. For other non-chapter 3 narrow
bodied aircraft, the ICAO cut-off is 25 years of age. The
Commonwealth Government has decided on a phase out period
commencing 1 April 1995, with the proviso that all subsonic
jets added to the register after 1 January 1991 must meet
chapter 3 noise standards to be allowed to operate.

Gains in the average fuel efficiency of the Australian
domestic and international airliner fleets over the next 15
years will flow from the replacement of existing chapter 2
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aircraft with chapter 3 aircraft and from ongoing technical
progress in the design of existing high-bypass engine types
fitted to replacement aircraft in the period to 2005. As
well, gains may be made from re-engining existing chapter 3
aircraft with later engines. However, new technology may be
required if the past trend is to be maintained. Ultra-high
bypass engines, some models of which may or may not become
available 1later in the 1990s, could offer fuel efficiency
gains over 1980s generation engines estimated at between 10 to
30 per cent (Hensher 1991).

MODELLING FUEL EFFICIENCY TRENDS AND FLEET FUEL CONSUMPTION

A spreadsheet model, similar to that for the Australian fleets
of ships, was developed to estimate changes in fleet average
fuel efficiency from 1988 as the base year. The model lists
each passenger aircraft in the Australian domestic airline and
international fleets (not including domestic commuter
airlines), and its fuel consumption per seat-kilometre. It
was assumed for ' the ' base case, unless more definite
information was available, either that each aircraft had' an
economic life of 15 years (from new) in the Australian fleet,
or where an aircraft reached the age of 15 years before 1992,
that it would be replaced in 1992.

This short economic life reflects an assumption of increasing
relative fuel <costs in the future, 1likely 1f greenhouse
mitigation actions, such as a carbon tax, were to be adopted,
and also of ongoing technical progress in improving aircraft
fuel economy. The effect of assuming an aircraft life of 20
and 25 years was also investigated. If an economic life of 30
years were assumed, the low average age of Australia’s
‘domestic fleet (only 6.7 years as at 5 July 1991) means that
only about 11 aircraft (727s and F28s) out of 112 planes in
the 1991 domestic fleet would be replaced by 2005.

The fuel consumption of replacement aircraft for each existing

aircraft type was estimated ' from regression equations for
particular size classes of aircraft, derived from data for
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aircraft types in the existing Australian fleets. A log-log
regression was done for three size <classes (up to and
including 50 seats, 51 to 200 seats, and over 200 seats), with
the log of fuel efficiency, in seat-kilometres per litre,
regressed against the log of the year in which the type/series
was first introduced (minus 1955), the log of the number of
seats, and the log of long range cruising speed in kilometres
per hour.

It was assumed for the base case that the existing size mix of
the fleets would be maintained. Each aircraft would be
replaced with another of the same number of seats and speed,
or with the same number of seats and speed as the latest

series of the type now available. In some cases this meant
that the number of seats or the speed would be different for
the replacement aircraft. The model handled this by

calculating the fuel which would be used when the replacement
aircraft performed the task (in seat-kilometres per year for
domestic aircraft or seat-kilometres per hour for
international aircraft) of the existing aircraft. This 1is
tantamount to assuming that additional aircraft would be used
when the capacity (the product of seat numbers and speed) was
lower for the replacement than for the existing aircraft.
When the replacement aircraft had a larger capacity (product
of seats and speed) than the existing aircraft, this amounted
to assuming that fewer aircraft were used to perform the
existing task. Problems of ‘lumpiness’ were not considered,
as growth in passenger task (discussed in appendix III) seems
likely to obviate the risk that the same numbers of higher
capacity replacements would instead operate at 1lower load
factors.

The model is in fact quite sensitive to changes in the number
of seats for aircraft models. This caveat must be borne in
mind when considering the results of this study. The number
of seats in aircraft operated by Australian carriers appears
to have become more variable of late, with deregulation and
increasing international tourist numbers. For example, 737-
300s had an average of 109 seats at August 19390 (DoTC 1990).
In September 1991, due to a marketing strategy involving the
non-filling of a proportion of business class seats, 737-300s
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operated by one carrier were flying with 96 effective seats.
In this case, the original number of 109 seats was used for
calculating3seat—kilometres per litre and for the regressions,
being considered more typical over time. Again, in 1988,
Qantas’ 747SPs had 220 seats: in 1991, these aircraft had 313
seats. Here, the higher seat numbers were adopted for use in
the model, being closer to the number of seats in Qantas’s
other 747s (from 386 to 406).

For each of the domestic and international fleets, a fleet
average fuel efficiency (in seat-kilometres per 1litre) was
then calculated for each year up to 2005. These values were
used to calculate indices of fleet fuel efficiency. These
indices of fleet task were then applied to forecast growths
for the respective tasks, to estimate the changes in fleet
fuel consumptions and CO, emissions to 2005 (see appendix III).

The regression equations were of the form:

- lIn(seat-kilometres per litre) = constant
‘ : + a * 1ln(date model
introduced - 1955)
+ b * 1n(number of seats)
+ ¢ * 1ln(long range cruising
speed)

Table 5.1 shows the coefficients for the wvariables of the
various regression equations, together with coefficients of
determination, t-statistics (in brackets).

The model indicatés, for the base case, trend domestic fleet
average fuel efficiency rising from 24.8 seat-kilometres per
litre in 1988 (1.5 megajoules per seat-kilometre or 1.9
megajoules per passenger-kilometre) to 32.8 in 2005, a rise of
some 32 per cent. For the Australian international fleet, the
trend increase was from 27.4 seat-kilometres per litre to 35.1
in 2005, a rise of about 28 per cent. The fleet averages in
1991 are 27.0 (domestic) and 29.1 (international).

When an aircraft 1life of 20 years was asSumed, these

improvements in fuel efficiency by 2005 were reduced somewhat.
For domestic aircraft the improvement in fleet average fuel
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efficiency was 22 per cent, about 10 percentage points smaller
than with an aircraft life of 15 years. For international
aircraft the improvement was about 17 per cent, 11 percentage
points less than with a 15 year life. When an economic life
of 25 years was assumed, the improvement in the domestic
fleet’s average fuel efficiency (14 per cent), was less than
half that for an economic life of 15 years. The improvement
in fleet average fuel efficiency with a 25 year economic life
for the Australian international fleet (16 per cent), was
under 60 per cent of that with an economic life of 15 years.

The trend values for fleet average fuel consumption rates
reflect the significant progress made over the past twenty
years or so in improving the fuel efficiency of aircraft.
While, as discussed earlier, further improvements may be
expected, it is not clear that the rate of progress will be as
rapid as over the past twenty years. As well, some existing
aircraft may be replaced with second-hand aircraft rather than
new aircraft. In order to estimate the effects of a complete
penetration of already -achieved 1levels of fuel economy into
the existing fleet model mix, a version of the model was run
with replacement aircraft having the fuel economy of the
latest series of the same type which was available in 1990
and, for the domestic fleet, 727s replaced by 737-400s.

TABLE 5.1 REGRESSION EQUATIONS FOR FUEL CONSUMPTION OF REPLACEMENT

AIRCRAFT

Aircraft class Constant a b c R
Large 83.172 0.422 1.566 ~-13.286 0.689
(over 200 seats) (1.5) (2.3) (-2.4)

Medium 9.985 0.121 0.606 -1.488 0.998
(70 to 200 seats) (4.0) (9.4) (~5.2)

Small 14.180 0.121 0.762 -2.287 0.996
(under 70 seats) (6.4) (5.7) (-11.8)

Note Numbers in brackets are t-statistics

Source BTCE estimates based on data from the BTCE’s Aerocost model for
existing Australian aircraft types.
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This version of the model suggests fleet average improvements
in. fuel efficiency from 1988 levels of about 29 per cent
(domestic) and 13 per cent (international) by 2005. This
suggests that, for the domestic fleet, almost 90 per cent of
the fuel efficiency improvement in the base case (by 2005) is
due to the replacement of aircraft with aircraft having levels
of fuel efficiency that have already been achieved. For the
Australian international fleet this figure is under 50 per

cent.

Figure 5.1 shows results from the spreadsheet model for
Australia’s domestic and international fleets of aircraft, for
both trend and 1990 levels of fuel economy, assuming the
existing size mix is maintained and a 15 year economic life in
the Australian fleet. For the domestic fleet, the high -
percentage of the base case fuel economy gains which are
available with 1990 technology reflects both the assumption
that 727s would be replaced by 737-400s and also the
availability of ' later series aircraft having substantially
more seats than those of preceding series, while using little
extra fuel. For example, the Australian Boeing 737-300 had
109 seats on average in 1990, while 737-400s had 146. The
737-400 uses 4.42 litres per kilometre (according to the
BTCE’s Aerocost model) and produces 33 seat-kilometres per
litre, while the 737-300 wuses 4.05 1litres per kilometre
(Aerocost model) and produces only 27 seat-kilometres per
litre. It is assumed that growth in passenger traffic would
allow this pattern of replacement without a decrease in load
factors. -

Finally, the model was used to examine a scenario in which the
~existing size and model mix is abandoned, so that all existing
aircraft are replaced by the most fuel-efficient aircraft in
the current fleet. All medium and large aircraft were assumed
to be replaced with wide-bodied, 288 seat A300-600Rs which,
the BTCE’s Aerocost model indicates, give 56 seat-kilometres
per litre, compared to about 33 seat-kilometres from a 146
seat 737-400. Small aircraft‘having less than 90 seats were
assumed to be replaced with F50s producing about 37 seat-
kilometres per litre. This resulted in a 96 per cent increase
in fleet average fuel efficiency between 1988 and 2005.
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Clearly, the improvements in fuel efficiency which would be
possible if economies of aircraft size could be achieved
throughout the fleet would greatly outweigh the likely
improvements from technical advances in aircraft and engine
design.

Table 5.2 summarises the results from the model for various
scenarios.. ‘Projections of the implications of the estimated
improvements in fuel efficiency for CO, emissions from aircraft
are to be found in appendix III.

TABLE 5.2 AUSTRALIAN AIRCRAFT: PERCENTAGE INCREASES IN FLEET AVERAGE
‘ SEAT-KILOMETRES PER LITRE OF FUEL FROM 1988 TO 2005

Domestic ‘ International
Base case
replacement at 15 years ‘ 33 28
Replacement at 20 years 22 17
Replacement at 25 years 14 © 16
Replacement aircraft with 1990
level of fuel efficiency’ o 29 - 13
Replacement of all existing medium and
large aircraft with wide-bodied
A300-600Rs, and all small aircraft
(<90 seats) with FS50s. ‘ 96 na

1 Actual seat-kilometres/litre for latest series of the type
available in 1990, and 727s assumed replaced by 737-400s.

na not applicable

Source BTCE estimates
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CHAPTER 6 CONCLUSION

For the Australian coastal (major trading) and international
fleets of ships, there appears to be the potential to realise
steady incremental fuel efficiency gains over the next 15
years, from replacement of existing vessels and from ongoing
technical progress in engine, hull and propeller design. In
addition there are, for the coastal fleet, substantial fuel
efficiency gains to be made by replacing the 4 coal burning
ships with diesel-engined vessels.

Fuel used by the coastal major trading fleet could fall by
about 40 per cent from 1988 levels by the year 2005 if the
coastal shipping task were to remain static. This estimate is
predicated on the assumption that ships are replaced at about
15 years of age, and that the fuel economy of new ships
continues to improve. About half of this improvement would
come from replacing the 4 coal burning bulk carriers.

Carbon dioxide emissions from coastal shipping were only about
4 per cent of the emissions (69 megatonnes) from Australian
domestic transport in 1988. On the assumption of a constant
task, coastal shipping could make a small contribution.to the
mitigation of greenhouse gas emissions: about 1 megatonne in
2005, or about 1 per cent of the projected 100 megatonnes of
CO, from Australian domestic transport in 2005 (see appendix
I11).

For international shipping to and from Australia continuance
of past growth rates 1is wunlikely, especially if - global
greenhouse mitigation efforts involve a reduction in coal
usage. Bureau of Mineral Resources forecasts for Australia’s
mineral exports to the year 2000 published in 1987 implied an
expected value of the growth rate of Australian mineral export
tonnages of 2.9 per cent per year. At this rate of growth,
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mineral exports would increase by over 60 per cent by 2005. A
similar rate of growth might also be assumed for Australia’s
much smaller tonnages of imports: Australia’s average rate of
GDP growth over the ten years to 1990-91 was also 2.9 per cent
(Treasury 1991).

At this rate of growth the task of Australian-flag ships
engaged in international trade would be likely to increase by
approximately half from 1988 levels by 2005, if Australian-
flag ships maintain a constant share in our international
-trade, and if voyages are shorter on average with changing
trade patterns.. The model suggests that fuel wused by
Australia’s international ships would then increase by about
one-third even if fuel efficiency continues to increase at the
same rate as over the past 20 years or so. In the absence of
increased use of alternative fuels such as natural gas,
greenhouse emissions from this assumed task could be expected
to increase by about the same proportion.

For domestic aircraft, if the current size mix of aircraft in
the fleet is maintained, and even if the fuel efficiency of
the domestic air fleet continues to improve at a rate similar
to that in the past two decades, the amount of fuel used is
likely to grow by about 35 to 40 per cent over 1988 levels by
the year 2005. Emissions of CO, in 2005 could be expected to
be at least 1.5 megatonnes (or 35 per cent) above 1988 levels
(see appendix III).

However, significantly increased use of the most fuel-
efficient wide-bodied aircraft and of the most fuel-efficient
small  aircraft in the domestic fleet could perform the
‘increased domestic passenger task predicted for 2005 without a
significant increase in emissions. Improvements in fuel
efficiency which would be possible if economies of aircraft
size could be achieved throughout the fleet would greatly
outweigh 1likely improvements from technical advances in
aircraft and engine design.

Fuel used by Qantas is likely to almost double even if fuel
efficiency continues to increase as it has in the recent past.

All international aircraft operating to and from Australia

46



could emit an additional 7 or 8 megatonnes CO, (from 1988
levels) in 2005. Qantas, if it maintained its current market
share of about 40 per cent, would be responsible for an
additional 3 megatonnes of CO, above 1988 levels in 2005, given
forecasts of growth in traffic.

Overall, under a ‘business-as—usual’ scenario, emissions from
ships and aircraft in domestic transport seem likely to
increase by about 8 per cent or 0.5 megatonne of CO, from 1988
to 2005. This increase equates to only about 0.7 per cent of
total 1988 emissions from domestic transport. Emissions in
Australian-flag international shipping and aviation could
increase by about 63 per cent or 3.5 megatonnes of CO, from
1988 levels of emissions by 2005, under the scenarios examined

in appendix III.

The proportional increase in the total greenhouse effect from
commercial aircraft is likely to be significantly larger than
the increase in their wuse of fuel, because of the high
altitude emissions of oxides of nitrogen (NO,) and because of
the emissions of water vapour into the troposphere and
stratosphere.
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APPENDIX I SPREADSHEET MODELS FOR THE FLEETS OF AUSTRALIAN
COASTAL AND INTERNATIONAL SHIPS.
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TABLE I.1 REGRESSION FOR FUEL CONSUMPTION OF REPLACEMENT SHIPS
TBAR TONNES LOG 100 L0G YR LOG LOG YR  RBPLACBKE LOG 10X LARGEREGR FOR 1990.00
BUILT  SPEED PUBL TONNES DVT/1000 BUILT  SPERD  TRAR RBPLACED VESSEL  1,1¥DWT RBPLACEKEORIG SHIP  SFC
NAYB e - oy JOAY /DAY -196% REPLACBD -1965  TONNES/DA /1000 VRSSEL TONNES/DAY

mesmsememsecressunens - - BULK Regression Output:

MLt . Constant 2.2
ACCOLADR II B L) 1982 10.2 14.0 264 [ I } 1] 1.32 1997 W 1.1 2.2 .47 9.09 1.88 Std Brr of Y Bst 0.13
CANIRA B 120 1980 12,0 .07 LW 142 2.8 .48 1935 L0 1.8 1.51 1.9 9.87 8,16 R Squared 094
SANDRA WARIB B 5680 1996 1.2 3.8 .62 112 3.0443 2.6% 1001 358 11T 1.81 11,61  13.66  12.80 No. of Observations 45,00
GOLIATH B 1210 1917 14,0 14.0 2.64 146 2.4849 2.64 1992 30 1093 L5 1LY 119 1128 Degrees af Freedon 41,00
VALLARAR B (111 1988 1.4 1.5 2.4 1.90 30448 1.60 2001 .58 10,93 1.8 1136 1336 1282
VARDEN POINT B 6000 191 1.0 11.5 2.4 1,19 2.5649 2,40 1993 L3 .66 1.89 1.9 10,19 1.99 I Coefficient(s) 040 -0.37
RIPRRSS B 11000 1930 13,0 11.8 .8 3,83 L.2189 1.56 2005 369 M.22 L9 169 15,9 Std Brr of Coef, 0.02 0.07
ORNISTON B 16580 1979 1.8 0.0 140 .81 2,630 .69 1994 3 0.9 290 2.9 .M 21,55 :
CENENTCO B 16510 1918 15.2 2.0 Ly 100 2.5649 .1 1993 1.3 2.8 290 22.7% .1 .,

TRON BARON B s 190§ "1 2%.0 3.4 303 2.9951 1.6% 2000 LA I ] L1 %00 2.1 1.8
TROK CAPRICORN B FLHIT 197§ 15 . 0,64 LEE 2,302 2.60 1992 LY 0N 366 24,12 MY U
[RON CAPRICORN B H T 1915 15.0 .5 .40 .50 2% LN 1992 L 4.0 .66 3048 4245 0.18
IRON CARPENTARIA B 45310 19 9.5 16.0 wn .81 2.4 2.5 1992 3,30 13,09 LY e o 1A
TRON CARPRNTARIA 45310 1917 13.5 1.0 .4 14 2,408 .60 1992 .30 26.32 L8 2n35 5.Ee 27,08
IRON COATIS B 45310 1978 9.5 16.0 wn .81 25648 2.2 1993 . 12,92 391 132 11
TRON CURTIS B 45310 1978 13.5 3.0 41 141 25649 .60 199 13 25,97 181 26.98 .56 21,08
TRON PRINCE B AN 1981 13.4 1.0 LI .08 2,1 2.60 1996 141 18,60 LT 19,33 2L19 20,05
TRON PRINCE ] H EEH 1981 14.5 0.0 k1) 1.08 .11 2.61 1996 W43 i Lo e L
IRON STURT B 22100 1979 13.5 0.t LR L .10 2.631 .60 1994 FIT Nt 1] L1y 19,95 25,18 20.28
[RON STURT L] 22100 1919 15.0 30,1 .40 .00 2.6091 LN 194 L3 .81 L1989 3Lt 2501
TOVULKA B 21258 1984 13.0 20.0 3.00 L1  2,.%u 2.56 1999 L8 1 .o 1180 2128 1821
LINDESAY CLARL B 29510 1985 13.0 20.0 .00 1,38 2,99%7 2.5 2000 .56 18.6% 348 1908 22,98 LU
RIVER TORRENS B FHEH 19n 14,6 36.4 159 146 248 .68 1992 (IS N 156 21,68 36,02 2741
PORTLAND ] 36500 1988 134 9.0 w .60 3.1355 2.60 2003 L6 21,02 269 21,85 25 U9
FLINDBRS RANGE B 21500 1978 14.6 6.4 L5 311 2.5649 2.68 1993 LYW I DR 2% ) B R T 1 N )]
[ROX TESTREL B 21210 199 160 10.0 140 LA Lmn 2.64 1992 LI I LW W an
TRON KESTREL B mn 13 15.0 8.0 .64 LML A 1992 330 2.5 140 2149 .82 22
TRON LIRBY B 11299 197 14.0 .0 340 331 2191 .64 1992 kI LA N 140 29T W U
IRON K1RDY 8 11111 1914 15.0 8.0 1.8 L3 LI LN 1992 LW 2.6 .40 Ans0 B 2T
HOWARD SNITR ] {3300 1981 13.8 ELIY] 1.56 L1 LM 2.6} 1996 L B 1.86  26.80 32,99 1.0
TNT ALLTRANS B 15218 1983 14.5 .0 1.50 358 2.8%04 2,61 1998 3,50 .U LG5 2643 3188 28.21
AUSTRALIAN PROGRES B 139400 1911 14,0- 12,0 {.28 490 2.4848 .61 1992 130 M8 5.00 46,22 60,15 45,17
AUSTRALIAN PROSPRC B 139400 1916 1.0 2.8 {28 L84 2,818 2.64 1992 330 s 5.0 46.22 6214 45T
[RON KBWCASTLE B 148140 1985 12,50 1.0 L6l 5.00 2.9957 1.5 2000 .56 304 5,00 .33 40,69 1145
[ROK KEWCASTLE B 148140 1985 14.0 5.0 1.8 6.00 2.9957 264 2000 156 4138 5.09 43,00 50,97 46,90
TRON PACIRIC B 11850 1986 1.0 8.0 364 5.4 L.0446 1.40 2001 158 0. 5.5 3LE6 0 3L un
TRON PACIFIC [] 231850 1986 1.0 62.0 G137 5,45 .01 2.8 2001 358 9.0 §.5¢ 50,96  59.%  56.17
[RON SHORTLAND B 101140 1979 12.5 0.0 .69 4,67 2.6381 .5 1994 13T M0 417 .32 40,79 et
TRON SHORTLAKD B 107140 1979 15.0 19.0 4.3 4,67 2.6391 LN 1994 3131 .88 4,17 4643 Sa.60 d4n.22
TRON SPENCER B {1415 1981 13.0 .5 1.80 495 2.1126 .56 1936 343 36.68 5.0  38.11  46.92 39.W
1RON SPENCER B (U 1981 1.0 61.5 .12 4,95 .12 2.6¢ 1996 4y .50 §.05 44,16 54,31 46.04
(RON WHYALLA B 11435 1981 13.0 1.5 un .95 21126 2.56 1996 343 36.68 5.06 3811 46,92 9.7
TRON WHYALLA B 141435 1981 1.0 58.5 4,01 .95 2,118 .64 1936 RIS I A 1 5.05 4416 3.3 46

- TRON IEMBLA B 148150 1986 12.5 ne 1.8t 5.00 3.0445 2.5 2001 358 32.69 5.0 197 39,96 3745

TRON KENBLA 3 148150 1986 14.0 5.0 1.8 5,00 ).0445 2.6 2001 3.5 40.9% 5,09 42,56 50.0f 46,91
1980.36 33.96 140 LEOLNN 2.59
GENBRAL CARGP BRR

FREEVAY NORTH [tH [31H] 1978 1.1 .9 FIEH 1,8 2.564 .69 1993 13 19,88 13w ey 20,08 G/C Regression Qutput:
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TABLE I.1 (cont) REGRESSION FOR FUEL CONSUMPTION OF REPLACEMENT SHIPS

PRANCES BAY G/C 2106 1881 11.0 9.0 1.20 0.4 2.112% 2.40 1996 343 §.8¢ 0.84 6.09 6.11 §.95 Conatant -2.95
JON SANDERS 9/c 68 1983 12.5 1.1 1,96 115 318 1.52 2003 164 8.76 1.2 9.13 9.13 9.08 Std Err of ¥ Bat 0.19
ROBBRTA JULL 6/c o0 1990 104 6.8 1.88 1,22 %2189 2. 2005 ).69 6,32 1,32 6,59 6.57 6,57 R Squared 0.91
C.Y.0°CONNDR 6/c 68 1480 12.1 8.9 2,18 LIS 3058 2,49 2000 1,64 8.30 1.2§ 8,65 8,65 8.59 No, of Observations 14,00
IRON ARNHEN G/C 1362 1 12,0 18,5 L5 L1 L0ty .48 1992 W N L 1LY Iy et Degreen of Freedon 1¢.00
TRON ARNHEN 6/C 8362 131 13.% 15,5 LN 2,10 .0 .60 1992 10 16,09 2.2 1611 1n1 161
NAREAAN BAY 0/c 1928 1987 12,0 8.0 1.08 1.0 d.osto .48 2002 31,61 1.88 117 8.2 8.22 8,13 X Coeflicient(s) 0.4 -0.08
WARY DURACK a/c 3168 1900 12,3 1.5 1.01 1,15 3.1368 3.5l 1003 1.64 8.51 .25 .87 8.87 §.41 Std Ber of Coef, 0.1 0,117
FRARL KONRCNY a/c b{11] 1990 10,4 6.6 1.89 1.3 L8 U 2005 1.69 6,32 f.02 6.59 6.57 §.51
GORDON RBID 6/C oo 1950 10.4 6.6 1,88 .22 3.218 IR 2008 1,69 6.32 .32 6.59 - 6.5 6.57
[NBNR GREBKW0OD G/C 2160 1902 14,3 3.0 .41 3,08 2.9332 2,68 1997 L4 6.1 3.18 4 28,20 2132
PILBARA 6/c 12180 1 14.0 2.0 A1) 2.55  2.5649 2.64 1993 Lo .66 21.59 22,06  20.90
KOOLINDA 6/¢ 12160 191 1.0 1.0 3.04 .55 2.5849 2.64 1993 LN N .60 2159 22,06 20.90
13,58 2,45 1.69 314 .51
ERR
CONTATNER ERR
AUSTRALIAN TRADER € 8450 19wn 13.1 1.1 110 2,13 L5649 .82 1993 LY 1098 PP I TS L B 1 96 TR L 4
TRANITAS TRADER C 14101 1988 15.2 2.5 LU 711 I %111 L1 1003 3,64 16,56 1AL 17.03 U4 22.89 CONTR  Regression Output:
AUSTRALLAN ADVANCE ¢ 15407 1983 11.2 50,1 1,92 15T 890 .05 1998 3,50 1288 .86 LT SRS 40,00 Copmtant ~1,90
AUSTRALIAN BXPORYE C MmN 19n 14.9 61.0 (1] 338 19469 L1 1992 1 M9 YA 2563 0,70 26,45 Std Bre of ¥ Rst 0.16
AUSTRALIAN VENTURE C 19450 1911 18.9 110.% Wi 3,68 2.4849 L 1992 130 49,78 " §1,20 93,12 52.03 R Squared 0,95
AUST BNDBAVOUR € {6500 1981 19.8 53.0 3.9 1.8 858 1.4 2006 L 0.1 191 i1.88 §1.90  59.68 Na, of Observations 8.00
AUST ENDURANCE € 45500 1991 19.§ §3.0 1.91 1.8 .50 .9 2006 L1 qen 19 188 51,90 89,68 Degrees of Freedon .00
TRON PLINDERS ¢ 1 1986 15.0 n.6 .48 285 L0445 N 2001 L5 1N L85 18U .89 1.1
3.82 3.0 BRR 2.81 ) I Coefficient(s) 0,29 -0,11
to/ko ERR Std Brr of Coef, 0,28 0.19
BRR
MBLBOURNE TRADER RO/RO nn 1915 15.9 n.1 1.5 1.9 2.30% .16 1992 130 32.00 .07 366 34,98 2,28
BASS TRADER RO/RO 1846 1916 .1 A 3.62 .06 2.1 1.8 1992 LI LB .16 4.9 4528 42.1)
GUTE RO/RO OO 1919 16.3 18.9 1.8 0.88  2.6391 1.1 1994 3T 19.60 0.97 2058 2090 19.87 RO/RO  Regression Output:
SSANAY HOBARY RO/RO 1161 1976 15.2 6.5 .60 191 2.0918 .1 1992 .40 28,00 2,06 29.4) 0.3 28,22 Constant -5.1
SEAVAY NELBOURNE RO/RO 1180 m 15.4 iy 3.6 1,97 2.4848 1.6 1992 L0 .8 2,07 3.0 W96 31L84 Std Ber of Y Bst 0.1%
TASKANIA B RO/RO {100 1482 15,5 .5 1.2 158 2.0302 L 1947 AT .67 LB 24085 25,00 B9 R Squared 0.90
TRON ¥ONARCH RO/RO LM 19713 1.5 16,0 nn 2,10 2.0 Al 1992 w1y 219 1801 195 110 No. of Obaervations 13.00
SEAROAD MERSEY  RO/RO 181 1941 16,0 .0 118 1,19 32581 wn 2006 L1 (W10 L I I8 | T Y 3 Degrees of Freedon 9.00
SSAROAD TAWAR RO/RO 9958 1991 16,0 5.0 1.56 2,00 3.3581 N 2006 M i .39 33 3.9
BASS RBEFER RO/RO AL 1813 13.8 15.1 2,15 1,01 L.564¢ 2,82 1993 Ly nmn 111 1036 13.62 12,06 1 Coefficient(s) 051  -0.08
ANRO AUSTRALIA  RO/RO/C 22200 9w 133 .8 LN L1000 24849 2.59 1992 RRR ] 0,22 L W 15,67 N Std Brr of Coel, 0,08 0.4
ANRO MBLBOURNE  RO/RO/C 23617 1915 1.5 5.3 1.9 3,16 2.3026 .68 1992 1,0 [TR) 1,28 i1 9,00 5,21
AUSTRALIAN BNBLEN RO/RD 450 1815 4.4 5.3 1.99 L15 2,302 2.68 1992 LW WS 3 46,98 48.83 (5.0
340 2,08 BRR LN
PRODUCT TANKER BRR
BP ENTBRPRISE PT 19192 1968 13.8 .0 3.6 2.99 11,0986 1.62 1392 10 .31 1,08 22,66 35.04 21,69 P,TANKER Regression Output:
JOAN HUNTER PY HUS 1915 12,6 0.4 L4 .19 2,30%6 1.5 1992 130 .00 1A 2550 . A2 Constant 1.5
AUSTRALIA SKY PT 13218 1989 1.4 6.8 1.1 150 31181 2,60 004 .66 21,26 3.60 20,98 30,40 30,15 Std Err of Y st 0.1
AUSTRALIAN SPIRIT PT 12605 1487 1.5 4.0 3.2 348 35,0010 2.60 2002 L6 2N .58 29.00 30,68 29.81 R Squared 0.88
NOBIL AUSTRALIS pY 16642 191 16.0 30.§ 1.4 1.8 19489 Ln 1942 10 6. KPR LI 3 I I T R T No. of Obgervations 13.00
¥N LBONARD Y 25500 19 16.0 i,0 1,56 LU 2,019 n 1992 130 25,89 h P I 2 B YIS { I N T Degrees of Freedon §.00
ANPOL TVA PT 12000 1990 14,00 30.0 140 141 LU 2,64 2005 1,69 26.61 156 28,29 29,60 29,60
NOBIL TASNAN Pr 12000 1990 13.00 1.6 145 14T Lus .56 2005 1,69 2.3 186 2801 20,30 29,30 X Coefficient({s) 0.6¢  -0.23
BSSO GIPPSLAND T 24380 1972 14,5 9.3 3.67 118 1,489 .61 1992 130 24,5 3,29 26,09 . 24,97 Std Brr of Coef, 0.08 0,06
CONUS 13 1950 1981 14.5 18.) 1.65 348 3,1 2.61 1995 L4 28,30 .56 30,08 M2.86  29.71
VILTSHIRE 1P 12280 1968 15,0 U0 .18 .51 10986 | 1992 L0 15,87 2.60 16,817 28,09 [6.15
IBLYIN LPg 1345 1390 1.5 19.0 .9 1,80 3.3189 2,61 2005 168 150 2.69 16,23 1m0 17,05
TSLAND GAS PG 5039 1916 3.5 1.8 .45 1.0 1,091 .60 1982 190 9.91 1,8 10,54 12,15 10,09
WM B 2.8
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TABLE I.1 (cont) ‘REGRESSION FOR FUEL CONSUMPTION OF REPLACEMENT SHIPS
CRUDE TANIRR:MAIN ENGINES ONLY ERR .
) ANPOL SARBL [H 101900 1919 15.5 1.5 .21 462 26391 A 1984 13T 0. L% £ 1% 3 U P ) B 118 11 C.TANKRR Regression Uutput:
ARTHUR PHILLIP  C? 65103 1814 16.0 0.0 [ H) .18 2,1912 an 1992 LW WIS .21 342 6050 un Constant -2.82
CANOPUS cr i 1985 1.9 8.5 165 455 30445 2.83 208 158 %2 4600 29019 3.8 ML08 Std Ree-of ¥ Bot - 6.1
ERA cr 9428 1986 3.1 3.1 .87 .55 3.0445 .62 2001 1.5 26.47 4.60 28.28 36.70  33.02 R Squared . 0.87
AUSTRALIA STAR  CT 94560 1986 13.2 [} 3,15 4,55 2.004% 1.58 2001 LEun L6 6.4 ML 30,90 No. of Observations 11,00
BP ACRIRVER cr 129700 1983 13.8 - {0.0 3.69 4,87 2,89 .58 1998 1,50 3276 496 05,00 47,30 38,76 Degrees of Freedon 7.00
NOBIL PLINDERS (T 149235 1962 15.0 15.0 1.2 5.0 2.8302 N 1991 34T 18,90 5,10 50,10 68,80  S4.46 .
NIVOSA cT 124754 1984 13,0 10.0 3.89 {83 2.8 2.56 1999 1.5y .11 492 .U 4.9 36,38 X Coefficient(s} 0.69  -0.61
TRON GIPPSLAKD  CT 81000 1989 14.0 1.0 3.5 41 L1l .4 2004 166 24.99 4,56 26,10 1.8 L Std Rer of Coef. 0.19 0.17
IRON GIPPSLAND  CT 81000 1988 144 i LR 41 3.1l .61 2004 166 26,40 56 2820 Bl WE '
RO GIPPSLARD €Y 87000 1989 15.1 6.8 3,61 441 a1 L1 2004 .66 28,90 (.56 30.87 .18 1.0
, XTI N TREN ,
T0TAL 3L BRR 1601.59 212213 410,50 2853.77
¥ DIPPRRENCE - - - EAR 0.743¢ 0.778%  0.9752  0.8160
- BRR
ERR
LAROR TANEBR: BOILER ETC ADDRD TO MAIN ENGINBS CONSUXPYION T e
ANPOL SARBL cr 101900 1319 15.5 1.5 C 2,639 1994 3T 4n 18,51 49,55
ARTHUR PRILLIP  ©F - 65103 190 16,0 62.0 . 2.1912 1992 330 .15 15.42 uwn
CANOPUS [4) UNT 198 13.9 56.0 31,0448 2001 158 .8 16.69 §1.58
BRA cr 94287 1986 1.1 §1.4 31,0045 2001 .58 wn 40.58 45.32
AUSTRALIA STAR  CT 94560 1988 1.2 1.5 1.044% 2001 L un 26.47 10.90
BP ACAIEVER cr 129700 1983 1.5 60.0 2.8904 1998 .50 5,78 55.00 58,16
HOBIL FLINDRRS T 149235 1982 15.0 15,0 2,002 1997 AT 6.9 50,10 54,46
NIVOSA o 12U 1984 13.0 2.6 29444 1999 15 nn WM 39,95
IRON GIPPSLARD  CT- 87000 1989 14.0 (1] 3.1181 2004 .66 54,99 56.70 62,71
}
OTEBR
STOLT AUSTRALIA  CHT 8900 1986 14.0 134 .89 219 1,0045 L6 2001 3.58 11,98 2.20 12,7 1554 13,001 AS FOR DRODUCY TANKRR
UNCKSTRR 5P 5301915 10 290 BN 285 2303 L6 198 330 1900 296 2006 20.90 19,81 45 FOR BULK
SEACAT TASNANIA  P/CR 2000 1990 35,0 15.0 .32 0.6 13,2189 2005 1.69
AUSTRALIAN SBAROAD CC 903 1982 1.5 2.0 W 2,20 2.8032 2,88 1991 AT N 2,30 2,16 39,37 29,23 AS FOR CONTAINER
con] RIVER EMBLEY [] 16308 1983 1.1 1440 4.97 .31 2.0904 51 1998 150 2821 §.43 29,31 35,35 )1.28 AS POR DIBSEL BULX
coal RIVER BOTNE B 16355 1982 13,5 1o 4.99 LU . 2.0 1997 341 0,30 4.4 39 38,35 33,22 AS ROR DIRSEL BULK
coal INT CAPRICORNEA B 15140 198 15.0 1480 §.00 4,32 2.8904 wn 1998 1.50 16,91 .41 18,36 46.26 40,9 AS POR DIBSBL BULK
cosl TNT CARPENTARIA B 15108 198) 15.0 48,0 .00 1.3 2,804 N 1998 350 3601 (A1 38,35 46.25  10.93 AS FOR DIRSEL BULL
ABRL TASNAN RO/RO/P 2063 1915 19.5 60.0 4,09 0,12 2,3026 .9 1990 L N6 0.82  3.86 34,96 32,26 AS POR RO/RO
N¥ SANDERLING LNG 12810 1989 1.0 93.0 4.5 .29 .11 2.8 2004 1.66 32,30 .30 3451  46.31 45,10 AS POR CRUDE TANKBR: MAIN ENGINES
NW SNTPE LG 12870 1990 1.0 0.0 {.5 429 3.9 1,03 2005 L8y .81 438 33,98 45,18 45.18 AS FOR CRUDE TANKBR: WAIN BNGINES
NV SANDPIPER LKG 12870 1982 1.0 9%.0 .5 4.29  ).2958 I H) 2001 L1 J0.88 §.08 32,99 43.12  45.18 AS POR CRUDE TANKRR: NAIN BWGINBS
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TABLE I.2

COASTAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS THE SAME
SIZE ASEXISTING VESSELS (EMISSIONS BASIS)

L/ 200N88 PULL / DAY OF VESSEL AND REPLACEMIN® YESS3L

ml 1 A D
un m e (YORURS) (90 19 10 UMD 1O 19N E9SC IS 19N 99T 19M qsM 200 201 2002 2000 a804 008
nmy uGr ) mu 1M W N N
STSAGRY STDLAVOOR R0/R0 e vy e ome 64
oy win 6/ e 1 150 m 12
IELOORRET TRADIR RO/R0 wrooms 15y Ny Wt
50 et /K0 m e s ET2 S TS O (X S (7% O 1% R (S B 3% A (A 5 A VS A T A VS MR T At I I N T
CoaLLLyant 3 10/10 w1y 150 me 15 18 ‘
MO K o meoome W Ny Ny 0y
nmmngg n 181 R LTS T % S |7 IS | U N ' B X
I8 CMBITVOOD  GfC IVI TR LY S (7% S Y B ' 2 T T X
o mn n L{TIATNS I U S Y S | R R N
TO0LIEDL sfc 1 1m e e 1 e 1
i 110 18 16 150 10 M N0 W
LT s p/0/er 206 (8 198 60 0.0 0.0 00 600 @D
mnw 1 LT U LT S X |1 YS B 1V (R 8 R 16 R VS R 11 R V6 A 1% 2 ) 6 DO TR (% T Y I (X
Kooun 1 3 L L D Lt (I (S O [ 7 I (X O (S (T U % S U IO T I TN R T 11 11 11 11 11 11 1.1 11
UL UL o LLIECTI LI TN | P SN | % TN F % SN 2% SN 7 3% TN /% TS /1% TN % TN 1% AN 0 O 1% JN 9% BN 198 AN 175 BT 7% NN 90 A 18 BN 136 NN TR
A potLLle ot (SIS 1B U0 TR ¢ P N X A+ T+ 0 TN RN 0 S SN E 16 JN (% N £ 16 SN F SN 116 NS £ SN L S 1 F S T B (Y S R L
(11130 b1} LN S U O (N R (R D TR T R (0 {0 T (7 {30 T (70 O (3 S 30 O 7 A ' R (9 N (7 R (R IR 12
AVITRALLAR SPIRID PO ey 1 LS 250 500 1500 250 1500 2500 2500 2500 1500 1500 250 1500 50 1500 3500 .00 1 N 13
N1 nun /10 LEIUI (TN % U IS T |15 1% S 1 N 115 N {5 SN I TN 1% N 1O JN X N O TN 8 TN O SO O SO T SR U SO 1O RO 1 8L N O
canu » 15 I [ I P .4 A ] 1.0 LA .4 1.0 1.0 1.0 1.0 1.4 14 14 1é 14 16 1.8 1.4 1.4 16
CAROPOS [ HUT 1B ) S0 560 S0 S0 SE SEO SE0 560 S60 S0 560 S0 SR RO RO HL0 4L (Y s
[y O u) ] LLI TR UL Y S 1 B T R T X T T N R 8 T T L O T R (O R T B (O B T R T0 Rt BTN B 1K
o n ST /NP UA T I R R[S A | B (1S R (5 RN 5 T | 7% A (1% TN 16 TN (75 TR {6 ST {16 SO U ST W RO AT KR NS (B
1] a M 1T S S M S SIS SLE SLE SLE S S S S L4 L4 I I8 0 e
uoemun n LLUBE IS (N D R iR A R | R | X T T S I T % T (% O TC T % S (O T N (SN T S T B (S R TR R TR
TRNCTS BT 8fc mee 101 1 4 1.0 1.0 1.0 .0 10 1.4 1.0 1.0 1.0 .8 5.0 5.8 5.8 5.8 5.0 5.8 5.8 it
oL ) AT 0 BN U R 8 S 0 B 0 S SO U 2 IO % IO R KR N X R (K R (R VK B (X N 'R B S AR (X
(] 0/ L L (S O | O O (I e (O (O { (  T R T  N S TN  TK A (N B X B A X
1000 0108 ) LETT A 1L IS U B { X B B0 B4 20 250 B 280 200 80 1500 250 2 4 W2 WD Nt
oy ancon ) B 15 1S WS MY WS WS
1000 CARMIRTARIA ) i mm £ IS TN (0 TN P B {2 T T2 TS 1 S | 5 AN S UG U5 SN € ST £ ¥ SR £ % G X G P | . It B At B A LB BN 4 B
1008 comels ] (1 U )] LIS L N T D 2 H [ HO {7 O (7 S (S T VR t XU NS T XN T S NERE T 5 Bt X . 10y 1y 11y 1y 1y
1008 NOMRCE 20/20 [ULECT L)} N ¢ ¥ NS { P IS (T IS Y I (Y} PLS 1% S 1 S Y S U5 S Y S VS A | B VY YO S v Y B O Y S ¥ S U B
107 natace ) [10A LI LIRS & P N X N B L E N | . ne  nweoone N0 W 6 s 10 e 16 186 16 106
1008 st ! wme e 08 Ny B ol ond . I3 PO A 1 U ¢ B A S R 1 SR S IR B B L 1 11 1o
1SLAD) CU$ Lre LI} )T 5 SN | P TS | I SRS § M S V¥ | L. B 1.9 1.9 1.9 1.9 1.8 1.9 1.9 1.4 1.9 1.9 1.4 1.1
T0F AR 6/e {1 LI t R 1.1 11 14 1
mm 1] S 1 1S 18 1.0 1.0 1.0 1800 10 0 I 180 10 1.0 100 180 180 . 1.
nmon ! nsy o e ne o we w0 N4 00 2000 2000 200 200 2000 2000 0 00 0 11 11 111 . 1 .
umsy cu @ nie DS D W 0 0.0 00 00 0.0 200 2.0 2.0 0.0 200 0.0 00 200 1T 187 . .
XONIL AVSTRALIS 1Y FCITY S LY TP NS | I | 2 S | X B [
oy } 1058191y 68 200 T 300 200 N0 300 300 3.0 208 206 204 206 204 I 104 0 8.4 204
nun ofc LEI LIS LTS { LA LS | Y P N P 1 OF N X | Y N {75 B (1% A (% A (S A S AN (' SO '8 S ' BT X T B 'K T
NHun 1 S USLUI LI N | N R X N X T NN O R { T | X T { X T | N O | X R (T S 2 N [ O T X T | X T T N S TR TN
1 om Pleod] 1385 190 4LS HEY LY MY DY NS G LY MR HY LY Y 300 W ) ) WY Na 1)
MR i Nleal]  TN5 10 LD S NGE O HED 16 N6 MG MG MED LS NG WED MRS I 2 12 1 2 1l
nmon ) mtor WS W WA W M I N N 68 260 36 060 266 166 266 168 266 06 266 166
unu W ! L L L e ¢ € TN £ N 0 N ¢ % TN C TR T SO 1 0F S (O ST Y



TABLE I.2 (cont) COASTAL SHIPS: TREND SPECIFIC FUEL consmm-non FOR REPLACEMENT SHIPS THE SAME
o . SI2E AS EXISTING VESSELS (EMISSIONS BASIS)

SEAWAT HOMMRY  RO/R0 ML 16 157 5 WS WS WS S 8.0 280 280 280 280 280 2600 200 280 2.0 w0 M0 W0 80
STARY NELDOURRE R0/RO LEETO 21 A L% N 1 N 1 TN TN % NN | SN 1 N 0 TN Y SN ¥ T 1 TN 4 TN 1 TN C TN J SO L SO 1 S X S ) L S ' W
STOLY AGSTRALIN  CET LEIUJD U1 TS P (M 1% AN ¥ 1 AN ¥ 1 AN T NN 1% S % NS P A 1% NN 1% D ¢ P AN 25 R 1% D &% A & 1 A ¥ 2 R VX S VL S TN
TASNARIA D 10/20 00 1982 155 65 S WS WS WS S WS WS WS WS WS W no ony onro ony ony o nyona
TIT CAPRICORMIR B [coal] 75140 1983 145 - 1408 - 419 - 1419 - 19 - L9 1409 M1 MDY 19 - 119 MY 1S Y 6% - 36 NS M WS N
INT CARPRNMARIL B [coal]  TSIOF  198)  M45 M7 1AL T WL LY 1409 MDY 1Y LTS LS T MTY O 08 Y 3 38 9 X %
winn - W00 M 160 3500 39 B0 B0 ’ ’ ’ B ’
VALLARME 3 [{1T20 1 15 S | 01 TR § X T § 8- TN 18T § VS % S 15T 1 TN P D % D § U6 ¥ % D D O TG O 18- T {15 N 1% S UM S L 8
LTICHASTER Hy 17530 15 M0 9.0 20 200 00 B0 1D B 13 1) B 1Y 13 153 18 3 183 13y 1y 183
XML 1TA 2} 12000 1%%0 140 30.0 0.0 3.0 3.0 0.0 0.0 .0 W0 3.0 0.0 W0 0.0 3000 0.0 000 0.0 3.0
FARDIB 2OINY L} 000 1978 1.0 LS {915 TS VI SO V% O O B 1.1 1.1 11 1.1 1.1 1 11 11 1.1 1.1 1.1 1.1
ROBERTA JULL 6fc 30 1 104 [ 06 66 6.8 6.8 (A1 6.6 6§ 6.6 6.6 6.6 6.6 [N (1] 6.6 6.6 (A1
KIpaess B e 1% 1.5 1% e 18 16 1.6 16 116 108 116 116 116 116 16 108 1ns 1 106
NODIL TASKAY n o 10 W e )90 J0 ) 18 TR Y S TN | ¥ TN /Y SO Y P T 14 TN ) Y Y 1 T P O | 1€ O U S | P T 1 M
SEAROAD NERSEY  RO/R0 IR 1) S 9 B N ] WO W0 240 0 0 0 M0 W0 0 M0 W0 WO W0 W0 WD
TARRE RITER L} 10000 187 1.0 REGR, ’ ’ (7% SR 1 0 S 1% N 5 N 4 S 4 1 S 0 NS | SN % TS | S S| R SS  S SS | T | B RS |
SEAROID TR RO/RO LEIE I ) S (A B | E7S TR 1% S 7% SN 1% S {15 N 179 1% 1 9 | % U 0 S | O U D | B A
- YOMIRS OF IUTL PIR DAY (CONSTANY TASK APYER 1931) WSS 18747 19801 1829 17568 17102 695.0 06565 4655.2 CM6IT.6 45007 CMIED.2 1L6LY Q162 2SS L8 MBS H20.Y
TODRE-OF PUBL USED (1988 BASK; CONSTANY TASK ATYER 19%1) 1000 $3.0 9.6 0. 872 8L M1 L1 820 ML - T8 S 8 ST B S0 SR 55
DEAOVRIGHT 10N - BAUTICAL KILES PR DiT 400400 4.6E000 510408 4.6Le08 4.6Be08 4.GEP08 4.6L+08 4.GRe03 4.6E+08 4.6C408 €.GE+O3 4.GE+08 4.GE+OS 4.GE+O8 4.GR408 {.6E08 §.6E408 {.GE408
PLEET AVERAGK YONSLS OF PUEL / 000DNT / 1000 AUTICAL KILR$ [ P03 I LT S VAN X 7 S Y N 9 & N 19 | A 13 SN 1 ) SN % AN - N 8- N 2% U R 90 N 31 Y 1 | S 1 1 1 )
TODIT OF PLESY PUKL EXRICIKACY (1988 mst) - 100.0 1000 1061 1048 1002 1107 LS LS MILS O MES 1202 B0 N2 138 HLD ML ML S

Tote: It is assumed that vessels are replaced at age 15 years or 1992 if already older.
Batinates of fuel consumption were obtained from shipping companies, else from regression equations for tonnes of fuel per 000DWY per day from BYCE database INT3EAS.WEL
Por replacenent ships, estimates were obtained by regression on the values obtained for axisting and past ships
The datadase regression equatioos for existing ships for which data vas pot obtaived are

Bulk ships: exp(-1.749625-0.4925291a{DUT/1000}+0. 22230810 (1991- year built)e1.1068771n(speed)
taokers  : exp(-3.67077-0.4069221n(DUY/1000)+0.17800810( 1981 -year uilt)+s.7822731n{speed)
RofRo @ expl-4.005212-0.5072761n{DNB/1000)+0. 048439 10{1931-year built)ed. 134377 n(speed)
Costaioer : exp(-6,641991-0. 58436710 (DNY/1000)+0, 39853210 { 1991 -ear built)s2.9106741n(speed)
Gen Cargo : exp(-5.347061-0,5104710(DUT/1000)40.0471091n {1981 -year built)+2,6578191n(speed)
Gas Taoker: exp(-0,592047-0.3592110(0VD/1000)+0,0715851n(1991-year built)+0.777528a(speed]

SOTRCES: AUSYRALIAN SBIPPING 1990 aad earlier editions, BYCE DATABASE
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TABLE I.3 COASTAL SHIPS: 1990 SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS THE SAME SIZE AS EXISTING
VESSELS (EMISSIONS BASIS)

PUSL/DAY TONNBS FURL / DAY OF VESSEL AND REPLACEMENT VRSSEL

YBAR  SPEBD AT SPBED  -----e-omooemmmemen e s -
NAKR TIeR o BUILT (TONNES ) 1988 1989 1990 1981 1992 1983 1994 1995 1996 1991 1998 1999 2000 2001 2002 2003 2004 2005
FLINDRRS WAKGR B 21500 1978 4.6 ¥4 6.4
LYSAGAT ENDRAVOUR RO/RO 11810 197 18.0 RBGR.  45.1
NARY HOLYKAN /¢ nie 1911 15.9 RBOR. 13,2
NBLBOURNE YRADBR RO/RO 1201 1975 15.9 .1 .
SID NCGRATR RO/RO 1AL 1978 15.0 1.9 1.9 1.8 1.9 1.4 1.9 12.9 12,9 12.9 12,9 12.9 12.9 12,9 12.9 12,9 12.9 12.9 12.9
CHALLENGER B R0/R0 1390 1979 15.0 RBOR. 15,9 15,9
PREEWAT NORTH GC 9N 1978 1.1 9 .9 2.9
BP BNTBRPRISE Pt 19792 1968 1.5 1.0 6.0 3.0 3.0
[RENE GRBENWOOD  C/C 21760 1982 14,5 2.0 2.0 2.0 2.0
JORN RUNTER Pt U 1975 1.5 0.4 104 0.4 304
T00LINDA 6/C 12160 1918 1.0 il .0 .0 2.0
VILTSAIRE LPG 12280 1968 15,0 U0 u.0 U0 U0
ABBL TASHAK RO/RO/P# 2063 1975 19.5 60,0 60,0 60.0 60,0 60,0 H 2.3 .3 .3 23 2.3 %) 23 2.3 2.3 23 23 23 2.}
ACCOLADS 11 B LN 1982 10,2 14.0 14.0 1.0 14.0 14.0 14.0 14.9 1.0 14.0 14.0 14,0 1.9 1.9 1.9 1.9 1.9 1.9 7.9 1.9
ANPOL SARBL cr 101900 1919 15.5 12.5 1.5 12.5 1.5 7.6 2.5 2.8 12,8 9.6 9.6 9.6 9.6 9.6 19,6 49.6 13,6 9.6 9.6 49.6
ARTHUR PRILLEP  CT 65103 194 16.0 62.0 62.0 62.0 62.0 2.0 T T W1 KN W1 "I HN T .1 W1 .1 .1 HA LA
AUSTRALIA SIY T 029 1989 12.1 6.8 2.8 6.8 26.8 2.8 2.8 2.8 6.8 26.8 2%.8 26.8 26.8 26.8 2.8 6.8 2.8 26.8 26.8 30.2
AUSTRALLAN SPIRIT PT 2605 1987 13.§ 5.0 4.0 25.0 25,0 25,0 25,0 5.0 5.0 25,0 5.0 25.0 25.0 5.0 25.0 5.0 .0 9.8 29.8 9.8
BASS TRADER R0/R0 1846 1976 1.1 ) n3 .3 3 1.3 a3 3 2.1 {1 2.1 24 2.1 2.1 2.1 2.1 2.1 2.1 2.1 i2.1
CANIRA B {120 1980 12,0 8.0 9.9 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2
CANOPUS cr “u1 198§ 1.9 6.0 56.0 56,0 56,0 56,0 56.0 56,0 56,0 56.0 56.0 56.0 56,0 §6.0 §6.0 56.0 51,6 1.6 $1.6 §1.6
CRMBNTCO B 16510 1978 15,2 2.0 2.0 12,0 2,0 2.0 3.0 3.0 2.8 2.8 1.8 2.8 2.8 2.8 22.8 2.8 2.8 .8 2.8 .8
CONUS 3 1950 1981 1.5 18.3 8.3 183 8.3 18,3 38.3 383 3.3 383 8.3 2.1 29,1 28.7 297 29,1 291 29,7 29.1 2.1
ERA - cr 4287 1986 n.1 514 51,4 51 51,4 514 514 514 S14 51,4 N 51 514 §1.4 ] 51,4 5.3 45.3 5.3 5.3
BSSO GIPPSLAND  PT 24380 1912 14,5 9.3 383 8.3 39.3 9.3 25.0 25.0 25,0 25.0 25.0 25,0 25,0 5.0 5.0 5.0 25,0 5.0 2.0 5.0
FRANCES BAY G/C 2106 1981 11.0 $.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0 9.0 8.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
GOLIATH B {210 1971 14.0 H.0 H.0 1.0 14.0 1.0 14,0 1.3 113 11.3 1.3 113 11,3 1.3 113 13 11.3 11.3 113 i3
GUTR RO/RO 2400 1979 16.3 18,0 18.0 18.0 18,0 18,0 18,0 18,0 18.0 19.9 19.9 19.9 19.9 19.9 19,9 19.9 19.9 19.9 19.9 19.§
IRON BARON B 178517 1985 1.1 5.0 25,0 5.0 2%5.0 25,0 25,0 2.0 25.0 25,0 5.0 5.0 5.0 1y 214 AR 1 AR
[RON CAPRICORN B 2 1975 13.§ W5 W W5 .5
IRON CARPENTARIA B 15310 1371 9.5 16.0 16.0 16.0 16.0 16,0 13.8 13.5 13.% 13.5 13 . . 13 3.5 , 13, 13, .
IRON CURTIS L] {5310 1978 9.8 16,0 16,0 16.0 16.0 . ) .0 . 13.§ 8 . . . ) 1.5 . . 13, )
TRON NONARCH RO/R0 14858 191 1.5 16.0 16.0 16.0 16.0 . ) ) 17} . . B . . 17,3 . Jd 11 .
[RON PRINCE [} NS 1981 1.8 2.0 2.0 2.0 w0 . . . .0 . . ) . . , .
[ROK STURY B 2100 1919 13.5 .1 .1 0.1 U1 . 20,3 a ) ) . . . . B
[SLAND GAS LPG 6033 1976 13.5 11,6 11.6 t1.6 11.6 11.6 10.1 10,1 10.1 10.1 10.1 10, | 10,4 10,1 . 1
JON SANDBRS /¢ 2640 1988 12.6 1.1 1.1 71 1.1
IRLVIN LPg 13453 1990 1.5 19.0 19.0 19,0 19.0 19,0 18.0 19.0 19,0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0
TOWULIA B 23258 1984 13.0 2.0 0.0 0.0 20.0 . . 20.0 20.0 20.0 20.0 20,0 20,0 . . . . . . .
LINDESAY CLARK B 29510 1985 13.0 20.0 0.0 20.0 0.0 20.0 20,0 20,0 20.0 20.0 20.0 20.0 20.0 0.0 20.0 1! 2.1 i1 2.1 AUt
NOBIL AUSTRALIS  PT 25642 1912 16,0 0.5 0.5 0.5 10,5
ORNISTON B 16580 1979 14.8 30.0 0.0 10,0 0.0 0.0 0.0 0.0 30,0 .6 2.6 21,6 2.6 2.6 2.6 21,6 2.6 2.6 .6 2.6
PILBARA ¢/C 12760 1978 14.0 .0 2.0 2.0 .0 0.0 .0 .0 2.4 20.9 20.9 0.9 20.9 0.9 20,9 0.9 0.8 20.9 20.8 20.9
PORTLAND B 16500 1999 134 29,0 29,0 .0 9.0 29,0 28.0 .0 29,0 29,0 28.0 4.0 29.0 0.0 29,0 29,0 2.0 9.0 .6 U.6
RIYER BOTNE B {coal] 78355 1982 15 MY HES 1 LS LS LS 19 Y LY MY s W LEY 1Y) 0.2 1.2 3.2 2 kLY
RIVER BMBLEY B (coal} 76305 1983 13,1 168 [46.8  146,8 1468 1468 16,8 1468 (46,8 146.8  146.8  146.8  146.8 i3 .3 KR H [} KR LI
RIVBR TORRENS B g2l 1917 14.5 FEN) 6.4 6.4 1854 6.4 6.4 21 4 .4 T AR 214 AR AR R AN AN 1.4 AN
SANDRA MARIB B 5580 1986 14,2 1.4 1.8 1.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13,8 13.8 13.8 13.8 13.8 12,8 12.8 12.8 12.8
SBAWAT HOBART RO/RO 1161 1916 15.2 6.5 36.5 16,5 6.5 36.5 28.2 8.2 8.2 8.2 8.2 28.2 8.2 8.2 8.2 8.2 28,2 8.2 28.2 8.2
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TABLE I.3 (cont) - COASTAL SHIPS: 1990 SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS THE SAME

" SIZE AS EXISTING VESSELS (EMISSIONS BASIS)

SRAVAY WRLBOURNE R0/R0 1180 971 15.8 1.3 31 [ 13 1.3 1.3 .8 .8 1.8 .8 3.8 .8 .8 .8

STOLT AUSTRALIA  CHT* 8900 1986 14,0 RRGR. 13,7 14T 131 1 na 131 131 13.1 | 7Y S+ P R T 1 B kY
TASHANIA B RO/R0 1100 1982 15.5 U5 U8 .5 u.s u.5 1.5 u.s u.§ 4.5 U5 U5 u.2

THT CAPRICORNIA B [coal] 75140 1983 WS N1 W19 7.9 M9 ULY M7 NS HTLY MY WY LT UL 0.9 0.9

TNT CARPENTARIA {coal} 75105 1983 M5 MY 79 M7 HMT.9 0 MT9 0 M9 ML HLY NN U9 MYl 0.9 0.9

¥N LEONARD Pr 25500 1913 16.0 3.0 5.0 5.0 3.0

VALLARAH B 6666 1486 13.5 11.§ 11.5 11.% 11§ 11,5 115 115 11.5 11§ 11.§ 1.5 118 118 11.§ 11.5 12,5 12.5 12.5 12.5
LINCHASTER s+ 11530 141§ 1.0 28,0 29.0 2%.0 28,0 29,0 1%.9 19.9 18.9 19,9 19.9 19.9 19.9 19.% 19.9 19,8 19.9 19.9 19.9 19.9
AKROL TVA Pt 32000 1990 1.0 0.0 30.0 0.0 0.0 30.0 0.0 0.0 0.0 30.0 0.0 30.0 3.0 30.0 30.0 0.0 10.0 0.0
VARDRR POINT B 6000 1978 110 1.8 11.§ 115 1.5 11.§ 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.9 8.0
ROBERTA JULL 6/c 1400 1990 0.4 6.8 : 6.6 6.6 6.6 6.6 6.6 6.6 6.8 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
EIPRRSS B 17000 1990 1.8 11.6 11.6 11,6 16 116 11,6 11.6 17.6 1.8 1.6 17.6 11.6 17,4 11,6 11.6 11.8 17.8
HOBIL TASHAN T 32000 1990 H.17 .6 3.6 .6 H.6 3.6 L6 3.6 .6 .6 1.8 1.6 3.6 1.6 3.6 3.6 3.6 .6
SBAROAD MBRSET  RO/RO 5115 1991 16.0 .0 U.0 R .0 AR U0 .0 U0 2.0 IR L TN U u.0 2.0 .0
TARRA RIVER B 30000 1982 1.0 RRGR. .2 1.2 21.2 .2 .2 1.2 1] R R 2.4 A i 214 IR AU
SBAROAD TAMAR  RO/RO 9515 1991 16.9 i1 W1 i1 W1 K| .1 . i1 M KR! M1 4.1 L[| M .1 H.1
TONNBS OF PUBL PBR DAY (CONSTANT TASK APTER 1991} 0155 1874.7 19871 18218 1m2.5  1m16.y 1702.8  1670.4  1669.6  1655.1 1531.2 1201.7 1201.0 1204.5 1193.3 1198.1 11931 11911
INDRT OF PUBL -USED (1988 DASE; CONSTANT TASK APTER 1991} - 100.0 - 93.0 98,6 80.4° 85,0 85.1 8.5 829 82.8 2.1 6.0 59.6 59.6 9.8 59.2 9.4 59.2 594
DEADWRIGAT TONKE - NAUTICAL NILES PER DAY 4.08408 4.6B+08- 5.0B+08 4.GB+08 {.GR408 4.GR+08 4.68+08 4.6R+08 4.G6R408 4.GR+08 4.6Be08 4.6Re08 4.6B+08 4.GR08 4.GB408 4.GR08 {.6E+08 {.6E+08
PLBET AVERAGE TONNES OF FUBL / 000DWT / 1000 NAUTICAL MILES 419 401 3.9 3.9 KA 316 n 3,66 3.66 3.63 3,35 2.6 2.6 2.64 2.61 2.62 2.61 .52
INDBX OF FLERT FUBL BFFICIBRCY (1988 BASE) 100.0  103.0 106.1  fo4.8  109.5 1104  If1,0  H2.7 1128 11LE 12000 D2 NRLY O BN BLT BT BLE 1S

Note: It in assumed that vessels are replaced at age 15 years or 1992 if already older
Betinaten of fuel consumption were obtained from shipping companies, else from regression equations for tonnes of fuel per 0OODNT per day from BICR database INTSBAS.¥II
For replacement ships, estinmates were obtained by regression on the values obtained for exinting and past ships.
The database regression equations for existing ships for which data was not obtained are:

Bulk ships: exp(-1.149625-0,4925291n{DNT/1000)40,2223081n(1991-year built)+1,1068171n{speed)
Tankers : exp(-3.67077-0.4059221n(DWT/1000)+0.1780881n(1991-year built)+1.7822131n{apeed}
Ro/Ro exp(-4,005212-0,5072761n{D¥T/1000)+0.0484391n(1991-year built}+2.2343771n(speed)
Container : exp(-6.641991-0,5843671n(DNT/1000}40.3985331n(1991-year built)+2.9106741n(speed)
Gen Cargo : exp(-5,347061-0.510471n{D¥T/1000)40,0471091n(199]-year built)+2.6578191n{apeed)
Gax Tenker: exp(-0.592047-0,359211n{DNT/1000}40,0715851n(1991-year built}+0.7775281n{apecd)

SOURCES: AUSTRALIAN SHIPPING 1990 and earlier editions, BTCB DATADASE
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TABLE I.4

COASTAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS 10 PER CENT LARGER

THAN EXISTING VESSELS (EMISSIONS BASIS)

FURL/0AY TONNES FURL / DAY OF VESSEL AND REPLACKUSNT VESSEL

TRAR  SPRRD AT $PRTD :
i TIER pr  MILT (Tomwes) 1908 1989 10 111 199 199 1984 1995 1996 1591 1998 1998 2000 1001 000 20 2004 2005
FLINDRRS RNOE B nsee 1918 e WA
LYSAGAT BNDRAYOUR RO/RO 11810 1913 1.0 RgeR.  45.1
HARY ROLYHAN a/c M 1m 1.0 1, Ha
NRLDOURRE TRADER RO/0 1201 1 150 Lt .t
910 ¥CORATH 20/10 s " 150 1.9 4.8 1.9 1.9 1.4 14.9 1.4 13,4 134 134 1.4 M 184 14 134 13.4 13.4 ER]
CRALLENGER B /00 00 1m 16,0 mon, 149 1.4
PREBVAY NoRTE GO 0 191 My oty 11 1.4
BP INTRRPRISE  PY 19192 1968 14.6 W.o oo M0 W0 6.0
IRENE GRBENWOOD G/C 217160 1981 14§ e noe 1.0 .0
JOTR HUNTER 2] 1y 1916 14.6 0.4 0.4 0.4 0.4
100LINOA o/c 11160 1918 .0 2.0 210 e e
VILTSBIRE LPo 11280 1960 15,0 4.0 .0 Hoe o 0
ADRL TASEAN 10/30/p9 3] 191§ 19.4 0.0 0.0 0.0 . 800 0.0 8.9 (AR 30 1218 B I 0.4 Ny N 1.9 1R} n.e Ny NS N
ACCOLADB 1T L] 810 1902 10.2 1o 10 .0 .0 14,0 14,0 1.0 14.0 1.0 14.0 1.8 1.8 1.6 1.§ 1.5 1.6 1.8 1.§ 1.5
AUPOL SAREL cr 101900 1914 15.8 1.5 1.6 1.4 1§ 1.6 1n.s 1.4 1ne 0. 0. 8.6 8.6 .8 8.5 8.5 8.6 (113 T T 1% B | 11
ARTIOR PBILLIP  CT 65103 1 160 8.0 600 6.0 6.0 6.0 ¥ 3.4 8.4 ] LT . N 35.4 B W .4 B B LN B
ADSTRALIA 81T PY my 193¢ 131 0. %8 we 2 M3 2 8.8 2.8 w0 e 8 1.8 3.8 16,8 .8 W MY N
AUSTRALTAN SPIRIT PT 608 1381 1.0 %0 260 5.0 5.0 2.0 3.0 2.0 %0 8.0 [0 1.0 W0 W0 B0 250 4.0 o o W0 20
BAS8 TRADER RO/R0 1846 19716 1.1 Yy ny 1y 3 e 3.y 1 4.9 1.9 0 (3R} .4 (31 S I .9 3.9 (118 I S 1% T}
(1) (1) B 410 198 13,0 9.0 1.0 9.0 9.0 1.0 $.0 $.0 9.0 1.0 1.4 1.4 1.9 1.4 1.9 1.4 1.9 1.4 1.9 1.9
Canorys (4] L 1986 159 560 60 560 EE0 58,0 8.0 560 6.0 B850 o 0 B0 6.0 §6.0 LI B (118 BT 6.1
CRRNTCO L] 16610 111 1 e W 1.0 1.0 .0 1.0 n.0 0.8 1.8 s e 1.4 ne  ny 1. us ney 1 ug
conus (44 11950 190, WS L1 PRI L 33 .3 ) L]t 8.3 ) AL L ) 0.1 Wt 0.1 0.1 0.1 st 3.1 0.l 0.1
{7 ct LT e 1.1 8l 14 Sl 814 61,4 1.4 Bl 1.4 51,4 Sl §1.4 Bl bl 514 514 0.6 0.6 0.6 40,6
E150 OIPPSLAND  PY 80 L1} SRR T | LI [ 1 ") ") "Ny .1 1.1 1.1 1.1 w1 i .1 "1 1.1 .1 .1 16.1 % 2t
PRANCES BAY a/c 1108 1 1.0 1.0 8.0 9.0 1.0 1,0 .0 9.0 .0 9.0 $.0 6.1 §.1 6.1 8.1 t.1 §.1 6.1 6.1 6.1
00LIATH ] e nn . 1.0 1.0 14.0 1.0 14,0 1.0 14 1.4 1 114 1 11,4 1 14 11.¢ tHd 114 1 114
[13( 20/80 100 1974 163 18.0 18,0 18,0 180 18.0 18,0 18,0 18,0 0.6 0.8 0.6 20.8 0.6 20.6 0.6 3.6 0.8 0.8 2.6
120X BARON B 11561 1985 1 6.0 W0 250 W0 2.0 .0 1.0 W 2.0 ¥.0 25,0 25,0 5.1 5.1 .1 .1 1.1
IRON CAPRICORN B 4T 1915 135 WS S U5 .8
IRON CARPRMTARIA B 15310 1 9.6 16,0 160 16,0 16.0 18.0 13,6 1.6 13,6 1.4 13.6 13.¢ 13.6 13.6 13.6 1.6 13.6 13.6 136 1.
[ROX CORTIS ] 46310 1918 4.5 1.0 16.0 16.0 16.0 16,0 16,0 16,0 13.4 13.4 13,4 13.4 14 134 114 134 13.4 13 13 13,4
[ROX WOMARCE /20 14855 1913 11§ 16.0 16,0 16.0 6.0 16.0 1e.1 18.1 8.1 8.1 18.1 18, 181 18.1 8.1 181 18.1 18,1 .1 8.1
120N PRINCE ] 1UNg 1981 13.4 "0 10 10 1.0 1.0 3 H . L u. u. 100 1. 19.3 19,3 19.3 19.3 19, 143 19,3 19,
TRON STORY ] 1100 114 13,8 i1 0.1 1.1 i 1.1 0.1 .1 0.0 0.0 0.0 0.0 0.0 10 0.0 0. w200 20,
15L4N0. 048 Lbg 0N 1M 13.5 11.6 11,6 1.4 114 11.6 10.5 10.5 10,5 10,5 10.6 10,6 10,8 108 10.5 10.6 10.5 10.6 10.6 10,8
JON SANDRRS o/c H I 1988 12,§ 1.1 1.1 1.1 1.1
IBLYIN LPo 13483 1990 1.6 19.0 1.0 1.0 19.0 19.0 19,0 19.0 19.0 11.0 1%.0 14.0 19.0 19.0 18, 19, 18, .
KovoLLs 3 13168 154 13,0 20,0 200 200 20,0 0.0 0.0 - 200 W00 0.0 10,0 20,0 10.0 0.0 1.4 11.8 11, 1.8 11.8 R
LINDRSAY CLARK B 510 1885 13.0 2.0 0.0 0.0 0.0 10,0 0.0 2.0 0.0 0.0 0.0 200 0.0 0.0 2.0 19.4 19, 19.4 o
NOBEL AUSTRALIS  PY 26 m 16,0 0.6 0.6 0.6 0.6 .
ORNT3TON B 16580 1919 e 0.0 0.0 0.0 0.0 0.0 0.0 0.6 10.0 1.2 0% N 1% S 1 1 | HR 1.1 1.1 e e a 1.2
PILBIL 6/c 13164 191 o 0 e 0 .0 1n.e 10 0 e 11.6 .4 1.4 1.4 .4 .4 1.6 e G U 2.6
PORTLAND ] 36500 1) 13.4 "o 0 .0 0o 1.0 1o w0 2.0 4.0 B0 0 0 1.0 5.0 5.0 e 8.0 29 .9
RIVER DOTAR B [coal] 16386 1 1L 1 M 1 MG G I 1S T HGY 1Y 1 H.E b .6 LR .8 LI S VY | 11§
RIVER RUDLEY B fcoall 14308 119 LD HES N6 6 MES MES 68 M6 LGS MBS M6 UGS e 1) .l n.3 LTS I L TR R | 13
BIVER TORMRUS B 9 1917 [ U8 . N} WA e wd 84 1.4 .t .1 178 A S B A 1Y) iy .t na iy ua i
SAIDM NARIR ] 5680 1986 W 1 1.8 1.4 114 13.4 1.8 13.8 15,8 1.4 1% 1.8 1178 B L 1 ) 13,4 N 1.8 14 1.6 1§
SRAVAY BOBARY  RO/RO 1161 1916 17 S TN S X | LR LS 4 1 LX) .4 9.4 " 1.4 iR " 4 04 LR i w4
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TABLE I.4 (cont) COASTAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS 10 PER CENT LARGER
o o THAN EXISTING VESSELS (EMISSIONS BASIS)

STAVAT NELBOURNE RO/RO 14 1m {70 S | P B | I B ¥ ) A i3 N2 N Nt B2 W Wl Nl n2 .2 e a2 N Nt
STOLY AUSTRALIA  CET $900 1946 e e 107 1LY 1.1 13.1 1.1 1.1 131 13.1 1.1 3.7 1.1 1.1 n.1 1.1 1.1 131 1.1 - 12
TASIANLA B /80 4100 1942 5.8 U5 S US HR H {R .5 4.5 Hs U5 uS u.1 u.9 u.9 W9 U u.9 UG US
WY CAPRICORNTA B [coal] 761407 1903 — 1.5 W19 LY NLS° ML9 MY WTY ML9 LY MY HLY O M9 LinS 8.4 nd B 84 LLN ] e W
TUT CARPINTARIA D {cosl] 15106 1983 UL IR T Y8 U X S U % T U % I T % O U1 % N U % T (R % D UL S IS (ML B [ A L 8.4 w4 8.4 LE ] 94 8.4 8.4
W LBONARD Pr 25500 1918 160 B0 .0 .0 %0

VALLARAE - B 54 1984 13.6 I8 1S 11.§ 116 1.5 - 11§ 1.5 11,§ 11.5 11.5 1.8 11.§ 1.5 11.§ 115 114 114 114 114
LINCHASTER 5Pt 11530 1975 W0 2.0 2.0 2.0 no o M0 2.1 0.1 0.1 .1 0.t 0.1 0.1 0.1 0.1 20.1 .1 0.1 .1 201
ANPOL- TVA T 12000 1990 1.0 0.0 0.0 300 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.9 0.0 3.0 0.0 0.0 0.0 0.0
VARDRN POTNT 8 §000 1918 1.0 118 11.§ 1.5 1.6 11.5 8.0 LA 8.0 8.0 8.0 8.0 .0 8.0 1.0 L 1.0 8.0
ROBERTA JULL G/c 10 19%0 10.4 6.4 6.8 6.6 6.6 6.5 6.6 6.6 6.8 6.6 6.5 6.6 6.6 6.6 6.6 6.6 6.6 6.8
TIPLRSS B 11000 19% 1.8 11.6 1.4 1.6 118 11.8 11.6 11.6 11. 11.8 1.6 1.6 11.4 11.6 11.6 11.6 11.6 1.6
NODIL TASKAN T 32000 1990 W1 N4 ' .8 1.6 I8 .6 1.8 1.6 L6 .6 .6 3.6 HN 1.6 1.6 1.6 e e
SRAROAD NERSEY  RO/RO 5118 1981 160 .0 U0 20 .0 o 20 u.0 uO0 20 U0 UD U0 o 0 20 224
TiRL RIVIR B 30000 1982 130 RROR. .2 a2 a2 iz ua2 .2 110 0.3 - 043 20,3 0.} 0.3 03 W) 20.3
SEAROAD TANAR  RO/R0 515 1991 159 - H.A .t w1 Wt .l Wt Ul .t wi a1 .t W1 Wl .1 .l
T0KNES OF PURL PER DAY {CONSTANT TASK APTER 1981) C2015.5 10041 198T.1 18%L.8  IMILG 172%.2 IMML51680.1  1699.0  165T.7  1530.0 1200, 11980 11985 Ri¥S.1 ML 1ITLG TS
TNDSX OF FURL USBD (1300 BASE; CONSTANT TASE AFTIR 1991) 100,09k e 904 85.3 8.5 85.0 ER 3.3 e 163 9.8 58,5 54.5 8.3 58.5 8.1 8.2
DRADVRIGET TONAR -~ NAUTICAL WILES PER DAY {CONSTANY SHIP SI3R) 4.01B+08 4.66R:00 BAR 466400 4.588+09 4,56+08 4. EGR408 4.56B+00 4.56B108 4,56+08 4580008 4568408 4.56R¢08 {.56B+08 4.56%+08 4.56R408 4,56R+08 4.56B+08
ADDITIONAL DFT-NN PER DAY (DOE TO LARGER REPLACEMENT SHIPS) 3.43R408 §.99R406 T.60R+08 1.538407 1.54R+01 1,13R¢401 2,01R401 £,99R¢01 1.85R407 3.018401 3, T1B+01 3. 91R40T 4.03R+07 4. 120401
YOTAL DRADUBIGHT YONNE - WAUTICAL NILRS PER DAY 4. 018408 4.46B408 BRR 4. 66R¢08 4.59R408 4.62R400 4.63B+08 4.T1B+08 4.71R+08 4.T3B408 4.76B+08 4. 03B408 §.84B008 {.86B+08 4,93B+08 §,95B408 4.36B+08 4.97R+08
PLEET AVERACE TONNES OF PURL / 000DWT / 1000 NAUTICAL NILES [ 205 B} m L0 .1 L.18 1,70 .61 156 51 L4 .4 2.48 2.46 [ 75 LN | N | I P

T¥DRY OF PLERT FUBL RPPICIENCY (1988 BASE} 100.0  104.0 M08 1097 I1L0 11L 1049 1150 1164 12329 MO M08 M2 MLI O HALD O 16 MY

Note: It is assuued that vewseln are replaced at age 15 years or 1992 il already alder.
Bstiaates of fwel consunption were obtained from shipping companies, elue from regression equatfons for tonnes of fuel per 000DYT per day from BTCE database INTSRAS.VII
For replacesent ships, estinates were obtained by regresaion on the values obtained for existing and past sbips.
The database regresnion equations for exiatisg ships for which dats was not obtained are:

Bulk ships: oxp(-1.749625-0,4925291a(0WT/1000)40.3223081n(1991-ear built)+1,1060771n(speed)
Teakera  : exp(-3.$7077-0.4069221a(0NT/1008}40, 1780801 1991 -yeur built}41,782218 n{spend}
Ro/Ro t exp(-4.005212-0,5072761a(0UT/1000)40. 048439 1n(1991-year built)+2.2343111n(upeed}
Container : oxp(-6.641991-0,504367In(DVT/1000)+0. 398538 n(1981-yoar built)+2.9106741a(spesd)
- Gon Cargo : exp(-5.347061-0,510471a{DW/1000)+0,0471091a{1991-your duilt)+2.0518191n{apeed)
Gas Yanker: exp(-0.592047-0.959211n(DVT/1000)40.0716051n(1991-your built)+0,7776281n(speed)

SOURCES: AUSTRALIAM SRIPPING 1990 and eazlier editions, BYCR DATARASK
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TABLE I.5

COASTAL SHIPS: 20 YEAR SHIP LIFE, TREND SPECIFIC FUEL CONSUMPTION FOR
REPLACEMENT SHIPS THE SAME SIZE AS EXISTING VESSELS (EMISSIONS BASIS)

FORL/0AY - TONNES PURL / DAY OF VESSEL AND NRPLACENENT VESSEL

TRAL  SPRED AT SPERD
(1] ries e DOILE {Tomiss) 111} 1909 1490 1981 1992 1993 1994 1495 1998 1991 1998 199 000 01 2002 1003 2004 4005
FLINDERS RANGE B 11600 191 e 3 LR
LYSAGT BWORAVOOR RO/%0 tee 191 1.0 ek, 461
NARY JOLYWAN o/c 0o 1" 15.0  mear. 132
WELBODRN TRADER RO/RO ny 191 1.9 1IN ] .1
810 ¥COMTE /W 1L 1 15.0 1. 1.9 14.9 148 1.9 1.9 1.9 1.4 1.9 . 1.9 126 11.8 11.6 1.6 12.6 1.6 12.6
CRALLEYORR B Ro/R0 we 1M 15,0 pon, 169 15,4
It woime ¢ " 1m (TS B % B | 1.9
BP SUTERPRISE  PY 19192 18 1.5 8.0 6.0 8.0 .0
TRENE ORBENVOOD G/C 1M 1 1.8 no R0 e 1n.0
J0IR BURTRR 24 uHUs 11 148 0.4 0.4 0.4 04
TOOLINDA 9/c 1160 1918 o .0 M0 20 2.0
it LPO 12180 1368 15,0 4.0 W0 2.0 u.L )
ADRL TASKAR 20/R0/p¢ 2063 1915 19.8 0.0 s0.0  80.0 0.0 80.0 0.0 80.0 600 #0.0 . .0 .8 1.8 .8 . in.e ) I Y .8
ACCOLADE I ] 010 1982 10,2 1.0 1.0 1.0 1.0 1.0 1.0 1.0 14.0 140 4.0 1.0 14.0 1.0 140 1.0 .0 6.8 6.8 6.8
ANPOL SARRL ot 101900 11 1.6 1.4 7.5 1.4 1.4 n.4 ns ns n.e 1.4 1n.s ns ns 1.6 1.0 2.0 2.0 2.0 20 420
M0 PRILLIP Y 45103 1 160 60 810 620 8.0 82.0 0.0 62,0 62,0 HR) iy n1 .1 3.1 i n.e L) B 18 i1 01
AUSTRALIA SEY  PY mn 198% 11.1 e w8 168 i 2.8 .t 26,8 2.8 8.0 8.9 6.8 .8 1.8 28.8 1.0 1.8 e 28 %.8
. AUSTRALTAN SPIRIT PT 32608 1981 1.8 6.0 .0 2.0 5.0 %.0 5.0 %o 0 .0 5.0 A %8 2.0 15,0  25.0 5.0 W0 240 2%5.0
-BASS TRADRR 10/20 1846 191¢ 1.1 s "y iy 1 .y 1y My Ny 1y LIS Y P2 i i) i i3 1.2 LI {13 i)
canm L] 4110 1980 13.0 5.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 1.2 1.2 1.2 1.2 1.2
CANGPOS cr M 1986 13,3 56,0 560 6.0 6.0 §6.0 §6.0 56.0 6.0 56.0 56.0 56.0 56,0 56,0 §6.0 6.0 §8.0 6.0 5.0 §6.0
CRNITCo L] 16510 19 5.2 e e R0 LA 1. im0 10 1.0 .0 2.0 .0 0.0 0.6 0.6 0.6 20.6 0.6 2.6 20.6
conus " 11960 1981 1.8 L 8.l 8.3 L LLI LI MR n.l 0.} 18 W n.l AL 8.1 8. 1"y 1nd i 1IN
[11] cr 9181 1986 131 51 514 1.4 514 514 1.4 614 5L 514 S1d 514 St 1.4 S §1.4 51,4 LN ] 514 §1.4
T850 OIPPSLAND  PT 4380 15 1.8 ) 9.3 LR na %) 1.3 U5 U.h 2.5 L s 1 s {8 WS .5 I U5 U5
PRLANCES BAY g/c 2106 1481 Ime 9.0 - 60 1.0 9.0 9.0 9.0 9.0 9.0 8.0 8.0 9.0 9.0 8.0 1.0 9.0 §.4 5.0 5.8 §.8
GOLTATE B (131 1 o e 10 14,0 14.0 14.0 .0 14,0 1.0 14.0 14.0 14.9 10.3 10.3 10,3 10.3 10.3 10.3 10.3 10
144 /R0 2400 1919 16.3 18,0 180 18,0 18,0 18.0 18.0 18,0 18,0 18.0 18.0 18.0 18.0 18.0 19.3 19.3 113 193 19.3 18,3
1RON DAROR B 3Est 198§ 1 5.0 25.0 B0 8.0 W0 2.0 A 5.0 LT 2 L S 111 3.0 %0 2.0 15,0 2%.0 25.0
IRON CAPRICORN B LT 1916 13§ W5 .8 L .S
TRON CARPENTARIA B 15310 m 9.8 16.0 18.0 18.0 18.0 16.0 16,0 18,0 16.0 16.0 16.0 16.0 12.} 11.3 1.3 123 1.3 1.3 123 123
IRON CORTIS b 45310 1918 8.5 16.0 18.0 16.9 16.0 16, 16.0 18, 16.0 16.0 16,0 16.0 16.0 1.2 1.1 1.2 12.2 1.2 11.2 1.2
[RON XONARCH 20/00 14855 1913 115 16.0 16.0 16.0 18.9 16.0 16.0 18, 1.2 11.2 11.2 11 11.2 1.t 1mni 1.1 1.2 11.2 1.2 11.2
[208 PRINCE B NS 1981 1.8 0 0 u.0 u.e . 2.0 2, 0 N 0.0 A U N A FUTN A P I 1N 11.¢ 11.8 1.6 11.8
[208 sTORY 3 10100 11 13.5 [E I B 1 Y u.t u.l ., n.1 0.1 . . 1.1 1.1 n.1 1.1 18,1 18,1 18.1 18.1 18.1 18.1
ISLAND OAS - PO 8033 197§ 13.§ 11.8 11,6 11.$ 11.¢ . 11,4 11 . L. 11.4 9.4 9.8 9.8 9.6 9.§ 9.6 9.6 9.6 8.8
JON SANDBRS &lc 8400 1988 12.8 1.1 1.4 1.1 1.1
1Ly LPe 13483 1999 14,5 19.0 19,0 19.0 11.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 13,0 18.0 19.9 19.0 19.0 19.0
KOVOLTA 8 1158 1984 13,0 0.0 0.0 0.0 20.0 10. 0, 0.0 0.0 2. . 0.0 0.0 20,0 0.0 0.0 0.0 0. . 16.
LINDESAY CLARY 8 29510 1985 13.0 .0 0.0 W0 20,0 0.0 20,0 20.0 0.0 20.0 20,0 0.0 0.0 0.0 2.0 20.0 0.0 2.0 2.0 20.
NODIL AUSTRALIS PY 1642 nun 15.0 0.8 0.5 0.5 3.6
OMNTSTON B 16680 191 1.8 00 0.0 0.0 .0 3.0 0.0 0.0 0.0 3.0 0.0 0.0 30,0 0.0 14,2 18,2 19.2 1%.2 19.2 19,2
PILAL g/c 13160 1$7% 1"H.0 .0 10 e 20 e .0 .0 1.0 1] 0 e o 0.4 0.4 W4 wd 0.4 0.4 0.4
PORTLAND B 10500 1988 134 9.0 1.0 .0 W6 N0 1.0 W0 M0 W0 uoe 0 1950 2.0 1“0 U ¥ W0 2.0 2.0
ALYER BOTHE B [cosl] 16385 196t £ 71 U TS N ('S T TP T TIPS I (T'P% I UT 7% S TS SN U TS K S U TP T UV P H (1P S (TS i LTS B (TS D (Tt wr e n.?
RIVER GNBLEY B [conl] 16305 1983 1.0 H6E M6 ME8 ME0 MEE NG 160 HEE e eSS Mes 88 M8 M6 NS Hes MEY 268 268
RIVER TORRRNS B 19l 181 H.8 W bR W WA W 4 A Wi (R 3¢ WA W B0 260 2.0 5.0 5,0 2.0 250
SANDRA NARIE ] §580 1486 1.2 3.4 13.8 1.8 13.0 13.8 13.4 13,4 13.8 13.8 13,4 n.a 13.8 13.8 1.8 13.8 13.8 13.0 13.8 118
SOAVAY ROBART  RO/RO et 1976 15.1 6.5 3.6 3.5 .5 .5 W5 %.5 "5 .5 wsooua mrouy iy i 11 mn! i i1
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. '.EAI}LE I.5 (rcont)r'-

 COASTAL SHIPS: 20 YEAR SHIP LIFE, TREND SPECIFIC FUEL CONSUMPTION FOR

REPLACEMENT SHIPS

THE SAME SIZE AS EXISTING VESSELS (EMISSIONS BASIS)

_SRAVAY NELBOUNE RO/RO He 191 158 M M MY My iy M 1% TR T C SN | % N | % TN | 15 NS 1 OF TN 3 IS SN ) S RO 1O T ) P S VP S ) B S O
ST0UT AUSTRALIA  CRT Moo 196 1.0 ROR. W1 10 13.1 13.1 13.1 13.1 LE7% B 1% B 1S IR E 2 B E B 15 N L B B L B 1.1 1 131 1.1
TASMANIA Y RO/RO gT00 192 166 M5 M .6 A S . 6 206 MG WS S M M WS Wb A6 uSsS 2l W4 A
TOP CAPRICOMNEL B [conl]  TSMA0 1083 16 ML MTA O W04 I WL HBE O LY WL HTS O HTE O WIS WIS WIS WIS Wne HTS O 1YS MW0 30
YOY CARPINTARIA B [cos)] 15105 1903 M ONLY ML LD MRS MLY MY NS MLS O ML9 MRS NTO O ML HTY HNY M9 NG Mne 350 D
W LBONARD n ;500 1913 160 350 3D M0 N0

VALLARAR L] 6566 1008 1.8 118 s 1LE 1s 118 11,5 11§ 11.% 11§ 1.8 1E LS 11.§ 11§ 11.5 1P B 1.5 U4
IINCHASTRR H 1630 1915 4.0 20,0 290 380 200 25,0 0 W0 W0 0 6 188 188 188 18.4 Hae 11,6 18.6 18.6 10,6
ANPOL VA n 1000 1990 o 3.0 0.0 .0 .0 3.0 300 3.0 .0 0.0 30,00 20.0. 0.0 300 0.0 0.0 0.0 M0
ViRDEN POINT ] 6000 1918 1.0 L6 11.6 116 11.§ 1L§ 11.5 H L5 11.§ 11.6 1.1 1.1 1.2 1.2 1.2 1.2 1.2
RODSRTA JULL /¢ MO0 180 104 6.8 6.6 6.8 6.8 6.6 6.6 8.6 LN ] 6.0 b .6 8.6 6.6 6.6 6.6 6.6 6.6
BIPBEsE .} 17000 1980 186 11.4 11.4 e 114 e 116 N6 11.6 1.6 116 1.6 1.6 116 11.6 11.6 116 116
NOBIL TASKAN Pr 12000 111 IS TS B 1 | SLe M. M e ML M6 M6 AL ALe L8 MLE MG 3G FIPUIE )Y B T
SLICAT TASMANLA  P/CP 00 1999 %0 160 5.0 WO 160 1.0 150 M0 150 15.0 16,0 1Ho 150 5.0 750 5.0 TS0 150
SBAROAD MEESRY  RO/RO s 191 15.0 .0 MO W0 B0 M0 M0 2.0 0 20 2.0 200 20 200 0 A0 20
TARM RIVER B 0000 1982 13,0 REOR, i a2 m: o e f a2t o g Al 18.5 18.5 . 188
SEAROAD TAMAR  RO/BO 951 1991 11 B B LI Wl Wi 75 S {19 U | P SN | 1% N | 19 N 7 BN ) B 1 1 .l Wil LI TY S 1 1Y
TOFYES OF PORL PER DAY (CONSTANT TiST AFTER 1991) 20165 1007 10608, 10060 1060 10R33 10833 10RM.D LG4 L80T8 ITELT 1960.3  1115.1 ITAO.0 1698.8  160.8 12048 3L
TNDEL OF VUL USED (1994 BASE; CONSTANY TASK APYER 1881} 1000 8.0 1013 sl [ TUS W | PSR T C SR T IR TJC S 15 S ' Y S ) /S A 7% U | 7 M [P  F1UN  F A
DRADVRIGET TOMNE - NAUTICAL NILES PRR DAY 4000 472408 B.0Rb00 4.0R008 4.6R408 £.85¢08 4.6B+08 L0108 4.6B408 4.0B008 4.0E408 (.OB008 .6Me08 4.ORA08 4.GRe0B 4.6Ha00 4.0R408 (.6R:OE
FLIST AVERACR TONNES OF PURL / 000DWT / 1000 MAUTICAL MILES ST TN X | R X | TN 1% [ 1% (N PO T R Y I U1 B 1 L B L B .06 L1616 7% 1 J 7Y T N 4 . 1]
TNDBX OF FLBET FURL EPPICIENCY (1988 DisE) 100.0  105.% 1084 1007  100.T 1015 1004 1000  106.0 1054  JO6.T 1079 3103 1103 11LY 1183 1364 1366

Note: Tt is assumed that vessels are replaced at age 30 years or 1991 if already older.
Bstimates of fuel consuaption were obtained from shippiag companies, elze from regression equations for tonzes of fuel per 000DWT per day from BICE database INTSEAD.VKI

Por replacenent shipa, entinates wore obtained by regression on the values obtained for existing and past ships.

The database regression equations for existing ships for which data was not obtsined are:

Dulk ships: exp(-1.749625-0,4925290n(DUNT/1000)40. 22230810 (1991 -pear butit)e]. 10687 1n(speed)

Taakers  : oxp{-1,67071-0,4089221a(00T/1000)40,1780881n(1981-yoar built}+1.7822131n(apeed)

Ro/B0 -t exp(-4.005212-0.5012761a(0Wr/1000)40.0484881n(1993rgear built )42, 23431 0n{apeed)
Container : exp{-8.641991-0.5843601a(DVT/1000)40, Y0853 {190 -pear bullt)+2.0106T41n{speed)
Gon Cargo ¢ exp(-5.347061-0.510471n(DVT/1000)49., 0470091 a(19915year built)+2,6578191n{npeed}
Cas Yaaker: exp(-0.592047-0,359211n(DVT/1000)40,071685n(1981-your built)+0, 17762810 (speed}

SOURCES: AUSTRALIAN SHIPPING 1380 and sarlier editions, BICR DATABASE
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"'TABLE I.6

COASTAL SHIPS TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS 10 PER CENT LARGER THAN
EXISTING VESSELS AND 10 PER CENT SLOWER (EMISSIONS BASIS)

FORL/DAY TONNBS PURL / DAY OF VESSEL AND RRPLACBMENT VESSEL

YEAR  SPRED AT SPEBD
H m T BUILY (toungs) 1909 1990 1991 1992 1993 1994 199§ 1996 1991 1998 1999 2000 wol 1002 2004 2008 -
PLINDBRS RANGE B 11500 1118 1.8 3.4
LTSAGAT ENDRAVOUR R0/RO 11810 nm 18.9 RROR,
WART TOLYNAN G/C R 1911 15.0 1ROR.
NBLBOURNE TRADER RO/RO 1201 1976 15.9 .1
$ID NCORATH R0/80 s 15N 15.0 1" 1.9 1.9 1.9 1.9 12,3 12,3 1.3 123 12.3 12 12,3 12.3 12.1 123 2.3
CHALLBNGER B R0/80 0y 1819 15,0 RBoR. 15.9
PREEVAY NoRT®  GC L H 1418 1.1 1.y 19
PP INTERPRISE  PT 19192 1568 1§ 3.0 6.0 3.0
IRBNR GREENVOOD O/C 118111 1382 1.5 .0 3.0 1.0
JONN HONTER Pr UUS 18715 1.5 30.4 04 0.4
100LINDA a/c 11160 1818 [ L A YU Y
VILTSEIAR L#0 13280 1968 150 .0 U0 0
AORL TASNAX /ro/ps 2083 1918 1.5 80.0 8.0 60,0 0.0 0.0
ACCOLADR IT B 810 1982 10.2 1.0 1.0 14.0 14.0 14.0 1.0 1.0 .0 14.0 14.0 8.1 8.1 6.1 6.1 6.1 6.1 5.1 6.1
ANPOL SARBL cr 101900 1919 15.5 1.4 1.5 1.5 1.5 . 2.5 1.5 .1 " 0.1 Ny n.t 3.1 1.1 1115 B LS R L Y
ARTRUR PRILLIP  CT 66103 1 16.0 1.0 6.0 620 62.0 0.6 0.5 0.5 3.5 0.5 0.5 10.5 3.5 0.5 0.5 30,5 0.5 0.8 0.8
AUSTRALIA SKT  PY mny 1989 1.1 8.8 100 168 2.0 2.0 6.8 w8 2.8 .8 268 .8 8.8 26.8 2.8 %.8 2.8 2.0 18]
AUSTMALIAX SPIRIT PP 12608 1901 13.§ .0 B0 15,0 5.0 45,0 1.0 5.0 5.0 1.0 B0 5.0 %.0 %0 4.0 1.0 .8 e e
BASS TRADER 10/80 10148 1916 1.1 nl n: na ns ne .y L] HR Hd Ui IR HN! M LR M HR| N LN
CANIRA B 4120 1980 1.0 9.9 5.0 .0 9.0 9.0 $.0 9.0 9.0 6.5 8.8 6.5 6.5 6.5 6.5 6.5 5.8 6.5 6.5
CANOPOS cr LIHY) 1986 13.9 56.0 §6.0 68,0 6.0 56.0 6.0 §6.0 56.0 §6.0 5.0 660 58.0 §6.0 56.0 0.8 {0.8 0.8 0.8
CUENTCO ] 16510 1918 15,2 LR 2.0 1.0 0. 2.0 1.0 18.6 18,6 18.4 1.6 18.6 18.6 18.6 18,6 18.6 18,6 18.6 18,8
Conus 44 11950 1981 1.5 .3 3.3 8.3 8.3 (LI 8.3 .1 0.3 8.3 1.9 2.9 3.9 2.9 8.9 8.9 0.9 W9 WY
i cr s 1986 13.1 Y] 514 St.d 514 514 1.4 514 1.4 Sl L 514 1.4 51 §1.4 LIy .9 M HI
B530 GIPPSLAND  PT 14380 1912 1.8 ¥y 1.3 ¥ .3 . 8. 26.) 2.3 HE 8. 6. L .3 2.3 6.3 6. LTS I L 1)
FRANCES BAY a/c 10§ e 1.0 9.0 9.0 9.0 9.0 5.0 9.0 9.0 9.0 9.0 5.0 5.0 5.0 6.0 5.0 5.0 5.0 5.0 5.0
Q0LIATE B 2 1911 HN 14,0 1.0 1.0 14.0 1.0 9.3 9.3 9. 9.3 9.3 9.3 9.3 LY 9.3 9.1 9.3 9.} 9
o R0/R0 100 1 16,3 18,0 18.0 10.0 18,0 18.0 18.0 18.0 .1 .1 1.1 1.1 1.1 1.1 1.1 1.1 (R 14.1 1.1
100 BAROX L sst 190§ 11 1%.0. L 1 i5.0 2.0 4.0 4.0 25.0 5.0 uo 2.0 25.0 0.5 20.5 0.5 18 . R
[ROK CAPRICORN B LT 191§ 1.8 M5 NGB .S
TRON CARPRNTARIA B 45310 1911 9.§ 16.0 1.0 16,0 16,0 1.1 11 .1 1.1 1.1 1.1 1.1 11 111 11 il 11 1.1 1.1
[RON CURTIS B {45310 191 §.§ 16.0 15.0 18,0 18, 16.0 16. 10, 10, 10,9 10, 10.9 10.9 1. 10, 10. 10.9 10, 10,
1200 ONARCE R0/%0 14885 11 1§ 16.0 16.0 16.0 16,0 | . 13 1 131 131 | L1 11 N 13.1 W 1% N
IRON PRINCE B 1ns 1801 13.§ u.0 ne o 0. ' 0 . &, 0.0 15, . A 15, . 15, . . .
1R0N STURT B 13100 " 18,5 u.t 0.1 0.1 A8 . . . 19,2 16.3 16,3 . B 18. R 16, R a3 3
ISLAND GAS LP¢ 6033 197 13.§ 11,6 11.% 11.6 11, . . . . 10.2 10, . 32 10.2 . 10,2 . 2 .
JON SANDERS /¢ 240 1508 12.§ 1.1 1.1 1.1
IRLYIN LPg 13453 1990 1.8 14,0 19.0 19.0 19.0 18,0 19,0 19.0 18.0 19.0 19.0 1%.0 . ! 18, 19, .
TOVULLA B 4111 158 1.0 0.0 0.0 0.0 20.0 0.0 20, 0, 0.0 2.0 20.0 20, 20, ! . 145 1.5 .
LINDRSAY CLARK B 19510 1985 13.0 20.0 2.0 0.0 0.0 20.0 20,0 2.0 0.9 20.0 2.0 2.0 0.0 . . 15, 15, .
NOMIL AUSYRALIS PY 16842 19m 18,0 0.5 10.§ 0.4
ORNISTON B 185280 191§ 1.8 0.0 0.0 10,0 30.0 0.0 0.0 .0 113 1.3 i} 1.3 1.3 113 3 113 1.4 11.3 1.3
PILBAL o/c 12760 1918 1.0 1.0 (A0 . 0 114 1.4 17.9 11.9 11.9 1.3 119 11,9 1.9 11,4 119 11.9 11,9 1.8 1.8
PORTLAND B ' 16500 1988 134 0.0 2.0 19.0 1.0 0.0 u.0 %0 We o 3.0 0.0 8.0 0.0 2.0 %.0 1.0 11 11
RIVEL BOTHE B {conl] 765§ 1481 13,5 9 e NG MGy TGS IS 1 LY LY 1LY .6 5.6 5.8 3.6 2.6 5.6 256 8.0
RIVIL RUBLEY B [coal] 1605 1483 It I (N | 1He.e e 1 HE8 168 6.8 16 NS L, 146.8 0. 18] U9 0.9 1315 B 11 B 1 B
RIVER TORRENS B unl 19 1.5 W L] . A 364 03 1. n.s 1. 1. n) 123 1) 1. 1.3 wy  uyou
SARDRA MARTR B 8500 1908 1.1 1.8 13.8 13,4 18,4 184 134 13.8 188 13.8 13.8 13.8 13.8 13.8 13.8 $.5 9.5 .5 9.5
SRAVAY TOBART  RO/RO nau 1916 15,1 %5 Wi M8 168 i 1. ) B Y 1.0 1.0 .0 1.0 .0 1.0 e e 0 2.0
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_TABLE I.6 (cont) COASTAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS 10 PER CENT LARGER
' - THAN EXISTING VESSELS AND 10 PER CENT. SLOWER (EMISSIONS BASIS)

SRAVAY WBLBOURNE RO/RO 1180 1911 15.8 .y 1 il i !1.3A nl w1 1.1 .1 .1 [ A ) 0.1

n.1! ua n.1 0.1 . .
STOLY AUSTRALIA  CET$ 8900 1996 H. mOR. 13,1 1.1 1.1 1.1 1.1 13.1 1.1 1.1 131 n.1 13.1 n.1 1.1 1.1 12.2 1t.2 12.2 .
TASNANIA B 10/00 4100 190 15.5 s U.s U5 US s R 4.5 s U5 LR u.b 1.1 1.1 m1 i1 1.1 1.1 1 1.1
‘TN CAPRICORNIA B Jcoal] 751400 1983 TS J U 2% T U P T U S A L % T U P SN (1 1 T T3 /% B U A R (1 S SR T S R () A AL 2.2 3.2 0.2 .20 8.2 32 ]
THY CARPENTARIA B [cosl] 75105 1908 STIS I U1 P I UL % TR ) 2% T (1 1% N U % 2D U % NS U P T U P I {1 % BN U % B U1 % B U LL2 B B 2, 8.2 0.2 W2 9.2
Vil LEONARD 24 26500 1913 © 16,0 3.0 5.0 5.0 3.0 )
VALLALAR . L] 666 1986 1.5 1.5 11.5 11.5 11,§ 11§ 11§ 11§ 11,5 11.$ 11.5 11.§ 11.5 1.5 11§ 11.§ 9.3 9.3 9.3 9.3
TIRCHASTER P 11530 191§ 1o 1.0 0.0 9.0 9.0 9.0 18.9 1.9 16.9 18.9 16.9 16,9 16.9 16,4 18.9 16.8 16.9 16.9 16.9 16.9
POl T 24 32000 1480 1.0 0.0 0.0 0.0 30.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- VARDEY POINT ] 4000 1918 11.0 1.8 11,6 11,6 1L§ 11§ 6.5 6.5 6.8 6.5 6.5 6.5 6.5 6.8 6.5 6.5 6,5 6.8
ROPEATA JULL 6/c 3400 1990 10.4 6.6 §.6 6.6 6.8 6.8 6.8 6.6 6.6 6.6 6.6 6.8 6.6 6.6 6.6 6.6 6.6 6.6
- BIPRESS B 17000 1980 13.§ 11.§ 1.6 1.6 11.6 11.¢ 11.6 11,6 1.6 11.6 11.6 11.6 11.6 11.6 1.6 116 1.6 1.6
HOBIL TASNAX P 32000 1990 1.1 1.6 1.6 .6 3.8 . .6 .6 .6 HR .6 .6 3.6 .6 .6 .6 .6 .6
SRAROAD NBRSET  RO/RO §115 1981 16.0 o : u.0 2.0 .0 240 U.0 . .0 .0 U.0 U0 4.0 .0 u.L U0 4.0
TAREA RIVER L] 30000 1982 1.0 REoR. il e e .2 .2 .2 .2 16.5 16,5 16.5 16.5 16.5 16.5 16.% 16.§
SBARDAD TAMAR 20/20 9515 1991 HE) .1 W1 M.l W 31 .l M.l W1 W1 W1 W1 U1 W1 Wl LIS S | Y
TONNES OF PURL PER DAY (CONSTANT TASE APTER 1391} 0016.6  1874.1 19T 18189 ITILG 1845.0  1613.0 1560.3 15649 1834.% 1389.6 1029.% 10238 1015.1 9754 9TM.2  961.0  96Y.C
I¥DBX OF PURL USED (1988 BASE; COMSTANT TASK AFTER 1991) 100.0 9.0 [LIU I 1Y N [ 1% 8.6 80.0 LI | B 8.1 68,9 1.1 §0.8- 50 9.4 8.5 8.0 18.0
DRAOVRIQRT TONNE - NAUTICAL WILBS PR DT 400008 - 4.6R408 5.0R408 {08408 . 4.6B408 4.6B408 4.6R408 {.6R408 4.6E+08 4.0Re08. 4.6R+08 4.6B+08 4.GR+08 4.6B+08 4.6B+08 4.6B+08 4.6R408 d.GR+08
PLEET AVERAGE TONNES OF PULL / O0ODVT / 1000 NAUTICAL ¥ILES = (.19 4.0 1.9 198w 3,60 1.8 Mo 136 .04 L% LU u L 17 U 10 R N
INDX OF PLRBT FUBL EPPICIRNCY (1988 Dass) 1000 100.0 f06,1  f05.0 1092 141 ST 1185 1188 119.8 1204 W62 MG 14RO 190 148 MRS 9.

Note: It is assuned that vesnels are replaced ot age 15 years or 1392 if already older,
Istinates of fuel consamption were obtained from shipping companies, else from regrasvion equations for tonnes of fuel per 0000“‘ per day from BYCE database INTSEAS.WEKL
Por replacenent ships, estimates were obtained by regression or the values obtained for existing and past ships.

SOURCES: AUSTRALIAN SHIPPING 1390 and earlier editions, DTCE DATABASE



€9

. TABLE TI.7 COASTAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS THE SAME
SIZE AS EXISTING VESSELS (ENERGY BASIS)

FUBL/DAY TONNES FORL / DAY OF VESSEL AND REPLACEEENT VEBSRL
TRAR  SPEED AT SPRND

un PR T BUILY (youmes) 1988 1989 199¢ 199§ 1992 1583 1994 1995 1996 1991 1998 199¢ 1000 2001 2002 1003 004 - 2005
FLINDERS RANOR B 500 1918 1.6 6.4 A ]

LYSACAT BNDBAYOUR R0/R0 11810 1m 18.0 RBOR, 461

NiRY RoLYEAN G/C 1) 191 15.0 ReoR, 13,2

NTLBOUANE TRADER RO/RO 1 1415 15.8 3.1 111

$10 NCOLATH R0/80 s 110 15.0 1. 1.9 14.8 1.9 .8 1.9 18,1 12.1 181 1.1 1.1 1.1 tH) 11.1 1.1 111 12,1 121
CHALLENGER P R0/00 1390 191¢ 15.0 ReoR. 169 1.9

PRBPWAY NORTH G uy 1918 a1 1.9 g

IP BUTERPRISE  PT 14192 1968 1.8 .0 M0 0 360

IRENR ORBRNVWOOD G/C 2180 1582 1.8 no o N 0.0 1.0

JOIN NUNTER 44 HUS 1915 1.8 W04 0.4 0.4 Wi

100LINDA g/c 12160 11m e e o o .0

VILTSHIRE LPg 12280 1960 1.0 W0 M0 0 u.¢

ADRL TASKAN Ro/R0/po 108} 191§ 1.5 §0.0 600 80,0 80.0 0.0 80.0
_PETRR PN R0/R0/P¢ 110 1908 0.0 .Y HR] 39 HEB R 1.8 1.9 .9 1.9 u.0 171 20 L . T ]
ACCOLADR [1 B 8410 1982 10.2 1.0 1.0 1.0 14.0 1.0 1.0 140 1.0 1.9 1.0 14.0 1.2 1.2 1.3 1.1 1.2 1.2 1.2 1.2
ANPOL BAREL cr 101900 1918 15.§ 1.5 105 8.8 1.5 1.8 1.5 1.5 1.5 5.1 5.1 8.1 5.1 5.1 6.1 5.1 (1) (L% B 1 7% B 1 14
ALTHOR PRICLIP Y 6510 1994 16,0 62,0 83,0 6.0  61.0 6.0 1.1 H.2 N 0.2 N 0.2 .t .2 N ne N 0.2 LETT IR F B
AUSTRALLA 5KY 24 my 1989 2.1 0.8 8.8 .8 6.8 6.8 6.8 %8 26,8 1.8 .8 6.8 2.8 15.4 2.8 6.8 2.8 .8 2.8 M3
AUSTRALIAW SPIRIT PY 1608 1981 13.§ %0 .0 H.0 Hao 5.0 4.0 %.0 2.0 .0 4.0 5.0 5.0 2.0 3.0 5.0 5.0 1] 1A %] 3
DASS TRADSX /80 1846 1974 it.1 Ly u a3 i " LR s 4. 1.8 .8 i i 1.8 1.8 {8 il.8 L) P B J L B 1 1
cinn B 4120 1980 11.0 1.0 9.0 5.0 §.0 9.0 9.0 9.0 9.0 9.0 1.6 1.6 1.8 1.6 1.6 1.6 1.6 1.6 1.6 1.6
CANoPUS cr Y 1986 13.9 §6.0 560 56.0 6.0 6.0 66.0 56,0 56.0 56.0 56.0 6.0 6.0 6.0 6.0 6.0 .8 L] e e
CRNR¥TCO B 16510 1914 15.2 .0 e e 1.0 7.0 2.0 e s .8 1.9 19 .9 .9 1.4 1R ] 1.9 1.9 19 119
conug 144 31850 1981 1.5 .y 8.3 3.3 wa ML B B .3 3.8 0.y 13 0.3 1R 8.3 n.i 8.3 2.} 8. w3y 8
[ L1 cr LIH 19508 1.1 S 514 R St S14 S14 LN ] 19 S14 S1d §1.4 §1d 514 R 51 8.8 1.8 ne  uae
BI%0 GIPPSLAND PP 14380 1913 1§ ") .3 3. 9.} 3 U8 S .5 HR 4.8 2.8 U5 .5 U.s .6 U U5 U5 S
FRANCES BAY G/ 2108 1881 11.0 9.0 9,0 9.0 9.0 8.0 9.0 9.0 9.0 9.0 9.0 5.8 5.8 5.8 5. 5.8 5.8 5.8 5.8 5.8
00LIaTe B a@n un 14,0 1.0 14,0 140 .0 1.0 1.0 10.9 10.9 10,9 10.9 10.¢ 10.9 10.9 10.9 10.9 10.% 10.9 10.9 10.9
aote RO/RO U0 1919 163 18.0 18,0 18.0 18.0 18.0 10.0 18.0 18.0 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19.6 19,6 19,6
TROK BARON B 31551 1985 1.1 5.0 ’ "0 .0 %0 w0 2500 5.0 8.0 5.0 2.0 5.0 B0 N2 H2 U2 Ul
TRON CAPRICORN B W 191§ 1.5 M5 M. 3.5 LR

180N CARPENTARIA B 5110 191 9.8 18.0 16.0 16.0 16.0 o0 1.1 11 13,1 11 1.1 1.1 1.1 13,1 131 131 1.1 1.1 11 181
[R0N CORTIS B 15310 1514 9.5 16.0 16.0 16.0 16.0 0 16.0 18,0 12.9 2.9 12. 1.9 1.9 12.9 12.9 12.9 12,9 11.9 12.9 12,9
TR0 HOWANCA R0/R0 14045 1913 11.§ 16.0 16.0 16.0 16,0 W0 1.1 1.2 12 1.1 11.2 11.2 1 1.2 1.2 1.2 11.2 1.2 1.2 1.2
TRON PRIKCE B NS 1901 13.5 uno W .0 2.0 ] 2.0 0.0 w0 0 1.0 18.6 18,6 18.6 18.6 18.6 18.6 18.6 18.6 18.6
Aoy 87017 B 12100 1919 1.5 .1 u.l U1 u.i d 1.1 u.1 nd 13.1 19.1 19.2 19.2 19.2 19,2 15.2 19.2 19.2 19.2 19.2
ISLAND GAS . Leg 6033 197¢ 14§ 11,6 11.§ 11.6 11.6 11.6 9.4 9.9 9.4 9.9 9.9 9.9 9.9 9.9 9.9 9.9 9.9 8.9 9.9 9.9
100 SANDERS ¢/C 2640 1988 1.5 1.1 1.1 1.1 1.1

(LA} LpG 145 1990 1.8 19.0 19,0 19.0 19.0 18,0 19,0 19.0 19.0 18,0 19.0 . 9.0 19.0 9.0 9.0 . .
10¥ULEA B 2258 19 1,0 0.0 20,0 0.0 0.0 0.0 0.0 20.0 , 2.0 0.0 . 0.0 . 11.1 1. . . . .
LINDESAY CLARE B 29510 198§ 1.0 .0 20.0 10.0 0.0 20.0 20.0 0.0 20,0 2.0 20, 20,0 2.0 20.0 0. 18, . . . !
NOBIL AUSTRALIS PT 26642 1911 16.0 3.5 0.8 0.8 30.§

ORNTSTON B 16580 11 Ha o 3.0 0.0 .0 0.0 0.0 0.0 0.0 300 0 0.4 0.4 04 10.4 0.4 0.4 W4 WA 204 0.4
PILBAN 6/c 12180 1 o o0 o 2.0 .0 1.0 1.0 0 2.0 0.1 0.y 0.1 0.1 0.1 w.! 1.1 0.1 0.1 w1 Wy
PORYLAND B 5500 1998 134 0.0 90 2.0 u.0 0.0 9.0 10 W0 W0 9.0 9.0 19.0 1.0 9.0 Ul 29,0 uo o e

AIVER povst B [coal] 76385 1m 14 18y 189 1199 1199 1193 118 1Y 110 19 MY 1199 0 0.3 30.3 3.} 0.3 0. 103 1.3
1IVER mooLaY B [conl) 76305 158¢ 1.0 BLE 1258 1206 136 136 1t 120.6 1206 1216 1%, 1218 1216 0.2 [LI Bt Y 1.1 82 1 8.2
LIVER TORRRNS B st 11 1.5 ] M W4 0.4 6.4 0.4 w188 ue M u.4 .8 0.6 HA 1.4 1.6 e 6 2.6
SANDRA MARIR B §5%0 1945 1.2 13.8 13.8 13.8 13,8 1.8 1.8 13.8 13,8 13.3 13.4 13.8 1.8 1.8 1.8 1.4 112 |37 T 1O S VY
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SIZE AS EXISTING VESSELS (ENERGY -BASIS)

SRAVAY HODART 20/10 1161 1976 1.2 s 3.5 6.5 6.5 38,5 28.0 28.0 2.0 8.0 28.0 28.0 .0 .0 8.0

TABLE I.7(cont) COASTAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS THE SAME

8.0 2. 8. 2.0 26.0
SRAVAT NELBOURNE RO/R0 1180 191 15.8 ny m 3 a3 .3 .3 1.6 3.6 )T I T 3.6 .6 1.6 0.6 L6 . i .6 .6
FI0LY AUSTRALIA  COTS 2900 1988 14,0 ReoR. 131 13.1 3. 13.1 131 11 13.1 13.1 13.1 1.1 13.1 131 131 3.1 12,0 12,0 12, 12.0
TATNARLA B R0/R0 4100 1982 155 U5 W5 S uE US u.E .8 U5 U5 S WS X1 B+ S B} % . 1 R L 1% RO & % B * 1% B Y
THY CAPRICORNIA B [cosl] 15140 198 05 1804 134 1224 1284 124 12040 1284 D24 BN 104t 1224 3. 3.8 369 6.9 3.9 6.9 3.
THT CARPENTARIA B [cosl] 15108 1983 .5 14 1204 12240 13 1224 12240 12240 R4 1A R 1224 IR 6.4 1.9 3.8 6.9 6.9 3.4 %.9
T LRONARD 141 15600 191 16.0 3.0 3.0 .0 360 . o
VALLARAR ? 6666 1988 1.5 1L5§ 11,5 1.5 11.5 11,5 11.§ 1.8 11.§ 115 1.8 1.5 11.§ 1.8 1.8 11§ 10,8 10.9 10.9 10.9
LINCHASTRR ses 11630 1918 1o 29,0 8.0 2.0 1.0 200 19.3 19.3 19.3 19.3 1.3 14.3 19.3 19.3 19.1 133 193 19.3 19 9.3
AROL TYA 124 32000 1990 1o 3.0 0.0 0.0 0.0 0.0 0.0 30,0 0.0 0.0 30,0 0.0 0o 0.0 0.0 3.0 30.0 0.0
VARDES POINY B ) 6000 1818 1.0 1.5 11.5 11§ 11§ 11.% 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
ROBERTA JULL G/C o0 1980 10,4 6.8 LN 6.6 6.6 6.8 6.8 6.8 LN} 6.8 6.8 6.6 6.6 6.6 6.6 6.6 6.6 6.6
SIS L] 11000 1990 M5 1.8 1.6 1.4 1.6 1.4 11.6 11,6 11.6 11.6 11,6 11.6 11,6 11.6 11.6 11.6 11,6 11.6
NORIL TASNAN " PT 32000 1990 1.1 1.6 . 1.6 3.6 .6 3.6 . L8 .6 .6 .6 1.6 .8 .6 .6 1.6 .6
SRAROAD ¥BRSEY  RO/RO §11§ 1991 16.0 .0 U0 IR [ FU TP 2 T U0 UL 0 U0 e UL .0 %0 2.0 .0
TARM RIVRR B 20000 1902 13,0 RBoa. .2 21.2 e .2 A% O ] 19.5 19.5 19.5 1.5 18.5 19.5 19.5 19.5
SBAROAD TAMAR  RO/RO 9515 1991 16.% i1 H.l il M Ha 1 Ml W1 4.1 W1 i U1 i1 Wi M.l Wt
TONYES OF PUBL PRR DAY (CONSTANT TASK AFTER 1991} 19044 17730 1886,0 17209 1656.1 1609.1 1594.2 15855 1554.1 1536.5 14316 1167.2 1164.3 7 11821 11255 11218 11185 1120.3
TNDRY OF PUBL USED (1988 BASE; CONBTANT TASE APTER 1991) 100.0  92.6 90,5 ([ ] 8.6 8.1 8. 81 81.2 8.3 He 60 60.8 60.1 8.4 58,9 68.5 8.5
DRADVBIGNT TONNB - WADTICAL WILES PER DAY © 4.BBA08 {,GEA0B 5.1B4D8 4.GRe00 4.6Re08 4.6Bs08 4.6Bs08 4.6R408 &.6R+08 4.6B08 4.GRe0B {.0400 4.6B408 4.0B+08 4.6B408 4.6R408 4.6R40D 4.6R+08
PLEST AVERAGE TONNES OF PUBL / 000DWT / 1000 NAUTICAL WILES L7 WL L 1% I N 3.61 1.5 L8 LY 1) LY L1z ss 2.5 2.5 245 246 2.4 2.4
TNORT OF PLERY FUBL BPFICIENCY (1938 BasB) 100.0 1004 1062 1054 10,0 UL 1123 145 IS 1155 1210 1358 1360 1361 1361 1.0 1384 138

Note: It is ansused that vessels are replaced at age 15 yoars or 1892 if already older.
Rstiaates of fuel consumption wers obtained from shipping compazien, else from regreanion equations for tonnes of fuel per 000DWY per day from BICE database INTSRAS.UKI
Tor replacenent ships, estimstes were abtained by regresaion on the velues obtafned for existing and past ships.

$OURCES: AUSTRALIAN SRIPPING 1990 and earlior editions, BTCE DATABASE
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TABLE I.8 COASTAL SHIPS: 1990 SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS THE SAME SIZE AS EXISTING
VESSELS = (ENERGY BASIS)

FORL/DAY TONNBS POBL / DAY OF VBSSEL AXD REPLACENENT VRSSBL

TRAR  SPERD AY SPERD
na PR ot BOILY (0umes) 1980 1989 1990 1991 1992 1993 1994 1995 1996 1991 1998 1999 000 2001 002 2008 2004 1005
PLINDERS RiNGE 2 11500 1 i1 Wi H ]
LYSAGET BNDEAYOUR RO/RO 11810 m 18,0 RROR. 4.1
NARY BOLYNAN G/C A1 11 15,0 BROR. 1.1
WBLBOUANE TRADER RO/MO 11 1976 15,9 3L.10 Wt
S$ID NCORATR /R0 31 191 16.0 1.y 1.9 1.3 .9 14,9 1.9 12,9 2.9 12.9 1.9 1.9 12,8 12,4 13,9 11.9 12,9 10.$ 1.8
CRALLBNGER B R0/R0 350 1979 16.0 1R, 159 15,9
PRERVAY NORTH ac LAY 1818 H.a .8 1. 118
P KNTERPRISE Pt 19192 1968 1.5 1.0 16.0 1.0 35.0
IRBND GREENWOOD G/C U160 1982 1.5 .0 i 12,0 7.0
JONN BUNTER Pr UUS 1916 1.6 0.4 Nd 0.4 0
100LIRDA 6/C 12160 1978 14.0 .0 1.0 1.0 1.0
WILTSEIRE Lpa 12880 1964 15,0 "o u.0 U0 U0
ABRL TASHAN R0/20/p8 106} 1918 19.6 0.0 80.0 0.0 8.0 80,0 LR N .y nay w3 i ity 1a 1) ny ny . A a3
ACOOLADE 1L B 1o 1982 10.1 e 14.0 u.0 1.0 1.0 14,0 1.0 1.0 1.0 1.0 1.0 1.8 1.9 1.8 1.9 1.9 1.4 1.9 1.9
AYMOL SARBL ct 101900 m 16.8 1.6 1.5 1.4 .6 1.4 1.4 0.6 1.5 .6 .6 .6 9.8 9.6 9.4 19.6 9.8 8.6 9.6 9.6
ARTHUR PRILLIP (P 6100 I 16.0 62,0 6.0 8.0 62.0 6.0 ua .1 ua1 W1 W1 Ut M W1 W LR M. LR u.e W1
AUSTRALLA 81T Pt my 1909 1.1 1.9 6.8 .8 1.8 u.8 .8 1.4 6.8 %8 6.0 1A u.8 .4 1R .4 2.8 3%.8 2.8 .2
AUSTLALTAN SPIRIT PY 2608 1987 13,8 2.0 .0 .0 1.0 5.0 a0 8.0 5.0 8.0 5.0 5.0 5.0 5.0 3.0 5.0 B0 .8 9.8 0.9
BA8S TRADBR R0/80 1046 1976 11 H i ny .3 iy "y ns i1 2.1 2.1 a1 i1 2.1 2.1 21 2.1 21 2.1 2.1
CANIM 3 (1} 1500 1.0 9.0 9.0 i.0 $.0 9.0 9.0 9.0 8.0 $.0 8.2 8.2 8.2 0.t 8.1 5.2 8.2 8.2 8.2 8.2
CANOPUS cr HWT 1908 13.9 56,0 58,0 6.0 56.0 56,0 §6.0 56.0 5.0 6.0 6.0 £6.0 6.0 §6.0 §6.0 6.0 §1.6 §1.6 51,8 51,6
CBemNTco B 16510 1818 16.2 n.t 0 .0 1.0 nJ 1.0 1.0 2.8 0.8 n.e 1n.s 1.t .l 1. .4 1048 1.8 1.8 104
conus .on 31850 981 1.5 1.3 ny .3 EL L LU 8. 00 8.4 R 0.1 (1B 9.1 0.1 A 1A 0.1 9.1 0.1
371 cr s 1988 13.1 514 514 514 514 R it 5t 514 51 St 514 §td 514 514 LR (L%} 5.3 5.3 (L
3350 GIPPSLAND  PT 1360 1812 1.8 1) L] L LR (LI 1850 5.0 5.0 .0 2.0 4.0 1%.0 5.0 6.0 8.0 5.0 3.0 5.0 5.0
TRANCES BAY o/c 2106 1981 11.0 9.0 9.0 4.0 9.0 5.0 9.0 9.0 9.0 9.0 9.0 6.9 6.0 $.0 .0 0.0 8.0 6.0 §.0 6.0
QOLIATR B 210 19 14.0 1.0 14.0 1.0 1.0 14.0 1.0 11.3 113 11,3 11.3 113 113 1.3 1.3 L3 1.3 111 113 1.3
oore RO/R0 uoe 1979 163 18.0 1.0 18,0 18,0 18,0 18,0 18,0 18.0 19.9 14.9 19.9 19.9 19.9 19.4 19.9 19.9 19.9 19.9 19.9
1200 BiROW ] 55 1985 1.1 5.0 1.0 .0 5.0 0.0 5.0 B.0 .0 5.0 5.0 5.0 5.0 13N "y 04 1] IN]
TRON CAPRICORN B LLHT 1915 1.9 Wi s M. .5
1800 CARPRNTARIA B 48310 1911 9.5 16.0 18,0 16,9 16,0 16,0 1.5 13.% 1.5 1.8 13.§ 0.5 13,8 13,8 1. 1.4 . 1.8 1.8 .
TRON CURTIS B 45310 1978 9.5 16.0 16,0 18,0 16.0 16,0 16,0 ! . 1.6 ) . . 1.4 . 1. . 0,4 ) .
120N NONARCH ko/R0 14855 1913 11.§ 16,0 16.0 18,0 16,0 16.0 1y ! . 11, . . 1.3 113 . 11} 1.3 113 i .
[ROK PRINCE B HAM 1981 13.§ 1.0 130 . ) 3.0 0.0 , . . . . . . .l . 20, . . . .
1800 §TORT B 22100 1979 1.5 1.1 N1 1.1 n.1 . . . ‘ . 10,3 . 20. . . .
ISLAND GAS LPa 6033 1976 135 1.6 11.6 11.6 11.6 . . 10.1 10.% 10,1 10.1 8.1 10,1 10,1 10.1 10. 0. 10.1 10. 10.1
J0W 3ARDRRS G/c 40 1983 115 1.1 1.1 1.1 1.1
LA ©Lea 13483 1990 1.5 19.0 ‘ 19.0 19.0 19.0 19,0 . 19.0 19,0 19.0 . 19.0 . . . 9. 8.0 .
TOVULKA B 10254 1984 13.0 0.0 0.0 20.0 0.0 . 2.9 . . 0.0 20.0 0.0 0. . 9. . ) . .
LINDBSAY CLARL B 29510 1985 13.0 0.0 0.0 0.0 20.0 0.0 20.0 20.0 20.0 20.0 20.0 2.0 20,0 0.0 0.0 .1 1.1 .1 i1 1.1
NOBIL AUSTRALIS PT LT 11 16.0 30.5 0.5 0.5 0.8
ORNISTON ] 16530 1918 1.8 30.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 .8 1.6 .8 .8 U6 iu.e .6 . U6 e 26
PILDALA G/C 13180 1m 1.0 1] -] 1.0 .0 1.0 .0 .0 2.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.4 209
PORTLAXD 8 36500 1988 134 0.0 9.0 .0 90 1.0 1.0 3.0 4.0 1.0 2.0 0.0 0.0 u.0 1.0 1.0 3,0 .0 HE UG

RIVER BOTHE Dlcoal]  TEMS 1982 106 119 ML 1109 NS (10 1IN 1109 1S 1SS NS 18 W E M N Nt N N Wt
AIVER BUBLEY B feonl]  TENOS 1983 131 L6 1ML6 0 1316 1316 1316 18 I8 136 L6 1L 106 18 ALY ALY WL M MY N N
RIVEL TORRRNS B S 1T TR 1 1 S U S | YN [ Y I T 2T | 1Y S | P [ VT | YR P | P | T ) AP  R | FL A Y| e e 14 1l
SANDRA MARIB B s580 1948 S 1 Y Pt e e e I L O O St 13.8 18 7 N S P NN E YT 2% NS ¥ 1 S 1 B | X
SRAVAY HOBARY  RO/RO LAL) G 1 S £ 7% SN | 1% SN T 1% SO [ 1% SN |71 TN X NS | 7% SN [ P SN { 75 SO 1 1% JS {15 NN 1 7% JN { P N {1 SN Y% SO | 7% S 1 1% RO 1% BN P R 1
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IABLE 1.8 (comt)

COASTAL SHIPS: 1990 SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS THE SAME SIZE AS

EXISTING VESSELS (ENERGY BASIS)

. SRANAY MBLBOURNE RO/20 1180 m 1.9 "3 .3 "l il L) K1) 3.8 .8 .8 .8 .8 .8 1.8 1.8 1.8 i, .8 3.8 H
STOLY AUSTRALIA  CET# 8900 1996 14.0 RROR. 1.7 1.1 1.1 13.1 13.1 1.1 1.1 1. .1 131 13.1 13.1 131 13, 3.0 13.0 3.0 13
TASHANIA B 20/80 {100 1912 16.§ WS U5 .S 2.5 u.s U5 u.5 U5 U.5 u.s .5 u.2 .2 u.2 U.2 UL .2 u.2 u.
TH? CAPRICORNIA B [ceal) 15140  198) LS 14 12 12 14 122040 12240 k4 1240 1224 A4 1 1224 0.9 {0, 0.9 0.9 0.9 0.9 0.9
THT CARPENTARIA _ B [conl] 15105 1943 IS 1804 1204 14 124 1 1 12240 e 224 1t 12 0.9 0.9 0.8 0.9 §0.9 0.9 0.9

- 7 LEONARD 3] 25500 1913 160 5.0 8.0 k.0 3.0
VALLARAR B 6666 1986 13,5 11.§ 11§ 11§ 11.§ 11.5 11.5 1.5 11.§ 11.§ 11.5 11.5 11:5 11.5 11.§ 11.§ 2.5 18.5 12.§ 12,8
LINCHASTER Spe 11530 191§ e 2.0 0.0 29.0 29.0 2.0 19.9 19.9 19.8 19.9 19.9 19,9 19.9 19,9 19.9 19.9 19,8 108 19.9 19,9
ANPOL TVA - 4] 12000 1490 1.0 0.0 0.0 10.0 0.0 0.0 30.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 30.0 0.0 10.0
VARDEX POINT? B 6000 1918 11.0 115 11.5 1S 18 11§ 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 [N 8.9
ROBERTA JULL ajc 3400 1990 10.4 8.6 6.8 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
KIPREBES ] 11000 1990 13.§ 11.6 11.8 11.6 11.6 1.6 11.§ 11.6 11.6 11.6 11.6 11.6 1.6 11.8 11.6 1.6 11.6 11.6
HODIL TASHAN 4 S 12000 1990 4.1 .4 1.6 .6 1.6 3.6 0.6 1.6 3.8 3.6 L6 1.6 3.6 .6 .6 .6 3.6 L4
SRAROAD NRRSEY  RO/R0 5115 1981 16.0 U.0 4.0 1N .0 iR U.0 u.0 UL .0 .0 U0 u.0 u.0 1R u.0 0
TdRL RIVER B 30009 1962 13.0 108, 1.2 11 .2 me e 2.2 .2 i .4 R U4 N} R AU 1.4
SBARDAD TAWAR  RO/RO 9515 1991 18.9 M Wil .l W1 .l 1 Wl Ql.l L M H.1 1 Wi W .l H.1
TONURS OF PUBL PEBR DAY (CONSTANT TASE AFTER 1891) 19044 1173,1 1886.0  1720.9 16314 1614.2 1601,T 1569.4  1568.5 1564.0 1485.1 1201.7 1200.0 12045 1193.3 1198.1 11931 1197,
[NDRX OF FUBL USED (1988 BASK; CONSTAT TASL AFTRR 1991) 1000 - 92.6 9.5 89.9 85.2 LU (18] 82.0 81.9 1.2 15.0 62.8 2.1 62.9 62.3 62.6 62 62.5

- DEADVEIGET TOXNG - WAUTICAL XILES PBR DAY - 4,0B408 4.GB408 5.0B408 4.GB403 4.6B+0D 4.GRe08 4.GB40D {.GB108 - 4.6B409 4.6R108 4.6R408 4.G8:00 4.6B408 4.8E408 4.6B408 4.6R+00 {.6B408 {.68+08
PLERT AVERAGE TONNES OF FUBL / 000DVY / 1000 WAUTICAL ¥ILRS 1.98 3.85 R[] " 141 LA 181 L LU L0 L1 2.8 .8 .6 2.61 2,62 2.6 2.6
INDEL OF PLERT POBL BPFICIBNCY (1388 BASE) 100.0 108.4 106.2 1053 1103 1L2 1L HLT O HLT LG 12000 1308 139 ML 1M LD 1M 1ML2

lotn. It in asuuaed that vensels are replaced at age 15 years or 1992 il already older.
Batimates of fusl consuaption were obtained from ebipping companies, else from regreusion equations for tonnes of fuel per OODBIT per day from BYCE database INTSEAS.WKI

Por replacenent ships, estimates were obteined by regression oz the values obtained for existing and past sbips.

SOURCES: AUSTAALIAN BIIPPII@ 1990 and earlier editions, BYCR DATADASE
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TABLE I.9

COASTAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT OF SHIPS
THAN EXISTING VESSELS (ENERGY BASIS)

10 PER CENT LARGER

FURL/DAY TONNRS FUBL / DAY OF VESSEL AND REPLACRMRNT VBESBL

TRAR  SPEED AT 3PEED
nn PR T BOILY (toums) 1988 1989 1990 1991 1992 1993 1994 199§ 1996 1991 1998 1998 2000 o1 1002 1003 W 2005
FLINDERS RAKGE B 21500 9 14.6 .4 6.4
LYSAGHY SNDEAVOUR R0/RO 1810 1313 18,0 REOR. 5.1
EART EOLYKAN ] AATL N ) 15.0 RBGR, 132
EELBODRNR TRADER RO/RO 1o 1915 15.9 .1 il
81D NCORATH R0/%0 ] 1918 15.0 14.$ 1.4 1.9 [IR] 4.9 9 134 1 13.4 134 13d 134 134 134 13.4 14 14 1
CHALLBYOER B R0/R0 390 1919 15.0 RBOR. 15,8 15.9
PRBEYAY XORYE  GC MmN 1918 1.1 1.9 AR .9
BP ENTERPRISE  PY 19192 1968 1.5 6.0 880 36.0 6.0
IRENE QRBENWOOD  G/C HM 1992 1.5 1.0 2.0 12.0 7.0
JORY NONTER T U 1915 1.6 04 WA LN ] 0.4
100LINDA G/c 12180 1918 1.0 .0 .0 .0 .0
VILTSHIRE PG s 1968 15.0 U0 .0 u.0 u.0
ADBL YASHAN RO/RO/PY 2063 1915 19.§ 60.0 80.0 0.0 80.0 80.0 1.8 N NI N .9 LR ) nyg 0.9 NI 8 NI 0.9 NS .9
ACCOLADR [T L] 10 1981 10.2 14,0 14,0 14.0 1.0 14.0 14.0 14.0 14,0 1.0 1.0 14,0 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
ANPOL SARSL cr 101300 1919 15.5 0.8 1.4 1.6 1.6 1.5 1.6 1.4 12.5 8.5 18.6 8.6 8.5 8.6 8.8 8.5 8.5 8.5 8.6 8.5
ARTHOR PRILLIP  CT 65103 194 16.0 62.0 62,0  62.0 620  62.0 pL 3. 5.4 AL W LR pLN 3.4 LN 354 LA 8.4 LR 3.4
AUSTRALIA SKY Pt mn 1999 1.1 .8 6.8 .8 .8 26.8 6.8 8.8 2.8 2.8 6.8 180 2% 16.8 %.8 26.8 2.8 2.8 26.8 .0
AUSTRALLAN SPIRIT PT 12608 1981 13.6 5.0 5.0 5.0 150 25,0 15.0 5.0 25,0 B0 20 2.0 %.0 %.0 26,0 2.0 5.0 3.0 0.0 3.0
BASS TRADER 0/ 1846 1976 11 1l ny nml ) .y s "y 1) 0.9 0.4 3.9 .9 0.9 (18 .9 .9 (] 1.9 0
CAYIRA B 4110 1980 12,0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0 1.4 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
CANOPUS cr bl 1486 13.9 §6.0 56,0 560 §6.0 56.0 6.0 56,0 6.0 6.0 56.0 6.0 56.0 §6.0 6.0 6.0 6.1 6.7 16.1 6.1
CRMENTCO B 16510 1918 16.2 .0 00 10 12.0 2.0 2.0 1.0 22,8 2. LI . R 2.8 2.9 .4 .8 0.8 1.8 . 2.8
CONUS " 31950 1981 1.8 8.3 LI Ny 8.8 LU (L] 8.3 ) EL EL 2 30.1 0.1 .1 3.1 3.1 0.1 0.1 Wi 1.1
1 cor HIH 1988 1 S1.4 §1.4 51 51 LR LR 514 $1.4 514 LN 514 5 514 514 51 {0.6 0.6 0.6 0.6
850 GIPPSLAND  PT I8 m 1.5 1) LTS N | P W) 1.4 6.1 3.1 2.1 %1 16.1 1.1 1.1 6.1 .1 .1 2,1 2%.1 3.1 26.1
PLANCBS BAY 6/c 208 1901 11,0 9.0 9.0 8.0 9.0 9.0 9.0 §.0 9.0 9.0 8.0 8.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1
GOLIATH L 21 1911 1.0 14.0 14,0 1.0 1.0 14,0 1.0 114 114 14 14 114 14 114 1d 1.4 114 1 1 1.4
oute RO/R0 oo 1974 16.3 18,0 18.0 18.0 18,0 18.0 18,0 18.0 18,0 2.6 0.6 0.6 20.6 0.6 0.6 20.6 20.6 20.6 20.6 20.6
120N PARON B b 1985 Ha 5.0 5.0 5.0 2%5.0 5.0 5.0 5.0 25.0 5.0 25,0 5.0 2%.0 5.1 4.1 2.1 5.1 %.1
LRON CAPRICORN B HLHT 1915 13§ M5 WE WS W8
[RON CARPENTARIA B 450 im 9.5 16.0 16.0 16.0 16,0 16.0 13,6 13.6 13,8 13. 13.6 13.6 13.6 18,6 13.6 13.6 1 13,6 13.6 1.
IRON CORTIS B 810 1918 §.§ 16.0 16,0 18,0 16.0 16.0 16.0 . ) ! R 1.4 . 1. ' 1.4 13 R4 13, 134
IRON WONARCH R0/10 14958 191 1. 16,0 16.0 16.0 16.0 16,0 1.1 . 18,1 . J 18.1 . 18. . 18. 18. 18. 18, 18,
[RON PRINCE B uns 1981 13.5 n.0 F PN S Y I U . A N 2.0 . . . . 19.3 . 19, . 19, 13, 1§, 19. 1§,
IRON STORT B 12100 1119 13.% 1.1 u.! n.1 1.1 u. 1,1 . . . 0.0 . 0. . 10, 20, 0. . 2,
ISLAND GAS Lee o)) 19 13,8 11.8 1.6 11.6 11.6 1. 10,4 . 10.5 10.% 105 10.5 10.§ 10.5 10,5 10.% 10,5 10,5 10,5 10.5
JOX SanDIRS o/c 810 1908 12.5 1.1 1.1 1.1 1.1
IBLYIN " 13483 1990 1.5 19,0 19.0 19.0 19.0 19,0 19.9 19.0 18.0 19.0 19.0 19.0 . 1. ' 18, 19, 19.
10WULLL ] 11188 1904 13,0 0.0 0.0 20,0 0.0 20.0 . 0, 20, 0.0 0.0 20.0 , . 11.8 11.8 . n.8 11, 11,
LINDESAY CLARE B Wi 198§ 1.0 0.0 20,0 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14, o 194 19, 19,4
NODIL AOSTRALIZ PT 25642 1912 16.0 0.6 3.5 0.5 3.4
oRursToN B 16580 1974 1.8 0.0 3.0 0.0 3.0 0.0 3.0 30.0 0.0 2.2 .2 (15 T T 1.2 i 1.2 .2 .2 11 I )
PILIARA G/c 12760 1918 14.0 0 J Y B T W UL LYV A TH ) UL U 1.8 .6 1.8 .6 .6 1.6 .6 2.6 .6 1.8 .6
PORTLAND L] 36500 1988 134 8o 0.0 U.0 9.0 0.0 0.9 .0 2.0 20 20,0 0.0 9.0 B0 0 0.0 0.0 9.0 2.9 .8
AIVER BOYNE B {coal]  T6YS 1382 1G5 19 18 M8 119 1198 1SS 1199 188 193 188 1199 5 . M 1.5 1.5 L6 L5 .4
RIVIR BUBLEY B [coal] 78305 1983 .0 1L 0L 1L L6 e 1LE RLE 1216 1216 136 136 128 n.3 R 1.3 9.3 uy Wl 0
RIVER YORRENS L] 3Nl 1911 4.5 8.4 wd 8.4 Wi LN ] i m un.t 1n 118} ny i1 i 1.1 3 IS B 3 % B 1 N
SANDRA NARIR L] 5500 1908 1.2 13.8 1.8 13,8 13.8 11,8 13.8 1.8 1,8 13.8 13.8 13.8 1.8 1.8 13.8 1.8 1.6 11.6 11.6 11.6
SRAVAT HOBART  RO/RO 14l 114 15.2 .5 1.5 6.5 6.5 3.6 HER 8. B4 1.4 LA 9.4 0.4 1nd nd 84 M4 1R 9.4 i
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TABLE I. 9 7 (cont)

COASTAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT OF SHIPS 10 PER CENT LARGER

THAN EXISTING VESSELS (ENERGY BASIS)

_SRAYAY NELEOURNB R0/R0 me 1 15.9 iy 43 3

s il Ny 0L 3.2 N2 N2 W2 Ha N0 e N 0l N na2 N
STOLY AUSTRALIA  cHTS 8800 1988 1.0 REGR, 131 13.1 1.1 131 13.1 1.t 131 131 141 Ny ua 1.1 13.1 13.1 12.1 181 131 1.1
TASNANIA B R0/R0 4100 1992, 158 .5 US H S I TN ] .5 .5 U5 US 2.5 .S N .8 u.9 U 1R IR .9 u.9
AT CAPRICORNIA B [coal] 15140 19 145 1204 12240 1224 1284 1t MRt 12240 12240 D220 1224 14 IR it 8.4 KL 84 ALK i
THY CARPENTARIA B [cosl] 15105 190 1.5 104 1204 124 124 Q2 124 a4 124 1R 124 1 il HR HL R 8.4 8.4 w4 8l pLR]
Vil LBONARD 44 25500 1913 - 16,0 8.0 8.0 380 5.0 ) ’ ’ o ’ : : )
VALLARAR B 6666 1988 11.5 11.5 11.§ 11§ 11.5 116 11.% 1.5 11.5 11§ 11.§ 11.5 11§ 11.§ 11§ 11.§ 114 1 114 1N}
LINCHASTER 5pY 11530 191§ 4.0 n.e 2.0 8.0 9.0 0.0 20.1 0.1 20.1 20.1 20.1 20.1 0.1 W1 20.1 20.1 0.1 20.1 0.1 0.1
ANPOL TVA ”n 22000 1990 1.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 30.0 30.0 0.0 0.0 30.0 0.0 0.0
VARDEN POINT B 6000 1878 1.0 11.8 11.5 11.6 115 114 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
ROBBRTA JULL 6/C 3400 1990 10.4 6.8 6.6 6.8 6.6 6.6 6.6 6.6 6.8 6.6 6.5 6.8 6.6 6.8 6.6 6.8 6.8 6.8
EIPRESS B 17000 1§90 13.5 1.8 1.6 11.6 17.8 11.6 1.6 11.6 11.6 1.6 11.6 11.6 11.§ 11.6 1.6 116 1.6 11.6
NODIL TASNAN 131 32000 1950 1.1 .6 18 3.6 N6 s .6 1.6 1.6 HN .6 N6 MG .6 H.6 .6 3.6 L6
SEAROAD MERSRY  RO/RO 511§ 1991 16.0 HA u.0 H.0 U0 2.0 u.0 U0 1.0 {1 U0 U.0 1IN .0 u.e u.0 4.0
TARRA RIVER | . 0000 1902 1.0 RRCR. AP 1 R 1] .2 12 im- 0) 0.3 0.4 2.3 2.3 20.3 2043 02
SEARDAD TAMAR  RO/RD 9516 1991 189 W1 .t .1 W 1 M. WA M.l HB w1 H.1 W1 W1 M. w1 W1
0NNRS OF PUSL PRR DAY (CONSTAMT TASE APTER 1891) 19104 1913.7 1886.0 17309 1630.8 1822.1 1611.8 15980 1578.0 15633 MSLE 12012 11990 S84 1IDS.0 119.0 1ML HWL

INDEX OF PUEL USED {1988 BASE; CONSTANT TASK AFTER 1%91) 100.0 92.6
DEADVRICHT TOMWE - WADTICAL MILES PBR DAY (CONSTANT SHIP SIZB) 4.81B+08 4,668+08
ADDITIONAL DNT-WM PER DAY (DOR 10 LARGER REPLACEWENT SRIPS) ) N
TOTAL DRADVRIGAT TONNB - WAUTICAL MILRS PER DAY 4818408 4.668+08
FLEET AVERAGE TONNES OF FURL / 00ODNY / 1000 NAUTICAL ¥ILES 3.98 3.81
TNDEX OF PLREY FUSL BRFICIENCY (1988 BASE) 100.0 1044

98.5 8.9 LA 8.1 8.2 .5 id 8.1 6.3 6.1 2.6 62.6 614, 6LE 61.2 L.}
BAR 4568400 4,50%408 4.568+08 {.568008 ¢,56R+08 4, 56E+08 4,66R+08 4.56R¢03 4.562408 4.508+08 4.56E+08 4.568408 4,56R+08 4,56R408 4.562+00

3.458408 5.998+05 1,608406 1.532+07 1,508407 1,138407 2.01R+0T 2.11R407 2,85R407 3,0E+07 3, 115407 3.910407 £.03R407 4128401
BAR 4,568408 4,59B408 £.G2R+08 £.GIR+08 4.T1R408 4, TIRAO8 4.73R008 4,76R408 {.83K¢08 £.048+08 4,86B+08 4,53B408 4,952408 4.36R400 4918400
e .1 .81 1.8 148 3.3 135 131 .07 1.4 .48 .46 2.8 1.3 2.3 1.3
BB M50 1104 LT 126 1158 1158 1IN0 1228 1306 1L 181 MO MO MO 0.1

Note: It is azmuned that vessels are replaced at age 15 years or 1992 if already older.
Ratisates of fuel consuaption were obteined from shipping conpanien, else from regremsion squations for tonnes of fuel per 000DWY per day from BICR datebase INTSEAS.VII
Yor replacenent ships, estinates vere obtalned by regression on the valuew obtained for existing and past ships.

SOURCES: AUSTRALIAN SHIPPING 1930 and earlier editions, BTCR DATABASE
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TABLE I.10

COASTAL SHIPS: 20 YEAR SHIP LIFE,

TREND SPECIFIC FUEL CONSUMPTION FOR

‘SAME SIZ2E AS EXISTING VESSELS (ENERGY BASIS)

REPLACEMENT SHIPS THE

FURL/DAY TOUNBS PUBL / DAY OF VBSSEL AND REPLACEBUENT VE3SEL

TRAR  SPESD AT SPERD :
e 118 e BUILY (Tommzs) 1998 1989 1990 1991 19 1993 1994 19495 199¢ 1991 1998 1999 000 2001 000 N0 2004 2005
FLINDERS RANGE 9 1500 1918 14,8 A H R
LTBAGNT EWDBAVOUR RO/RO 11810 m 18,0 RBOR. 45,1
NART BOLYHAN 0/c M0 131 15.0 igor. 1.2
NRLSOURNE TRADER RO/M0 1201 1915 15.9 .1 W1
310 HCaRATH 0/K s 1911 16.0 149 .9 (R} 14.9 9 .9 " .9 1.9 .9 1.4 12.6 it6 12,6 12,8 1.6 I 12,6
CHALLRNGER B 20/80 3390 11 16,0 Mok, 159 15,9
PREBVAY NORTH 6C i 1" .y 1y . m.4
3P BXTERPAISE 44 19192 1458 14.§ 8.0 .0 6.0 8.0
[RENS ORBBNWOOD  G/C 160 1982 14 .0 1.0 1.0 2.0
JORN ROWTER PY AU 191§ 1.8 0.4 0.4 04 0.4
100LIXDA G/c 12180 1918 e e t.o .o L0
vILTSBIRR LPg 12200 1368 15.0 U0 U0 u. u.0 ‘
ABRL TASNAN R0/a0/ps 2088 191 105 0.0 60,0 60.0 80.0 600 80,0 0.0 60.0 60.0 .8 LR .8 1.8 1.t 3.8 .8 e 1.8 .8
ACCOLADR 11 B 8410 1988 10.2 1,0 1.0 1.0 14,0 1.0 1.0 1.0 1.0 14.0 1.0 1.0 1.0 14.0 1.0 1.0 1.0 6.8 6.8 6.8
ANPOL SARRL cr 10190¢ 19 16,8 ns ns 1.5 n.s n.s n.t 1.5 1.5 1.5 ns 1.5 1.5 1.4 2.0 .0 4.0 e 4 8.0
ALYRUR PEILLIP  CT 65103 £} 15.0 600 6.0 8.0 6.0 .0 60 6.0 62.0 .7 ! HR ) i HB .1 HA .1 1.1 i
AUSTRALTA SIY Pt my 1989 1.1 u.e .8 2.8 1.8 6.0 .8 8.8 .8 6.8 6.0 6.8 .8 .8 2.8 1.8 2.8 6.8 %.8 26,8
A0STMALTAR SPIRIY Pt 12605 1981 3.4 .0 250 w0 B0 5.0 4.0 2.0 %0 W0 5.0 5.0 .0 5.0 8.0 - 2.0 U0 LT N L 1Y B T
BASS TRADER R0/20 1848 1916 111 ) 1na ml ) m) "y 13 g ny "y i 1.3 LI (1%} Ha (11 L) PR I % (1]
CASIRA ] 120 1900 12.0 9.0 9.0 9.0 1.0 9,0 1.0 $.0 9.0 §.0 9.0 8.0 9.0 9.0 §.0 1.2 1.2 1.2 1.2 1.2
Cnoros cr LR 1504 13.8 560 560 880 8.0 §6.0 8.0 56.0 §6.0 86,0 §6.0 68.0 6.0 6.9 £6.0 6.0 66.¢ 88,0 560 56,0
crunrco B 16510 1818 150 0 e 3.0 ny 1.0 1.0 2.0 0 e .0 n.e 2.0 0.6 0.8 0.6 20.6 10.8 0.6 0.4
conys 24 11950 1981 1.5 .3 8.} ALY ELR AL L (L% 8y 8.3 i) 18,3 .3 w3 8. L AN AR 4 mud
{7} or Y 184 It h i 514 51 i1 LR N 1.4 514 R LN 514 §1d 514 514 B4 514 514 5.4 81
E880 QLPPSLARD PP 2380 1911 1.8 3.3 3.4 (LR 3. 19 1.3 1 U5 U5 U5 U6 R 0.5 U.5 .5 U.§ S UL UL
FRANCES DAY ¢/¢ 1106 1981 11,0 9.0 9.0 9.0 4.0 9.0 9.0 9.0 9.0 9.0 9,0 $.0 1.0 9.0 9.0 9.0 5.8 5.8 5.8 5.8
QOLIATH B 1210 191 14,0 14.0 1.0 14,0 1.0 1.0 14,0 1.0 14,0 14,0 4.0 1.0 10,3 10.3 10.3 10} 10 10,3 10,3 10.3
aore RO/R0 400 1919 16.3 18.0 18.0 18.0 18,0 18,0 18,0 18,0 16.0 18.0 18.0 18.0 18.0 18.0 19.3 19.3 191 1%.3 190 19.3
TROX BAROX B NS 1985 1.1 Bo . B0 30 H.0 M. 0 200 250 g B0 2 2.0 %0 250 250 280 250
ERON CAPRICORN B LT 197§ 13.§ W.§ NS 1 WS
IRON CARPENTARIA B 45310 191 9.5 18.0 16,0 18,0 18,0 16.0 18.0 16.0 16,0 18.0 16.0 16.0 124 113 11.3 1.3 12,3 12,3 12.3 12.}
1R0X CURYIS B 48310 1918 9.6 16.9 18.0 16,0 18,0 16.0 1§, 0 16, 16.0 16, 16.0 16.0 1.2 1.1 1.2 12.2 12.2 1.1 2.2
1R0N WOMARCE 20/20 14866 1"wn 11.§ 16.9 16.9 16,0 18.0 16.0 . 0 11.2 11.2 11, mn: 1n? 11.2 1.3 1.2 11.2 11.2 11.2 11.2
[RON PRINCE 8 18 1981 3.5 L2 1 T Y N £ 1Y B A N u.0 . . 18 1.0 . 1.0 0.0 3.4 u.e .0 1.6 11.6 11.6 1.6
[ROR ST0RY ] 1100 197s 13,4 u.l .t M .1 0.1 . 11 n.t .t )1 u.l u.1 . 18.1 18.1 18.1 18,1 1.1 18.1
I8LAND 0AS LPo 503 1976 13.% .8 11.8 11.6 116 1.6 . 1.6 1 1.6 . $.6 9.6 9.6 9.8 §.8 9.8 9.6 8.6 9.6
10N siwppes G/C {11 1988 1.4 1.1 1.1 11 1.1
KBLYIN LPG 13453 1990 1.5 19.0 19,0 19.9 19,0 19.0 18.0 9.0 19,0 14,0 19.0 19,0 19.0 14,0 19,0 1.0 18.0 18.0
LOVULIA B U8 1984 13.0 0.0 20.0 0.0 2.0 2, 20.0 20,0 0. 20. 0. 0. 0.0 0.0 20, 20. 0. 2.0 0.0 16.3
LINORSAY CLARL B 21510 1985 13,0 0.0 20,0 20,0 2.0 0.0 20.0 0.0 20.0 2.0 20, 0.0 0.0 20.0 20.0 0.0 0.0 0.0 0. 0.
NODIL AOSTMALIS Y 2642 19n 160 0.8 0.5 0.5 0.5
OmIsTON B 16580 1919 14.8 0.0 M0 0.0 3.0 10,0 0.0 30,0 0.0 0.0 10,0 0.0 0.0 0.0 18.2 19.2 19.2 19,2 19,2 19.2
PILRARA G/C 12160 1918 1.0 .0 20 o 0 UD 1.0 Y PUA Y I T 1.0 1.0 .0 0.4 104 0.4 204 WA W4 0.4
PORTLAND ] 36500 1918 134 %0 2.0 9.0 0 0.0 "0 0.0 9.0 2.0 1.0 2.0 3.0 0.0 2.0 2.0 1.0 8.0 2.0 2.0
LIVIR BOYHE B [coal] 76385 194 1.5 1o 190 1199 109 189 1108 1199 M 1199 1189 199 1199 1199 1199 1199 119.9 .1 3.1 .1
RIVER EXBLEY B [coal} 16305 1 naoonne 1uLe nLe ke 1uLe ane nts o 1206 186 L6 11,6 128 16 AL 16 121.6 B20.8 6.8 2.}
RIVER TORRUNS ] 9l un 14,8 W 3.4 Wi 8.4 W 6.4 1.4 . 3.4 3.4 6.4 15,0 5.0 2.0 .0 .0 5.0 5.0 2.0
SLNDRA NARIR 8 5580 11 1.1 13.8 13.0 13.8 3.4 1.4 13,4 13.4 13.8 13,4 13.8 13,8 13.8 1.4 13.8 134 13.4 13,4 13.8 13,8
SLAVAY SODART  RO/BO et 1918 16.1 6.5 3.5 3.5 (11 B M) Ww.s 6.5 8.5 18,5 it .1 i 1 mru i mr na



oL

TABLE I.10 (cont) COASTAL SHIPS: 20 YEAR SHIP LIFE, TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS
o ' - SAME SIZE AS EXISTING VESSELS (ENERGY BASIS)

SEAVAY NELBOURE 20/2D L JT ST T AN T S T T TR} % SR L F N L OF NN} 1Y SN £ % T NN T % NN 1 % SR % TR 116 N ) OF S § F SN 9 V6 SO 1V RN ) IF N 1 U8 SR ) 16 T | I8 )
ST0LT AUSTRALIA  CNYS 300 1980 1.0 EEGR MY IMT 18T 18T IRT LT INT I AT IR T N INT O B B I I ua
TASUANLA B R0/R0 00 1M 155 M5 .5 M5 ME M M 5 WS WS M WS WS NS WS M5 M5 24 04 ad

TNT CAPRICORNIA B [coal] 1540 1983 M6 1204 1204 12340 1240 13040 134 12300 12240 1254 12240 I224 124 R L0 12040 12240 1224 4.0 8.0
INT CARPENTARIA B [coal] 75105 1980 - L6 140 1304 12240 N6 M 1004 12240 12240 l22d4 12240 12240 224 MRR4 1Ak L2t 12240 1224 .0 1.0
¥ LEONARD Pt 26500 1913 18,0 3%.0 3.0 %0 B0 )

" WALLARAR B L) 1906 13.5 e 1Ls 11.§ 1.4 116 11.5 1.§ 11.§ 11§ 118 11.6 116 11.5 L5 11§ 11.§ 118 11§ 11§
LIRCUASTER HY 1150 1915 o 8.0 0.0 2.0 2.0 2.0 2.0 0.0 2.0 2.0 18.6 18,6 18.6 18.6 18.6 18.6 18.6 18,6 18.6 18,6
A¥POL VA 44 32000 1990 1.0 0.0 0.0 0.0 0.0 0.0 3.0 30.0 0.0 3.0 9.0 0.0 0.0 W0 3.0 0.0 0.0 0.0
VARDEN POINT D 8000 1978 1.0 1.8 11,5 11.% 11.§ 11.§ 11.5 11.% 11§ 1.5 118 1.8 1.2 1 1.2 1.2 12 1.2
200014 JULL 6/c 3400 1990 0.4 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 .6 6.6 6.6 6.6 6.6 6.6
KXPISS B 11000 1390 13.§ 11.6 1. 1.8 1.8 11.8 11,8 11.6 11.6 1.8 1.6 11.6 11.6 11.6 11.6 11,6 11.6 11.6
NORIL TASNAN 144 52000 1990 1L B ) Y ] ) e .6 H.e .8 3.6 .6 3.6 6 3.6 .6 W6 MG .6 1.6 3.6 .6
SRACAT TASWANIA  P/CF 200 1980 3.0 15.0 175.0 15,0 15.0 15.0 15.0 5.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 1750 1650 %0
SEAROAD XBRSBY  RO/RO (] 1991 16.0 2.0 u.0 .o UL U0 e UL o U0 .0 4.0 .0 U 2.0 u.0 u.p
TARMA RIVER B 30000 1982 13,0 RBOR. .2 e 1.2 .2 .2 e Ml 1.2 .2 et 18.5 18.5.  18.5
SEAROAD TAMAR  RO/RO 9515 1991 168 .1 . 1 .1 i M1 LB 1 M.l Wl 3.1 W 3 H.1 LLA W1
TONEES OF FUBL PER DAT (CONSTANY TASK AFTER 1991) 1904 10,1 1961,0  1795,9 17959 1781 1182, 1152,0 QT13.3 1706.6 1681.6 1659.1 1614.1 1612.0 1592.8 14845 -1214.8  121L.1
INDET OF FOBL USED (1988 BASE; CONSTANT TASK APTER 1991) 1000 92,6 1024 .8 9 9.0 9.l 91,5 8.5 89.1 e M L 8.2 8L 1ns 63.§ 63.3
DRADVBIGHT TONNE - NAUTICAL XILES PER DAY T 4.0Be08 4. 1B408 §.0MH08 4.6B408 4.GR408 4.GR408 {.0B408 4.GB408 4.GB+08 {.GRe08 {.6B408 {.BROD 4.6R40B 4.6B+08 4.6E+08 ,GR408 {.6B+08 {.6R408
FLEBT AVERAGE TONNES OF FUBL / 000DWY / 1000 AUTICAL NILRS 1.9 316 .8 LM 1.9 3.491 391 L8 3.16 LN .69 3.6 .6 3.5 Lig .6 .61 2.66
INDBX OF PLBBT FURL BPFICIENCY (1988 BAsSR) ' 100.0 105,86 102, 1000 101,0 101,9 10n.8 1035 1056  fof.€  f0T.3 1086 111 f11.2 1122 1182 1331 1003

Note: It is assuned that vesvels are replaced at age 20 yoars or 1992 if already older.
Estinates of fuel consusption vere obtained from shippisg companies, else from regression equations for toaner of fuel per 000DVT per day from BTCE databame INTSEAS.NII
Yor replaceaent ships, estimates were obteined by regression on the values obtained for existieg and past ships.

SOURCES: AUSTRALIAN SHIPPING 1990 and earlier editions, BTCE DATABASE

e
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TABLE I.1l1 INTERNATIONAL SHIPS: TREND SPECIZIC FUEL CONSUMPTLOLN FOR KREFLACKMLSHLY BSHLEDS THIS DAMN Diaf 20
EXISTING VESSELS

FUBL/DAY TONNBS PUBL / DAY OF VESSBL AND RBPLACRMENT VBSSRL

YBAR. SPRBD AT SPBED O LT CETLTEREPPORO S S SO
NANB TIPE ot BUILY (ToNNBS } 1988 1989 1990 1991 1992 1993 1994 1998 1996 1991 1998 1999 2000 2001 002 2000 2004 2005

AUSTRALIAN BXBLEN R0/RO 2450 1975 1.5 5.3 L

AUSTRALTAN PURPOSE B 122150 1 15.1 REGR, 15,7 5.1

[RON KBSTREL ] 21210 19 14,0 0.0 0.0 3.0 0.0

ANRO AUSTRALIA  RO/RO/C 22200 1911 13.3 W5 .5 W5 M5 s W5 Wl n.? me N2 LAY "2 N2 .2 n.e N2 N2 na2 na2
ANRO MBLBOURMB  §0/80/C U611 1915 1§ L 1] 543 L) t
AUSTRALTA STAR  CF 94560 1986 1.2 .6 2.5 2.5 2.5 . .5 i 1.5 2.5 2.5 2.8 .5 2.5 U8 u.8 .0 u.s u.s UL

AUSTRALIAN ADVANCR ¢ 15401 1983 11.2 50.2 50,2 §0.2 50.2

AUSTRALTAN BIPORTE ¢ M98 1m 14.9 61.0 67.0 81.0 61.0

AUSTRALIAN PROGRBS B 139400 1M 1.0 12.0 1.0 1.0 12.0 1.0 12.0 4.5 .5 .5 .5 "4 .5 4.5 .5 .5 . H.5 .5
AUSTRALIAN PROSPEC B 139400 1876 1.0 12.5 185 12,5 12.5 1.5 .S .5 1.5 .8 4.5 H.s . . . .

. AUSTRALIAN SBAROAD CC* 903 1982 11.5 9.0 2.0 29.0 29.0 29,0 29,0 .0 . . . . . . . . . . .
AUSTRALIAN TRADER € 84350 1978 13.1 .l .l 2.1 1.1 2.1 0.l .l . .0 1.0 4.0 1.0 1.0 1.0 1.0 H.0 1.9 1.0 1.0
AUSTRALIAN VENTURR C 19450 19m 18,9 110.5 1105 1108 1108 1105 110.5 9.8 9.0 9.0 9.0 . . . . . . . 4,
BP ACHIBVER ct 123100 1983 13.§ 60.0 60.0 60.0 60,0 60.0 60.0 60.0 60.0 §0.0 60.0 60.0 ! 5.8 2.8 5.8 ) ) . 52.8
C.7.0'CONNOR G/C 2640 1988 12.1 6.8 6.8 6.8 6.8 §,9
BOYARD SNITR B 3300 1981 13.8 % %) B3 .3 1.3 KLY 3% 3. 5.3 %) 5.8 5.8 %.8 3.0 1.8 5.8 5.8 4.8 25.8
TRON ARKHBN G/C 8362 1 1.0 12,8 12,8 12,5 12,5
[RON GIPPSLAND  C? 81000 1989 14.0 6.0 64.0 64.0 6.0 64.0 64.0 64.0 64.0 6.0 64,0 4.0 64.0 64.0 §4.0 64.0 64.0 §5.0 §5.0
IROK UEMBLA B 149150 1986 12.% 1.0 .0 e Mo .0 3.0 .0 3.0 no 0 n.0 e 0 0 1.0 n.a na n.1 171
TRON KTRBY B 21299 191¢ 1.0 10.0 0.9 0.0 0.0 3.0 u.1 u.1 U1 n.1 0.1 0.1 0.1 1.1 .l w1 u.l 0.1 0.1 u.l
[RON NBWCASTLE B 148140 1985 12,5 R e ne e 3.0 .0 0 .0 1.0 .0 .0 .0 1.0 .9 N n.e 1.0 N0 HER ]
[RON PACIPIC B 11850 1986 1.0 18.0 8.0 8.0 8.0 3.0 0.0 3.0 3.0 .0 8.0 8.0 3.0 8.0 8.0 8.0 0.4 W4 30.4 0.4
[RON SHORTLAND B 101140 1979 12,8 0.0 0.0 {0.0 0.0 0.0 10.0 0.0 0.0 HB .1 1 .1 .1 L L1 L] .1 M LI
[RON SPENCER B 141415 1981 13,0 .S S .S (L] ([1] .5 WS .5 W W 36,7 6.7 1.1 6.1 6.1 6.1 6.1 L) 1.1
TRON ¥HYALLA B 141438 1981 13.0 3.5 1.5 LR .5 0.5 0.5 .5 1.5 .5 3.5 6.1 6.1 6.7 8.1 16.1 3.1 3.1 3.1 %.1
NARKEAN BAY 6/¢ 1915 1987 12,0 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.4 1.9 1.9 1.9 1.4 1.9 1.4 1.4 1.9
NARY DURACK G/c 2640 1988 13,3 1.5 1.5 1.5 1.4
NOBIL PLINDERS  CY 14925 1982 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 5.0 6.9 6.9 6.9 16,8 16,9 6.9 6.9 6.9
NIVOSA cr 124754 1904 1.0 2.6 2.6 2.6 2.6 4.6 2.6 2.6 2.6 2.6 .6 4.8 2.6 2. n.s 2.8 .8 3.8 1.8 7.4
N¥ SANDERLING NG T 12810 1989 1.9 8.0 3.0 93.0 0.0 9.0 3.0 9.0 9.0 9.0 9.0 93.0 3.0 9.0 9.0 3.0 9.0 9.0 H.Ad
TRT ALLYRANS B M8 1983 1.5 N0 n.o 0.0 0.0 N n.0 0.0 e n.a N0 0.0 1.0 B4 LR B4 5.4 254 1.4 B
THT BIPRRSS B/cs 4151 1994 16,0 5.0 . 54.0 §4.0 5.0 5.0 54,0 5.0 §4.0 5.0 54,0 5.0 5.0 .8 1.8 .8 2.8 1.8 n.e
TEANLTAS TRADER C 14101 1988 15.2 5.5 . 5.5 .5 5.5 25.5 2.5 5.5 .4 1.5 5.5 155 5.5 5.5 8.5 2.5 25,5 16.6 16.6
NV SNIPE NG 12810 1980 11 9.0 8.0 93.0 93.0 9.0 9.0 4.0 9.9 93.0 9.0 9.0 93.0 9.0 9.0 93.0 9.0
AUST ENDRAYOUR € 45500 1991 19.% 530 5.0 53,0 51,0 8.0 5.0 5.0 530 5.0 §.0 §1.0 5.0 53.0 5.0 53.0 53.0
'AUST BNDURANCE € 45500 1991 19.5 §1.0 3.0 53.0 §.0 §3.0 53.0 5.0 51.0 5.0 §3.0 53.0 5.0 §3.0 5.0 LER] 5.0
PRANK LONBCNY 6/c 100 1990 13.3 1.0 1.0 1.0 1.0 1.0 1.0 7.0 1.0 1.0 1.0 1.0 1.0 1.9 1.0 1.0 1.9 1.0
GORDON 4BID 6/C 1400 1990 13,3 1.0 1.0 1.0 1.0 10 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
IRON PLINDERS 4 1110 1986 15,0 1.6 .6 .6 1n.6 1.6 n.6 1.6 1.6 3.6 7.6 .6 H) 1.4 134 134 1.1
NV SANDPIPBR LNG 178 1992 n 9.0 9.0 93.0 3.0 93.0 93.0 93.0 9.0 9.0 9.0 9.0 9.0 9.0 93.0
TONNBS OF PUBL PER DAY [CONSTANT TASK APTER 1993) 14,7 AT 1857 10950 L3541 10875 139 1IN0 1MO.5 13163 1282.1 1267.9  1219.1  1215.2  1184.1 11841 1166.1 11518
INDRX OF PUBL USED (1983 BASE; CONSTANT TASK AFTER 1993) 1000 1076 1031 103.8  100.7  101.0 100 99.1 9.1 1.9 95,4 LR 90.1 $0.4 .1 LI 86.7 85.1

" DBADVBIGHT TONNE - NAUTICAL MILBS PER DAY T.2R408 T.1R+08 7.1B408 7V.6R408 T.GBe08 T.9B+08 T.9B408 7.9B408 T.9B+08 7.9B+08 7.9B408 7.9R408 7.9B+08 7T.9Ke08 7.9Re08 7T.9R408 7.9B408 1.98+08
PLBET AVERAGB TONNES OF PUBL / 000DWT / 1000 NAUTICAL MILRS 1.81 1.88 1.91 1.84 179 1,12 1n 1.10 1.10 1,67 1,63 1,61 1,45 LY 1.50 1.50 1.48 1.46
INDEX OF FLBBT FUBL BPRICIRNCY (1988 BASE) 100,0 9.4 9.9 LT 1045 1079 1084 109.0 1080  f10.T 1130 10 HMNY O N6 HOT O 1191 1209 1219
2I3I3TITIISTITIppIsRaIsaLgTsenzIazENLLL 2RIy R TN IZEIR 02T RIRISRI2E2 ISE s2osr2i2 1 EznlIkaEIzayaarrIoriazy =323 zzzrzszzeze!

Note: It is assuned that vensels are replaced at age 18 years or 1992 (f already older.
Bstinates of fuel consumption were obtained from shipping companies, else fron regression eguations for tonnes of fuel per 000DNT per day from BICR databane INTSEAZ.wkl

For replacensnt ships, entimates were obtained by regrension on the values obtained for existing and past ships.
The database regreasion equations for ships for which dats was not obtauined are:

Bulk whips: exp(-1,749625-0.4925291n(0NT/1000)40.2223081n(1991-year built)41,1068711n(xpeed)

Taokers ¢ exp(-).67077-0.4069221n{DVT/1000)40, 17800810 (1991-year built)1,1822131n{ apeed)

Ro/Re texp(~4,005212-0,50727610{D¥T/1000} 40, 04843910 1991-year built)+2.2043111n{speed)

Container : exp(-6.641991-0,584367Ln(DVT/1000)40,3985331n(1991-year dullt]+2, 91067410 {npeed)

Gen Cargo : exp(-5.347061-0.510471n(OVE/1000)40.0471091n(1991-year built)+2,8578191n(speed)

Ous Tanker: exp(-0.592047-0,359211n(DNT/1000)40,0716851n(1991-year built}+0, 777528 n(npeed)

SOURCBS: AUSTRALIAN SHIPPING 1990 and ealier editions, BYCE DATABASE
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_TABLE I.12

 INTERNATIONAL SHIPS:
EXISTING VESSELS

1990

SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT

SHIPS THE SAME SIZE AS

L

roL/nar TONES FUBL / DAY OF VESSEL AND RBPLACRNENT VBSSEL
: THR SPRED AT SPERD : : - ,

n e L S TR {TomiEs) 1988 1909 1990 191 1oL 1993 1984 1S5 1996 1997 1998 1939 2000 2001 2008 2008 004 3005
AUSTRALIAN BWBLEN 80/B0  3MS0 1935 W5 B3 8D

ADSTLALLAN PURPOSE B 1agé0 11T 450 msR. VBT 150

IO IsTBL B me M e 00 00 W0 00

N0 AUSTRALIA  ROJROIC 220D 19T 133 WA WS WS WS WS WS N2 W2 W N2 Bz N2 W2 N2 W2 N2 N2 N2 Nd
ANIO NRLBODRNR - BO/RO/C - 2311 B9 B - B4 BA- B B - - o o S , S , , ,
ADSTRALIA STAR - O T 1T I U Tt N S T S T X S T SN T S VY T XU TRt S T ST X O SOt S L YR K T N [ X Y | R T X
AUSTAALIAW ADVANCE € T 3M07 1383 In2 R0.Y 02RO s o o o oo : S ,

AUSTRALTAN RIPORTE ¢ I T O TN S L N T H S TR 1N

AUSTRALLAN PROGRES B 13800 1917 1.0 120 2.0 Y0 TR0 10 TR0 4LT 4R1 ALT 4T BT LT LT D LT 4T 4N LT s
AUSTRALTAN PROSPEC B 139400 M6 1.0 1.5 9L 125 1R 185 4LT LT GLT AT dLT 4L LT a7 LT LT LT DT BT (s
AUSTMALLAN SRAROAD CC* 93} 1982 1.5 200 25,0 290 25,0 200 290 200 200 29,0 200 2.2 2.2 9.2 w2 W& 02 82 282 02
AYSTRALTAN TRADRR € MEE 19T 11 2 g g oad fd 2l W 162 162 152 152 1520 152 152 152 152 152 152 I
AUSTRALTAN YENTORE ¢ 9450 1911 189 10 105 105 108 198 1S S8 S8 S8 S0 S8 5L M0 B0 S0 S0 5B 5B 53
B ACKIBVER . Cf 12900 198 105 800 600 60.0 600 §0.0  60.0 600 600  60.0 600 600 0.0 562 562 562 562 562 §6.2 848
C..0°COMOR - G/C LT N1 I T N R X S ¥ B X B X B X' ,

on sire 8 CEE LU O TR I S ' T T NS N T S 't N T ST | % R % T T 6 T 9K T T R T A U S TS BT A% S % B TR A X
TROR AWNERY ~ G/C AW WD e RS 128 RS 1S : :

TRON GISPSLAND  ©F 000 1988 140 640 B0 BLO 640 BLO 640 B0 L0 B0 66O 8GO BAD B0 6LO 640 6LD 6O 627
ORImBLL B HOS0 196 15 N0 3D 30 LD 30 M0 LG A0 LD 30 M0 L0 MO0 30 M0 ST T T WS
TRON KERBY b 29 1 10 0.0 300 0.0 300 30,0 a1 220 Tt 29 a9 2t a1 g g aa
IR0N NRVCASTLS B HOME B985 15 A0 A0 30 A0 30 A0 AN MO MO MO 0 A0 LD M0 T BT T ST s
InON PACIPIC B 21050 1086 1,0 380 380 30 3.0 30 .0 380 30 380 380 30 30 30 30 380 1 I W1 M.
TRON SHORTLAND ' 10140 19719 135 400 (0.0 0.0 40,0 0.0 40,0 400 400 LY L3 LS ILE LY IS ML S LY g g
TN SPRCIR B L L BT 0 S T8 S 1% S TN O T S U S U S T S T S T S T S T AT T S T KT | KT IC R L I B K I T
IRON VETALLA B LT T T V¢ O N 0 S 1S SO T S+t I S 0 SN F IS S X SRS T £ S U N [ F S | X T | KT IC IR UK I T T KB K
B MY 0/C 2 1M 1200 B0 B0 80 &0 0 80 80 80 80 60 80 8.0 &0 &0 80 &0 N4 N4 81
neyomict  o/c W 1M 123 15 TE 15 18 ‘

N0BIL PLINDERS  CY HO25 190t 150 TS0 YS.0 150 TS0 150 TS0 150 150 15,0 150 150 S04 S04 S04 504 504 504 S04 BAS
U or IS 19 10 L6 (L6 46 L0 (L6 46 486 126 80 26 8 a6 406 W0 N0 M0 M0 M0 0
IOSORALING  DNO T THT0 198 10 9.0 9.0 5RO 90 S0 SN0 SN0 850 950 950 8.0 §L0 SN0 80 - SN0 9.0 #0920
nY AT B WUS 1M WS M0 30 30 0 W0 30 L0 L0 3.0 3D 30 M0 B9 268 269 3.8 269 2.9 282
DT BIPKESS  B/CY 50 1M 160 S0 B0 SL0 50 RO SL0 B BLD BLD 560 L0 S0 BLO  IRT  MRT. 6T 6T M6 .0
TRANLTAS THADEE € el 1988 152 258 26 258 38 S %S W5 M5 85 85 85 85 288 85 M5 205 85 28 i
" 140 w1 11 e 0.0 9.0 90 980 B0 9N0 N0 S0 S0 N0 90 9N N0 N0 W0
" AUSY BOOBAVODR  © CAss0 1391 195 SN0 BL00 53,0 L0 SN0 R0 A0 N0 §3.0 SO SN0 SN0 50 5LO BN 5L
A0SY BNDURANCE € CAS500 - 1981 195 53 3.0 6.0 5.0 L0 S50 B30 BN 530 5O 5LO 5L 5O 550 sL0 S0
FRANK TONECNT  0/C L T N TR B K [ SN R N S T ' R T X T Y RO Y S N I U S N N X B N BN
cORDON MDD ¢/¢ HO 190 183 10 TN T U S X T X' T X U J Y RO Y S NS X SN XN X PR X S N
TRON PLINDRRS € M0 198 150 3.6 I PV T S | KT AT X T T X R A R NS T X S I S I NS S 7 K S L I
WOSAOPIPRR LN ey 1 11 9 .0 90 N0 SN0 SN0 930 90 80 S0 . 9L L0 980 - 930
10UNES OF FORL PR DAY {CONSTANY TASK APEER 1983 1008 1T 10058 19060 13609 1MO6 13510 1300 N0 1323 13911 1300 13000 IN8.0 12326 10320 1m0 1289.2
TNDEX OF FUBL USBD (1388 DASE; CONSTANT TASK AFTRR 1983) 100.0 1006 1050 1038 1006 10,0 1005, 999 889 983 965 850 829 §28  9LT L6 94 96
DRADVRIONT -TONNS - NAUYICAL NILES PRR DAY ' TABO0 1.1Re08 T.OBIOS P.OR08 D.OR0D T.ORE0E T.00000 T.0RN08 T.RN00 T.Re08 T.0R008 T.0R0D 1.0Es0D T.9B:00 1.9B+08 1.5Bs0 1.8Ra08 1.8R408
PLEEY AVERAGE TONNES OF PUEL / GOODVT / 1000 NAUTICAL YILES LA LB LS LM LT LN L1 LN LN L L6 LG L6y LS 18T LS6 L6 160
TNDRE OF PLRRT FUBL RFPICIRNCY (1300 Bask) 1000 995 OIS JOLY 1046 10N f0n3 1089 1089 1103 120 M3 63 1S3 1164 164 168 1146

Note: It i anvened that vesselo are replaced at age 1§ nm or 1992 if already oldu. :
Estimates of fusl conveaptien were obtafaed from shipping companies, else from regrension equations for tonnes ol fuel per 000DV per du from BICE dstabase INTSEAS.vki

For replacement ships, estinates wers oblalned by regreseion on the values obbained lor exieting and past ships.

SOURCES: AUSTRALIAN SHIPPING 1990 aad ealler editions, BICE DATADASE
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TABLE I.13 INTERNATIONAL SHIPS: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT SHIPS 10 PER CENT LARGER
' THAN EXISTING VESSELS

FOBL/0AY TOXNES FUBL / DAY OF VESSEL AND RBPLACEMENT VESSBL

TRiR  SPRED AT BPBED
u TIe8 Y BUILY (tonngs) 1938 1989 1990 1991 1992 1993 1994 1995 1956 1991 1998 1999 2000 2001 002 2003 2004 200§

AUSTRALIAY RUDLRN R0/RO 21450 1915 1.5 563 5.1
AUSTRALTAN PURPOSR B 122150 19 16.1 |11 PR [ 15.1
TRON IRSTARL B mn 19 1.0 3.0 0.0 0.0 0.0

ANRO ADSTRALIA  RO/RO/C 200 191 1.3 M. W WS W5 WS W5 3.9 W .9 .9 W4 .9 .9 W .9 W9 . 0.9 .9
AVRO WELBOURNR  RO/RO/C 2817 1915 - 18] 54.3 5.3 L)

AUSTRALIA STAR T 94580 1986 .2 2.5 (1 2.5 2.5 .5 2.5 .6 (Y 1] @5 2.5 4.5 2.5 2.5 .5 6.5 26.§ 6.5 2.5 26.5

AUSTRALIAN ADVANCE  C 3401 1983 11.2 50.2 50.2 0.2 §0.2
AUSTRALIAN RIPORTE C mn 1912 149 61.0 61.0 §1.0 61.0
AUSTRALIAN PROGRRS B 138400 1811 1.0 180 12.0 1.0 1.4 1.0 1.0 6.2 6.2 . {6, 6.2 6.2 485.2 6.2 6.2 {6, 6.2 6.2
AUSTLALIAN PROSPEC B 139400 197¢ 1.0 1.6 1.5 12.§ 1.6 18§ 48,2 (LY 8.2 . . it 6.2 6.2 8. . {6, 6.2 6.2 2
AUSYRALTAW SRAROAD  CC " 1 11.4 1.0 4.0 29.0 2.0 5.0 5.0 29.0 29.9 . . . 4.2 .2 U 4.2 4. u. .2 .
AUSTEALIAN TMADER ¢ 8450 1918 13.1 .1 .l .1 1.1 1.1 1.1 18| 1 I ! ! R i . i Had i, R o
_ AUSTRALLAN VRNTIRE ¢ 9450 1917 189 106 108 110.5 1105 1108 110.5 §1.2 §1.2 ‘ ) . . 1.2 51, 1. HE . ! .
BP ACRIBVER cr 129100 198 13.§ 0.0 80.0 0.0 60.0 80.0 $0.0 0.0 0.0 ! ! . . §5.0 §5. ! 5§, 55, . .
C.1.0°CoNNOR a/c 1640 1908 1.1 8.3 6.8 6.8 . 6.8
HOVARD $MITH ] 43300 1981 1.0 ¥ 1.3 LM . 3.3 LR L] LIS L 8.3 6.8 6.8 2.8 26.8 6.8 2.8 6.8 6.8 2.8
[ROW ARNERY o/c 8362 1913 1n.e 1.6 105 1.5 .
TR0 QIPPSLAND  C? 81000 1989 1.4 84.0 640 . 84.0 6.0 64,0 64.0 8.0 6.0 64.0 64.0 64.0 64.0 64.0 §4.0 [{N] 64.0 6.1
20N IRWBLA L] 148150 1986 11.5 e n.e ne . 0 0 1.0 .0 .0 1.0 o A e im0 1.0 W0 W0 .0 M0
100N RIRBY me 191 1.0 0.0 3.0 0.0 ! 3.0 UL u.0 2.0 u.0 U0 u.0 U0 u.0 u.0 .0 U0 .0 U0 .0

wa ne no .6 "0 1.0 no .0 .0 e M3 M.l L Ha W
.0 8.0 8.0 1.0 18,0 8.0 ».0 8.0 1%.0 3.0 1.0 .6 1.6 1.8 1.6
40.0 .0 40.0 40.0 ny ny ny n.y n.s n. ny n) 20 2 2.

6.8
5.3
1§
(]
1.0
0.0
1.0
8.0
[RON SRORTLAND 101140 1918 12,8 0.0 0.0 0.0 0.0
.5 .5 .5 W W W 4.8 3.1 8.1 3.1 0.1 .1 3.1 .1 8.1 .1
36
8.0
1.5
5.0
.8
3.0
1.0
4.0
5.5

)

1

]

3

B !

IRON REVCASTLE B 148140 1985 12.5 .0 .o 0 H
(0N PACIFIC B 10 1986 11.0 8.0 .0 w0 )
] {

] {

{

80N SPRNCER S 1981 13.0 WS .5 4.5
IR0N WRYALLA 3 11438 1981 11,0 .5 .5 4.5 . 0.8 (R R 4.5 4.5 4.5 0.5 .1 .1 8.1 .1 .1 8.1 8.1 8.1 8.1
WARLNIN BAY G/c 192§ 1981 13.¢ 80 8.0 8.0 . 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.2 8.2 8.2
NARY DURACE G/C 240 1988 11 1.5 1.5 1.8 .
WOBIL PLINDRRS  CT 149235 1982 15.0 5.0 15.0 15.0 15, 15.0 15.0 15,0 5.0 15.0 5.0 5.0 50.1 50.1 §0.1 50.1 50.1 50.1 50.1 50.1
L1401 cr U8 1984 10 (10 1.4 2.8 i1, 2.6 it 2.6 1.6 2.6 2.6 1.6 2.6 .8 M8 . M8 .8 M8 W
NV BANDBRLING  LNG T 28 1989 1.0 §3.0 T 9. 3.0 9.0 3.0 93.0 3.0 9.0 3.0 3.0 9.0 3.0 3.0 9.0 2.0 3.0 1023
TUY ALLTRANS B 15218 1493 1.8 u.0 n.o 1.0 W 0 n.o 3.0 LN ] ne 0.0 1.0 .o %4 2.4 .4 6.4 6.4 6.4 2.4
TAT SIPRBSS B/ce {1151 1984 16,0 56,0 S0 §6.0 LN 5.0 8.0 5.0 54,0 5.0 54,0 4.0 8.0 5.0 3.0 .0 .0 .0 .0 .0
TRANITAS TRADRR € 14101 1988 15.2 .6 8.8 5.5 . 3.5 2.5 2%5.5 2.5 8.8 5.5 .5 25,8 2.5 4.5 5.5 2.5 5.5 11.0 11.0
LI 1L NG 17 1990 11,0 9.0 83.0 9.0 9.0 9.0 8.0 §1.0 0.0 3.0 3.0 §1.0 3.0 9.0 3.0 2.0 9.0
408T BNDRAYOUR  © 45500 1991 19.5 53.0 53.0 5.0 §3.0 53.0 5.0 53.0 5.0 3.0 53.0 5.0 5.0 53.0 53.0 51,0 5.0
A0ST ZNDUMANCE ¢ 45500 1941 19.5 5.0 5.0 3.0 8.0 53,0 §.0 53,0 5.0 5.0 §3.0 §3.0 53.0 §3.0 5.0 50 5.0
FLANE KONECHT  O/C Moo 1930 1. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
GORDON RRID G/C oo 1990 1.3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
IR00 PLINDRRS  C mn 1988 15.0 .6 N6 n.s N6 3.6 .6 .6 1.6 1.6 Wt .4 n.6 18.2 18.2 18,2 18.2
N¥ SAKDPIPER LKG 12810 1992 11.0 0.0 0.0 3.9 3.0 .0 (R 9.0 9.0 LR 3.0 9.0 3.0 8.0 93,0
TONUES OF FURL PER DAY (CONSYANT TASX APTEL 1993) 168 LTS 1306,8 13060 10568 1065.1 13574 1M0.7  1M9.T 13204 12996 12881 12443 IMLL6 0 121T.8 1318.0 1209.6 1211.6
TNDRI OF FURL USED (1940 BASE; CONSTANT TASL AFYER 1993) 100,60 1076 1051 1038 1608 l0L.5 1009 1004 100 9.9 96.6 95.8 §2.5 §2.) 90.6 §0.6 89.9 90.1
DRADVEIGEY TOMNR - WAUTICAL NILBS PER DAY (CONSTANY SEIP SIZB) 1.21R+08 T.738+08 7.29R+08 7.622408 7,61B408 7,91R+08 1.91R400 T.918+08 7,91R+08 T.91R+08 1,918+08 T,91B¢08 1,91B408 1.918+08 7,91R+08 1.91B408 1.91B+00 1.51R+08
* ADDITIONAL DVE-XN PSR DAY (DUE YO LARGER BEPLACEVENT SHIPS) LAIROT 1. 21R40T 1.54R+0T 1.54B+0T 2.60B+07 3, 14R+07 3,608+07 4.568407 5,008407 §, 128407 6.12B407 &.17B+0Y 6,71R¢07
TOTAL DEADYRIGET TONNB-NAUTICAL NILES PER DAY : 1.21R408 T.738408 7,29B408 7,62B+08 7.61K408 9,03B+00 3,03R+08 8,0TB+08 8,078408 8.17B400 8.23R408 8.288+08 8,378408 8,418408 8, 628408 8,52B+08 8.538408 0.59B408
PLEST AVERAGE YONNES OF FURL / 000DWY / 1000 NAUTICAL NILES 1.8 1.81 1.90 1.8 1.1 1.10 1.68 167 1.61 1.6 1,58 1.56 1.49 1.48 1.4 143 1.42 I
TNDET OF FLEET PUBL RPPICIENCY {1903 DASE) 100.0 9.6 .0 1018 QH 1088 1084 1102 1162 1Rt 1182 1166 12002 1208 1204 12 129 1UD

Bote: It fs amnuned that vesnelu are replaced st age 16 yoars or 1998 {f slready older.
Eutinaten of fuel consuaption were obtained from shipping companies, else from regrension equations for tomaen of fuel per Q00DWT per day froa BYCR database INTSEAS.wkl
For replaceaent ships, estimates vere obtained dy regrenaion on the valuas obtained for existiag and past abips.

SOURCRS: AUSTRAUIAN SHIPPING 1990 and eslier aditions, BTCE DATARASR
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TABLE I.14 INTERNATIONAL SHIPS: 20 YEAR SHIP LIFE, TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT

SHIPS THE SAME SIZE AS EXISTING VESSELS

\, -
IS FUBL/DAY TONNES PUBL / DAY OF VBSSEL AND REPLACENENT VESSBL
TRAR  SPERD AT SPESD

nue mne T BOILY ~ (tonmgs) 1988 1989 1950 1991 1992 1993 1994 199% 1998 1991 1998 1999 2000 2001 2002 2008 00 2005
AUSTRALIAN RYBLEN RO/RO Nk 1 .5 L1 B 1Y

AUSTRALIAN PURPOSE B 12250 19 16.1 RBOR. 157 5.1

TRON EBSTREL B _ o inn 1 1.0 30,0 .0 0.0 0.0

ANRO AUSTRALIA  RO/RO/C 23200 1817 0y NS WS WS W5 .5 WS W.5 M. W5 .S WS i a1 LA 12 a1 L Q€ s
ANRO MELBOURNR  RO/RO/C 23511 1915 1.5 5.3 .. ) LR : : S . -
AUSTRALIA STAR (T 4560 1988 1.2 s .5 1.5 2.5 (1 8 2.5 .5 2.5 4.5 2.5 .5 .5 2.5 .48 2.8 1.5 2.5 2.5 {2
AUSTRACIAN ADVANCE © 401 1 12 62 502 50.2 0.2 : : -

AUSTRALIAN BIPORTE C 21918 1972 1.9 1.0 610 67,0 1.0

AUSTRALIAN PROGRSS B 139400 1917 1.0 1.0 1.0 12,0 1.0 1.0 noe 1 12.0 1.0 1.0 170 48 1.8 il {1, il aHae 4. {1.8
AUSTRALIAN PROSPEC B 139400 1916 14.0 1ns 14 1.5 n.s 1.5 1.6 1.5 1.5 1.5 n.s (1% 2.3 ity {2 @3 i (LI I T .
AUSTRALLAN SRARDAD  CC* {13} 1882 1.8 9.0 2.0 29.0 9.0 2.0 9.0 29.0 3.0 2.0 2.0 29.0 2.0 29.0 2, N 2, 402 L.
AUSTALIAN TRADRR 8450 1974 11 1.1 1.1 1 B 1.1 .1 1.1 ug Al 2.1 2.1 111 C. A 2.} 1y o, 12.3 Jd 1. 12,
AUSTRALTAN VENSORE € 39450 191" 18,9 1105 f10.5  t10.5 1105 1105 f10.5 1105 1105 110,58 110.5 110.5 0.1 3.1 . . . A [N 4.
BP ACEERVEL . cCY 125100 1383 13,8 60.0 €00 0.0 600  60.0 0.0 60.0 60.0 0.0 80.0 60.0 60.0 60.0 0.0 . 0, <0 . 50.1
€.1.0'coNNOR G/c i 1908 12.1 5.8 6.8 8.8 8.3 8.8

HOVARD SKITE B 43300 1981 13.8 3.3 %8 H L ELI 3.3 3 HL LIt .3 L Ha HE .3 3.3 R U Ud .
[RON ARNREX G/c - 8362 181 12.0 12.% 12.8 12.§ 1.4
- IRON GIPPSLAND  CT 81000 1988 . 140 640 6.0 64.0 6.0 8.0 6.0 64,0 64.0 6.0 6.0 6.0 64,0 o 640 64.0 660 86,0 640
[20N TRUBLA 8 148150 1986 1.4 .0 0 30 e Mo o .0 o .0 1.0 .0 N0 e M0 0 1.0 e 1.0 o
20N ZERBY B 341 1914 1.0 0.0 3.0 3.0 0.0 0.0 30.0 0.0 0.0 0.5 .5 .4 0.5 0.5 2.5 0.5 (18] Q2. 2.5 2.5
IRON NEWCASTLE B 1He140 1985 12.5 e M0 M0 M 1.0 e no .0 .0 e nme .0 0 .0 e 1.0 ELN B TN 0
TRON PACIFIC B 21850 1986 11.0 o 0 .0 8.0 3.0 3.0 18,0 8.0 8.0 8.0 .0 18.0 00 3.0 1.0 8.0 1.0 8.0 3.0
[R0N SRORTLAND B 101140 1919 128 0.0 40,0 100 40,0 400 0.0 10,0 0.0 0.0 0.0 0.0 40,6 40,0 2.3 2.3 29,3 2.3 2.3 9.3
TR0W SPRNCER B WIS 1431 130 [IR s s WeE WS [T . .5 .5 (11 (L1 LIN] [T} (18} He o WY W W1 i
TRON VETALLA ] 141435 1980 10 S .5 [ 3.5 (H) 0.8 4.5 .5 1.5 0.4 0.4 [X P B A 0.5 0 W1 HN KB NI
WARKIAY BAT 6/C 192§ 1981 12,0 8.0 8.0 4.0 3.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
MARY DORACE /¢ 2640 1989 123 1.5 18 1.5 1.6

KOBIL FLINDERS  CY 149238 1982 15.0 5.0 1.0 5.0 15.0 1%.0 15.0 15.0 15.0 15.0 15.0 5.0 5.0 15.0 5.0 15.0 15.0 .0 40 3.0
Bvosk cr 124154 1984 13,0 426 2.8 2.6 2.6 426 2.6 .6 2.8 2.6 2.6 1.6 2.6 1.6 2.6 .6 2.6 2.6 2.6 0.4
FY SANDERLING  LNG T 12810 1989 1.0 3.0 . 9.0 9.0 9.0 9.0 9.0 3.0 3.0 9.0 3.0 .0 93.0 LER ] 3.0 3.0 9.0 1.0 93.0
9T ALLTRANS B e 1983 1.8 00 ne 0 1.0 B W0 3.0 0.0 0.0 0.0 N0 WAoo 0 ne %0 0.0 LEH . T u.1
AT BIPRESS Bjce {1181 198¢ 16,0 5.0 5.0 50 5.0 5.0 5.0 54,0 5.0 5.0 5.0 5.0 5.0 5.0 54,0 5.0 54,0 5.0 540 e
TRAKITAS TRADBR  © 14101 1988 15,2 %6 .5 245 2.6 4.5 25.5 5.5 8.5 2.5 5.5 5.5 2.5 85,6 %.5 2.5 18] %.5 5.5 2.5
IV SKIPt e 12810 1999 11 LR 9.0 3.0 3.0 9.0 3.0 9.0 9.0 3.0 90 93.0 9.0 9.0 3.0 8.0 3.0
AUST DNDRAVOOR  C 45500 1998 1%.5 5.0 §3.0 53.0 53,0 5.0 53.9 530 5.0 8.0 B 5.0 5.0 5.0 5.0 8.0 5.0
AUST BNDURANCE € 15500 1991 18.5 53.0 §3.0 §3.0 3.0 53.0 8.0 N0 5.0 53.0 5.0 0.0 B §3.0 B0 SN0 53,0
PRANE ZOMBCNY  ©/C 400 1990 13.3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
GORDON REID G/c oo 1990 113 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
INON PLINDBRS ¢ mnmn 1 15.0 2.6 1.6 .8 2.6 2.8 1.8 .6 .6 1.6 .6 2.6 LT A 2.6 1.6 2.6 2.6
¥ SANDPIPER LG 12810 1992 11 9.0 83.0 8.0 9.0 .0 93.0 3.0 9.0 e 90 9.0 9.0 9.0 8.0
TONNES OF FUSL PER DAY (CONSTANT TASK APTER 19%3) 1346.8 1405 10868 1396.0 1309.01 14821 L4821 M6 M6 LG 156 13051 1325.0  1325.0 12054 12854 12366 12005
INDRY OF PURL USRD (1988 DASE; CONSTANT TASE APTER 1993) 100.0 100, 108,01 1038 103.3 10,2  H10.2 109.1 106,710V 100.1 99.3 9.5 98.5 95.1 3.4 92.0 89.3
DEADVRIGHT TOMNE - NAUTICAL NILES PR DAY 1.28408 1.IB408 T.3B400 T.08000 T.0Re00 T.9Re08 198408 7.9B408 T.9B08 1.0B408 7.3B408 T.9Re03 1,0B+08 T.9R400 1,9B408 1.9B408 T.9B:08 V.9B+08
FLERT AVERAGE TONNBS OF FUSL / 000DFT / 1000 NAUTICAL WILNS 1.87 1.8 IR 1.84 1.88 1,88 1.8 1.81 N 1,8 1.1 1.10 1.88 1,68 1,88 1.5¢ 1.5 1.3
TNDRT OF PLEEY FURL BRFICIBNCT (1988 BisE] 100.0 996 #1.¢ 1007 1021 99.4 99,4 1000 1000 1020  0AT 0S4 1101 110 MY 148 HED 185

Note: It is temuaed that vessels are replaced at age 10 years or 1331 1P already older.

Ustimates of fuel consuaption were obtained froa shipping conpanies, else from regression equations for tonnes of fuel per 000DYT per day frow BICE datebane INTSEAS.wk!
Por replacenent ships, estimates were obtained by gv(rellion on the valuen obtained for existiag and past ships.

SOURCES: AUSYRALIAN SEIPPING 1990 and ealier editions, BYCE DATABASE



APPENDIX II SPREADSHEET MODELS FOR AUSTRALIAN DOMESTIC AND
INTERNATIONAL AIRCRAFT FLEETS.
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TABLE II.1
ATRCRAPY DATE
P8 NODEL

FIRST

INTRODUCR
“ARCR
30EING 147-200 1972
S0RING 147-300 1983
308ING 147-400 1989
ATRBUS 4300-6R 1987
ALRBUS A300-B4 1975
BORING 767-300 1986
BOZING 167-3008R 1988
BORING 747-5P 1916
30RING 167-200 1982
HORING 767-2008R 1984
ARDIUN ATRCRART
BORING 127-200 1466
BOBING 737-400 1988
ATRBUS A320 1988
BORING 137-300 198¢
964 1965
SNALL AIRCRARY
3R146-200 1983
J28-4000 1978
P21 1958
750 1988
hASE 8 1984

(U3

1
186
{06
288
U0
230
0
n
i
216

14
146
132
109

tH

IH
1
50
50
"

REGRESSIONS FOR FUEL CONSUMPTION OF AIRCRAFT

LITRES

SBATS PER KY

14.32
H.45
13.30
5.09
1.1
1.30
6.76
12.7%
§.19
6.57

139) FLIGKT RANGE
KUKBBR AVERAGE CRUISING PER SEAT
SPEED XILOKRTER

41}

910
910
810
850
850
850
850
900
850
850

865
800
85¢
195
950

630
65%
{10
{45
167

LITRES

0.036
0.037
0.013
0.018
0,049
0.032
0.029
0.041
0.032
0.030

0.040
0.030
0.036
0.031
0.060

0.05%
0.049
0.040
0.027
0.018

SBAT
-KK
PER
LITRE

2.7
26.71
30.528
56.582
20.591
31,507
.00
uan
11,015
2.4

25.000
13.082
21,873
.91
16,817

18.160
20,339
25.000
.5
26.619

SEAT Lo¢

NILES YEAR

PRRYUS LOG - INTR 06 506
GALLON ~ SRAT-EX -1955  SBATS  SPERD
(SHPYSG) JLITRE

65.086 3.322279 2,833213 5.983936 6.813444
62,713 3.285142 3,332204 5.955837 6,813444
71,666 3.418589 3,524360 6.006352 6.813444
132.836 4.035682 3.465735 5.662960 6.745236
48,341 3.024847 2,995732 6.438079 6.745236
73,968 3.450204 3.433987 5.438079 6.745238
19,877 3.521086 3.496507 5.438079 6,745218
57,453 3.197639 3,044522 5,746203 6.8023%4
12,955 3.436407 3.295836 5.351858 6.745238
17184 3.492764 3.367295 5.375278 6.745236

§8.692 3.218875 2,397895 4.969813 5.762729
17,548 3497466 3.496507 €, 983606 6.684611
64.968 3.320455 3.496507 4.08280) 6.745236
63.185 3.292631 3.367295 4.691347 6.678342
38.917 2.807990 2.302585 4.521788 6.85646!

42,634 2.899210 3,332204 4.317488 6.536691
11,750 3.012539 3.135494 4.276666 6.484635
58.692 3.218876 1.098612 3.912023 §.152132
88.259 3.626844 3,433887 3.912023 6.0980M
62,492 3.281614 3.367295 3.610917 6.146329

¥OTE: Puel efficiency aay vary considerably within a particular type. For example, the newer versions
3f the 3ceing 747-200 are about 20X more fuel efficient then some of the older examples of the aircraft.

SOURCES: AEROCOST, AN AIRCRAPT COSTING HODEL:OPERATING MANUAL (BTCB 1990)
LLOTD'S ATRCRAFT TYPES & PRICE GUIDBLINRS 1990-91, DoTaC

RRPLACENBNT AIRCRAFT'S
BSTINATED SEAT-IN PER LITRE

1990

0.7
.2
M.
50.¢
304
3854
3.
26.8
.0
.1

1995

5.6
M.l
6.8
513
.5
3.8
5
284
3.8
W0

03 L 3 b -
2 G0 = — o
o s o> e

2000

nd
5.8
8.8
6.0
N
94
.4
2.9
KN
W1

LARGR  Regression Output:

Constant 83.17239
Std Ber of 7 Bst 0.180782
R Squared 0.68891%
No. of Observations 19
Degrees of Preedom 6

X Coefficient(s} 0.421951 1.565581 -13.2861
Std Rer of Caef. 0.279985 0.669563 §5.44126)

MBDIUN  Regression Output:

Constant 9.985462
Std Brr of ¥ st 0.021146
R Squared 0.998292
No, of Observations H
Degrees of Freedon 1

1 Coefficient(s) 0,120632 0.606477 -1,48811
Std Bre of Caef, 0.030329 0.064650 0.283931

SKALL  Regression Output:

Constant 14.18036
Std Ere of ¥ Est - 6.03¢918
R Squared 0.996108
Ko, of Observations 5
Degrees of Freedom 1

X Coefficient(s] 0.120920 0,762269 -2.20742
Std Err of Coef, 0.019038 0.13418¢ 0.194492
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. TABLE II.2 DOMESTIC AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT,
" ECONOMIC LIFE
ATIRAGE PE A¥GE SEAT-KILONKYERS XR LITRR OF PURL
me St 13 o I ReaER
et BUILY  SEATS PIR LITRX MR TR 101983 1990 191 1982 993 (9M 1MF 1996 1937 0398 1999 2000 2080 2007 2000 2004 2008
A00-200 1980 m W L0 06 1.6 W8 W6 WS WE WS S6E e SEE SRS ShE 36 E U N B TN 1
age-200 1981 m 0. 3.348408 w6 w6 0.6 204 206 206 206 0.6 SEE 566 566 566 368 I LT S N
A300-200 1982 0 206 1. 248408 w06 w6 16 206 0.6 0.6 0.6 206 208 564 566 SEE 366 .6 566 S
Ao-200 19 21N 1.E08 06 N4
1300-600R  19%0 [LL 0] §.163408 .6 M. S8 S6 0 B8 S66 866 306 S S S 566 566 SE6 566 566
A00-600R 1930 FLU ] 4180408 S8 566 %68 560 566 6.6 366 S66 S8 SE6 SBE 566 566 568 566 566
100-600r 1930 10 56.6 4101408 L6 SEE BE B0 866 SeE Se6 e S SRE SB6 %66 36 W6 S
Al00-600R 1930 W 566 4.190408 S8 364 36 SE6 S8 566 B %66 S66 5B 566 566 SEE S S66
Al00-600R 1990 56 4.100408 6.6 566 566 S6.6 0 S6E B 06 S6E S SEE SR SEE SEE S66 566
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20 8 13] m 1143408 mwroonoonroon) onroonryo ownroonyoon) o onyoouroononr o onyoonyonr ons
nn 1989 m m 1440408 ny o onroowrony o onyo ouyo ony o owIyoounro onyoontoony onyo onmy onyoonrons
i 1989 oo 1148408 noonronroonronyo onyoour onroonroonyoouloouroomy iy 1y nr s
A0 148 mom 1148408 nronroonroonroony o onroonyoony oamyoonyoony wnyoony o onyony onroMms
[} 13y m 1148408 nronyonyo Ny onyowro Ny onyoouro onyoonyo oprooulon1oonyoonl onsys
L) 1909 m m L.14ee08 [L P { PV N 0 A % B % R 1% B /1% R 16 A (1% A 4 % AN Y S RN 4 % AN X B | I K
(1) 1389 moonm 1148408 7% B /0 N £ % R 4 S 1% R 4 1% 415 R 15 N 1 N AN I 1 R 6 I I B 1 6 B L B
A0 1989 m 1.148408 IRV R T P 1 R Y R I A I R B B S S T B O B (6 I T 0 A 1 R T 5 B B
DREL4G-20 1965 JLI L SRLT TS LY S U S L 2% € 2% AN (1 S 7 2N | 1 S 1% O € O €% | 2 TN € 7% SN 2% | T SN (Y N 3% NN (1 N (%4
BALI4E-20 1985 [LI LN L.64800 18, L Ot S [ [ S O L | € {15 1N A (T T % A % S (Y I A %
BARLAG-20 1908 n 1 1648408 182102 102 182 W2 181 1 161 1821 2 182 181 182 182 182 18l 182
BARL46-20 1908 1’1 5641408 L% R A 1 A € 1Y L 5 S % AN (7 0 {20 N (% O 1 SN € 7% | 2 N {1 SN U % SRt S (% S [ ¥
BNE-20 199 [ X {,648408 10 182 82 12 182 a2 1z 1827 0 1 182 182 12 12 182 11 a2
BAFLAE-30 1950 I T 1.188408 ws oous s ons o ony o ony ons o owny oy ony ownsoons Wy owny ns
R T N X 2.108408 msows omsowsomyows ows WS WS WS ons ws oy oudons
BIRLE-20 1990 1y 1.108408 ns oousoony s oowy wsoows oowy owns ooy o onsy nsyoons o ous NS
BABL4E-20 1950 % 1S 1.108408 whonsyoouy o owns o ons o ous o owns o onsonsyony o ows o owus o ns ons ns
IBIE-20 1990 %0 1,100408 ny oonsoons ony o onsy o owns ownsy o ons oy wdyoons o ons o1y 0y ns
e im JLLENY t Lm0
newec 1M W na 1970408 25.0
nm-we 1 w15 197008 250
M- JLLI R Lm0
m-wec i LU N 1m0 150 150
n-wec 19N Hen (FEL {1 & U A % TN ¢ PR P B 8 [N » U TN T Y AN /A YA P A Y N AN T Y T T Y
n-ee 150 11 150 S S PR P P N A TN T £ 1% N P SN Y A U AN TN Y JNN PR 3 % . § TN Y JO | U R E
- e 1908 B PR 113 Y TN & LT LA P AN LT Y AN LT R £ N VA £ I¥ JON I P | A {8 S | X A T 1
ne-uwee 19 w50 2.97m00 250 250 250 250 M0 30 30 W0 N0 N0 BN W B0 B0 NS W0 N0 N0
-0 e 181 LU ] R E1U1L T R TN (R - R VI N JS: 5 A N A 18 JN £ Y JN Y TN X J 0 . N Y N N
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127-200 1w o ne name0e 250 20 250 250 250 %0 2500 M NI NI N N By undoNd By Ny Nl
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11-200 11 W% 297008 250 250 150 2.0 2500 2500 250 1 NI NI N1 N By BNy Ny N1 M
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-1 1580 W n 290 2500 1500 260 260 280 20 0 B0 W M M B B4 B N4 N N nd
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TABLE II.2 (cont) DOMESTIC AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT, 15 YEAR
ECONOMIC LIFE '
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|41 1997 L VA (351102 T YT Y X TR N SN Y TN ¥ Y TR X TN § Y TN L O VXSS | Y VU T 1 Y T | MU S S B [ S I X |
"0 1991 s {35111 S TSN Y SO £ TR P T Y SN 1% S 7 4 S | Y N 1 Y 1 Y TN [ Y N Y TN 1 L T [ Y N I N L 1S N | 1Y B | N
311 1987 5 N (30111212 N XS Y NN § X 8 TR I8 S % OV T Y TN Y TN Y SO 1 Y S | O VTN N T 1Y S | O R | Y N | B}
41} 1991 0 3 LR N8 11 TR 1 Y 1 SR Y TSN IS YL TN Y TN 1 X T T | I S 1 M SR | 0 N R
|£1] 159 500 N8 L0 36 RIS Y LT Y S TR N TSN I Y T L 1 TR [ Y S 1 T | T P S | KO LN | B B
{11 1387 0 N4 L3000 N6
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0 1 I N (31111 B, 1A ]

1098400
WRIGHYED AVERAE SEAT-KM/L (veighted by seat-knpexfor 2.3 250 261 2.0 208 2§ 16 0 286 194 B8 303 30 b ALy L 3 N
ASK (AAILABLE SEAY-KK) LITHO 191410 20840 232840 2.328H0 232040 2.328410 2328410 2325410 2320410 2320410 2.320+10 2,32010 2.328+10 2328410 2320410 2.020410 2.128H(0
TNDRT OF PLEEY TOSL EPPICIZECY {1988 RASE) 1000 -100.7 1051 1088 U108 1108 12 31 HS 1A 104 L QLT 11 0eT N N1y 1l
TASK {NILLION PASSENGHRS] (7% SN | 1% TN 7% JES 7% AN € 7% NN | 7% S [ 70 SRS {14 TN VP OSSN U A ¢ P S 7% WY 01 N 1 1% SR / PR 4 0 B I W
TNDEE OF TASK (1309 MASE) 100,012 0.1 f168 0 10l 100 L6 1S A4 113 ML 1N 6 MEY 1SN 134 165 110
LOD TACT0R 0.1 0N 06 6T oM 6 AW M 0M T M 0 0 em 0m o e em o
THDRE OF PUCL USED {1388 DASE) 100,015 8 LY ST (00 1059 1088 1108 L1 18 1168 14 1269 1262 104 1300 1318

BOTE: ircraft replaced at 15 years or 1997 earlient.
121-200 replaced by 137-400; 767-200 replaced by 747-300; 737-300 replaced BY 737-400; 1300-2000 by AJ00-600s; BAK 146-200s By BARL{6-200s
1310 ska/1 by proportion on nxxber of seats from A300-600R

SOURCES: DOMESTIC AIRCRAYY UTILISATION {various years), ABROCOSY, SVRRTMAN {1384)
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TABLE II.3 DOMESTIC AIRCRAFT: 1990 SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT
L AVERAGE. .. 1TPR AVOR SEAT-LILONBTERS PER LITRE OF PUBL
TEAR SBAT IX SIAT-IN -

il BUILT  SRAYS PBR LITRE PERTRAR 1308 1988 1990 A1) 1992 199 1994 1995 1496 1991 1494 1999 2000 2001 002 20 0 2005
A300-200 1980 B 0.6 3345408 0.8 20.6 20.6 20.6 0.6 0.6 0.6 2.6 6.6 6.6 56.6 50.6 6.6 56.6 §6.6 56.6 6.8 56.6

' A300-200 198t U0 - 20.6 3040008 0.6 0.6 20.6 20.6 0.8 206 0.6 20,4 20.¢ 56.6 58.4 56.8 LA 86.6 §6.6 56.6 . 56,6 56.6
4300-200 198¢ U0 20.8 .34m008 0.6 206 0.6 20.8 20.8 20.6 20.8 0.6 0.6 0.6 1A 568 56,8 §6.6 56.6 6.6 566 6.6
A300-200 - 1982 10 2.6 3.345408 : 0.6 - 2.8 ) .

A00-6008 1990 8 56.6 4.108408 56.6 5.8 56,6 §6.8 6.6 S04 660 6.8 56.6 56.6 566 56.6 §6.6 6.6 56.6 56.6
AJ00-600R 1930 11 58.6 4.188+08 6.6 60.6 56.6 56.6 56.6 66.6 6.6 5.8 56.6 6.6 56.6 L. 56,6 56.6 56.6 56,6
4200-6000 1990 88 56.8 4,18B+08 506 56.6 56.8 §6.6 §6.6 56.¢ 4.6 56.6 56.6 56.8 56.6 56.4 56.6 6.8 56.6
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A00-400R  19%0 e 6 4.188408 56.6 §6.6 56.6 §6.6 566 588 6.6 5.8 56.6 §6.6 §6.8 58.§ §6.6 564 56.6
A0 1990 1T 1 18 3,052408 - )4 ) PO % | 1.} 1.3 .3 4.3 i3 - 4L L) I I ) % 1.3 1.3 i3
4320 1988 "o 1. 1B+08 it n1 i . iy M .9 1.1 .1 1.1 .1 .1 i . .1
4320 1988 oy 1. 143408 1P A 1 1% BT % N 1 8 A o e ine .1 118 ur g .1 118 1.1 .1
A0 1989 ne g 1.145+08 L1 B 1 .1 .1 it LIPS B 1 S B 1 B | 1% N i i1 in.1 i .1 it HA e
A320 1989 LI i N L1408 i1 ARt 1 it e .1 i ua i1 11 118 118 ot 118 i .t
W30 1989 [E 18 | - L 14m08 m i ua .1 1.1 1R B 1 1% B 1 1% B 1 1% B 1 1 ey A i u.t i
A0 1808 m U 1.148+08 ur o .1 i . TP 1 S R 15 1A i 118 ur i1 118 nt
A0 1989 LT I i 1148408 1P 1 11 n.1 .1 LIPS 1% 1 S 1S 1B | .y oan 1.1 nr  na 1.1
A0 1984 12 .1 1. 1E408 E1 % B 1 P Bt 1% i 1% B 1% S i 1% R 1 % iy i i i iy .t i1 "1
A0 1389 13 u. 1. 148408 1% S 1 1 N 1 1% B 1% B ) F% B 1 P4 N+ 8 1.1 I A I A1 N | i1 i it
A 1999 1 i 1.148408 i mnr . .1 .1 o i urua ! 11A ) i1 i
A0 1989 e ne 1. 148408 R 1 1% S 1 1% B 1 8 | iy a My M i u i 1 a1 ua na
BABIYG-20 1985 15 18.2 1848408 18.2 18.2 18.2 1.2 e 1.2 18.2 18.2 18.2 18.2 18.2 LTS T L 1 N N ] 0.5 2.5 0.8 .5
BARI46-20 1985 1§ 18.2 1640400 18.2 1.1 18.t 8.2 18.1 18,2 1.1 18.2 18.2 18.2 18.2 8.2 1 1% S R s 2.6 2.8 0.5
BABIG-20 1988 1% 18.2 1.842408 18.2 1.2 18.2 18.2 1.2 18.2 18.2 18,2 18.2 8.2 18.2 1.2 18.2 13.2 18.2 2.5 .8
BAB146-20 1988 15 18.2 164000 10.1 18.2 18.2 8.2 13.2 18.2 18.2 18.2 18,2 18.2 18.2 18.2 1.2 18.2 18.2 2.5 1.5
BABI4G-20 1988 L] 18.2 1.648+08 18.¢ 18.1 18.2 18,2 18.2 18.2 18.2 18.2 18.2 18.2 18.2 18.2 18.2 18.2 18.2 182 05
BABI4§-30 1990 $6 0.5 1.18R408 uns .5 n.s s 1.8 2.5 .l 2.5 0.5 .8 2.5 .5 2.5 2.5 2.5
BARI46-30 1990 9§ 2§ 2.18R408 1181 1.5 2.5 2.5 2.4 0. 2.5 2.5 .4 1.5 s .8 .5 ns 0.4
BABI46-20 1450 % 2.5 3.188+00 1.5 0.5 2.5 111 2.5 .5 1181 15 0s 2.5 .S 2.5 2.5 g 1.5
BABI46-30 1990 ELI T N 1100 L1 . 1 1 s s 2.4 2.4 0.5 (181 0.4 2.5 0.5 .8 s N n.s
BABI46-30 1990 9% .S 2.188+08 .k .5 0.8 118 SR T n.s s 2.4 n.e 1.6 2.4 n.s 2.5 ns s
1721-200 ¢ 1912 14 5.0 2.975+08 1.0

121-200C 1913 . 250 2.915408 25.0

n-ec 19N 1 6.0 2918408 25,0

17-00c 19U 1 25.0 2.913:08 5.0

11-200C 19N 144 25,0 Lm0 5.0 25,0 .

- e 19N 1y 4.0 1970008 5.0 250 260 u.oe 0 LN ] 0o 3.0 LR 1.0 3.0 3.0 0 W 0.0 3.0 ne LER]
171200 ¢ 1915 1 .0 2918408 25,0 250 5.0 2.0 W0 .0 e N0 3.0 3.0 0.0 LN a0 .0 3.0 1.0 N0 1.0
121-200C 191§ 14 25.0 L.9TR08 250 250 250 250 0.0 .0 o N0 N0 .0 (IR 0.0 Bo o N0 LEN] 1.0 no N0
121-200C 1976 14 U.0 LITRO8 25,0 250 250 250 NG W0 W0 N0 0 o N0 AN 0.0 1.0 FER ] 3.0 e N0
11-00c 1916 (1] U.0 2918400 25,0 2.0 2.0 25,0 nL 3.0 Woe  we o 3.0 0.0 1.0 R 13.0 KRN ) 3.0 13.0
121-200 1918 14 3.0 19108 25,0 2.0 250 250 2.0 2.0 RPN 1 R n.0 ne N0 B B0 N 0.0 e N
111-200 1918 1 5.0 2.918408 B0 6.0 25.0 ¥ 260 25.0 %0 .0 310 1.0 3.0 0 B0 N0 e 3.0 3.0 3.0
121-200 1919 T 5.0 2.978+08 W0 .0 2.0 260 .0 5.0 6.0 N0 N0 LER 0.0 3.0 EEPU T N 3.0 N0 3.0
171-200 1918 14 3.0 2.918408 W0 5.0 20 5.0 .0 25.0 B0 W0 3.0 3.0 FER ] 0.0 KRS N 1 R F M ] 1.0 ne N0
121-200 1979 {1 1.0 2.918408 .0 B0 20 2.0 2.0 3.0 LI PN 1 R n0 0. 0 we o wo 1.0 HIN 3.0 3.0
121-200 1919 i 5.0 2.910408 ¥ B0 2.0 %0 5.0 8.0 B0 N NG (RN ] 0.0 0. LE N N .0 0.0 o W
121-200 1980 44 4.0 2.910+08 n.0 0 20 .0 %0 25.0 %0 260 1.0 n.0 3.0 Be N0 B0 30 .0 n.o
121-200 1800 i 3.0 1.918408 6.0 5.0 250 5.0 B.o 2.0 Ho B0 N0 LEN ) 0.0 3.0 o N ne  we 80 LR
121-200 1981 1] .0 1.978408 1.0 2.0 %0 50 W0 B0 U.0 n.0 320 I L 1 X T X R RN R 1 N 1 S 1 00 G | Y S 1 W
n-m 1981 4 4.0 197008 25,0 5.0 2.0 .0 2500 U0 %0 250 8%.0 1.0 .0 N0 1.0 1.0 ne KRN 1.0 1.0
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“PABLE II.3 (cont)

121-200
121-200
131-300
131-300
131-300
131-100
131-300
111-300
131-300
131-300
131-300
11-300
131-300
131-300
131-300
131-300
131-300
131-100
n1-300
131-300
131-200
131-300
111-200
131-100
131-300
131-300
111-300
111-300
“131-300
n1-300
n1-300
131-300
131-300
131-400
131-400
131-400
1371400
161-200
161-200
141-200
161-200
141-200
%)
]
bes
08
0cY
nt
R
n!
23]
214
23]
(23]
1
2\
nt
121}

1981
1981
1986
1986
1986
1998
198¢
1906
1906
1984
1986
1486
1986
1908
1986
1986
1988
1388
1986
1986
1986
1986
1986
(EL}]
198!
1981
1489
1988
1508
1988
1988
1989
1988
1990
1990
1990
1990
1983
198
1983
1193
1904

1959
1966
1986
1968
1976
1981
1981
1584

(1]
14
109
109
109
108
108
109
109
108
109
109
109
109
108
109
109
109
109
109
108
109
109
109
109
109
109
109
108
109
109
108
109
148
148
16
1
il
iU
il
il
H

1]

1

1]

L

LH

50

50

50

5

50

50

1

1]

50

50

50

5.0
2%.0
8.9
6.9
3%.9
H R
6.9
2%.9
1.9
6.9
.
.9
2.9
.8
.
16,9
8.9
6.9
i
1.9
6.9
6,9
.9
2.9
2.9
.9
2.9
%.9
%.9
6.9
6.9
HR
i8]
u.e
1w
.0
1.0
M
L
L1
.1
i
1.4
10.4
16.6
16.6
16.4
5.0
H.0
%.0
5.0
1.0
U.0
u.0
8.0
5.0
3.0
4.0

DOMESTIC AIRCRAFT: 1990 SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT

1.418408
2.910400
2, 118408
2.17R¢08
2. 110408
1. 178+08
2.178408
L. 1TR408
1.118408
2178408
2.110400
1.118408
2. 110408
2.17R408
TR0
2. 118408
2118408
1.118400
1.178408
1.118+08
1178408
2.178¢08
2178408
1.17B408
2.178+08
1.178408
2,118408
1.178408
2118408
2.118408
2.1184108
1118408
117408
1.918+08
1.918408
1.91B408
1.910408
{.008408
4,008408
4.00R+08
4.00K408
1.00R408
1,318408
1.318408
1.378408
1.318408
1,318400
1928407
1.388¢01
1.328401
1,328401
1,32R401
1.32R407
1. 328401
3.328400
LI
1.308401
P H {10)

2.0
2.0
3.9
1.9
2%.9
16.9
1.9
2%6.9
%.9
1.9
2.9
1.
2.9
2%.9
.9
2.9
2%.9
1.9
2.9
8.8
2.9
2.9
1.9
1.9
2.9
1.9
1.

i
1|
.1
.1
.1
104
16.4
1.4
16.6
16.4
5.0
.0
5.0
5.0
4.0
25.0
1.0
5.0
5.0
3.0
5.0

5.0
%.0
R
.9
W9
%.9
6.9
.4
6.9
8.4
.9
6.4
.9
2.9
2.9
R
%.9
6.9
6.9
2.9
u.9
A
LR
%9
.9
%.9
%.9
2.9
2.4
2%.9
2.9
6.9
4.9

LN
W1
i
3.1
LI
16.6
16.6

5.0
3.0
3%.0
5.0
U
2%.0
2%.0
6.0
3.0
5.0
4.0

%.0
5.0
.9
6.9
6.9
8.9
LB
.9
8.9
6.9
2.9
6.9
2.9
2.9
%.9
2.8
26.9
U
6.9
.9
.9
u.¢
6.9
8.9
2.9
0.9
4.9
%.9

.9
6.9
.9
.9
W
0.0
0.0
0.0
3L
1IN
.1
1.1
U

1.0
%0
6.9
6.4
%9
.4
6.4
8.9
.9
6.9
.9
2.9
2.9
26.9
3.9
8.9
.9
%.9
.9
6.9
6.9
L)
2.9
.
2.9
6.9
2.9
.9
2.9
6.9
LR
6.9
.9
FER ]
3.0
3.0
1.0
I
L
1.1
1.1
LB

2%.0
5.0
1.4
2.4
6.9
R
2.4
6.9
26.9
8.9
H]
.9
2.9
.9
6.9
8.9
1.9
2.9
U
.9
.9
2.9
.9
H ]
.9
6.9
2.4
1.4
2.9
1.9
.9
6.9
2.9
0.0
0
0o
0.0
.1
.1
LB
i1
HB|

0.0
4.0
1.9
.9
8.9
uI
i)
6.9
%9
6.9
6.9
6.9
R ]
1.9
6.
6.9
2.9
2.9
R
8.9
.9
.4
6.9
1.
.4
.9
2%.9
6.9
6.9
.9
1.
6.9
6.9
0.
N0
nao
0,0
i
M
a1
1.1
.1

.0
HA
.
un.
%.9
w9
.9
%.9
u.9
3%.9
.9
1.9
1.9
.9
.8
5.9
%9
%.
0.9
26.9
.4
H B
R
16.9
.9
28,9
R
6.9
6.9
.9
.9
6.9
.4
FEN ]
3.0
1.0
FAR ]
1.1
1|
1.1
i1
LI

4.0
.0
.9
%.9
2.9
.9
3.9
2.9
.9
2.
2.9
6.9
6.9
6.9
.9
.9
1.9
2.9
.9
28.9
.8
2.
%.9
.9
16.9
.9
.9
6.9
.9
.1
]
1.9
.
0.0
1.0
1.0
0.0
119
1.1
M.l
1.1
M.

1.0
U0
iy
.9
.9
26.9
1.9
.8
2.9
2.8
2.9
2.9
6.9
3.9
6.9
.9
W9
6.9
R
2.9
.9
n.s
6.9
H R ]
e
2.9
R
6.9
.9
.9
i
.
1.8
0.
"o
1"
3.0
i
.
.1
1.1
L

0o
3.0
1.9
.9
1.9
16,9
2.9
0.8
6.9
%.9
2.9
2.9
6.9
6.9
.9
3.9
.9
1.9
%9
.9
.9
B
.9
1.9
1.9
0.9
L]
H{ ]
.9
LR
LR}
R
.
3.0
1.0
1.0
.0
.1
LT
1t
.
L1

4.0
N0
.9
i
26.9
2%.9
1.9
6.9
.9
.9
6.9
6.8
26.9
%9
2.9
6.9
2%.9
6.9
26.9
6.9
%.9
1.9
HE)
6.9
.9
R
6.8
26.9
.8
6.9
6.9
2.9
2.9
3.0
1.0
n.0
3.0
.1
LT
1.1
i1
1.1

0.0
nae
1.4
2.9
6.9
6.9
6.9
8.9
.9
6.9
6.9
.9
6.9
H{]
2.9
R
6.9
6.9
26.9
.9
.9
2.9
R
6.9
2%.9
2.9
6.9
%9
.9
R
.9
HR
i
0.0
1.0
3.0
3o
1.5
u.s
.5
1.6
.1

0.0
.0
6.9
HB)
2.9
6.9
.9
2.9
.9
8.9
%.9
2.9
6.9
.9
2.4
1.9
.9
6.9
.9
6.9
%.9
.9
2.9
R
2.9
.9
2.9
6.9
6.9
u.
3.9
1.9
%9
0.
"0
.0
00
.5
M5
1.5
.8
3.8

"o
1.0
.9
6.9
2.9
%9
2.8
26.9
%.9
2.9
6.9
6.9
3.
.9
6.9
16.9
2.9
6.9
2.9
.9
16.9
)
6.
0.9
6.9
6.9
2.9
2.9
2.9
2.
2.9
0.9
1.9
1.0
0o
.0
LER ]
.S
.5
.
HR
I

3.0
N0
.0
n.a
N0
8.0
0.0
0.
n.0
0.0
n.0
n.e
0.0
N
e
n.e
1n.0
3.
na
0.0
0.0
e
"0
8.9
8.9
6.9
B
6.9
.9
6.9
6.9
2.9
R
0.0
1.0
.0
n.e
1.5
4.5
.S
1L§
.5

N
1.0
n.e
0.0
n.0
FER]
N0
.0
0.0
.0
0.0
0.0
n.0
1.0
0.0
n.e
1.0
1.0
1.0
0.0
3.0
n.e
0.0
0.0
N0
0.0
26.9
6.9
2.9
.4
2.9
2.9
6.9
0.0
0.0
1.0
na
i
1.6

LS

.8
I8

3.0
n.e
100
n.0
n.o
.
"o
n.0
1.0
0.0
0.0
.
1.0
.0
3.0
0
n.e
3o
1.0
na
1.0
1.0
n.a
1.0
N0
n.e
0o
0.0
"o
n.o
"
6.9
.9
00
n.0
e
0.0
IS
N.§
.5
Y
.4

3.
1.0
1.0
3.0
n.o
L]
RER]
1.0
LR ]
n.e
0.0
3.0
1.0
0.0
N0
0.0
N0
N0
0.0
LEN ]
LN ]
1.0
00
N0
0.0
N
u.e
3.0
0.0
0.0
1.0
1.0
1.0
0.0
0.0
n.e
0.0
31.5
3.5
IS
HR
.8
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TABLE II.3 (cont) DOMESTIC AIRCRAFT: 1990 SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT
nt §0- 250 3.02001 B0 5.0
nt 50 2.0 1.0e0T 25,0 %.0
nt 50 8.0 Lamor 250 25,0
2! 56 250 3.3 25,0
1 S0 5.0 1.528401 25,0.
R 50 2350 3.328401 %.0
nt 50 2.0 L 250
113 50 25.0 3.320401 4.0 :
F28-1000 1969 703 1150008 0.3 0.0 0. 200 W 0.3 03 W 0.3 03w 204 LI 2043 0.1 08 Wy 03
F28-1000 150 1wl 1.158+08 0.3 0D 2.3 2. 0.3 20.3 0.3 W0.3 W03 0. 0.3 20.3 0.3 .3 20.3 20.3 2.3 0.3
128-1000 1910 L B 1.158+08 0.3 03 200 204 0.1 2043 0.3 204 0.2 0.3 0.3 0.1 0.3 0.3 0.3 20.3 20.3 0.3
128-1000 1970 1w 1158408 0.3 17 I % R [ I 2.3 20.3 0.3 Wy 2. 20.3 W) 0.3 0.3 0. 2.3 0. 0.3 0.3
F28-1000 1811 1 03 1.158408 0.3 0.3 0.3 0.8 0.3 0.3 20.3 0.8 .5 203 203 0.8 0.3 2.3 .3 20.3 20.3 2.3
113-1000 703 1.158+08 20.} - - - s
F28-1000 LI B 1.168+08 20.3
F28-2000 1w 1.158408 0.3 0.} 0.3
" F28-3000 LR 11504108 0.3 0.3 04
F28-4000 1919 17 03 1158400 - 200 03 2.4 0. w2 20.3 0. 0.3 0.8 00 0.1 20.3 .3 0.3 0.3 2.3 0.3 0.3
F-4000 1982 1w 1.158+08 - 20,3 20.3 0.3 0.3 0 0.3 0.3 0.3 208 0.3 20.3 20.3 W03 1] 0.3 0.3 1.3 0.3
F28-4000 198 1w 1.158408 0.4 204 20.3 0.9 0.3 20.3 0.8 w8 28 0.3 L1 I ] 0.3 204 0.3 0.3 20,3 0.3
19-4000 1983 17wl L1spos 203 200 0.3 0.3 3 20.3 0.3 3 Wy Wy W3 WD 0.3 WY W) 03 W) 0.3
Fa8-4000 198 nw! 1.158+08 0.4 2040 (1% 0.3 0.3 2.3 20.3 LUTE B 1 8 20 0.3 0.3 20 0.1 0.3 0.3 0.3 .3
F28-4000 1M 17wy 1.168¢08 2.3 0.3 204 20.3 2.3 0.3 0.3 W 0.} ] 20.3 20.8 0.1 0.3 204 0.3 )
F18-4000 19 1w 1,158+08 Wy W 0.} 0.3 0.8 0.3 0.8 0.3 03 2.3 20.2 2.3 2.} 20.3 20.3 0.3
4] 1981 50 e 430001 .6 ine M e .6 LL P T ] . . .6 e .6 .6 36 e n.e e ne
o 1 1 ne 4. 308407 s e N L1 S ) R | e e e ns .6 FIN ] LA e 6 .6 e e
1] 1911 5 i 4308401 3 PUI A LTS S SN} L | % S ) P 1S T ) Y N L B ) 1 B | .6 ne ne e ne ne
P50 1981 50 6 1.308401 s 1% Rt S | Y T | Y B L .6 e g EL A BT M .6 1.4 s 4 .8 n.s e
4] 1981 LI N 4.300+07 s ne e e e .6 1.6 3n.e e e ne HA 3.6 .6 ¢ 3.6 s .
150 1981 50 g 300001 36 e M6 6 HIN ] e e e e e G .4 né Nd e e g
F50 1987 50 6 4.300007 .6 e NE Me .6 3.8 .6 n. "4 .6 M. .6 e e .6 .6 ne
F50 1981 0 e 1.308407 .4
50 1981 0 W 1.308401 .6
it it 4 LI N 308407 16

WEIGHTED AVARAGE SBAT-IM/L (weighted by meat-  24.8 1.0 6.1 .0 LN 1] .8 .0 8.8 4 ne 2.9 2.9 9.9 3.2 34 Ly .1

TASK (SBAT-1N) 1.98¢10 1.9B+410 2.1B+10 2,328+10 3.32R+10 2,32B410 2.328¢10 2.32B410 2.32B410 2.32B410 2.328410 2.32B+410 2,32B410 2.328410 2,32B+10 2.32R¢10 2.32B+10 2.318+1¢
[NDEX OF PLRET PUBL BPRICIRNCY (1983 DASE) 100.0 100, 105,1 108, 110, 1107 1L 1100 HE M8 1200 1200 120.2 Q20,7 1258 1268 1385 1203
TASK [MILLION PASSBNGBRS) .3 104 12.9 16.1 14.5 15.3 16.1 16.9 11.§ 18.2 18.9 19.5 20.1 1.0 1.9 2.8 0.1 1{N]
INDRI OF TASK (1983 BASE) 100.0 1.1 90.2 16,0 10L.4 100,00 126 HIT5 1224 12T L322 1364 MOE MG 1531 1594 1851 11,0
LoAD FacTOR 0.1 0,12 0,716 0148 (B[] 0N 0.14 (B 0.1 o.u o (B} 0.1 0.1 0.1 9.13 on 0.13
INDET OF FUBL USBD (1998 9ASE) 100.0 153 2.8 1113 85,8 1011 1060  f08.7  M1L.0 IR 15,2  118.7 1240 1280 129.1  133.6 1368 HdMLL

¥OTE: Aircraft replaced at 15 years or 1992 earliest.
1275 replaced vith 137-400n, 161-200s replaced with 767-300s.
SOURCES: DOMESTIC AIRCRAPT UTILISATION (various geare), ASROCOST, SERTHAN (190¢)
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TABLE II.4 DOMESTIC AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT,
20 YEAR ECONOMIC LIFE

({1 1 A%6K SEAT-RILONRTERS PRR LITRE OF PORL
11 ST I L L RAELEEL LI TELILEL IS
m BUILY  SEATS PRR LITMY HRTEAR IS88 1989 1980 1980 91 993 DM 1905 IWO6 1997 199 f9%y 000 2000 2001 2000 2004 2008
A200-200 198 mnd Lu 06 6 0.6 206 06 0.6 06 26 M 00 3 3N 1 B W NS W N8
1300-200  1%81 n s LUBGE 206 206 0.6 0 06 0.6 206 206 2.6 0.2 02 0.2 0. 0.2 0.2 4.2 H g0
100-200 1902 m e MBS .6 06 2.6 2060 N6 06 206 206 206 206 4.6 406 600 406 W06 406 0.6
000-200 2 ne o Wa 1. 34m408 06 2.6
03006001 1990 [{L I TN} 4100408 6 SRE S S S0 SEE S0 66 SEE SEE 566 S66 566 566 SEE Sk
- A300-600m 1990 U N} 4100408 S 866 SE SR S 566 566 S SEE SR SEE SEE S SEE SEE Sk
1100-600r 1990 S 4100408 S0 56 N6 6 S 566 SE6 SEE 0 S6E SEE SE S 568 566 e
A100-6000 1930 6 {.100108 SEE 866 SR S S0 BB SR 56 SEE S S S 56 SeE Sh
AJoo-dotn 1990 [LL I X} 180408 Ot SRE S S S S0 366 S6 0 S S SEE S6 SE SEE see
e 1940 4l 1.088408 L SN % TR % R 0% N )% NN 1% NN ) P SN 1 O HY I A U5 N U NN % Y 105 Y | 5 B S 8
ne 195 m 1140000 nronyoonmroonoonroonroonroouy nyoouy o onroonroonro onyoomy ur ona
[} 198 m na 1.148403 nronroony o nyonroonyonroowroonyoonrouro onr o ony onyoonroouy ot
[ 198 m 1145008 nronronmyoonyoonyoonroonrony o uy owy onro ownroonroomronronrom
[3Y] 190 m o ma 1.148008 ny o onyouroonroonroonyoomoony uroony ouroowaroouronyon1ronrona
ue 198} mom 1140408 nyonyoowroonyoonyoomo omoonro ony o wroouro onrononyonr ony ona
[} 198 n nm 1. 141408 nronyonwmyonyo Ny oo omy nyo oy onronroouy onmronronyom
n 1909 m m 1. 141408 L3S R R R % B % A % A 0 A 5 R A 6 R 16 O S % R 7% B (R A % BT LIS N 0 B R
ne 199 m nm 1. 141408 L1 % A £ % A A (% 10 RS 1% R 1% A 1% R 16 R S N 116 BN O A 1 5 B 1 N 1 S B T B
un 19 m m 1. 143408 nronyonmonmroonr o ony o onro onony oo onroonro onronyom
ny 190 m 1141408 nronyomomyonr onyo oy oy N onyoon1roony o ony onyom
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TABLE II.4 (cont) DOMESTIC AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT,
} 20 YEAR ECONOMIC LIFE
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':T.'ABLE ITX.4 (cont) DOMESTIC AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT,
20 YEAR ECONOMIC LIFE
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TABLE II.5 (cont) DOMESTIC AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT ATRCRAFT,
.. 25 YEAR ECONOMIC LIFE
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TABLE II.5 (cont) DOMESTIC AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT,
25 YEAR ECONOMIC LIFE
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ROTE: Aircraft replaced at 15 years or 1992 earliest.

121-200 replaced by 131-440; 1§1-200 replaced by 767-309; 731-300 replaced DY 737-400; 1200-2000 by AJ0O-600s; BAR 146-200a by DARL4(-100s
1310 STM/L BT PROPORTION OF NUMDER OF SEATS TROK A30-600R

SOURCES: DONESTIC ATRCIATY GRILISAYION (various years), AEROCOSY, SWERTUAN {1384)
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TABLE II.6 DOMESTIC AIRCRAFT: REPLACEMENT OF ALL EXISTING MEDIUM AND LARGE AIRCRAFT WITH WIDE-BODIED
A300-600RS, AND ALL SMALL AIRCRAFT WITH F50S
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TABLE II.6 (cont) DOMESTIC AIRCRAFT: REPLACEMENT OF ALL EXISTING MEDIUM AND LARGE AIRCRAFT
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.TABLE II.6 (cont) DOMESTIC AIRCRAFT: REPLACEMENT OF ALL EXISTING MEDIUM AND LARGE ATRCRAFT
WITH WIDE-BODIED A300-600RS, AND ALL SMALL AIRCRAFT WITH F50S
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BOTE: Aircralt replaced at 1S yeays or 1992 earliest.
[Ce) A1 aireraft replaced by 2100-600ks or IS0s,
= 1310 skuf] by proportion from A190-600R on axader of seats.
120 wtilination for 1989-90,

SOURCES: DOXESYIC ATRCRAPY UYILISATION (varfous years), AEROCOSY, SVIRTNAN (1%84)
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_TABLE II.7 INTERNATIONAL AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT,
- " 15 YEAR ECONOMIC LIFE
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7or N1 1941 e NS "o 05 NS WS NS S S s eSS 05 WS NS NS NS
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TABLE II.7 (cont) . INTERNATIONAL AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR REPLACEMENT AIRCRAFT,

15 YEAR ECONOMIC LIFE

TE-00h 767 3300 et m w0 850 S L% J T T A 1L DN [ % J [ % JN [ A [ 4 AN [ A [ T (VA (T (O { X 1 T (2
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006 267 338 1990 [3 1 . TN ] 850 S LTS 2N | N [ AN [ {1 A (11 (PO [ M A 2 L R [ {1 N (O R N
60 T M 190 m W 050 RN T T A T J {0 2N L Y [ P (U D (N X (L 0 I (N A [
Y06 762 om0l W W 050 SN JS [T S U J T8 AN T I 0 N (1 (N N (A (0 I I [ I [
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AVIRAGE STAT-IM/L P2 X £ 7% N 1 1% S| ORI |75 TS |76 RS % NN ) PSS U NN 21 N YU N T 1 TR 176 H | 19 SR Y JS [0 B T SRS | B |
TSI (SEAT-I/ER) £.000406 9, 00K406 1, 100407 1290407 1.620407 1698407 1.69R40T L.OORAOT 1690007 1.695407 1690007 L690007 1, 698407 1 695407 L 69R40D 1698407 1490407 1.693007
THDEX OF TLREY POIL BITICITCY (1988 WASE) 100.0 1030 048 1058 1L LS 1D IS 1S U6 MY He 1N 1 e ey sy 11y
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LOAD FACTOR 018 08 078 035 0 0 0 0T 08 05 0 08 0 78 s 0% 0T 0T
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JOYE: Mircraft replaced at 15 years or 1992 earliest,
1988 task adjusted for change in 747s seat nuders between 1430 and (991,
Regrennion values for latest series naed for xeplacenests for earllier series,
Rircraft awabers as at 30 June,
SOURCES: ARROCOSY, Tramsport and Communications Indicators arch 1909, Qastas asnaal reports,
Current aeat vuaders for Tiln from DotaC



——--.TABLE II.8 INTERNATIONAL AIRCFAFT; 1990 SPECIFIC FUEL CONSUMPTION FOR
REPLACEMENT AIRCRAFT, 15 YEARR ECONOMIC LIFE
AVIGY CEVISING SEAY-TXLONEZERS PER LITRE OF POLL
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VE-BCC M7 aMC 1979 U8 919

TE-IBT 747 338 1944 BT 0 267 6.7 .. 267 6.7 267 6.7 6.7 %7 6.7 .0 267 3.5 305 305 0.5 WS
TE-IBD 747338 1985 bt I (] iy 267 2.7 6.7 .7 6.7 267 6.7 67 267 %0 %0 2.7 6.7 305 305 WS WS
VE-IBY 747 33 1985 B %7 My 2.7 6.7 267 6.7 6.0 267 6.7 6.7 67 267 8.7 8.7 267 WS35 0.5 308
VE-IB0 747 338 1386 kLI (W o 6.7 267 T 6.7 W 267 67 6.7 %7 267 6.7 267 67 167 Ay M9 308
VE-EBI 747 33¢ 1986 KLU M0 2.7 267 67 6.7 w267 6 260 267 6.7 6.7 267 7 6.7 .5 0.5 305
VA-IBY 747338 1987 W w6 810 T 267 w7 260 6.0 2.0 67 6.7 w7 6.7 67 6.7 %7 %7 267 WS 305

VE-001 T4 4 1988 0 3.3 U .5 05 s NS 305 WS 305 S s Wy WS WS WS S WS WS
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VE-RL 767 28ER 1983 e 1y L1 O % S % B % R 2% AV N R R L R /1 v 5 R % T G R A I X | TN
JE-DIX 767 23822 1945 UBYR ] LI T2 A S T N % Y B 4% A 1% A/ 5 N B ' S X K [ X
VAR 767 238IR 1986 U s CETI VS T VS O B V% T 7 2% N % B 20 T 726 TR 15 IO 2% TR % T X T 0 T I T T T A T
VH-EI0 767 238BR 1986 e 18 LEJN 2 TR 1SS /2% T v N R Y Y R 5 R 7 % B v S Y5 R 3% T % B % B N I | N N
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VE-06L 767 3iaER 1388 0 30 300 W0 0 30 M0 M M0 M M0 WD 0 0 ) W0 30 30
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VE-0GC 767 318IR 1988 m W 850 k1 B T X TR T 0 N O 2 T (0 [ X R N T [ N
YE-060 767 3340k 1988 20 ML 850 L | L R L N I | N | X | L O X | X T A
vE-06F 767 oKk 139 0 W LH] e o W0 30 3D M0 0 30 0 30 30 M0 3D 0 M0 3D
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ASK (T0TAL INTRRNATIONAL PASS. MOVENEESS: willions] 7.8  £.14 .93 932 1005 10.437 10.575 10547 12.109  12.72 13352 14015 14M2 15349 16,015 16711 17439
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H0TE: Aircraft replaced at 15 years or 1942 earliest.
1988 task adjusted for change in 747s seat numbers between 1988 and 1991.
Regression values for latest sezies used for zeplacenents for earlier series.
Lircraft puabers as at 30 Jupe.
SOURCES: AEROCOSY, Tramaport aad Commmnications Indicators March 1989, Qantas anmual reports,
Current seat numbers for 747s from DoYal
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_TABLE II.9 INTERNATIONAL AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR
REPLACEMENT AIRCRAFT, 20 YEAR ECONOMIC  LIFE e
AVIRAGE  CROISING SEIY-KILONRYERS PER LITRE OF FUKL
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... .TABLE II.1l0 IﬂTERNATIOML AIRCRAFT: TREND SPECIFIC FUEL CONSUMPTION FOR
R : ‘ REPLACEMENT ATRCRAFT, 25 YEAR ECONOMIC LIFE
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APPENDIX III GREENHOUSE GAS EMISSIONS

An attempt has been made to estimate the effects of improved
fuel economy in ships and aircraft on CO, emissions. Arbitrary
assumptions have been made about the future policy environment
in predicting the future levels of transport tasks. Changes
in policy have the potential to render these projections
meaningless.

As well, there is no consensus regarding the way in which
responsibility for emissions from international transport
might be allocated under any global agreement to reduce
greenhouse emissions. The responsibility may or may not rest
with the ownership of the carrier. Australian-flag ships
carry only a small percentage of the huge tonnages of
Australian imports, and more especially, exports which are
transported over very 1long distances. Qantas may have
significant overseas ownership in the future.

No attempt has been made to estimate the effects of improved
fuel economy on the emissions of other greenhouse gases, such
as CO, hydrocarbons (HC) or nitrous oxide (N,0). It should be
noted, however} that improved fuel economy 1is 1likely to
increase the rate of NOx emissions, including N,0, per unit of
fuel consumed, due to the increased engine temperatures this
implies. A '

SHIPPING
Coastal
If the coastal shipping task were to follow recent trends, the

total tonne-kilometres performed would remain fairly static.
In this case it would seem that, without increased use of
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alternative fuels such as natural gas®. or increased use of
better quality fuels in diesel engines, the amount of fuel
used by, and hence emissions from, the coastal shipping major
trading fleet would fall by about 40 per cent from 1988 levels
by 2005.

Coastal shipping would thus  have a positive, though small,
contribution to make to the mitigation of greenhouse

"emissions, even in the absence of modal shifts which may occur

in the future (see Dbelow). Coastal shipping has been
estimated to have emitted only about 4 per cent of the
greenhouse emissions from Australian domestic transport (BTCE

1991).

The potential reduction in emissions (from 1988 levels) from
the coastal shipping major trading fleet suggested by the
model is almost 1 megatonne of CO, in 2005. This is 1less than
1l per cent of the estimated. emissions of about 100 megatonnes
from Australian domestic transport in 2005 suggested by

'ABARE’s projections of energy usage (1991). ABARE’ s
- projections already incorporate some assumed future gains in

fuel efficiency for the various modes of transport.

Were the task of the coastal major trading fleet to grow at 1
per cent per year on average, then the model suggests that
fuel used, and hence emissions, would still be some 16 per
cent (or almost 0.4 megatonnes) below 1988 levels in 2005. 1If
this growth in task were to be the result of modal shift, then
total emissions from transport would be reduced still further.

6 The Australian coastal ship Accolade II operates primarily on CNG, with
diesel used as a pilot fuel to promote fuel ignition. LNG tanker ships
carrying exports of LNG from the NW shelf are fuelled largely by boil-off
from the cargoes they.carry, although HFO may be used as a supplement.
Some cargo is retained in the tanks for fuel on the return voyage. No
problems have been experienced by the operator with LNG as a fuel (1991
personal communication with operators).
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Modal shift

For non-bulk freight, general cargo coastal ships, with an
average emissions rate of around 27’ grams of CO, per tonne-
kilometre (based on the ANMA data in table 2.1, and assuming a
speed of 13 knots, with an average load factor of two-thirds),
had a much lower rate of emissions than rail (46 grams per
tonne kilometre), and about one—quarter the rate of emissions
from the average articulated truck: 104 grams per tonne
kilometre (BTCE 1991, as revised).

For the bulk freight task in 1988, the rate of emissions from
coastal shipping is about 7 grams per tonne-kilometre, based
on the ANMA data in table 2.1). This is lower than that of
private railways (10 grams per tonne-kilometre, largely for
mineral railways running to the coast), and considerably lower
than that of government bulk rail: 35 grams of CO, per tonne-
kilometre (BTCE 1991, as revised).

However, the scope for modal shift to coastal shipping may be
limited. '

7 Lloyd’s Register has completed the fist stage of its Marine Exhaust
Emissions Programme, which reports steady state operation CO, emission
rates of 3165 kg and 3250 kg per tonne of fuel for low speed and medium
speed marine diesel engines respectively, when used in ships in :
international trade (Lloyd’s Register 1991a, 1991b, Lloyd’s Ship Manager
1892).

Using a fuel consumption rate of 2.97 tonnes of fuel per 1000 DWT for
general cargo ships from table 2.1, and assuming an average speed of 12
knots, and a load factor of 66.67 per cent, then these Lloyds values ’
translate as 26.4 grams and 27.1 grams of CO, per tonne-kilometre
respectively.

Lloyd’s Register (1991a,b) gives the following values for other emissions
from marine diesel engines:

medium speed slow speed
NOx 59 kg/tonne fuel 84 kg/tonne fuel
co 8 kg/tonne fuel 9 kg/tonne fuel
HC 2.7 kg/tonne fuel 2.5 kg/tonne fuel
Sulphur
Dioxide (21.9 * S)-2.1 kg/tonne fuel 21 * S kg/tonne fuel

where § = sulphur content of fuel (% by weight)

(Lloyd’s Register 1891a, 1991Db)
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International

The international shipping task to and from Australia (in

- terms of cargo tonnages) has been growing at about 5 per cent

per year on average over the past decade or so: inwards cargo
tonnages at 4.6 per cent per year on average over the period
1982-83 to 1989-90, and outward cargo tonnages, which are
about 8 times as large as inwards tonnages, at Jjust over 5 per
cent per year on average over the period 1980-81 to 1989-90
(ABS 1991). If such a growth rate were to be maintained,‘the
international shipping task to and from Australia would
increase by about 130 per cent from 1988 levels by 2005.

However, continuance o0f past growth rates for international
shipping to and from Australia is perhaps unlikely, especially
if 'global greenhouse mitigation efforts involved a reduction

in’' coal usage. In 1987 the Bureau of Mineral Resources
published forecasts for Australia’s mineral exports to the
year 2000 (BMR 1987). The BMR considered four scenarios
involving, inter alia, different future rates of world GDP
growth. These scenarios implied tonnage growth rates for
Australian mineral exports varying from 0.4 per cent per year
to 4.4 per cent per year on average. The expected value of

the growth rate of Australian mineral export tonnages was 2.9
per cent per year, based on the probabilities assigned to the
various scenarios. At this rate of growth,'mineral exports
would increase by over 60 per cent from 1988 to 2005. A
similar rate of growth has been assumed for Australia’s much
smaller tonnages of imports: Australia’s average rate of GDP
growth over the ten years to 1990-91 was also 2.9 per cent
(Treasury 1991),

At this rate of growth the task of Australian-flag ships
engaged in international trade would be likely to increase by
approximately half from 1988 to 2005, if Australian-flag ships
maintained a constant share in our international trade, and
given the probability of shorter average voyages with changing
trade patterns. The model then suggests that fuel used by
Australia’s international ships would increase by about one-
third even if fuel efficiency continues to increase at the
same rate as over the past 20 years or so. In the absence of
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increased use of alternative fuels such as natural gas,
greenhouse emissions could be expected to increase by about
the same proportion.

The spreadsheet model suggests that the fuel consumed by the
Australian-flag international fleet was only two-thirds that
of the coastal fleet (as classified by the DoTC): emissions
from the international fleet would thus have been about 1.5
megatonnes of CO, in 1988. For Australian-flag international
shipping therefore, at trade levels suggested by the expected
value of the 1987 BMR projections, the outcome would be an
increase of about 0.5 megatonnes. It is entirely possible
however, that global action to reduce emissions of greenhouse
gases could have an adverse impact on Australia’s exports of
coal, slowing the projected increase in the international
shipping task.

AIRCRAFT

The fuel economy projections in chapter 5 can be used to
estimate the likely growth in fuel used by, and greenhouse gas
emissions from, Australian aircraft in domestic and
international aviation to the year 2005, given predicted task
growths. Estimates of task have been made by scaling up
available seat-kilometres of the current fleet using
projections of passenger numbers. For the short run, passenger
numbers are taken from the BTCE'’s Transport and Communications
Indicators database, and for the longer term from forecasts
published by the Federal Airports Corporation (FAC 1991). The
FAC forecasts are for:

16.8 million passengers in 1995;

20.1 million passengers in 2000; and

29.1 million passengers in 2010.

As a graph of passenger numbers (FAC 1991) is shown as linear
between these points, the figure for 2005 may be interpolated
as 24.6 million domestic passengers 1in 2005, a 72 per cent
increase over the high figure of 14.3 million in 1988 (the
figure for 1990 was 12.9 million).
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Indications are that a substantial jump in domestic passenger
traffic occurred in- 1991 with the price competition following
deregulation and the entry of Compass Airlines into the
market. In 1991, 16.7 million passengers were uplifted by the
domestic ‘airlines, a figure which the FAC (1991) forecast
would be reached in 1995. . However, as the major concern 1is
with levels at 2005, and as ‘it is not clear how much of this
will be translated into a permanent increase in demand levels,
the FAC forecasts, which were prepared in a deregulation
"context, have not been altered after 1991.

Preliminary estimates of revenue passenger kilometres (RPKs)
indicate a 22 per cent jump to about 17.7 billion. The model,
which incorporated the  Compass Airlines fleet, is based on
"available seat kilometres (ASKs) and used a figure of 23.2
billion ASKs for 1991. This corresponds with the estimate for
RPKs at an average load factor of 76.3 per cent or ASKs of

23.7 billion. The provisional estimate for the 1991 average
load factor 1is 74.6 per cent. The variation might be
explained‘by part-year effects, as the model deals only with
whole years. The fuel estimates for domestic aviation have

been adjusted for 1load factor, with the assumption that 1load
factors, recently at historically high levels, would in future
return to pre-deregulation levels (FAC 1991).

If the same size mix of aircraft in the domestic fleet is
maintained in future, then it would seem that even if the fuel
efficiency of the domestic air fleet continues to improve at a
rate similar to that in the past 20 years or so, the amount of
fuel wused will grow by about 35 to 40 per cent over 1988
levels by the year 2005. 1In the absence of alternative fuels
such as hydrogen, emissions from domestic aviation would
increase in proportion. Given that emissions from domestic
aviation were some 4.35 megatonnes of CO, in 1988, then
emissions in 2005 could be expected to be some 1.5 to 1.75
megatonnes above 1988 levels. Figure III.l1 shows indices of
passenger task and fuel used by domestic aviation, assuming
that the present size mix of the fleet is maintained.

However, if traffic patterns, growth in the number of
passengers, and real fuel prices were to be such as to

102



180

task
180 - / .
- fuel used
140 « {1990 SFC]
INDEX fuel used
120 [trend SFC]
100
N

€0 —+ +—t +—t— +—t—t ——t $ $ + + +—

1988 1989 1990 1995 99T 1993 1954 1996 996 1997 1996 1009 2000 £001 POOR 2004 £006

¢ Alrerafl replsced by the latset series of Lbe \ype availadle In 199 7¥7s replaced by 737-400n
Source BTCE estimales

FIGURE IIX.1 AUSTRALIAN DOMESTIC AIRCRAFT: TASK AND FUEL USED

250
task
fuel used
e0 [1990°SFC]
fuel used
INDEX [trend SFC]
160
100 + + -+ —+ + ~+ +—t —+ + + + +—t 4 —+ -]

1968 1589 1990 1981 J9ST IPU3 1904 1998 1996 15G7 1608 1990 2000 2001 P2OOR FOGI 2004 2008

® Alrerafl repisced by letast esries of type arslabie io 1900
Source BTCE estimates

FIGURE III.2 AUSTRALIAN m’rBRNA’fIONAL AIRCRAFT: TASK AND FUEL USED

103



persuade operators to increase significantly the use of the
most fuel-efficient wide-bodied aircraft in the domestic
fleet, and alsoc to choose the most fuel-efficient small
aircraft, then the increased passenger task predicted for 2005
could be performed without a significant increase in
emissions. The model indicates that in the wunlikely event
that all aircraft in the domestic fleet were either A300-600Rs
or F50s, then total‘emissions in 2005 could be almost 7 per
cent lower than in 1988, despite a 72 per cent increase in
task.

Figure III.2 shows indices of passenger task and fuel used by
Qantas aircraft engaged in international aviation. Estimates
of passenger task (based on international passenger movements)
have, for the short term, been taken from the Transport and
Communications Indicators database, and for the longer term
from forecasts published by the Federal Airports Corporation
(FAC 1991). The FAC forecasts 18.2 international passengers
in 2005, a 130 per cent increase from the 7.9 million in 1988.
Given the huge variation in forecasts from various sources for
international air traffic to and from Australia, no attempt
was made to adjust the fuel estimates for changes in load
factor or changes in the market share of Australian-flag

carriers. .

The model suggests that fuel used by Qantas is 1likely to
increase by about 80 per cent from 1988 levels, even if fuel
efficiency continues to increase at the same rate as over the

past 20 years or so. Without significant‘use of alternative
fuels such as hydrogen, emissions would increase in
proportion. International aircraft operating to and from
Australia are estimated to have emitted about 9 to 10
megatonnes of CO, in 1988 (BTCE 1991). The model thus suggests
an additional 7 or 8  megatonnes in 2005 from total
international flights to and from Australia. If Qantas

(together with any other Australian-flag international
carriers which might emerge) were to maintain a market share
of approximately 40 per cent, it could emit an additional 3
megatonnes above 1988 levels in 2005. However, the point
about the future ownership of Qantas, made earlier in
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connection with the question of responsibility for emissions
from international transport, should be borne in mind.

The relatively high 1levels of oxides of nitrogen (NO,) in
emissions from aircraft engines must also be remembered. NO,
has a 500-year radiative effect some 14 times that of the same
weight of carbon dioxide and a short term (20-year) effect
about 150 times as large (Barrett 1991). As commercial
aircraft emissions are produced at considerable altitudes,
their effects may be more serious than those emitted at ground
level. Barrett (1991) cites estimates that NO, emissions from
aircraft have up to 50 times the Global Warming Potential of
NO, emissions at the surface, through effects on tropospheric
and lower stratospheric ozone: ozone 1is an active greenhouse
gas at these altitudes. Moreover, the proportion of NC, in
total emissions is likely to increase as combustion
temperatures in engines increase with higher fuel efficiency.
As well, water vapour is emitted from aircraft engines at a
rate of about 1.25 kilograms for every kilogram of avtur fuel
burnt (hydrogen, 1f used as an aircraft fuel in the future,
would produce at least double the water wvapour). Above about
9000 metres, water vapour may form ice-crystal clouds which
reflect heat back to earth while allowing sunlight to pass
through, and also act as sites for <chemical reactions
attacking ozone (Barrett 1991).

There is currently ‘no comprehensive scientific analysis’ to
show the magnitude of the NO, and water vapour effects (Barrett
1991). However, the proportional increase in greenhouse
effect due to commercial aircraft is likely - to be
significantly larger than their increase in fuel use.
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