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SUMMARY

Over the last 50 years Australia has generally maintained adequate energy supplies to its population in an
increasingly efficient and sustainable manner. It has also been able to help sustain other economies in supplying
energy resources of coal, gas and uranium. This provides 20% of Australia's export income, contributing to the
quality of life experienced by Australians. Presently the reserve margin in the electricity power system is
adequate and, with the exception of oil, ample local energy resources are available.

Over the same period the doubling in energy generation efficiency has matched the population growth in NSW.
The same contributions by technology and population can be expected over the next 50 years.

The growth in demand has however increased by a factor of about five. Sensible demand management could
reduce this to a more acceptable figure over the next 50 years as shown in two possible scenarios. This, coupled
with ongoing energy exports will help sustain the quality of life in this economy.

1. INTRODUCTION

This paper is concerned with sustainable energy in
Australia. That is, the provision of adequate energy
now and in the future at an acceptable cost to
society.

Sustainable means to be maintained at a certain rate
or level. While the term sustainability has been
regularly redefined the actual process of transition
towards sustainability has been going on in
Australia for many years. In fact sustainability is an
integral part of engineering in that it incorporates
improvement to plant and efficient operation of
plant. This uses resources more efficiently leaving
more available for future generations.

Electricity generators in Australia have a long
history of improving plant efficiency ranging from
specifying highly efficient power station plant and
then operating it near full load and efficiency. The
competitive energy market emerging in Australia
has been a key driver in installing even more
efficient power stations and seeking end use energy
efficiency.

Australia has abundant energy resources to cover
the transition to a higher level of sustainability. It
also has sufficient to assist other economies less
fortunate with energy resources while contributing
to sustaining domestic quality of life from export
income generated.

Sustainability is seen as a process leading to a more
sustainable situation. Full sustainability is seen as a
useful unattainable goal.

2. HISTORICAL EFFORTS
SUSTAINABILITY

AT

While the term sustainability has recently become
popular Australia has been moving towards a
sustainable future for many years. An example is
given below of the initiatives in New South Wales,
beginning in 1950, continuing to the present 2001
and into the future to 2050.

If we look at the power system in New South Wales
in 1950's when the various organizations
generating power were brought together as the
Electricity Commission of NSW the system
capacity was about 800 MW for a population of
about 3m. The installed capacity per head was
about 0.3 kW. There were power supply
deficiencies that took some years to overcome.

The power system was essentially a distributed
energy system with many small generators located
close to their load in major population centres. The
sent out efficiencies of the larger coal-fired
generators ranged from 9.7% to 24.5%. The small
number of diesel units had efficiencies of 27 to
33%. The overall sent out efficiency in NSW was
16% with unit load factors of 18 to 72%. These
figures are shown in Table 2.
Power in NSW has depended on the availability of
cheap coal and the lack of local economic gas or oil
supplies. A policy of installing the largest proven
units was pursued over the last 50 years with major
improvements in efficiency. A nuclear initiative at
Jervis Bay was abandoned at a change in
government and could have resulted in less
dependence on fossil fuel from the 1970s onwards.
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By 2000, or after 50 years, New South Wales has
had mixed results from a transition towards
sustainability -viewpoint. With respect to electricity
generation the efficiency has doubled from 16% to
about 35.5%, which is a very creditable outcome. In
2000 a total of 21.4m. tonnes per annum of coal
were consumed. If there had not been such an
effective move towards sustainability the quantity
of coal required would have been more than double
this amount.

With respect to population there has been a
doubling from 3m to 6m. This has had an adverse
effect on sustainability. The effect is however
lessening with a rate of population growth of 1.3%,
comparable with the world average. The installed
capacity per head was about 2 kW. These figures
are shown in Table 2.

In addition to local energy use Australia has
become a world-class exporter of energy resources
and energy rich materials, such as aluminium.
These amount to about 20 % of Australia's exports
and therefore contribute heavily to the quality of
life experienced by all Australians and must be
taken into account as a contribution towards overall
sustainability.

3. PRESENT SUSTAINABILITY ACTIVITIES

Continuing to use NSW as an example the
population is about 6m. The installed capacity is
about 12,000 MW and the annual personal
consumption for residential is about 5,000 kWh. A
far greater interest in sustainability has focussed
attention on this aspect of Australia's future.

Table 1 shows the energy resources available now
for Australia. The latest energy survey by the
Australian Bureau of Statistics (ABS) for 1997-8
showed energy production at 12,000 PJ with energy
exported at 8,800 PJ and industrial domestic use
including electricity supply at 3,200 PJ.

Table 1. Australian energy resources in 1998

As part of a poEtical acceptance of the need for
sustainability there have been a number of
government initiatives.

Black coal
Brown coal
Crude oil
Natural gas
Condensate
LPG
Uranium

1.3m PJ
0.4m PJ
8.8k PJ
53k PJ

7.1kPJ
4.5k PJ
0.3m PJ

It can be seen that these are more than adequate to
sustain the energy needs of Australia and contribute
to sustaining the quality of life in Australia by
exporting to less energy wealthy economies.

3.1 Prime Ministers initiative
The Prime Minister Mr J Howard has provided for a
target additional 2% renewables by 2010. This will
utilize biomass in the main with lesser contributions
from solar and wind. All these initiatives will
increase the level of energy sustainability.

3.2 Water power resources
The Snowy River scheme was instituted as an
agricultural water supply system to be paid for from
electricity generation charges. This has a low
capacity factor of about 3%. Government has
reduced the overall capacity of the system by 10%
and the proposed redirection of the waters from the
system will reduce its potential output even further
in the coming years.

Similarly, the water reserves of Tasmania have
been utilized except for otherwise sensitive
environmental areas. If the government is serious
about sustainability it will need to exploit the
remaining water reserves to counteract the losses
from the Snowy system.

3.3 Distributed generation
As stated above Australia had been through one
cycle of distributed generation over the last 50
years, moving to larger more efficient units.
Improvement in the efficiency of smaller units has
made this technology more likely for expansion in a
competitive market. It will cater for the additional
load in many areas.

3.4 Large units ageing
Most units generating now are large and will need
replacement as large units. Small distributed
generators are not in a position to replace these.

3.5 Energy exports
Australia has been fortunate in that it has sufficient
energy reserves of coal, gas and uranium to be able
to assist other economies with energy without
jeopardising its own potential for sustainability.
This also has the added effect of contributing
heavily to the quality of life of Australians. The
export of energy related material (coal, petroleum,
gas and uranium) was worth about $15,700m in
1997-8 and represented 18% of all exports. This
was equivalent to about $780 per head of
population in that year. Adding aluminium to this at
$7,100m in 1999 provides about $1100 per head to
contribute to the quality of life of the population.
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4. FUTURE ENfTTIATTVES
SUSTAINABILITY

FOR

Future sustainability depends on population growth,
the increase in energy demand, the management of
demand and the technology for replacement of large
units.

If the population growth rate continues as at present
there will be about 12m in NSW in 2050. While
efficiency has doubled from 16 to 35% in the last
50 years it is reasonable to expect it will again
double to 70% by 2050. Per head consumption
could go to 7,000 kWh per person. This represents a
business as usual case.

If however the population can be limited by a
variety of actions to say 10m., the generation
efficiency improved from 35 to 80 % and demand
management reduces consumption to 30% a much
more sustainable condition can emerge. We are told
that we can get by on about 30% of electricity
consumption but this will require essentially new
infrastructure to allow this to be achieved. These
two cases are shown in Table 2.

4.1 Demand projections
For many years the demand for electricity in
Australia rose at about 6% per annum; more
recently it has changed to about 2% per annum.
However there are signs of a level above this in
recent NEMMCO Opportunity Statements. This
demand projection takes into account some
improvement in the efficiency of new and
replacement equipment but does not include a
major transition to demand management.

4.2 Demand management
Experts suggest that Australian society can retain its
quality of life using about one third to one half the
energy per head of population it uses now.
While this is probably true it would require
abandoning large sections of existing infrastructure
at a cost that is highly uneconomic.

It would be expected that new equipment and
replacement equipment would gradually eliminate
the existing less efficient equipment if there were
adequate incentive to do so. The present low prices
for energy in Australia provide competitive
advantage for the economy and do not also provide
adequate drivers for demand management.
Government must maintain its attitude to keeping
Australia competitive and accelerating demand
management by replacement with more efficient
equipment.

4.3 Distributed generation
A return to limited distributed generation is now
starting to emerge, wjth the competitive electricity

market needing smaller increments of power
commensurate with a 2% long-term growth rate.
This technology is seen to cover the increase in load
predicted for the foreseeable future.

4.4 Replacement generation
It must be remembered that the bulk of Australia's
power comes from a set of large units installed
between 1960 and 2000. While these units are well
built and represent reliable resources the earlier
units have undergone refurbishment and will need
replacement in the foreseeable future. The
remainder will follow these units with say the
Milmerran units needing to consider refurbishment
in 2030 for operation to 2050.

These units represent a large proportion of the
Australian interconnected system that will not be
satisfactorily replaced by distributed generation.
While rapid construction will be necessary new
large units will be needed. Large capacity units
using water or oil energy resources will not be
available for obvious reasons. There are a limited
number of energy resources available for these units
as set out below.

4.4.1 Units using fossil resources
The advent of coal gasification provides an
excellent boost to sustainability. These units are
much more efficient so that coal consumption is
reduced, increasing the life of existing reserves.
Units can be built much more quickly than
conventional units to feed gas turbines and also to
provide higher value products such as ammonia,
fertilizers and hydrogen. Designs are available now
to build plants of 250-400 MW capacity with 40%
efficiency including sequestration of 90% of the
carbon dioxide emitted.

4.4.2 Units using nuclear resources
While Australia did not proceed with its first
nuclear power station the drive to sustainability and
energy security will require reconsideration of the
nuclear option. This will become a necessity if
nuclear fusion makes the question of sustainability
virtually irrelevant.

4.4.3 Units using hybrid resources
A number of interesting hybrid units have been
proposed and will be considered as part of the
transition to sustainability. The first of these is
being developed by CSIRO in Australia now. This
is a solar / fossil hybrid unit using solar energy to
heat gases for use in a gas turbine. It is also used to
reform gas from coal or natural to make hydrogen.
This technology is appropriate for large units.
Recent work in Japan has developed the solar /
nuclear unit that uses solar power to boost the
nuclear unit.
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4.5 Resource security
Australia has a range of levels of security for its
energy resources. Those with low security are water
and oil, neither of which will provide significant
contribution to Australia's additional energy needs
in the future and will in fact decrease in the longer
term.

Medium term security is provided by black coal and
gas. However there is an excellent export market
for these resources and Australia needs significant
export income to sustain its quality of life.

From Table 1 long-term energy resources lie in
brown coal, black coal and uranium. The former is
not exportable in its present form and therefore
represents a resource that needs technology to
utilize it more effectively. Australia has about one
third of world reserves of uranium. This could
provide a long-term supply of energy when
developed.

4.6 Transition towards sustainability
Table 2 summarizes the transition towards
sustainability in NSW over 100 years. There are
two sets of values for 2050, representing business
as usual and an energy conservation possibility
depending on improved demand management.

Tabie 2. Transition towards sustainability

Factor

Population,m.
S.O.efficency,%
Consumption,

kWh/head

1951

3
16

400

2001

6
35

3000

2051
normal

12
70

6000

2051
conserve

10
80

2000

5. REFERENCES

Data from the following references was utilized.
ECNSW and Pacific Power Annual Reports 1952 to
1994
Outlook 2001, Minerals and Energy Vol 3 2001
ABARE, ISBN 0 642 76432 8
Sydney County Council and Energy Australia
Annual Reports 1950 to 2000
Yearbook Australia 2001, ABS 2001, ISSN 0312
4746

69


